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Abstract

Objective: Preterm infants receive long-term parenteral nutrition (PN) for gastrointestinal
immaturity. This study aimed to determine if mixed lipid emulsions containing fish oil decrease
the incidence of PN-associated cholestasis by reducing oxidative stress and providing an anti-
inflammatory effect.

Methods: This retrospective cohort study enrolled 399 very low birth weight premature infants
(gestational age <32 weeks) between January 2009 and November 2017 at a single neonatal
intensive care unit. Preterm infants received total PN with either mixed lipid emulsion including
fish oil (SMOFlipid®, n = 195) or soybean oil-based lipid emulsion (Lipovenoes®, n = 204) for at
least 7 days. We compared the outcomes of PN-associated cholestasis, comorbidities, and mor-
tality between the groups.

Results: The incidence of PN-associated cholestasis was significantly lower in the SMOFlipid
group than in the Lipovenoes group. The duration to full feeding days was significantly shorter in
the SMOFlipid group compared with the Lipovenoes group. Relevant complications, such as
severe retinopathy of prematurity and bronchopulmonary dysplasia, were also significantly
reduced in the SMOFlipid group compared with the Lipovenoes group.

Conclusion: In 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.

'Division of Neonatology, Department of Pediatrics, *School of Medicine, Kaohsiung Medical University,
Changhua Christian Children’s Hospital, Changhua, Kaohsiung, Taiwan

Taiwan Corresponding author:

2Institute of Medicine, Chung Shan Medical University, Chien-Chou Hsiao, Division of Neonatology, Department
Taichung, Taiwan of Pediatrics, Changhua Christian Hospital, Changhua, No.
3School of Medicine, Chung Shan Medical University, 320 Xuguang Road, Changhua City 500, Taiwan.
Taichung, Taiwan Email: 68206@cch.org.tw

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0003-2948-4347
https://orcid.org/0000-0002-4523-5300
mailto:68206@cch.org.tw
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211011805
journals.sagepub.com/home/imr

Journal of International Medical Research

Keywords

Preterm infant, fish oil, parenteral nutrition, cholestasis, docosahexaenoic acid, lipid emulsion,

retinopathy of prematurity

Date received: 10 May 2020; accepted: 28 August 2020

Introduction

Preterm neonates rely on parenteral nutri-
tion (PN) for several weeks after birth.
Early administration of milk feeding is
insufficient to support growth owing to gas-
trointestinal immaturity. However, the risk
of infection, hypertriglyceridemia, hyperbi-
lirubinemia, and PN-associated liver disease
is increased in infants receiving long-term
PN.'? There is a growing amount of evi-
dence that soybean oil emulsions containing
a high proportion of w-6 long-chain poly-
unsaturated fatty acids (LC-PUFAs) and
phytosterols induce inflammation and pro-
mote hepatic damage.' > The latest genera-
tion of mixed Ilipid emulsions are
composed of soybean, medium-chain trigly-
cerides (MCTs), olive oil, and fish oil
(SMOFlipid®). Soybean oil provides essen-
tial fatty acids, such as linoleic acid and
a-linolenic acid.>* MCTs are more benefi-
cial for faster metabolic clearance than
long-chain triglycerides.®® Olive oil is rich
in monounsaturated fatty acids, which pro-
tect against lipid peroxidation.***'° Fish oil
provides w-3 LC-PUFAs, eicosapentaenoic
acid (EPA), and docosahexaenoic acid
(DHA), which reduce oxidative stress, sup-
press inflammation, and prevent PN-
associated cholestasis.” ' A balanced
fatty acid supply affects outcomes, such as
growth, visual development, and cognitive
development.'* '

Recent studies have investigated the
effect of fish oil-containing lipid emulsion
on markers of inflammation and
immune responses.' !> Commonly reported

inflammatory markers are the proinflam-
matory cytokines interleukin 1 (IL-1),
IL-6, and IL-8, the anti-inflammatory cyto-
kine IL-10, the cell-signaling cytokine
tumor necrosis factor alpha, and the ratio
of CD4 and CDS8 T-cell lymphocytes.
A higher CD4/CD8 ratio indicates a satis-
factory immune status, whereas a lower
CD4/CDS8 ratio is associated with immuno-
logical dysfunction.'?

Neonatal intermittent hypoxia, excessive
and high levels of oxygen, oxidative stress,
and inflammation may contribute to reti-
nopathy of prematurity (ROP), which rep-
resents abnormal growth of retinal blood
vessels in preterm infants.'®!” Aggressive
ventilation with high positive pressure and
excess volume could lead to alveolar
damage and severe local inflammation in
the lungs, resulting in bronchopulmonary
dysplasia (BPD).'® Necrotizing enterocolitis
(NEC) is an emergent and critical disease
characterized by inflammation and necrosis
in the gastrointestinal tract. NEC is due to
immaturity of multiple intestinal functions,
altered anti-inflammatory control, abnor-
mal gut bacterial colonization, inappropri-
ate enteral feeding, and impaired host
defense.'” SMOFlipid emulsions containing
a higher proportion of w-3 to w-6 LC-
PUFASs has many immunomodulatory and
anti-inflammatory properties, which may
have a beneficial effect on these morbidities.
Abdelkareem et al.?® also reported that
SMOF lipid emulsions may result in
higher levels of soluble adhesion molecules,
which could potentially affect the outcome
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of sepsis. Zhu et al.*! showed that the pro-
tective effect of fish oil on rats with NEC
may lead to alleviation of intestinal mucosal
inflammation and injury, which are associ-
ated with endoplasmic reticulum stress.
Therefore, this study aimed to determine if
SMOFlipid is associated with a decrease in
the incidence of PN-associated cholestasis
and other morbidities compared with soy-
bean oil-based lipid emulsion in preterm
infants.

Patients and methods

This retrospective cohort study was per-
formed at the Department of
Neonatology, Changhua Christian
Children Hospital, Taiwan, between
January 2009 and November 2017. A total
of 399 premature neonates who were eligi-
ble, with a gestational age <32 weeks and
birth weight <1250g, and who received
parenteral nutrition for at least 7 days,
were enrolled. The study was approved by
the Institutional Review Board at
Changhua Christian Hospital, Taiwan,
from 3 August 2017 (CCH IRB No.:
080707). We had de-identified all patient
details in our databank to protect the
patient’s privacy. Signed consent to publish
was not required because this was a retro-
spective cohort study.

Infants with conditions associated with
cholestasis independent of PN (i.e., infec-
tion with cytomegalovirus, HIV, and hepa-
titis B or C), hemolytic diseases, primary
liver diseases, inborn errors of metabolism,
multiorgan failure, or hypoxic—ischemic
encephalopathy were excluded. The first
cohort of preterm infants received soybean
oil-based lipid emulsion (Lipovenoes® 20%,
control group) from January 2009 to April
2013. The second cohort of preterm infants
received SMOFlipid 20% (study group)
composed of 30% soybean oil, 30%
MCTs, 25% olive oil, and 15% fish oil as
PN lipid emulsion from May 2013 to

November 2017. Both cohorts were cared
for by the same multidisciplinary team,
including medical, pharmacy, dietetic, nurs-
ing, and nutritional care.

Regardless of whether PN contained
SMOFlipid or Lipovenoes, the dosage of
both groups started at 1g/kg/day on day
I, and this was increased daily by incre-
ments of 1g/kg/day up to a maximum of
3 g/kg/day. The lipid emulsion was admin-
istered as part of a PN regimen along with
other nutrients (glucose, amino acids, vita-
mins, trace elements, and electrolytes) in
two separate syringes. The dosages of
other nutrients were standardized in accor-
dance with current recommendations.’ The
preterm infants received nasogastric tube
feeding supplement with formula or breast
milk as early as possible. All preterm
infants in both groups received probiotics,
including Lactobacillus — acidophilus and
Bifidobacterium bifidum after they started
feeding. PN was withdrawn when infants
received enteral energy >80 kcal/kg/day.

Demographic data, medical history, con-
comitant diseases, clinical assessments, and
medications of the preterm 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, which
was PN-associated cholestasis, was defined
as serum direct bilirubin levels > 25.7 mmol/
L, and >20% of serum total bilirubin
levels.”*** Peak levels of liver enzymes
(aspartate aminotransferase, alanine ami-
notransferase, y-glutamyl transferase, alka-
line phosphatase), C-reactive protein,
albumin, cholesterol, and triglycerides
were also analyzed during hospitalization.
Secondary clinical and developmental out-
comes included severe ROP, intraventricu-
lar hemorrhage (IVH), NEC, BPD, sepsis,
and mortality. ROP was screened by an
ophthalmologist beginning at 4 weeks of
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age. Treatment with intravitreal bevacizu-
mab was performed at ROP >stage 3.
IVH was diagnosed by cerebral ultrasound
on days 0, 3, 7, and 21 and monthly. Severe
IVH was identified as stage >3. NEC was
diagnosed clinically (Bell’s stage > Ila) or
after surgical exploration. BPD was defined
as requiring an oxygen supplement after 36
weeks” postmenstrual age.'® Sepsis was
proven by blood culture.

All statistical analyses were performed
using IBM SPSS software for Windows,
version 22.0 (IBM Corp., Armonk, NY,
USA). Data from all of the assessments
were tabulated using descriptive statistics.
Standard summary statistics and 95% con-
fidence intervals (CIs) were calculated
appropriately. To compare the mean
values from parametric variables, data
were analyzed using the Student’s t test.
Secondary outcomes were compared
between the groups with the %> or Fisher’s
exact tests when appropriate for categorical
data. A P value of <0.05 was considered
statistically significant. Statistical evalua-
tion of results was carried out for the
entire patient population and according to
stratification.

Table I. Demographic and clinical characteristics.

Results

A total of 399 preterm infants were
enrolled, including 195 in the SMOFlipid
group and 204 in the Lipovenoes group.
There were no significant differences in
baseline characteristics regarding gestation-
al age, birth weight, height, head circumfer-
ence, and the Apgar score at 1 and 5 minutes
between the SMOFlipid and Lipovenoes
groups (Table 1). The proportion of breast
milk feeding was similar in the SMOFlipid
and  Lipovenoes groups (P =0.083).
However, the mean duration of parenteral
nutrition and duration to full enteral feeding
were significantly shorter in the SMOFlipid
group compared with the Lipovenoes group
(both P <0.001).

The rate of the primary outcome of PN-
associated cholestasis was significantly
lower in the SMOFlipid group compared
with the Lipovenoes group (P =0.006)
(Table 2). With regard to laboratory results,
y-glutamyl transferase levels (P=0.019),
triglyceride levels (P < 0.001), and choles-
terol levels (P=0.023) were significantly
lower in the SMOFlipid group than in the
Lipovenoes group (Table 2). Hemoglobin
and hematocrit levels were significantly

SMOFlipid group Lipovenoes group

Perinatal data (n=195) (n=204) P value
Gestational age (weeks), mean & SD 289+25 288+25 0.723
Birth body weight (g), mean £ SD 1122.9 £294.6 1111.5+286.9 0.696
Birth height (cm), mean +SD 36.5+38 364+35 0.665
Birth head circumference (cm), mean +SD 262128 25.8+25 0.095
Apgar score (1), mean =+ SD 70+ 1.7 6.0+L1.6 0.357
Apgar score (5), mean =+ SD 80£12 80£13 0.220
Duration of parenteral nutrition (days), mean £ SD 18.0+9.3 255+ 144 <0.001
Duration to full enteral feeding (days), mean £ SD 250+10.3 33.0+16.2 <0.001
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 (days), mean =+ SD 54.01+26.5 58.0+27.9 0.208

SD, standard deviation.
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Table 2. Primary outcome and laboratory data.
SMOFlipid group Lipovenoes group
(n=195) (n=204) P value
Cholestasis, n (%) 20 (10.3) 41 (20.1) 0.006
Hematological parameters
WBC (10%/L), mean + SD 158+6.9 16.5+65 0.718
Hb (g/L), mean £+ SD 1034+ 143 100.7 £ 13.5 0.047
Hct (%), mean +SD 30.5+4.2 29.5+3.7 0.011
Platelets (10°/L), mean 4 SD 382.1 +-186.5 392.6 +152.9 0.541
Biochemical parameters
CRP (mg/L), mean +SD 10.1 +£15.8 82+ 18.1 0.22
y-GT (U/L), mean +SD 107.6 £92.7 131.1 £98.8 0.019
Triglycerides (mmol/L), mean &+ SD 14+0.8 21+£1.9 <0.001
Cholesterol (mmol/L), mean £ SD 39+09 4.1£0.9 0.023

WBC, white blood cells, SD, standard deviation; Hb, hemoglobin; Hct, hematocrit; CRP, C-reactive protein; y-GT,

y-glutamyl transferase.

higher in the SMOFlipid group than in the
Lipovenoes group (both P < 0.05). C-reactive
protein levels, the white blood-cell count, the
platelet count, and the rate of sepsis were not
significantly different between the SMOFlipid
and Lipovenoes groups.

Multivariable logistic regression showed
that higher alanine aminotransferase levels
(odds ratio [OR] 1.012; 95% CI: 1.001—
1.022, P=0.024), lower hematocrit
levels (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 hypo-
glycemia (OR 0.973; 95% CI: 0.954-0.992,
P=0.005) were significantly associated
with cholestasis.

For secondary outcomes (Table 3), ROP
was significantly lower in the SMOFlipid
group than in the Lipovenoes group
(P<0.001). The incidence of BPD was
slightly lower in the SMOFlipid group
than in the Lipovenoes group (P =0.046),
but there was no difference in severe IVH,
NEC, or mortality between the groups.

Discussion

PN-associated cholestasis is the most con-
cerning morbidity in preterm infants with

long-term use of PN. In this retrospective
cohort study, a mixed lipid emulsion com-
posed of soybean oil, MCTs, 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
study may have been sufficient to prove a
clinically meaningful effect. The preterm
infants in our study received intravenous
lipid emulsion as early as <24 hours after
birth. In the present study, we recruited pre-
term infants in a single center, thereby
reducing possible bias by using one multi-
disciplinary team and a consistent protocol.
Furthermore, we found that SMOFlipid
provided a beneficial effect by decreasing
the duration to full enteral feeding days
and preventing relevant complications,
such as ROP and BPD.

The etiology of PN-associated cholesta-
sis is multifactorial, with causes including
prematurity, lack of enteral nutrition,
sepsis, and factors relevant to the duration
and composition of PN.?*?’ Numerous
adult studies have shown that fish oil con-
taining lipid emulsion has a positive effect
on liver enzyme tests and prevention of PN-
associated liver disease in surgical or
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Table 3. Secondary outcomes.

SMOFlipid group

Lipovenoes group

(n=195) (n=204) P value
ROP, stage 3, n (%) 7 (3.6) 29 (14.3) <0.001
IVH, grades 3, 4, n (%) 8 (4.1) 5 (2.5) 0.235
NEC, n (%) Il (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 34) 0.176

RORP, retinopathy of prematurity; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; BPD, bronchopul-

monary dysplasia.

critically ill patients.”® > Three studies
showed a 15% to 25% faster plasma lipid
clearance or 25% to 45% shorter half-life of
experimental fish oil containing lipid
emulsion, even with different fish oil
content.’'* Liang et al.’* showed that
fish oil-enriched PN produced a reduction
in IL-6 levels, a high CD4+/CD8+ ratio,
and higher CD3+ and CD4+ lymphocytes
compared with soybean oil of PN in
patients undergoing radical colorectal
cancer resection. These findings assumed
that supplementation of EPA and DHA
by the parenteral route may modulate
immunocompetent cells in seriously ill sur-
gical patients. Socha et al.*® reported that
infants with biliary atresia after surgery and
intrahepatic cholestasis receiving a long-
chain PUFA-supplemented formula had
higher levels of DHA and arachidonic
acid (AA). Cholestasis status improved in
these infants receiving long-chain PUFA
supplementation. However, the number of
cases in their study was small, and no rele-
vant studies have supported these findings.

Retrospective animal research has sug-
gested that lipid emulsions containing high
concentrations of w-6 LC-PUFAs and phy-
tosterols, which produce proinflammatory
prostaglandin E2 and thromboxane A2
mediated by cyclooxygenase pathways,
may induce an immune response and pro-
mote hepatic injury.*® In contrast, fish oil

containing lipid emulsions that are rich in
EPA and DHA might reduce an inflamma-
tory reaction and improve liver function.
Additionally, PN containing fish oil
increases gene expression of canalicular
bile acid transporters, resulting in greater
secretion of hydrophobic bile acids and
increased bile flow in neonatal piglets®’*8
and rats.” These alterations may prevent
cholestasis and explain the hepatoprotective
effects of fish oil containing lipid emulsion.
Pscheidl et al.** also reported that a paren-
teral diet supplemented with fish oil nor-
malized nutritive blood flow to the gut,
ameliorated bactericidal defense of the
splanchnic region, and advanced killing of
translocated bacteria in a low-dose endo-
toxin rat model. These findings are consis-
tent our finding of a decreased number of
full feeding enteral days in the SMOFlipid
group.

Repa et al*' recently found that
SMOFlipid did not significantly reduce
the incidence of PN-associated cholestasis
in extremely low birth weight infants. In
that study, the intervention started within
the first 120 hours of life, which is different
from our study’s intervention beginning
within 24 hours of birth. However, those
authors’ study was powered to detect a
reduction of PN-associated cholestasis
from 25% to 10%. They found that the
incidence of PN-associated cholestasis was
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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 pop-
ulation size and the low incidence of chole-
stasis limited the statistical significance of
the difference in Repa et al.’s study.*!

We also found that the incidence of BPD
and ROP was lower in the SMOFlipid
group than in the Lipovenoes group.
Recent evidence indicates the importance
of inflammation in the pathogenesis of
BPD and ROP.'"!'7 A higher ratio of w-3
to w-6 LC-PUFAs might improve the bal-
ance of pro- and anti-inflammatory mecha-
nisms. In  preterm infants, early
supplementation of fish oil containing
lipid emulsion significantly decreases IL-
1 and IL-6 levels in serum and bronchoal-
veolar lavage fluid, and is associated with a
shorter duration of ventilator support and
less BPD.''** Additionally, several studies
have shown that DHA and EPA, which is a
metabolic precursor of DHA, may protect
the retina against ischemia, hypoxia, and
hyperoxia  through  anti-inflammatory
action.” The metabolites of -3 LC-
PUFAs decrease vascular endothelial
growth factor levels, promote insulin-like
growth factor-1 secretion, reduce neovascu-
larization, and normalize retinal layers in
rats.*** These findings suggest that an
anti-inflammatory effect is associated with
a lower incidence of BPD and ROP, as well
as PN-associated cholestasis.

Nevertheless, SMOFlipid did not reduce
the risks of other morbidities, such as
sepsis, NEC, severe IVH, or mortality in
our study. Although much is known about
the mechanism of action of w-3 LC-PUFAs
and their effect on cytokines and inflamma-
tory mediators from research with animal
models, their exact clinical effects in pre-
term infants are still unclear. Preterm
infants are a heterogeneous population
and may present with a wide variety of

severe medical illnesses. Several review
studies have reported that there are insuffi-
cient high-quality data to demonstrate any
differences in the rate of sepsis or infection
after administration of fish oil-containing
lipid emulsion.***’ Najm et al.*® noted
that there is a large deficit of DHA and
AA in preterm infants, and considered
that studies on more prolonged or different
ratios of w-3 and w-6 LC-PUFAs adminis-
tration are warranted.

A limitation of our study is that it was a
retrospective cohort study, not a random-
ized, controlled trial. Despite having the
same multidisciplinary team and using a
consistent protocol, there were some factors
that could not be controlled. We also did
not quantitate the relative effect of DHA
and AA levels in red blood cells to prove
a direct correlation, and did not measure
DHA and AA levels in breast milk to
assess the effect of dietary intake. A well-
designed, randomized, controlled trial is
required to evaluate the long-term effects
of mixed lipid emulsion on growth, neuro-
developmental, and visual outcomes in very
low birth weight infants.

Conclusions

Parenteral nutrition of SMOFlipid is safe
and well tolerated. SMOFlipid shows a
potential beneficial effect on cholestasis
and anti-inflammation because of the rela-
tively low w-6: -3 ratio in premature
infants requiring PN. This may be associat-
ed with a reduction in the incidence of BPD
and ROP. Additionally, SMOFlipid is asso-
ciated with a shorter duration of parenteral
nutrition and time to full enteral feeding.
However, SMOFlipid does not affect
other morbidities and mortality.
Randomized, controlled trials are required
to prove the effect of different fish oil-based
lipid emulsions on prevention of PN-
associated cholestasis.
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