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Abstract

Aims/Background Neonatal morbidity, including various diseases such as sepsis, cholestasis, and bron-
chopulmonary dysplasia (BPD), is a significant concern, especially in preterm infants. Selecting the
appropriate lipid emulsion in parenteral nutrition (PN) is essential to improve clinical outcomes. This
analysis aimed to assess the impact of a novel composite lipid emulsion, SMOFlipid, on neonates re-
ceiving PN.

Methods A systematic review and meta-analysis of randomized controlled trials (RCTs) were con-
ducted. We compared SMOFlipid to various other lipid emulsions in PN received by infants. Research
findings that addressed outcomes such as mortality, sepsis, cholestasis, necrotizing enterocolitis (NEC),
BPD, patent ductus arteriosus (PDA), retinopathy of prematurity (ROP), intraventricular hemorrhage
(IVH), and length of hospital stay were included. Subgroup analyses were conducted based on gesta-
tional age (GA). Twenty RCTs involving 1904 neonates were included.

Results Compared to other lipid emulsions, SMOFlipid significantly reduced the cholestasis risk (risk
ratio (RR): 0.65, 95% confidence interval (CI): 0.48-0.87, p = 0.004, I = 0%). However, the inci-
dence related to IVH, BPD, ROP, NEC, and PDA (excluding an infant subgroup with GA <28 weeks),
mortality, sepsis, and duration of hospital stay did not exhibit any substantial variations. The subgroup
analysis indicated a decline in PDA incidence (RR: 0.88, 95% CI: 0.79-0.99, p = 0.04, I? = 0%) among
extremely premature infants receiving SMOFlipid.

Conclusion SMOFlipid offers a promising option for neonatal PN, particularly for reducing cholestasis
in preterm infants and PDA in extremely premature infants. Further investigations into its comprehen-
sive benefits and long-term effects are warranted.
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Introduction

Neonatal morbidity is a serious public health issue, particularly for premature
infants who are more susceptible to adverse outcomes (De Costa et al, 2021). A
number of neonatal complications require addressing under this context since these
diseases could lead to unpleasant consequences of varying severity, including long-
term effects on cognitive, motor, and behavioural development (Bell et al, 2022;
van Dokkum et al, 2021).
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Parenteral nutrition (PN) is a crucial component of neonatal care and treat-
ment, particularly for infants who face difficulties with enteral feeding or require
additional nutrients for optimal growth and development (Moltu et al, 2021). One
key aspect of PN is the use of lipid emulsions, which provide the energy and cru-
cial fatty acids needed by cells for their proper functioning, along with facilitating
growth processes (Tota et al, 2022). Nonetheless, conventional lipid emulsions
present a challenge due to higher levels of w-6 polyunsaturated fatty acids (PUFA)
content compared to lower levels of w-3 PUFA. These emulsions are potentially
conducive to controlling lipid peroxidation, oxidative stress, as well as inflamma-
tory responses, which are potential factors of neonatal complications (Li et al, 2023;
Djuricic and Calder, 2021).

With an ideal w-6:w-3 ratio, soybean oil-medium chain triglyceride-olive oil-
fish oil (SMOF) has been gradually applied as a unique complex lipid emulsion in
recent years (Goulet, 2024). Moreover, SMOFlipid substantially boosts levels of
vitamin E and a-tocopherol, which can mitigate oxidative stress and inflammation
(Lietal, 2023; Xu et al, 2021). From a theoretical perspective, the unique com-
position of SMOFlipid confers superior clinical efficacy on newborns compared
to traditional lipid emulsions. Earlier research indicated that newborns receiving
SMOFlipid, as compared to those taking other types of lipid emulsions, demon-
strated improved biochemical markers, such as lower triglycerides, reduced inflam-
mation, and better liver function (Greenberg et al, 2023; Papandreou et al, 2020b;
Rumore et al, 2021). Nevertheless, the impact of SMOFlipid on clinically relevant
neonatal morbidities remains unclear.

A few previous meta-analyses of randomized controlled trials (RCTs) evalu-
ated the impacts of lipid emulsions containing fish oil (FO) on neonatal patients
(Kapoor et al, 2019; Vayalthrikkovil et al, 2017; Zou et al, 2022). However, these
studies lacked a dedicated focus on SMOFlipid and did not encompass all the out-
comes of interest. In light of several recently published RCTs (Costa et al, 2021;
Yang et al, 2023), we recognized the need to incorporate these studies into a new
meta-analysis since they were not included in the previous meta-analyses support-
ing the efficacy of SMOFlipid’s in neonatal patients. Therefore, we aimed to con-
duct a systematic meta-analysis of RCTs on this topic to more comprehensively
evaluate the effect of SMOFlipid emulsions on the clinical outcomes of neonatal
patients receiving PN.

Methods

Literature Search and Search Strategy

This meta-analysis was conducted in adherence with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Suppleme
ntary Table 1) (Page et al, 2021). The registration number is CRD42019127666.
We searched the Embase, PubMed, as well as Cochrane Library databases thor-
oughly for all references that met the inclusion criteria, spanning up to January
1, 2024. The search keywords included “SMOF”, “soybean oil-medium chain
triglycerides-olive oil-fish oil lipid emulsion (SMOF-LE)”, “SMOFlipid”, “fish
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oil, medium-chain triglycerides, olive oil and soya oil (FMOS)”, “FMOS lipid”,
“medium-chain triglycerides, olive oil, soybean oil, and fish oil (MOSF)”, “compos-
ite lipid emulsion”, “multi-oil fat emulsion”, “preterm”, “premature infant”, “low
birth weight infant”, “newborn”, “neonatal”, and “neonate”. Literature search was
conducted by two independent reviewers in order to prevent potential omissions.
Only articles that are available in full text were selected. Additionally, to search
for further research that might not have been found in the database search, we manu-
ally screened the reference lists from the retrieved articles and pertinent systematic

reviews.

Study Selection

To identify eligible research, two reviewers independently examined the titles
and abstracts of each study. The full-text articles of all potentially pertinent stud-
ies were retrieved and reviewed by two evaluators individually to determine each
study’s eligibility in accordance with the inclusion criteria. In case of disagreement
between the two evaluators, a third reviewer would be consulted to reach a consen-
sus.

Inclusion and Exclusion Criteria

RCTs that met the following criteria were included: (1) Participants: Infants
who received PN. (2) Intervention: SMOFlipid as the main lipid emulsion’s utiliza-
tion. (3) Comparison: Application of additional lipid emulsions pertaining to PN.
(4) Outcomes: Consideration of at least one of the neonatal clinical outcome param-
eters like the incidence of cholestasis, bronchopulmonary dysplasia (BPD), necro-
tizing enterocolitis (NEC), mortality, patent ductus arteriosus (PDA), retinopathy
of prematurity (ROP), intraventricular hemorrhage (IVH), sepsis, as well as the
length of hospital stay. Studies were excluded if they met any of the following
criteria: (1) non-randomized trials, (2) studies involving animals or in vitro exper-
iments, (3) studies not reporting on at least one of the predefined neonatal clinical
outcomes, (4) duplicate publications, and (5) articles not available in full text or
published in languages other than English without available translations.

Data Extraction

Two reviewers retrieved data from the included research with the help of a
standard data extraction form. Information such as the first author’s name, publica-
tion year of the study, study region, sample size, infants’ gestational age (GA), lipid
emulsions used in the experimental and control groups, length of PN administration,
as well as neonatal clinical outcomes were obtained from every research.

Risk of Bias Assessment

Using the Revised Cochrane Risk of Bias Tool RoB 2.0 (version August 2019,
The Cochrane Collaboration, London, UK), two reviewers assessed the included
RCTs’ RoB on their own (Sterne et al, 2019). The following categories were as-
sessed by RoB 2.0 for each trial that satisfies eligibility requirements: outcome
measurement, reported results, deviations from planned interventions, randomiza-
tion process, as well as missing outcome data. There were three classifications for
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the potential RoB judgments: high risk, some concerns, as well as low risk. Using
the highest risk assigned to any specific domain, we calculated the overall RoB for
each trial. Any differences that might have surfaced were addressed by discussing
with or consulting a third reviewer.

Statistical Analysis

For the meta-analysis, Review Manager software (RevMan 5.4.1, The Cochrane
Collaboration, London, UK) was utilized. Pertaining to dichotomous outcomes,
the effect sizes were expressed as risk ratios (RRs) with 95% confidence intervals
(CIs). The mean differences (MDs) with 95% Cls for continuous outcomes were
calculated. For dichotomous variables exhibiting zero-event occurrences, we ap-
plied Laplace smoothing for correction (Ju et al, 2020). A random-effects model
was used to determine the overall effect size. The I? statistic was utilized to evaluate
the degree of heterogeneity among the studies, with values >50% indicating sig-
nificant heterogeneity. The effect of SMOFlipid may vary based on the GA, and to
clarify these differences, a subgroup analysis was performed with different mean
GA (<28 weeks and >28 weeks) and mean PN days (<14 days and >14 days).
We conducted a sensitivity analysis by sequentially removing and reanalyzing data
from each individual study to assess the robustness of the findings. Publication bias
was quantitatively assessed using Egger’s regression test, where a p-value < 0.10
indicates significant publication bias.

Results

Study Selection

A thorough search of the literature turned up 328 records, of which 29 were
duplicates. Afterwards, 87 full-text articles were evaluated for eligibility soon af-
ter the titles and abstracts of the remaining 212 articles were screened. Ultimately,
this systematic review and meta-analysis included 20 RCTs that met the predeter-
mined inclusion criteria. The flowchart of the particular study selection procedure
is shown in Fig. 1.

Included Studies and Their Characteristics

The 20 included RCTs (Ariyawangso et al, 2014; Beken et al, 2014; Costa et al,
2021; D’Ascenzo et al, 2014; Deshpande et al, 2014; Diamond et al, 2017; Hsiao
et al, 2019; Jiang et al, 2019; Najm et al, 2017; Ozkan et al, 2019; Papandreou
et al, 2020a; Repa et al, 2018; Savini et al, 2013; Skouroliakou et al, 2010, 2016;
Techasatid et al, 2017; Uthaya et al, 2016; Vlaardingerbroek et al, 2014; Yang et al,
2023; Yildizdas et al, 2019) involved a total of 1904 neonates, among which 945
were administered SMOFlipid and 959 were administered other lipid emulsions in
PN. Table | provides a summary of the features of the 20 studies that were included.
These above-mentioned studies were published from 2010 to 2023. One of the in-
cluded studies did not report the GA of the newborns (Jiang et al, 2019), and the
median GA of the infants in the additional research varied between 25.5 weeks and
34.5 weeks. The number of PN days of the participants varied from 7 to 59.5. The
lipid emulsion used in all experimental groups was SMOFlipid® (Fresenius Kabi,

British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0303


https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0303

SYSTEMATIC REVIEW

[ Identification of studies via databases and registers ]
Records removed before
- screening:
-‘E Records identified from: augléc;;e ssie L
= Databases (n = 328) > R
E=} Registers (n = 0) Records mgrked as ineligible
& by automation tools (n = 0)
e Records removed for other
reasons (n =0)
—
A 4
)
Records screened Records excluded
—
(n =299) (n=212)
A4
Reports sought for retrieval Reports not retrieved
2 (n=87) (n=0)
I
()
: I
7]
(7]
Reports assessed for eligibility Repﬁg?;ﬂ";gﬁ;ga controlled
(n=287) studies (n = 15)
Adult studies (n = 20)
Cohort or case-control
studies(n = 16)
Cochrane Central Register of
Controlled Trials (n = 3)
Meeting abstract (n = 11)
Target outcomes not included
° Studies included in review (n=2)
3 (n=20)
o Reports of included studies
= (n=20)
—

Fig. 1. Flow chart depicting the process of literature screening.

Bad Homburg, Germany). In contrast, there were several types of lipid emulsions
used in the control group, eleven of which were Intralipid® [Fresenius Kabi, Bad
Homburg, Germany, 100% soybean oil (SO)] (Ariyawangso et al, 2014; Beken et
al, 2014; Costa et al, 2021; D’Ascenzo et al, 2014; Diamond et al, 2017; Papan-
dreou et al, 2020a; Repa et al, 2018; Skouroliakou et al, 2010, 2016; Uthaya et al,
2016; Vlaardingerbroek et al, 2014), one was expressed as pure SO (Techasatid
et al, 2017), four were ClinOleic® [Baxter Healthcare Corporation, Deerfield, IL,
USA, comprising 80% olive oil (OO) and 20% SO] (Deshpande et al, 2014; Najm
et al, 2017; Ozkan et al, 2019; Yildizdas et al, 2019), in addition to the lipid emul-
sions used in another three groups all consisting of 50% medium-chain triglycerides
(MCT) as well as 50% SO, which includes Lipofudin® (B. Braun Melsungen AG,
Melsungen, Germany), Lipovenoes® (Fresenius Kabi, Bad Homburg, Germany),
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Study Region Participants GA (wk; P/C), mean + Intervention (P/C) PN duration (d; P/C), Outcome
(P/C) SD or median (range) mean £ SD or median
(range)
(Skouroliakou et al, 2010) Greece 14/18 28.21 £ 2.89/30.39 &+  SMOFlipid®/Intralipid® 41.00 £ 22.97/28.82 + ©)
1.58 13.93
(Savini et al, 2013) Italy 28/116 27.5£2.0/282 +2.1 SMOFlipid®/Intralipid® 19.0 &= 4.3/21.6 &+ 5.6, D@R®®
+Lipofundin®+Lipidem® 21.7 £ 6.9,20.9 + 5.5,
+ClinOleic® 21.6 £ 6.5
(Ariyawangso et al, 2014) Thailand 21/21 333 +4.5/329 £4.2 SMOFlipid®/Intralipid®  22.48 + 8.46/20.86 + ®®
5.50
(Beken et al, 2014) Turkey 40/40 30 (28-31)/30 (27-31)  SMOFlipid®/Intralipid® 14 (10-28)/14 (10-21) D@OR@®ED®
(Deshpande et al, 2014) Australia 17/17 26.73 +1.62/26.45 +  SMOFlipid®/Clinoleic® 7/7 @@e®
1.92
(D’Ascenzo et al, 2014) Italy 39/41 28.1 +£2.0/28.2 £2.0 SMOFlipid®/Intralipid® 18/18 D@RDE®D®
(Vlaardingerbroek et al, 2014) Netherlands  48/48 27.1 £2.3/27.2 £1.9 SMOFlipid®/Intralipid® 11 (9-14)/12 (9-16) D@OED®EGO®DE®®
(Skouroliakou et al, 2016) Greece 25/26 29.2 £1.6/29.1 £1.3  SMOFlipid®/Intralipid® >15/>15 @2®
(Diamond et al, 2017) Canada 11/13 34.5(32.4-36.7)/35.2  SMOFlipid®/Intralipid® 59.5 (38.5-73.5)/56 ®®
(33.2-37.1) (39.9-74.9)
(Uthaya et al, 2016) England 85/83 27.54+2.4/27.8 £ 1.9 SMOFlipid®/Intralipid® 12 (9-16)/12 (9-18) Q@®®
(Najm et al, 2017) Sweden 41/37 255+ 1.3/25.6 £ 1.6  SMOFlipid®/Clinoleic® 12 (2-72)/12 (2-92) D@RB®E®®
(Repa et al, 2018) Austria 110/113 25.9 (24.9-27.4)/26.3  SMOFlipid®/Intralipid® 23 (17-37)/24 (17-35) ©REO@®E®D®
(25.0-28.0)
(Techasatid et al, 2017) Bangkok 22/22 27.6 £2.2/284+ 1.2 SMOF®/pure soybean oil 11.9 £8.1/99+59 QRC®EO®D®®
(Jiang et al, 2019) China 22/24 -/- SMOFlipid®/MCT/LCT 28/28 €)
(Hsiao et al, 2019) Taiwan of 30/30 28.5+£2.9/283 £2.9 SMOFlipid®/Lipovenoes® 32.59 4 16.84/31.62 + D@O®G®DEO®
China 17.56
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Table 1. Continued.

Study Region  Participants GA (wk; P/C), mean + Intervention (P/C) PN duration (d; P/C), Outcome
(P/C) SD or median (range) mean £ SD or median
(range)
(Yildizdas et al, 2019) Turkey 34/33 29.2 +2.3/293 +£2.6  SMOFlipid®/Clinoleic® 20.8 £ 13.7/22.1 £ 14.1 D@C®E®DO®
(Ozkan et al, 2019) Turkey 42/47 28.1 £1.2/28 + 1.1 SMOFlipid®/Clinoleic® 14/14 D@RG®®D®
(Papandreou et al, 2020a)  Greece 31/35 292 £1.9/293 £1.7 SMOFlipid®/Intralipid®  16.7 +2.0/17.3 + 1.4 OOWGC)
(Costa et al, 2021) Italy 51/50 27.8 £2.15/27.7 £ 2.1 SMOFlipid®/Intralipid® 39.7 £ 31.4/33.4 + 28.4 DRRO®E®DO®®
(Yang et al, 2023) China 234/231 29.9 (28.5-31.1)/30.1  SMOFlipid®/Lipofundin® 26.0 (20.0-35.3)/25.0 DRR®E®DO®®
(28.9-31.4) (18.0-34.0)

Notes: @ Incidence of cholestasis; @ Incidence of bronchopulmonary dysplasia; @ Incidence of necrotizing enterocolitis; @ Mortality; ® Incidence of retinopathy
of prematurity; ® Incidence of patent ductus arteriosus; @ Incidence of intraventricular hemorrhage; ® Incidence of sepsis; @ Days of hospital stay.
Abbreviations: GA, gestational age; P/C, experimental/control; PN, parenteral nutrition; SD, standard deviation; MCT, medium-chain triglycerides; LCT, long-
chain triglycerides; SMOF, soybean oil-medium chain triglyceride-olive oil-fish oil.

SMOF® Fresenius Kabi, containing 30% soybean oil, 30% MCT, 25% olive oil, 15% fish oil; Intralipid® Fresenius Kabi, containing 100% soybean oil; Lipofudin®
B. Braun, containing 50% MCT and 50% soybean oil; Lipidem® B. Braun, containing 50% MCT, 40% soybean oil, and 10% fish oil; ClinOleic® Baxter spa,
containing 80% olive oil and 20% soybean oil; Lipovenoes® Fresenius Kabi, containing 50% MCT and 50% soybean oil.
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and MCT/long-chain triglycerides (LCT) (Baxter Qiaoguang, Healthcare Co, Ltd.,
Guangzhou, China) (Hsiao et al, 2019; Jiang et al, 2019; Yang et al, 2023). More-
over, there was another study with control groups that contained four lipid emul-
sions, including Lipofudin® in addition to Lipidem® (B. Braun Melsungen AG,
Melsungen, Germany) in addition to Intralipid® and ClinOleic® (Savinietal, 2013).
Finally, the number of clinical outcomes considered in each included study varied,
ranging from one to nine.

Risk of Bias Assessment

Since there were deviations from planned interventions brought about by the
medical team’s lack of blinding in this investigation, we found that one RCT has a
high RoB. The remaining trials were rated as having some concern or a low RoB.
Fig. 2 presents a thorough overview pertaining to each study’s RoB assessment.

Clinical Outcomes

For each of these outcomes including PDA, cholestasis, ROP, NEC, and IVH,
we corrected the data from studies with zero-event occurrences using Laplace smooth-
ing, respectively. Figs. 3,4,5,6,7,8,9,10,11 depict the impact of SMOFlipid on the
clinical outcomes. Our meta-analysis of RCTs revealed that neonates administered
with SMOFlipid exhibited a significantly reduced risk of cholestasis (RR: 0.65,
95% CI: 0.48-0.87, p = 0.004, 1> = 0%) (Fig. 3). Contrastingly, we discovered
no significant differences in the risks for BPD contributed by SMOFlipid and other
lipid emulsions (RR: 0.99, 95% CI: 0.86-1.15, p = 0.92, I? = 12%) (Fig. 4), NEC
(RR: 1.20,95% CI: 0.88-1.62, p=0.25, I = 0%) (Fig. 5), mortality (RR: 1.10, 95%
CI: 0.75-1.62, p = 0.62, 12 = 0%) (Fig. 6), ROP (RR: 0.93, 95% CI: 0.78-1.10, p
= 0.40, 12 = 0%) (Fig. 7), PDA (RR: 0.96, 95% CI: 0.87—1.06, p = 0.41, 12 = 0%)
(Fig. 8), IVH (RR: 0.96, 95% CI: 0.76-1.21, p = 0.73, 1> = 0%) (Fig. 9), and sepsis
(RR: 1.05, 95% CI: 0.86—1.27, p = 0.66, I> = 0%) (Fig. 10). Furthermore, no sub-
stantial difference could be found when it comes to the length of hospital stay (MD:
1.77,95% CI: 1.94-5.48, p = 0.35, 12 = 39%) (Fig. 11) between these two groups.

Subgroup Analyses

The outcomes generated by the subgroup analysis are shown in Table 2. For our
examination, we divided the studies into subgroups based on the mean GA. Notably,
in Yang et al (2023)’s study, neonates were classified into two cohorts: those with
a GA >28 weeks and those with a GA <28 weeks, and we analyzed the data from
these two cohorts in the two subgroups, respectively. The subgroup analysis of
studies involving infants with GA less than 28 weeks demonstrated a significant
decrease in cholestasis and PDA incidence when using SMOFlipid in contrast to
the control group. Similarly, the subgroup analysis of studies with infants receiving
PN for over 14 days showed a noticeable decrease in the cholestasis incidence when
SMOFlipid was used compared to the control group. However, subgroup analyses
for the remaining outcomes did not reveal substantial differences between the two
groups.
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Fig. 2. Risk of bias assessment of included studies using Risk of Bias Tool RoB 2.0 (version
August 2019, The Cochrane Collaboration, London, UK).

Sensitivity Analysis

Sensitivity analyses for each outcome were performed by removing each in-
cluded study individually. As presented in Table 2, we reported the minimum and
maximum point estimates derived following the removal of each study, and none
of the pooled estimates for any of the outcomes changed significantly.
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Risk Ratio Risk Ratio

o 6 2 eigh andom, 95% ea 4 Y
Savini 2013 1 28 2 116 1.6% 2.07[0.19, 22.04] 2013
D'Ascenzo 2014 1 39 4 41 1.9% 0.26 [0.03, 2.25] 2014 _
Vlaardingerbroek 2014 2 48 2 48  24% 1.00[0.15, 6.81] 2014
Beken 2014 2 40 2 40 2.4% 1.00[0.15, 6.76] 2014
Skouroliakou 2015 4 25 3 26 4.5% 1.39[0.34, 5.58] 2015 ]
Najm 2017 4 41 2 37 3.2% 1.80[0.35, 9.29] 2017 -1
Repa 2018 1 110 18 113 17.6% 0.63[0.31, 1.27] 2018 -
Ozkan 2019 1 42 2 47 1.6% 0.56 [0.05, 5.95] 2019
Yildizdas 2019 1 35 6 33 2.0% 0.16 [0.02, 1.24] 2019 B
Hsiao 2019 2 30 4 30 3.3% 0.50[0.10, 2.53] 2019 _
Costa 2021 4 51 10 50 7.3% 0.39[0.13, 1.17] 2021 - I
Yang 2023 32 234 49 231 524% 0.64 [0.43, 0.97] 2023 i
Total (95% Cl) 723 812 100.0% 0.65 [0.48, 0.87] L 2
Total events 65 104 ) ) ) )
Heterogeneity: Tau? = 0.00; Chi2 =7.42, df = 11 (P = 0.76); 12 = 0% ' T ' !
Test fo? cverZII effect: Z = 2.86 (P = 0.004) ( ) 0.01 04 . 1 10 100
Favours [experimental] Favours [control]
Fig. 3. Forest plot for the incidence of cholestasis. CI, confidence interval.
Experimental Control Risk Ratio Risk Ratio
r re Even Total Events Total Weight M-H, Ran % Cl Year M-H. Random, 95% CI
Savini 2013 6 28 18 116 3.0% 1.38[0.60, 3.16] 2013
Beken 2014 12 40 14 40  4.9% 0.86 [0.45, 1.62] 2014 /T
Deshpande 2014 9 17 8 17 4.4% 1.13[0.57,2.21] 2014 -1
D'Ascenzo 2014 10 39 5 41 2.2% 2.10[0.79, 5.60] 2014 T
Vlaardingerbroek 2014 1 48 16 48  4.6% 0.69[0.36, 1.32] 2014 -
Skouroliakou 2015 6 25 12 26 3.1% 0.5210.23, 1.17] 2015 - I
Najm 2017 22 41 17 37 9.0% 1.17[0.74, 1.83] 2017 T
Techasatid 2017 10 22 9 22  43% 1.11[0.56, 2.19] 2017 -
Repa 2018 19 110 21 113 6.1% 0.93[0.53, 1.63] 2018 -
Hsiao 2019 4 30 11 30 2.0% 0.36[0.13, 1.01] 2019
Yildizdas 2019 10 34 8 33 3.2% 1.21[0.55, 2.69] 2019 -
Ozkan 2019 3 42 9 47 1.4% 0.37[0.11, 1.29] 2019 -
Papandreou 2019 4 31 7 35 1.6% 0.65[0.21,2.00] 2019 -
Costa 2021 26 51 26 50 12.0% 0.98 [0.67, 1.43] 2021 T
Yang 2023 151 234 138 231 38.2% 1.08 [0.94, 1.25] 2023
Total (95% Cl) 792 886 100.0% 0.99 [0.86, 1.15]
Total events 303 319 ) ) ) )
Heterogeneity: Tau? = 0.01; Chi* = 15.82, df = 14 (P = 0.32); I = 12% y ' . g !
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Fig. 4. Forest plot for the incidence of bronchopulmonary dysplasia.
Experimental Control Risk Ratio Risk Ratio
_Study or Subgroup Events Total Events Total Weight M-H, R: 95% Cl Year M-H. Rand 95% Cl
Savini 2013 1 28 3 116 1.9% 1.38 [0.15, 12.78] 2013 -
Ariyawangso 2014 3 21 3 21 4.2% 1.00[0.23, 4.40] 2014 —
Beken 2014 9 40 9 40 14.1% 1.00 [0.44, 2.26] 2014 -1
D'Ascenzo 2014 2 39 1 42 1.7% 2.15[0.20, 22.82] 2014
Vlaardingerbroek 2014 3 48 2 48 3.1% 1.50 [0.26, 8.58] 2014 -
Diamond 2016 1 12 1 13 1.3% 1.08 [0.08, 15.46] 2016
Uthaya 2016 8 85 4 83 6.9% 1.95[0.61, 6.24] 2016 -1
Najm 2017 4 41 1 37 2.0% 3.61[0.42, 30.86] 2017 ]
Techasatid 2017 2 22 2 22 2.7% 1.00 [0.15, 6.48] 2017 —
Repa 2018 8 110 8 113 104% 1.03 [0.40, 2.64] 2018 -1
Jiang 2018 10 22 1 24 23.3% 0.99[0.53, 1.86] 2018 -
Yildizdas 2019 2 34 2 33 2.6% 0.97 [0.15, 6.49] 2019 —
Ozkan 2019 1 42 2 47 1.7% 0.56 [0.05, 5.95] 2019 —
Hsiao 2019 1 31 1 30 1.3% 0.97 [0.06, 14.78] 2019
Costa 2021 6 51 3 50 5.3% 1.96 [0.52, 7.41] 2021 -1
Yang 2023 16 234 12 231 17.7% 1.32[0.64, 2.72] 2023 -1
Total (95% Cl) 860 950 100.0% 1.20 [0.88, 1.62]
Total events 7 65 ) ) ) )
Heterogeneity: Tau? = 0.00; Chi? = 3.87, df = 15 (P = 1.00); I = 0% '0.01 0?1 i 1'0 100‘

Test for overall effect: Z = 1.15 (P = 0.25)

Favours [experimental]

Favours [control]

Fig. 5. Forest plot for the incidence of necrotizing enterocolitis.

Publication Bias

The findings of Egger’s test, which was used to determine the presence of pub-
lication bias, are outlined in Table 2 (refer to Supplementary Figs. 1-9 for details).
Interestingly, the Egger’s regression test revealed that there was no substantial pub-
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Fig. 6. Forest plot for the incidence of mortality.
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2 22 2 22 0.9%
18 41 13 37 95%
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6 30 7 30 32%
1 42 3 47  0.6%
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107 234 112 231 76.2%
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155 172
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Fig. 7. Forest plot for the incidence of retinopathy of prematurity.

Savini 2013
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Yang 2023

Total (95% Cl)
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Heterogeneity: Tau? = 0.00; Chiz = 10.97, df = 11 (P = 0.45); I? = 0%
Test for overall effect: Z = 0.82 (P = 0.41)
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Fig. 8. Forest plot for incidence of the patent ductus arteriosus.

Favours [control]

lication bias for neonatal clinical outcomes, with a p-value exceeding 0.10 for all

outcomes.

Discussion

In this systematic review tied with a meta-analysis of 20 RCTs involving 1904
neonates, we discovered that SMOFlipid, a novel composite lipid emulsion that
combines the benefits of various oils, exhibits a significant beneficial impact in de-
creasing the cholestasis incidence among neonates receiving PN, when compared
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Experimental Control Risk Ratio Risk Ratio
- v, E om,95%Cl

Vlaardingerbroek 2014 4 48 1 48  1.1% 4.00 [0.46, 34.49] 2014 -1
Beken 2014 6 40 7 40 52% 0.86 [0.32, 2.33] 2014 - 1
Deshpande 2014 1 18 2 17 1.0% 0.47 [0.05, 4.74] 2014 -
D'Ascenzo 2014 4 39 6 41 3.7% 0.70[0.21, 2.30] 2014 I
Techasatid 2017 2 22 1 22 1.0% 2.00[0.20, 20.49] 2017
Repa 2018 12 110 9 M3 77% 1.37[0.60, 3.12] 2018 -1
Papandreou 2019 4 31 4 35  3.1% 1.13[0.31, 4.14] 2019 -
Yildizdas 2019 8 34 14 33 9.9% 0.55[0.27, 1.14] 2019 - T
Hsiao 2019 1 30 2 30 09% 0.50[0.05, 5.22] 2019 -
Ozkan 2019 6 42 6 47  AT% 1.12[0.39, 3.21] 2019 I
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Yang 2023 64 234 65 231 60.5% 0.97[0.72, 1.30] 2023
Total (95% Cl) 699 707 100.0% 0.96 [0.76, 1.21]
Total events 116 118 ) ) ) )
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Fig. 9. Forest plot for the incidence of intraventricular hemorrhage.

Experimental Control Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random.95% Cl M-H. Random. 95% Cl
Ariyawangso 2014 1 21 1 21 0.5% 1.00[0.07, 14.95]
Beken 2014 2 40 3 40  1.3% 0.67 [0.12, 3.78] —
Costa 2021 14 51 17 50 11.2% 0.81[0.45, 1.46] -
D'Ascenzo 2014 10 39 8 41 5.8% 1.31[0.58, 2.98] -
Diamond 2016 5 11 4 13 3.6% 1.48[0.52, 4.18] D
Hsiao 2019 3 30 5 30 22% 0.60[0.16, 2.29] - 1
Najm 2017 19 41 11 37 11.1% 1.56 [0.86, 2.83] T
Ozkan 2019 6 42 8 47 41% 0.84[0.32, 2.22] - 1
Papandreou 2019 1 31 2 3% 07% 0.56 [0.05, 5.93]
Repa 2018 24 110 26 113 16.4% 0.95[0.58, 1.55] -
Savini 2013 7 28 20 116 6.9% 1.45[0.68, 3.09] T
Skouroliakou 2015 6 25 7 26  4.4% 0.89[0.35, 2.29] - T
Techasatid 2017 1 22 1 22 05% 1.00[0.07, 15.00]
Uthaya 2016 7 85 3 83 23% 2.281[0.61, 8.51] -1
Vlaardingerbroek 2014 13 48 20 48 12.0% 0.65[0.37, 1.15] T
Yang 2023 33 234 26 231 16.9% 1.25[0.77, 2.03] ™
Total (95% CI) 858 953 100.0% 1.05 [0.86, 1.27] L 4
Total events 152 162 ) ) ) )
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Fig. 10. Forest plot for the incidence of sepsis.
Experimental Control Mean Difference Mean Difference
__Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year 1V, 95% Cl
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Beken 2014 40.2 1 40 3238 8 40 21.8% 7.40[3.18, 11.62] 2014 -
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Techasatid 2017 80.6 328 22 69.7 208 22 45% 10.90 [-5.33, 27.13] 2017 1T
Repa 2018 91.2 34 110 86 252 113 12.8% 5.20 [-2.67, 13.07] 2018 I
Yildizdas 2019 58.5 40 34 572 321 33 4.0% 1.30[-16.04, 18.64] 2019 -
Hsiao 2019 72.62 29.66 30 75.97 24.57 30 5.8% -3.35[-17.13,10.43] 2019 /T
Papandreou 2019 57 24 31 64 24 35 7.6% -7.00[-18.60,4.60] 2019 /T
Costa 2021 98 64 51 843 512 50 2.5% 13.70[-8.88, 36.28] 2021 ]
Yang 2023 51 17.78 234 48.75 1852 231 24.4% 2.25[-1.05, 5.55] 2023 ul
Total (95% CI) 642 654 100.0% 1.77 [-1.94, 5.48] *
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Fig. 11. Forest plot for the length of hospital stay.

with other lipid emulsions. Furthermore, our subgroup analysis indicated that SMOF
lipid also significantly lowers the risk of PDA in extremely premature infants (GA
<28 weeks).

Our study aligns with prior research (Zou et al, 2022), suggesting that SMOFlipid
can significantly reduce the cholestasis risk among infants receiving PN. This pos-
itive outcome can likely be attributed to a balanced ratio of w-6 to w-3 PUFAs,
derived from SO, MCT, OO and FO. This composition helps mitigate oxidative
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Table 2. The results of subgroup analysis, sensitivity analysis and publication bias.

Comparison group RR 95% CI 1>  p-value N RPE PB

Cholestasis 0.63-0.68 0.799
Median GA <28 wk  0.59 0.40-0.87 0% 0.01
Median GA >28 wk  0.72 045-1.17 3% 0.19
Median PN <14 d 0.72 045-1.17 3% 0.19
Median PN >14 d 0.62 045-0.84 0% 0.01

ROP 0.88-0.95 0.322
Median GA <28 wk 1.07 0.90-1.29 0% 0.44
Median GA >28 wk  0.64 0.22-1.87 59% 041
Median PN <14 d 0.57 0.21-1.58 56%  0.28
Median PN >14d 094 0.78-1.12 0% 0.47

PDA 0.87-0.99 0.150

0~ B~ O

~ L~ O

Median GA <28 wk  0.88  0.79-0.99 0% 0.04 10
Median GA >28 wk  0.92 0.54-1.58 46%  0.76 3
Median PN <14 d 0.88 0.73-1.05 0% 0.16 5
Median PN >14d 097 0.83-1.20 16%  0.66 7

BPD 0.94-1.04 0.122
Median GA <28 wk 1.01 0.85-1.20 20%  0.90 11
Median GA >28 wk  1.00 0.82-1.23 7% 0.98 5
Median PN <14 d 096 0.74-1.24 0% 0.74 9
Median PN >14d 0.99 0.80-1.22 26% 091 6
NEC 1.19-1.34 0.749
Median GA <28 wk 1.18 0.80-1.73 0% 040 12
Median GA >28 wk  1.23  0.73-2.10 0% 0.44 5
Median PN <14 d 1.28 0.73-2.23 0% 0.38 6
Median PN >14d 1.16 0.81-1.67 0% 043 10
IVH 0.93-1.02 0.517
Median GA <28 wk 094 0.63-1.41 0% 0.78 9
Median GA >28 wk 097 0.73-1.28 0% 0.82 4
Median PN <14 d 1.10 0.58-2.07 0% 0.77 5
Median PN >14d 094 0.74-1.20 0% 0.63 7
Sepsis 0.99-1.11 0.852
Median GA <28 wk  0.99 0.79-1.25 0% 095 11
Median GA >28 wk 1.23  0.82-1.83 0% 0.33 6
Median PN <14 d 1.02  0.67-1.57 18% 091 6
Median PN >14 d 1.06 0.84-135 0% 0.63 10
Death 1.02-1.15 0.132
Median GA <28 wk 1.31 0.51-342 0% 0.65 5
Median GA >28 wk  1.11  0.71-1.72 0% 0.58 9
Median PN <14 d 1.25  0.74-2.11 0% 0.40 5
Median PN >14 d 096 0.55-1.68 0% 0.88 8
Length of hospital stay* MD 0.61-2.67 0.259
Median GA <28 wk  0.14 -5.90-6.18 27%  0.96 8
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Table 2. Continued.

Comparison group RR 95% CI 1>  p-value N RPE PB

Median GA >28 wk 1.71 -8.22-11.64 63% 0.74 4
Median PN <14 d 1.09 -8.63-10.81 67%  0.83 4
Median PN >14 d 1.80 —0.98-4.58 0% 020 7

Note: * This outcome was characterized by the mean difference as the effect
size.

Abbreviations: N, Number of studies; RR, risk ratio; CI, confidence interval;
RPE, Re-synthesized point estimates; PB, publication bias; GA, gestational age;
PN, parenteral nutrition; ROP, retinopathy of prematurity; PDA, patent ductus
arteriosus; BPD, bronchopulmonary dysplasia; NEC, necrotizing enterocolitis;
IVH, intraventricular hemorrhage.

stress and inflammation, which are implicated in the pathogenesis of cholestasis.
Specifically, the high content of w-3 PUFAs in SMOFlipid promotes the produc-
tion of anti-inflammatory mediators and modulates the expression of genes related
to bile acid synthesis and transport, thus reducing bile acid cytotoxicity (Bechyn-
ska et al, 2019; Fuchs and Trauner, 2022; Harwood, 2023; Leguina-Ruzzi and Ortiz,
2018). Moreover, the olive oil component, rich in oleic acid, enhances bile solu-
bility and prevents bile stasis by increasing phospholipid levels in bile (Lu et al,
2024). Lastly, SMOFlipid boasts a high level of a-tocopherol, a potent antioxi-
dant that further protects hepatocytes from oxidative damage (Forman and Zhang,
2021).

Regarding PDA, the subgroup analysis for infants with GA <28 weeks demon-
strated a significant reduction in PDA incidence following the utilization of SMOFIi
pid. This finding can be explained by several attributing factors. First, extremely
premature infants have a higher incidence and severity of PDA and may benefit
more from the anti-inflammatory and vasodilatory properties of SMOFlipid (Ham-
rick et al, 2020). Second, the w-3 PUFAs in SMOFlipid help modulate inflamma-
tory responses and promote the production of nitric oxide, a vasodilator essential for
ductal closure (Al-Turkait et al, 2022; Spector and Kim, 2019). Additionally, the
antioxidant properties of SMOFlipid may protect the ductal tissue from oxidative
stress, which is exacerbated by oxygen therapy and mechanical ventilation com-
monly required in extremely premature infants (Forsberg et al, 2021).

Compared to Vayalthrikkovil et al (2017)’s study, which presented the pre-
vention of severe ROP by FO-based lipid emulsions, our study established that
SMOFlipid possesses an insignificant impact on the all-stage ROP incidence, as
well as the other neonatal clinical outcomes, which could be attributed to multi-
ple factors. Firstly, certain outcomes like BPD, NEC, ROP, and IVH are influ-
enced by a complex interplay of factors beyond lipid emulsions, including maternal
chorioamnionitis, premature rupture of membranes, birth weight, oxygen therapy,
infection, feeding intolerance, and the duration of mechanical ventilation (Cai et al,
2021; Iijima, 2023; Wu et al, 2021). Secondly, given the rarity of outcomes such as
mortality and sepsis, larger cohorts and extended follow-up duration are required
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to unveil significant distinctions in these aspects between groups taking different
types of lipid emulsions. Furthermore, variables like the length of hospital stay are
shaped by the clinical protocols and discharge standards of different institutions,
which may not accurately mirror the actual effectiveness of lipid emulsions.

This meta-analysis demonstrates multiple strengths. Firstly, the studies incor-
porated in our research were culled from 20 studies originating from a diverse set
of countries and having a wide geographical representation. This diversity bolsters
the applicability of our findings to a broader context. Second, sensitivity analyses
determined that no single study significantly influenced all the outcomes of our
study. Furthermore, Egger’s tests revealed no indication of publication bias for any
of the outcomes, indicating the robustness and stability of our findings.

Despite the valuable insights, this meta-analysis has a few noteworthy limita-
tions. Firstly, the majority of the research we incorporated featured a small sam-
ple size. To enhance the reliability of any meta-analysis, it is crucial to conduct
large-scale, multicenter studies. Second, we limited the scope of our literature
search only to English databases. Studies published in languages other than En-
glish might have gone unnoticed. Third, we only explored the effects of GA and
PN on the efficacy of SMOFlipid. However, other influential factors that have not
yet been explored need to be investigated in further research. Fourth, we corrected
the partial data using the Laplace smoothing method, which inevitably introduced
potential bias. In addition, the studies we included only addressed individual com-
parisons between SMOFlipid and other conventional lipid emulsions, limiting the
possibility of conducting a network meta-analysis to systematically compare the
degree of superiority or inferiority among all types of lipid emulsions. Lastly, the
outcomes we analyzed represent short-term results post-SMOFlipid intervention,
leaving long-term consequences of SMOFlipid intervention, especially those on
neurodevelopment, largely unexplored.

Conclusion

In conclusion, this systematic review, along with the meta-analysis of 20 RCTs,
provides evidence that SMOFlipid represents a promising option for PN in neonates,
especially for reducing cholestasis in preterm infants and PDA in extremely prema-
ture infants. However, the available data is not sufficient to assess if SMOF is bene-
ficial in lowering ROP, NEC, IVH, BPD, mortality and sepsis, as well as shortening
the length of hospital stay. Additionally, superior RCTs with larger sample sizes
and extended follow-up duration are required to substantiate these findings, explore
long-term outcomes, and understand the full spectrum of benefits and limitations
associated with SMOFlipid use in neonatal patients.
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* Neonatal morbidity in neonates, especially in preterm infants, is a major
concern.

* This study assessed how a novel composite lipid emulsion identified as
SMOFlipid affected newborns receiving parenteral nutrition (PN).

» Twenty randomized controlled trials involving 1904 neonates were in-
cluded, revealing that SMOFlipid significantly reduced the cholestasis
risk compared to other lipid emulsions.

*  SMOFlipid offers a promising option for neonatal PN, particularly for
reducing cholestasis in preterm infants and patent ductus arteriosus in ex-
tremely premature infants.
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