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Abstract

Objective To examine the effectiveness of soybean oil-medium chain triglycerides-olive oil-fish oil lipid emulsion
(SMOF-LE) on clinical outcomes of very-low-birth-weight neonates.

Study design We conducted a pre-post comparative study of very-low-birth-weight neonates, dividing them according to
lipid emulsion received: Intralipid (soy-based; n = 680) or SMOF-LE (n = 617). Primary outcomes were mortality, chronic
lung disease, severe retinopathy, infection, and necrotising enterocolitis. Secondary outcomes were cholestasis, osteopenia,
time to full feeds, and time to regain birthweight.

Results Baseline characteristics between groups were comparable. Primary outcomes did not differ significantly between
groups, although any retinopathy was significantly lower in the SMOF-LE group. SMOF-LE group had lower odds of
cholestasis, osteopenia, and lipid interruption, and reduced times to full feeds and to regain birthweight.

Conclusions Compared with Intralipid, SMOF-LE was not associated with differences in mortality and major morbidities

but was associated with lower odds of any retinopathy, cholestasis, and osteopenia; and improved lipid tolerance.

Introduction

Very low birth weight (VLBW, <1500 g) neonates require
parenteral nutrition as a source of energy in order to achieve
optimum growth, and lipid emulsion (LE) is an integral
part of total parenteral nutrition (TPN) [1]. Preterm
birth, underdeveloped immunity, and reduced anti-oxidant
defenses make VLBW neonates vulnerable to oxidative
stress, which plays a significant role in the development of
multiple morbidities such as chronic lung disease (CLD),
retinopathy of prematurity (ROP), intraventricular hemor-
rhage (IVH), and necrotizing enterocolitis (NEC) [2-4].
Preterm birth also leads to an inadequate supply of long
chain polyunsaturated fatty acids (LC-PUFA) such as
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docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA) for which the majority of maternal transfer to the
fetus occurs in the third trimester [5]. These LC-PUFAs are
crucial for visual and cognitive development as well as to
abate thrombotic and inflammatory responses [6].

Lipid emulsions (LE), in addition to providing calories,
act as a rich source of essential fatty acids like linoleic acid
(LA; »-6) and alpha-linolenic acid (ALA; ®-3). These fatty
acids are precursors for eicosanoids required for platelet
function, immune response, inflammation, and early visual
and neural development [7]. Pure soy-based LE (e.g.,
Intralipid) has traditionally been used in neonatal intensive
care units (NICUs) worldwide. Its high ratio of ®-6:0-3
fatty acids leads to reduced proportions of DHA and EPA
since their precursor is ®-3 [8]. A multi-source LE com-
posed of soybean oil, medium chain triglycerides (MCTs),
olive oil, and fish oil (SMOF-LE) has increased in use due
to the perceived advantages associated with each compo-
nent. Soybean oil provides both LA and ALA; olive oil is
rich in monounsaturated fatty acids, which are less sus-
ceptible to lipid peroxidation than polyunsaturated fatty
acids and maintain hepatobiliary function; MCTs have a
relatively fast metabolic clearance; and fish oil contains
DHA [9]. It has been reported that SMOF-LE has a better
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tolerance, efficacy, and safety profile than soy-based LE
[10, 11]. Improved clinical outcomes in, e.g., ROP or
neonatal cholestasis with SMOF-LE have been shown in
some studies but not in others [12]. Our NICU implemented
the use of SMOF-LE as routine practice in October 2014.
Our objective in this study was to compare the effects of
two LEs, Intralipid and SMOF, on neonatal health out-
comes. We hypothesised that the use of SMOF-LE would
improve neonatal health outcomes.

Patients and methods

In this single-center, retrospective cohort study, we included
preterm neonates with birth weight of <1500 grams
(VLBW) or gestational age <32 weeks who received at least
7 days of LE in a level-III NICU at Mount Sinai Hospital in
Toronto, Ontario, Canada. Eligible neonates were identified
from our Institute’s electronic record. Neonates with major
congenital anomalies or potentially lethal genetic condi-
tions, those who died before or within the first week of
initiation of lipids, and those who received both Intralipid
and SMOF during transition period were excluded.

SMOF-LE usage started in our unit in October 2014.
Hence, neonates were divided into two epochs of 3 years
each. Epoch 1 included neonates admitted from April 1,
2011 to June 30, 2014 and given soy-based LE (Intralipid®
20%: soybean oil 200 g/L, egg phospholipids 12 g/L,
glycerol 22.5 g/L). Epoch 2 included neonates admitted
from October 01, 2014 to September 30, 2017 and given
SMOF-LE (SMOFlipid® 20%: soybean oil 60 g/LL, MCT
60 g/L, olive oil 50 g/L, fish oil 30 g/L, egg phospholipids
12 g/L, glycerol 25g/L, vitamin E 200mg «-TE/L).
A 3-month wash-out period between two groups was used
to ensure that no neonates were included who may
have received both types of LE. Both LEs were
supplied by Fresenius Kabi Canada Ltd (Richmond Hill,
Ontario, Canada).

As a routine practice during both study periods,
electrolyte-free TPN solution containing intravenous dex-
trose (10%) and amino acids (up to 2.5 g/kg) was started in
neonates with birth weight <1500 g in the resuscitation
room as soon as intravenous access was established. The
LEs were administered from the next calendar day as a
continuous 24 h infusion. The starting daily dose of lipid
was 1 g/lkg of body weight with daily increments, as tol-
erated, of 1 g/kg body weight to a maximum of 3.0-3.5 g
of lipids/kg/day. This was consistent between the two
study epochs. Neonates also received trace elements,
electrolytes, minerals, and vitamins as a standard part of
the TPN protocol. Enteral feeds commenced as soon as the
medical team deemed the infant to be medically stable
and were advanced according to a standardized feeding

protocol. The standardized feeding protocol was the same
for both study periods, with an exception: in June 2013,
the feed advancements were slowed to every 48h for
neonates born at <650 g to reflect a growing population of
extremely low birth weight (ELBW) neonates. Feeds
consisted of expressed breast milk (EBM) and, if required,
were supplemented with preterm formula prior to April
2013 and pasteurized human donor breast milk (DBM)
thereafter according to parental choice and availability.
For both study groups, human milk fortification was with a
powder product and was commenced at an enteral toler-
ance of 160 ml/kg/day prior to 2014 and 120 ml/kg/day
thereafter.

Variable definitions

Demographic and clinical data were abstracted from the
hospital electronic database and patient charts. Chronic
lung disease was defined as oxygen dependency or need for
respiratory support at 36 weeks post-menstrual age or at
discharge from our unit if transferred prior to this time [13].
Necrotizing enterocolitis was classified as stage II or stage
III according to Modified Bell’s staging criteria [14].
Severe ROP was considered if ROP was stage 3 or higher
in either eye or if the infant was treated with laser or anti-
vascular endothelial growth factor therapy. Nosocomial
infection was diagnosed if a pathogenic organism was
identified in blood or cerebrospinal fluid culture in a
symptomatic infant and treated with antibiotics for a
minimum of 5 days. Cholestasis was defined as a serum
direct bilirubin value of >18 pmol/dL (1.0 mg/dL) if the
total bilirubin level was <90 pmol/dL (5.0 mg/dL) or a
direct bilirubin value of >20% total bilirubin if the total
bilirubin level was >90 pmol/dL (5.0 mg/dL) [15]. Osteo-
penia of prematurity was defined as a serum alkaline
phosphatase level >600 IU/L [16].

Outcomes

Our primary outcomes were mortality prior to discharge or
major morbidities defined as CLD, nosocomial infection,
severe ROP, or NEC stages II or III. Secondary outcomes
were ROP of any stage, neonatal cholestasis, osteopenia of
prematurity, lipid interruptions due to high triglyceride
level, number of days required to regain birth weight,
duration of TPN and lipid administration, and length of
hospital stay.

Research ethics
The data collection and analysis methods for this study

were approved by the Mount Sinai Hospital Research
Ethics Board.
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Statistical analyses

Baseline characteristics between groups were compared
using descriptive statistics. The incidences of primary and
secondary outcomes between groups were compared using
the X test or Fischer’s exact test for categorical variables
and the Student’s ¢ test or Kruskal-Wallis test for con-
tinuous variables, depending on their distribution. Multi-
variable regression analyses were conducted to adjust
for possible confounding variables. Adjusted odds ratios
(AORs) were calculated with 95% confidence intervals
(CIs). A two-sided P value of <0.05 was considered
significant. There were no adjustments for multiple
comparisons.

Results

Of the total 2415 neonates who received LE during the
study period in the unit, 1297 neonates were eligible for the
study as they received either Intralipid or SMOF-LE for
>7 days during the study period and were included in this
study (Fig. 1). Of these, 680 neonates received Intralipid
and 617 neonates received SMOF-LE. Comparison of
baseline characteristics and demographic parameters at the
time of initiation of LE revealed that the two groups were
similar except for a higher proportion of caesarean births in
SMOF-LE group (Table 1). Also, the age in hours when
enteral feeds were initiated was earlier by 24 h in SMOF-LE

group.
Primary outcome variables

The mortality rate did not differ significantly between
groups (5.7% in Intralipid group vs. 6.2% in SMOF-LE
group; P =0.75) (Table 2). Similarly, rates of CLD, NEC,
severe ROP, and nosocomial infections did not differ
between groups (Table 2). The adjusted odds of the primary

’ 2415 neonates (VLBW or GA < 32 weeks) received lipid emulsion during study ‘
_— T
«— >
Group 2
1212 neonates received SMOF

(October 01, 2014 - September 30, 2017)

Group 1
1203 neonates received Intralipid
(April 01, 2011 - June 30, 2014)

490 neonates excluded

588 neonates excluded
who received lipids for < 8
l days/died in first week

who received lipids for < 8
days/died in first week
713 neonates 624 neonates
33 neonates excluded 7 neonates excluded
for missing data for missing data
v
680 neonates were eligible 617 neonates were eligible

Fig. 1 Flow diagram of study participants.
GA gestational age, SMOF soybean oil-medium chain triglycerides-olive
oil-fish oil, VLBW very low birth weight
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outcomes of mortality, CLD, NEC, severe ROP, and
nosocomial infections also did not differ significantly
between groups (Table 3).

Secondary outcome variables

Rates of lipid interruption episodes, any ROP, and
osteopenia of prematurity were significantly lower in the
SMOF-LE than in the Intralipid group. The duration of LE
treatment in days, days to regain birth weight, and days to
reach full enteral feeds were all significantly lower in
the SMOF-LE group compared to the Intralipid group
(Table 2). In adjusted analyses, we identified reduced odds
of lipid interruptions, any ROP, osteopenia of prematurity,
and neonatal cholestasis in the SMOF-LE group compared
to the Intralipid group, along with a reduction in days on LE
(1 day less), and days to regain birth weight (2 days less) in
the SMOF-LE group (Table 3).

Discussion

In this retrospective analysis of a large cohort, we identified
that the use of SMOF-LE was not associated with differ-
ences in the primary outcomes of mortality or major neo-
natal morbidities. However, SMOF-LE use was associated
with a reduction in any-stage ROP, neonatal cholestasis,
and osteopenia of prematurity. Moreover, it was associated
with improved lipid tolerance and reduced time to regain
birth weight.

The use of SMOF-LE has been proposed based on the
composition of its components. Increases in omega-3 fatty
acids, monounsaturated fatty acids, and DHA are suggested
to aid immune function [17, 18] and platelet function [18],
reduce inflammation [17, 18], and possibly improve neu-
rodevelopment [19]. We hypothesized that, as a result,
inflammatory-/immune-related morbidities associated with
preterm birth may be modified with the use of SMOF-LE
instead of soy-based LE. We did not identify any changes in
CLD, NEC or treated ROP in neonates who received
SMOF-LE. We did observe a reduction in any-stage ROP in
the SMOF-LE-treated group, indicating the possibility of an
effect on early vascular growth in the retina. Our findings
are similar to those from a Cochrane review [12] that
included 7 randomized trials (total participants = 469) that
compared SMOF-LE vs soy-based LE in preterm neonates
and reported no significant differences in major neonatal
morbidities (mortality: 5 studies, 369 participants, RR: 1.26,
95% CI: 0.68-2.31; CLD: 4 studies, 314 participants, RR:
1.02, 95% CI: 0.70-1.49; nosocomial infection: 1 study, 80
participants, RR: 0.67, 95% CI: 0.12-3.78; NEC: 4 studies,
314 participants, RR: 1.35, 95% CI: 0.68-2.67; severe
ROP: 3 studies, 256 participants, RR: 0.43, 95% CIL:
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Table 1 Demographic and
clinical characteristics of the
study neonates

Table 2 Clinical outcome rates
between study groups

Characteristics Group 1 Intralipid Group 2 SMOF P value
(n = 680) (n=0617)
Maternal age in years, mean (SD) 32.9 (5.8) 32.8 (5.7) 0.76
Antenatal steroids, n (%) 629 (93.2) 564 (91.4) 0.23
Pregnancy-induced hypertension, n (%) 138 (20.3) 151 (24.5) 0.07
Chorioamnionitis, n (%) 86 (14.0) 80 (13.0) 0.60
Caesarian section, n (%) 390 (57.4) 391 (63.5) 0.02
Male sex, n (%) 380 (56.0) 351 (56.9) 0.74
Gestational age in weeks, mean (SD) 27.5 (2.5) 27.6 (2.8) 0.61
Small for gestational age, n (%) 129 (19.0) 136 (22.0) 0.17
Birth weight in grams, mean (SD) 1016 (304) 988 (318) 0.11
Birth head circumference in cm, mean (SD)  25.1 (2.6) 25.0 (2.6) 0.26
Apgar score at 5 minutes, median (IQR) 8 (6,9) 8 (6,9) 0.45
Age in hours at lipid emulsion started, 19 (14, 24) 18 (13, 24) 0.09
median (IQR)
Age in hours when enteral feeds started, 48 (32, 67) 24 (17, 38) <0.01

median (IQR)

IQOR interquartile range, SD standard deviation, SMOF soybean oil-medium chain triglycerides-olive

oil-fish oil
Outcomes Group 1 Intralipid Group 2 SMOF P value
(n=680) (n=617)

Primary outcomes
Mortality, n (%) 39 (5.7) 38 (6.2) 0.75
Chronic lung disease, n (%) 221 (34.2) 211 (36.3) 0.45
Necrotizing enterocolitis ( > stage 2), n (%) 33 (4.9) 45 (7.3) 0.06
Severe retinopathy of prematurity (> stage 3 36 (5.3) 27 (4.4) 0.44
or treated retinopathy), n (%)
Nosocomial infection, n (%) 145 (21.3) 120 (19.5) 0.40

Secondary outcomes
Lipid interruptions, n (%) 216 (32.0) 107 (17.4) <0.01
Any retinopathy of prematurity, n (%) 193 (28.4) 138 (22.4) 0.01
Neonatal cholestasis, n (%) 131 (19.7) 102 (16.6) 0.14
Osteopenia of prematurity, n (%) 167 (32.5) 123 (25.3) 0.01
Total days of parenteral nutrition, 14 (10, 23) 13 (9, 22) 0.07
median (IQR)
Total days on lipid emulsion, median (IQR) 10 (8, 16) 10 (7, 16) 0.02
Days to regain birth weight, median (IQR) 11 (8, 13) 8 (6, 11) <0.01
Days of hospitalization, median (IQR) 44 (21, 76) 47 (23, 76) 0.40
Days to reach full enteral feeds, median (IQR) 14 (11, 20) 11 (9, 16) <0.01

IQOR interquartile range, SMOF soybean oil-medium chain triglycerides-olive oil-fish oil

0.06-2.85). Data for any ROP were available from only one
randomised control trial, conducted by Beken et al [20]. As
in the present study, they compared SMOF- and soybean-
based LEs and included VLBW neonates with a gestational
age <32 weeks. They found that rates of severe ROP
needing treatment did not differ between groups, with only
one patient needing treatment in each group. There was,
however, significantly more any-stage ROP in the group
that received soybean-based LE (n = 80, OR: 9.1, 95% CI:

1.9-43.8, P=0.004 vs SMOF-based LE). It could be
hypothesized that DHA, which is abundant in fish oil, may
protect against the development of ROP because of its anti-
inflammatory [21] or oxidative stress-reducing [9, 22]
effects. Collins et al [23] randomized preterm neonates born
before 29 weeks of gestation: 592 neonates in the DHA
group, who received 60 mg/kg of enteral DHA; and 613
neonates in the control group, who received regular soy-
based emulsion without DHA. They reported a possible

SPRINGER NATURE
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Table 3 Adjusted analyses of primary and secondary outcomes

Outcomes Unadjusted odds

ratio (95% CI)

Adjusted odds
ratio (95% CI)*

Primary outcomes
Death

Chronic lung disease

1.08 (0.68, 1.71)
1.09 (0.87, 1.38)
1.54 (0.97, 2.45)

1.00 (0.62, 1.62)
1.02 (0.78, 1.34)

Necrotizing enterocolitis 1.47 (0.92, 2.34)

(= stage 2)

Severe retinopathy of 0.82 (0.49, 1.37)  0.65 (0.38, 1.13)
prematurity (> stage 3 or

treated retinopathy)

Nosocomial infection 0.89 (0.68, 1.17)  0.87 (0.65, 1.16)
Secondary outcomes
0.45 (0.34, 0.58)

0.73 (0.57, 0.94)

0.43 (0.33, 0.56)
0.60 (0.45, 0.80)

Lipid interruptions
Any retinopathy of
prematurity

0.81 (0.61, 1.07)
0.70 (0.54, 0.93)

Mean difference
(95% CI)

0.69 (0.51, 0.95)
0.55 (0.40, 0.75)

Adjusted mean
difference (95%
CDn?

—0.8 (-1.7, —0.2) —0.9 (1.8, —-0.1)
Days to regain birth weight —2.5 (-2.9, —2.1) —2.3 (-2.7, —1.9)
—3.6 (—4.6, —2.6) —3.8 (4.7, -2.9)

Neonatal cholestasis

Osteopenia of prematurity

Days on lipid emulsion

Days to reach full
enteral feeds

CI confidence interval

®Adjusted for pregnancy-induced hypertension, caesarean section,
birth weight, and small for gestational age

increase in bronchopulmonary dysplasia (BPD) by physio-
logical definition (relative risk 1.13, 95% CI: 1.02-1.25,
P =0.02; and clinical BPD: RR: 1.09, 95% CI: 1.00-1.18,
P =0.06). However, their supplementation differed only in
DHA content and it was given enterally, whereas our focus
was on supplementation by intravenous route only and our
LE contained more components than DHA.

We further identified improved lipid tolerance asso-
ciated with SMOF-LE use. Careful monitoring of blood
triglyceride levels during parental lipid administration is
recommended. Preterm neonates are at higher risk for
hypertriacylglycerolemia than term neonates due to lack of
adequate muscle and fat mass, which accounts for a
reduced hydrolytic capacity of the lipoprotein lipase
enzyme [11]. Even though there is no specific indicator of
lipid intolerance, many studies have measured serum tri-
glyceride levels as a surrogate marker for lipid tolerance
[24]. In our NICU, we regularly use plasma triglyceride
level as an indicator of tolerance. Similar to our study, two
trials in the adult population [25, 26] have shown that
SMOF-LE has better clearance and tolerance than soy-
based LE. This can be explained by the presence in
SMOF-LE of MCT oil, which is rapidly metabolised by

SPRINGER NATURE

lipase and cleared from the circulation faster than pure
long chain fatty acids [25].

We identified reduced rates of cholestasis in the SMOF-
LE group. Others have similarly reported improvement in
neonatal cholestasis, but the results are inconsistent. Gura
et al [27] reported that reversal of cholestasis was 4.8 times
faster in neonates who received fish oil-based LE (9 weeks)
vs. soy-based LE (44 weeks). In a systematic review of
randomized and non-randomized studies (6 studies, total
participants: 807) among preterm neonates, Vayalthrikkovil
et al [28] showed that fish oil-based LE reduced cholestasis
significantly when compared to soy-based LE (4 rando-
mized trials, n = 386, RR 0.40, 95% CI 0.22—0.76, number
needed to treat = 11; and 2 observational studies, n =421,
RR 0.1, 95% CI: 0.02-0.60, number needed to treat = 17).
Skouroliakou et al [29] (study participants; i.e., preterm
infants: 54 in SMOF group, 75 in Intralipid group) reported
a trend of improving cholestasis towards the date of dis-
charge, but this was not statistically significant. Soy-based
lipids have higher amounts of phytosterols, which are
associated with impaired biliary secretion; [30] and contain
proinflammatory mediators, which account for hepatotoxi-
city and increased cholestasis [31]. It is possible that
SMOF-LE, by virtue of having a high quantity of omega-3
fatty acids (including DHA) and arachidonic acid and
vitamin E to counterbalance the pro-inflammatory effect of
omega-6 fatty acids [32], has a protective effect on the liver
that reduces cholestasis. Our finding of a reduced rate of
cholestasis in the SMOF-LE groups compared with the
Intralipid group could also be due to a reduced duration of
TPN administration, as full feeds were reached earlier in the
SMOF-LE group.

We identified that SMOF-LE use was associated with
reduced rates of osteopenia of prematurity. The fact that
DHA and arachidonic acid are important modulators of
bone cell differentiation and bone matrix deposition may
account for this improvement [33]. However, previous
studies have not explored this association and would need
to be explored in future studies.

We identified that the days required to reach full enteral
feeds and regain birth weight were significantly lower in the
SMOF-LE group (years 2014-2017) compared to the
Intralipid group (2011-2014). This may be due to changes
in NICU practice that favoured earlier administration of
enteral feeding during the study period. We acknowledge
that local practice has changed to promote earlier enteral
feeding with early initiation of feeds, reduced time on
trophic feeds, and earlier fortification of feeds. These
changes may explain the difference we observed and could
be unrelated to LE.

Our study has several strengths. To our knowledge, this
is the largest study to date comparing these two soy-based
and SMOF-based LEs. Apart from changes in the feeding
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protocol and the timing of human milk fortification, lipid
administration protocols were maintained throughout the
transition from Intralipid to SMOF-LE in our NICU. The
similarity in baseline characteristics lends significant cred-
ibility to our findings despite the fact that this study was not
a randomized trial. The information on this topic from
randomized trials is limited to 469 neonates from 7 trials.
Our sample size of nearly 1300 neonates could help to
strengthen our evidence base such as no difference in
clinically important outcomes; however, there may be some
benefits in secondary outcomes. Nevertheless, our study has
some limitations. First, this was a retrospective cohort
analysis. As such, the study design did not allow us precise
control over unknown confounders in the study groups.
Second, we do not have serum measurements of any lipid
components that would provide data on the uptake of the
various components of SMOF-LE. Third, our results may
have been affected by changes in clinical practices over the
6-year study period; for instance, adjustments in the feeding
protocol or respiratory management with greater use of non-
invasive ventilation.

Conclusion

In this large cohort study, practice change to routine use of
SMOF-based rather than soy-based LE was not associated
with changes in mortality, CLD, nosocomial infection,
NEC, or severe ROP — but was associated with improved
lipid tolerance and lower odds of any ROP, cholestasis, and
osteopenia. However, a large randomized controlled trial
adequately powered to examine safety and efficacy of LE is
warranted.
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