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Abstract
Background Preterm infants received long-term parenteral nutrition (PN) due to gastrointestinal
immaturity. Mixed lipid emulsions composed of soybean oil, medium chain triglycerides (MCTs), olive oil,
and fish oil, which have a relatively low ω-6: ω-3 ratio, may decrease the incidence of PN-associated
cholestasis by reducing oxidative stress and providing an anti-inflammatory effect.
Methods The retrospective cohort study enrolled a total 399 very low birth weight (VLBW) premature
infants between January 2009 and November 2017 at a single neonatal intensive care unit. Preterm
infants received total parenteral nutrition with either mixed lipid emulsion (SMOFlipid, n = 195) or
soybean oil-based lipid emulsion (Lipovenoes, n = 204) for at least seven days. We compared the
outcomes of PN-associated cholestasis, co-morbidities and mortality.
Results The incidence of PN-associated cholestasis was significantly lower in the SMOFlipid group than
the Lipovenoes group (10.3% vs 20.1%, P = 0.006). The related clinical laboratory findings, including
levels of γ- GT (P = 0.019), triglyceride (P < 0.001), and cholesterol (P = 0.023), were significantly lower in
the SMOFlipid group. The duration to full feeding days shortened in the SMOFlipid group compared with
the Lipovenoes group (25 ± 10.33 vs 33 ± 16.22, P < 0.001). Relevant complications, such as severe
retinopathy of prematurity (ROP, 3.6% vs 14.3%, P < 0.001) and bronchopulmonary dysplasia (BPD, 36.9%
vs 46.7%, P = 0.046) were also reduced in the SMOFlipid group versus the Lipovenoes group, but there
was no significant effect on severe intraventricular hemorrhage (IVH), necrotizing enterocolitis (NEC), or
mortality in both groups.
Conclusions In very premature infants, PN with fish oil-based lipid emulsions is associated with a lower
incidence of PN-associated cholestasis compared with soybean oil-based lipid emulsions.

Introduction
Preterm neonates rely on parenteral nutrition (PN) for several weeks after birth. Early administration of
milk feeding is insufficient to support growth owing to gastrointestinal immaturity. However, the risk of
infection, hypertriglyceridemia, hyperbilirubinemia, and PN-associated liver disease increase in the infants
receiving long-term PN [1–2]. There is a growing amount of evidence that soybean oil emulsions
containing a high proportion of ω–6 long-chain polyunsaturated fatty acids (LC-PUFAs) and phytosterols
induce immune function and promote hepatic damage [1–5]. The latest generation of mixed lipid
emulsions are composed of soybean, medium-chain triglycerides (MCTs), olive oil, and fish oil
(SMOFlipid). Soybean oil provides essential fatty acids, such as linoleic acid (LA) and α-linolenic acid (αLNA) [2–3]. MCTs are more beneficial for faster metabolic clearance than long-chain triglycerides (LCTs)
[6–8]. Olive oil is rich in monounsaturated fatty acids (MUFAs), which protect against lipid peroxidation
[4, 9, 10]. Fish oil provides ω–3 LC-PUFAs, eicosapentaenoic acid (EPA), and docosahexaenoic acid
(DHA), which reduce oxidative stress, suppress inflammation, and prevent PN-associated cholestasis [2–
5, 11]. A balanced fatty acid supply influences outcomes such as growth, visual development and
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cognitive development [12–14]. Therefore, we hypothesized that SMOFlipid may be associated with
decreasing the incidence of PN-associated cholestasis compared with soybean oil-based lipid emulsion
in preterm infants.

Methods
This retrospective cohort study was performed at the Department of Neonatology, Changhua Christian
Children Hospital, Taiwan, between January 2009 and November 2017. A total of 399 premature
neonates who were eligible, of gestational age ≤ 32 weeks, birth weight ≤ 1,250g, and received parenteral
nutrition for at least seven days, were enrolled. The study was approved by the Institutional Review Board
at Changhua Christian Hospital. Infants with conditions associated with cholestasis independent of PN
(i.e., infection with cytomegalovirus, HIV, hepatitis B or C), hemolytic diseases, primary liver diseases,
inborn errors of metabolism, multiorgan failure or hypoxic-ischemic encephalopathy were excluded. The
first cohort of 204 preterm infants from January 2009 to April 2013 received soybean oil-based lipid
emulsion (Lipovenoes 20%, control group). The second cohort of 195 preterm infants from May 2013 to
November 2017 received SMOFlipid 20% (study group) composed of 30% soybean oil, 30% MCTs, 25%
olive oil, and 15% fish oil as the PN lipid emulsion. Both cohorts were cared for by the same
multidisciplinary team, including medical, pharmacy, dietetic, nursing, and nutritional care.
Regardless of whether the PN contained SMOFlipid or Lipovenoes, the dosage of both groups started at
1g/kg/day on day 1, and this was increased daily by increments of 1g/kg/day up to a maximum of
3g/kg/day. The lipid emulsion was administered as part of a PN regimen along with other nutrients
(glucose, amino acids, vitamins, trace elements, and electrolytes) in two separate syringes. The dosages
of other nutrients were standardized in accordance with current recommendations [1]. The infants
received nasogastric tube feeding supplement with formula or breast milk as early as possible. All
preterm infants received probiotics after they started feeding. PN was withdrawn when infants received
enteral energy > 80kcal/kg/day.
Demographic data, medical history, concomitant diseases, clinical assessments, and medications of the
infants were recorded daily beginning on day 0. Blood samples for assessment of parameters for safety
and efficacy evaluation were obtained weekly. Adverse events and their possible relation to study
treatment were documented. The primary outcome, PN-associated cholestasis, was defined as serum
direct bilirubin levels more than 1.5mg/dl, and greater than 20% of serum total bilirubin levels. Peak levels
of liver enzymes (aspartate aminotransferase [GOT], alanine aminotransferase [GPT], γ-glutamyl
transferase [γGT], alkaline phosphatase [ALP]), c-reactive protein (CRP), albumin, cholesterol, and
triglyceride, were also analyzed during hospitalization. Secondary clinical and developmental outcomes
included severe retinopathy of prematurity (ROP), intraventricular hemorrhage (IVH), necrotizing
enterocolitis (NEC), bronchopulmonary dysplasia (BPD), sepsis and mortality. ROP was screened by an
ophthalmologist beginning at four weeks of age. Treatment with intravitreal bevacizumab was performed
at ROP ≥ stage 3. IVH was diagnosed by cerebral ultrasound on day 0, 3, 7, 21 and monthly. Severe IVH
was identified as stage ≥ 3. NEC was diagnosed clinically (Bell’s stage ≥ IIa) or after surgical exploration.
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BPD was defined as requiring an oxygen supplement after 36 weeks postmenstrual age. Sepsis was
proven by blood culture.
Data from all of the assessments were tabulated using descriptive statistics. Standard summary
statistics and 95% confidence intervals were calculated appropriately. To compare the mean values from
parametric variables, data were analyzed using the Student t test. Secondary outcomes were compared
between the groups with the χ2 or Fisher’s exact tests when appropriate for categorical data. A P Value of
< 0.05 was considered statistically significant. Statistical evaluation of results was carried out for the
entire patient population and according to the stratification. The results of the study and control groups
are presented below.

Results
A total of 399 preterm infants were enrolled: 195 in the SMOFlipid group and 204 in the Lipovenoes
group. In the baseline characteristics (Table 1), there were no significant differences between the
SMOFlipid and Lipovenoes groups, with regard to gestational age (28.9 weeks ± 2.5 vs 28.8 weeks ± 2.5),
birth weight (1,122.9g ± 294.6 vs 1,111.5g ± 286.9), height (36.5cm ± 3.8 vs 36.4cm ± 3.5), head
circumference (26.2cm ± 2.8 vs 25.8cm ± 2.5), and the Apgar score at one minute (6.2 ± 1.7 vs 6.0 ± 1.6)
and at five minutes (8.0 ± 1.2 vs 7.8 ± 1.3). Proportion of breast milk feeding was similar in the SMOFlipid
group and the Lipovenoes group (55.9% vs 62%, P = 0.083). However, the average parenteral nutrition
days (18 ± 9.31 vs 25.5 ± 14.36, P < 0.001) and duration to full feeding days (25 ± 10.33 vs 33 ± 16.22, P
< 0.001) reduced in the SMOFlipid group compared with Lipovenoes group.
The primary outcome was that PN-associated cholestasis significantly decreased in the SMOFlipid group
compared with the Lipovenoes group (10.3% vs 20.1%, P = 0.006) [Table 2]. Multivariable logistic
regression results showed that a higher GPT level (OR 1.012; 95% CI: 1.001–1.022, P = 0.024), lower Hct
level (OR 0.964; 95% CI: 0.947–0.982, P < 0.001), hypoalbuminemia (OR 0.353; 95% CI: 0.163–0.767, P =
0.008), and hypoglycemia (OR 0.973; 95% CI: 0.954–0.992, P = 0.005) were significantly correlative to
cholestasis (Table 3). The relevant clinical laboratory results also showed significant decreases in the
SMOFlipid group, including γ- GT (107.6 ± 92.7 vs 131.1 ± 98.8, P = 0.019), triglyceride (127.9 ± 70.1 vs
186.8 ± 165.3, P < 0.001), and cholesterol (150.4 ± 33.9 vs 158.4 ± 35.9, P = 0.023) levels (Table 2).
During the treatment period, the c-reactive protein level, white blood-cell count, Hemoglobin, platelet count
and the rate of sepsis were no significant difference between the SMOFlipid group and the Lipovenoes
group. Other secondary outcomes (Table 4) showed ROP significantly decreased in the SMOFlipid group
(3.6% vs 14.3%, P < 0.001). The incidence of BPD was slightly lower in the SMOFlipid group (36.9% vs
46.7%, P = 0.046), but there was no difference in severe IVH (4.1% vs 2.5%, P = 0.235), NEC (5.6% vs 7.4%,
P = 0.489) or mortality (1.0% vs 3.4%, P = 0.176) in both groups.

Discussion
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PN-associated cholestasis is the most concerned morbidity in preterm infants with long-term use of
parenteral nutrition. In this retrospective cohort study between January 2009 and November 2017, a
mixed lipid emulsion composed of soybean oil, MCT, olive oil, and fish oil significantly reduced the
incidence of PN-associated cholestasis compared with a soybean oil-based lipid emulsion. The large
sample size analyzed in our trial may be sufficient to verify a clinically meaningful effect. The preterm
infants received intravenous lipid emulsion as early as < 24 hours after birth. The trial recruited infants in
a single center, thereby reducing possible bias by using one multidisciplinary team and a consistent
protocol. Furthermore, we found that SMOFlipid provided a beneficial effect by decreasing the duration to
full feeding days and preventing relevant complications such as ROP and BPD.
In the current literature the etiology of PN-associated cholestasis is multifactorial, with causes including
prematurity, lack of enteral nutrition, sepsis, and factors relevant to the duration and composition of the
PN [15–18]. Numerous adult studies have revealed that fish oil containing lipid emulsion has a positive
effect on liver enzyme tests and prevention of PN-associated liver disease in surgical or critically ill
patients [19–21]. Three studies resulted in a 15–25% faster plasma lipid clearance or 25–45% shorter
half-life of the experimental fish oil containing lipid emulsion, even with different fish oil content [22–24].
Liang et al. showed that fish oil enriched PN produced a reduction in interleukin (IL)–6, a high
CD4+/CD8+ ratio, and higher CD3+ and CD4+ lymphocytes in patients undergoing radical colorectal
cancer resection [25]. These findings assumed that the supplement of EPA and DHA by the parenteral
route may modulate immunocompetent cells in seriously ill surgical patients. Meanwhile, Socha et al.
reported that infants with biliary atresia after surgery and intrahepatic cholestasis receiving long-chain
PUFA supplemented formula had higher levels of docosahexaenoic acid (DHA) and arachidonic acid
(ARA) [26]. Cholestasis status improved in the infants receiving long-chain PUFA supplementation.
However, the number of cases was small, and fewer relevant studies were reported to support the
speculation.
Retrospective animal research suggested that lipid emulsions containing a high concentration of ω–6 LCPUFAs and phytosterols that produce proinflammatory prostaglandin E2 and thromboxane A2 mediated
by the COX and 5-lipooxygenase pathways may induce immune response and promote hepatic injury
[27]. In contrast, fish oil containing lipid emulsions rich in EPA and DHA that derive anti-inflammatory
leukotriene B5, C5, D5, prostaglandin E3, prostagcyclin I3, and thromboxane A3, also mediated by the
COX and 5-lipooxygenase pathways, might reduce inflammation reaction and improve liver function.
Besides, PN containing fish oil increased gene expression of canalicular bile acid transporters, resulted in
greater secretion of hydrophobic bile acids and increased bile flow in neonatal piglets [28, 29] and rats
[30]. These alterations may prevent cholestasis and explain the hepatoprotective effects of fish oil
containing lipid emulsion. Pscheidl et al. also reported that a parenteral diet supplemented with fish oil
normalized the nutritive blood flow to the gut, ameliorated the bactericidal defense of the splanchnic
region and advanced killing of translocated bacteria in a low-dose endotoxin rat model [31]. We supposed
that the result corresponded to decreased full feeding days in the SMOFlipid group in our trial.
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However, Repa et al.recently stated that SMOFlipid did not significantly reduce the incidence of PN
associated cholestasis in extremely low birth weight infants [32]. In this study the intervention started
within the first 120 hours of life, which was different from the intervention beginning within 24 hours of
birth in our trial. On the other hand, the study was powered to detect a reduction of PN associated
cholestasis from 25% to 10%. The result showed that the incidence of PN associated cholestasis was
16% in the soybean oil-based lipid emulsion group, and 10% in the SMOFlipid group. The outcome of
cholestasis was lower using SMOFlipid compared with soybean oil-based lipid emulsion, but the small
population size and the low incidence of cholestasis limited the statistical significance of the differences.
The limitation of our study is that it is a retrospective cohort study, not a randomized control trial. Despite
the fact that we used the same multidisciplinary team and a consistent protocol, there were some factors
which could not be controlled. In addition, we did not quantitate the relative impact of DHA and AA levels
in red blood cells to prove the direct correlation, and DHA and AA levels in breast milk to assess the
influence of dietary intake. Further studies are needed a well-designed randomized control trial to
evaluate the long-term effects of mixed lipid emulsion on growth, neurodevelopmental and visual
outcomes in VLBW infants.

Conclusion
Parenteral nutrition of SMOFlipid was safe and well tolerated during the study period. Because of its
relatively low ω–6: ω–3 ratio, SMOFlipid showed a potential beneficial influence on cholestasis and antiinflammatory effect in premature infants requiring PN. We also found that SMOFlipid was associated
with a shorter duration of parenteral nutrition days and increased speed of enteral feeding. However, more
randomized control trials are needed to prove the effect of different fish oil-based lipid emulsions in the
prevention of PN-associated cholestasis.
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Tables
Table 1. Demographic characteristics
SMOFlipid (N =

Lipovenoes (N =

P

195)

204)

value

Gestational age (weeks), mean ± SD

28.93 ± 2.51

28.84 ± 2.53

0.723

Birth body weight (g), mean ± SD

1122.88 ± 294.56

1111.51 ± 286.87

0.696

Birth height (cm), mean ± SD

36.5 ± 3.8

36.4 ± 3.5

0.665

Birth head circumference (cm), mean

26.2 ± 2.8

25.8 ± 2.5

0.095

Apgar score (1), medium ± SD

7 ± 1.74

6 ± 1.62

0.357

Apgar score (5), medium ± SD

8 ± 1.21

8 ± 1.25

0.220

Duration of parenteral nutrition

18 ± 9.31

25.5 ± 14.36

<

Perinatal data

± SD

(days),

0.001

medium ± SD
Duration to full enteral feeding (days),

25 ± 10.33

33 ± 16.22

<
0.001

medium ± SD
Breast milk, n (%)

109 (55.9)

124 (62)

0.083

Formula milk, n (%)

40 (20.5)

35 (17.5)

0.104

Mixed breast and formula milk, n (%)

46 (23.6)

41 (20.5)

0.245

Hospitalization day (days), medium ±

54 ± 26.49

58 ± 27.93

0.208

SD

Table 2. Primary outcome and the relevant clinical laboratory
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P value

SMOFlipid (N =

Lipovenoes (N =

195)

204)

20 (10.3)

41 (20.1)

0.006

WBC (/μL), mean ± SD

15807.18 ± 6947.41

16516.67 ± 6519.84

0.718

Hb (g/dL), mean ± SD

10.34 ± 1.43

10.07 ± 1.35

0.047

Hct (%), mean ± SD

30.51 ± 4.22

29.5 ± 3.73

0.011

Platelet (103/μL), mean ± SD

382.14 ± 186.49

392.61 ± 152.95

0.541

CRP (mg/dL), mean ± SD

1.01 ± 1.58

0.82 ± 1.81

0.22

γ-GT (U/L), mean ± SD

107.57 ± 92.67

131.12 ± 98.79

0.019

Triglyceride (mg/dL), mean ±

127.91 ± 70.14

186.78 ± 165.27

<

Cholestasis, n (%)
Hematological parameters

Biochemical parameters

SD

0.001

Cholesterol (mg/dL), mean ±

150.36 ± 33.92

158.39 ± 35.9

SD

Table 3. Multivariable analysis on the risk for PN-associated cholestasis

P value

Parameters Odds ratio

95% CI

SMOFlipid

0.397

0.216 - 0.730 0.003

GPT

1.012

1.001 - 1.022 0.024

Hct

0.964

0.947 - 0.982 < 0.001

Albumin

0.353

0.163 - 0.767 0.008

Glucose

0.973

0.954 - 0.992 0.005
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0.023

Table 4. Secondary outcomes
SMOFlipid (N = 195)

Lipovenoes (N = 204)

P value

ROP, stage 3, n (%)

7 (3.6)

29 (14.3)

< 0.001

IVH, grade 3,4, n (%)

8 (4.1)

5 (2.5)

0.235

NEC, n (%)

11 (5.6)

15 (7.4)

0.489

BPD, n (%)

72 (36.9)

95 (46.7)

0.046

Sepsis, n (%)

44 (22.5)

52 (25.5)

0.543

Mortality, n (%)

2 (1.0)

7 (3.4)

0.176
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