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SUMMARY

Background & aims—The purpose of the study was to compare the effects of the parenteral
emulsion SMOFlipid®, with 15% fish oil, with Clinoleic® on retinopathy of prematurity (ROP)
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and other morbidities and growth, and to compare their impact on longitudinal serum levels of
fatty acids. Retinopathy of prematurity, other morbidity and growth were correlated with each
parenteral lipid supplement.

Methods—Ninety infants born at gestational age <28 weeks were randomized to treatment with
SMO-Flipid® or Clinoleic®. Two thirds (66%) of the infants received parenteral nutrition for up to
14 days birth (median 8, range 2-14 days), and additional 25% of the infants received for up to 28
days after birth (median 21, range 15-28 days). Cord blood samples and then venous blood
samples were obtained at ages 1, 7, 14, and 28 days and at postmenstrual age (PMA) 32, 36, and
40 weeks. Breastmilk was collected at postnatal day 7, and at PMA 32 and 40 weeks. Serum
phospholipid and breastmilk total fatty acids were analyzed by gas chromatography—-mass
spectrometry. Treatment groups were compared with regard to ROP, bronchopulmonary dysplasia,
necrotizing enterocolitis, patent ductus arteriosus sepsis and growth between birth and 36 weeks.

Results—Infants on SMOFlipid® had higher fractions of omega-3 LCPUFA eicosapentaenoic
acid (EPA) and slightly higher omega-3 LCPUFA docosahexaenoic acid (DHA) fraction and a
decreased arachidonic acid (AA) to DHA ratio from one week after birth up to 32 postmenstrual
weeks compared to infants on Clinoleic®. Treatment groups did not differ in morbidities or
growth.

Conclusion—Supplementation with SMOFlipid® containing 15% fish oil during parenteral
nutrition increased EPA substantially, DHA marginally, reduced AA and decreased AA to DHA
ratio. It did not reduce morbidity or affect growth. Since extremely preterm infants accumulate a
large deficit of DHA and AA, studies on more prolonged or different levels of DHA and AA
supplementation are warranted.
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1. Introduction

Extremely preterm infants are at increased risk of poor growth and development and prone

to develop morbidities and dysfunctions both short and long term. These infants miss the

third trimester of gestation /n utero and the supply of nutrients, hormones, and other factors

that are normally provided in amounts appropriate for developmental stage. Instead, they
rely on parenteral nutrition for the first weeks after birth with lipid solutions lacking
important components. During gestation, long-chain polyunsaturated fatty acids

(LCPUFAS), which are structural constituents of most cell membranes, and play functional
roles in fetal development, are selectively transferred from the mother to the fetus [1,2]. The

omega-3 LCPUFA docosahexaenoic acid (DHA) is an important component in cell

membranes in the CNS including the retina. In addition, omega-3 LCPUFAs influence the
immune response and are precursors of resolvins and protectins which promote resolution of

inflammation [3]. Dietary DHA is mainly derived from oily fish, which in turn obtain the

LCPUFAs from microalgae [4]. Preterm infants can synthesize small amounts DHA [5] but
not enough to meet their developmental needs. During the third trimester, 80% of fetal brain

DHA accumulates, and large amounts are accumulated in adipose tissue [6]. Very preterm
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infants develop a large deficit in DHA as well as in the omega-6 LCPUFA arachidonic acid
(AA) during parenteral nutrition with commonly used soybean- [7] and olive oil-based lipid
emulsions [8] as well as during enteral nutrition even with breastfeeding [9,10]. Lapillonne
et al. have estimated that an infant born at gestational age (GA) 27 weeks weighing 1000 g
will have a DHA deficit of 600 mg/kg at age 4 weeks [11] which is thought to contribute to
preterm morbidities such as bronchopulmonary dysplasia (BPD), retinopathy of prematurity
(ROP), necrotizing enterocolitis (NEC) and white matter injury and sepsis [12].
Supplementation of omega-3 LCPUFA to preterm children was recently reviewed by Zhang
et al. [13]. No randomized controlled trials had targeted a population with exclusively
extremely preterm infants (born at a GA <28 weeks). In a systematic review of omega-3
supplementation to infants born at GA <32 weeks a reduction in the incidence of NEC and a
trend of decreased risk of BPD was found [13]. Dietary omega-3 LCPUFAs reduces
pathologic retinal neovascularization in oxygen-induced retinopathy in mice [14-17]. With
regard to ROP, studies of fish oil supplementation have reported a reduction in the need for
laser therapy [18,19], less ROP but no difference in the need for treatment [20] as well as no
benefit [21,22].

The most immature infants develop the largest DHA deficit and are most likely to benefit
from supplementation [23]. The aims of this study were to determine and compare serum
LCPUFA (DHA, eicosapentaenoic acid (EPA) and AA) profiles, ROP, BPD, NEC, patent
ductus arteriosus (PDA), sepsis and growth in extremely preterm infants receiving parenteral
nutrition with an olive oil-based lipid solution (Clinoleic®, Baxter) or a solution containing
15% fish oil with omega-3 LCPUFAs (SMOFIipid®, Fresenius Kabi).

2. Patients and methods

2.1. Routine

Included were infants with GA <28 weeks admitted to the neonatal intensive care unit at
Sahlgrenska University Hospital in Gothenburg, Sweden, from 04/04/13 to 09/22/15.
Exclusion criteria were major congenital malformations. Of the 138 infants born at GA <28
weeks during this period, parents of 90 eligible infants agreed to participation after informed
consent (Fig. 1, Table 1). Randomization was in blocks of 20 infants, adjusting for GA to
ensure equal numbers of Clinoleic®- and SMOFlipid®-treated infants in each GA group.
Twins were randomized to the same lipid solution due to ethical concerns. The treating
nurse/doctor received the randomization online. Type of lipid emulsion was blinded for data
analysis and the screening ophthalmologists.

nutritional management

2.1.1. Nutritional strategy—The nutritional strategy has been described previously [24].
Briefly, parenteral nutrition was initiated as soon as possible after birth with a standard
solution containing Vaminolac and 10% Glucose (total protein content 2 g/100 mL) aiming
at 80-90 mL/kg/d of the resulting solution during the first 24 h. Lipid solution (Clinoleic or
SMOFLipid) was normally started at 6-12 h after birth at a rate of 1 g/kg/d with daily
increases up to 2 g/kg/d. The resulting intake is recorded in Table 2. Enteral nutrition used
either maternal or donor breastmilk with individualized fortification based on results from
breastmilk analysis using a commercial bovine milk fortifier (Nutriprem, Breast Milk
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Fortifier, Nutricia, France). Minimal enteral feeding was started within 3 h of birth and
administered every 2-3 h (1-2 mL/meal) with a gradual increase in volume. Administered
breastmilk was analyzed at day 7 and then weekly for lipids, protein, carbohydrates and
energy content in a 2 h sample until a PMA of at least 35 weeks. Daily intakes of protein
(9/kg/d) and energy (kcal/kg/d) were prospectively registered from birth during the first 2
weeks of life (Table 2). All infants received parenteral and enteral nutrition according to
clinical routine. Daily intakes of fatty acids AA, eicosapentaenoic acid (EPA) and DHA
(mg/kg/d) were prospectively registered from birth during the first 2 weeks of life (Table 2).

2.2. Parenteral and enteral lipid administration

The parenteral lipid dosing strategy was to deliver a dose of 2—-3 g/kg body weight every 24
h. The fatty acid compositions of SMOFIipid® and Clinoleic® were analyzed by gas
chromatography-mass spectrometry, and the chromatograms are shown in Supplementary
Fig. 1. The main difference between the two lipid supplements was that the omega-3
LCPUFAs EPA and DHA were found only in the SMOFlipid® solution. The LCPUFA
content in the parental solutions are shown in Supplementary Table 1. The total parenteral
intake of LCPUFASs was calculated using a set content 0.2 mg/L AA in Clinoleic® and 0.5
mg/L AA, 5.2 mg/L EPA and 4.9 mg/L AA in SMOFlipid®. The total enteral intake of
LCPUFAs AA, EPA and DHA was calculated using an average fat content of 3.5% in
breastmilk. LCPUFA content was analyzed in five collected donor breastmilk samples and a
mean value was calculated for AA (125 mg/L), EPA (32.5 mg/L) and DHA (81 mg/L),
which was used for all donor breastmilk samples. Mothers from 74 infants gave breastmilk
at 7 and 14 days postnatal age, these samples were analyzed and used in calculation. Total
amount of LCPUFA from breastmilk and donor milk was calculated (Table 2). The type of
lipid emulsion given was not blinded.

3. Eye examinations

ROP screening started at 5-6 weeks of age but not before 31 weeks postmenstrual age
(PMA). Retinal examinations through dilated pupils were performed biweekly to twice a
week depending on ROP severity, until the retina was fully vascularized or the condition was
considered stable. ROP was classified according to the international classification [25].
Severe ROP was defined as stage 3 or more.

3.1. Other morbidities and growth

Diagnoses such as BPD, NEC, PDA, and sepsis as well as growth variables (weight, length
and head circumference) measured weekly were retrieved from clinical records. BPD was
defined as the need for supplemental oxygen at 36 weeks of PMA, NEC was diagnosed by
clinical signs and radiologic findings (Bell’s stages 2-3), and PDA was registered when the
infant had clinical symptoms that required either pharmacological or surgical treatment.
Sepsis was diagnosed by clinical symptoms accompanied by a positive blood culture. When
the culture contained Staphylococcus epidermidis, an elevated C-reactive protein (>20
mg/L) was required for diagnosis. Suspected sepsis was defined as clinical symptoms with
C-reactive protein elevated >20 mg/L, but without positive cultures. Cholestasis was defined
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as conjugated bilirubin blood level of >50 umol/L for at least 2 weeks at any time during the
follow up, unrelated to sepsis.

3.2. Blood sampling and laboratory analyses

Blood samples were taken at birth (cord blood), at postnatal days 1, 7, 14, and 28 and at
PMA 32, 36, and 40 weeks. The serum phospholipids were extracted [26] and then
fractionated on a single SEP-PAK aminopropyl cartridge from Waters Corp.

The FA methyl esters derived from serum phospholipids were analyzed on an Agilent 7820
GC coupled to an Agilent 5975 mass selective detector using a 30 m, 0.25 mm DB-23
column (Agilent). One microliter of sample was injected in pulsed (40 psi for 1 min)
splitless mode and separated using helium as the carrier gas at a constant flow of 0.62 mL/
min. Oven temperature was raised by 2 °C/min from 135 °C to 210 °C and held for 2 min.
The detector was operated in scan mode at 70 eV with the transfer line heated to 220 °C. FA
methyl esters were identified by comparison of retention time and mass spectra to authentic
standards (Me 100, Me 81, and individual FA methyl esters, Larodan, Solna, Sweden). FAs
were quantified and expressed as molar %. Longitudinal phospholipid fatty acid profiles for
AA, EPA and DHA were analyzed.

4. Statistics

The study was powered on the risk of ROP. ROP classified as no ROP or ROP stage 1, 2, 3,
or 3+. On this ordinal scale, a higher number indicates a more severe outcome. The
frequency of outcome was based on data from the Swedish national register for ROP
(SWEDROP) registrar data (www.swedrop.se). For infants born extremely preterm in the
register 38% of infants have ROP 0, 12% ROP 1, 19% ROP 2, 19% ROP stage 3 and 12%
ROP stage 3+. The estimated preventive treatment effect was based on the following
assumptions: 25% of the infants will not benefit from the fish oil treatment; 25% will have
one stage less ROP; and 50% will have two stages less ROP. To achieve 80% power at alpha
0.05, a sample of 40 subjects per group was needed (80 total).

Statistical analysis was performed using SPSS 23 for Microsoft Windows (IBM, Armonk,
NY). p values < 0.05 were considered significant. For variables without normal distribution,
the Spearman rank correlation coefficient or Mann—Whitney U test was used. For
comparison of frequencies, the Chi-square test or Fisher exact test was used. For repeated
measurements we used the SAS-procedure mixed with patient as subject and the option
Ismeans in order to calculate the means and the differences between the means. The SAS-
procedure multtest was used to perform the Bonferroni—-Holm correction. Population
marginal means with their confidence intervals were calculated for each group and each time
point. Differences between the means of the groups at each time point with their confidence
intervals are given. p values were calculated for the differences both uncorrected and
corrected. Corrections were performed by the Bonferroni-Holm procedure. SAS version 9.3
was used (SAS Institute Inc., Cary, N.C., USA).
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The study was approved by the Regional Ethical Board, Gothenburg (Dnr 303-11) (Clinical
trial NCT02760472).

6.1. Clinical characteristics of the patients

Among the 90 infants recruited for the study, 78 (87%) survived the study period, 41 of
whom were randomized to receive SMO-Flipid® and 37 to Clinoleic® (Fig. 1). The clinical
characteristics of the study infants are reported in Table 1, Supplemental Table 2.

Total nutritional intake during the time period in which a majority received parenteral
nutrition (days 1-14) was similar in the treatment groups (Table 2). Infants on Clinoleic®
received a median (min-max) of 72 (15-1558) mL fat given for a median (min-max) of 12
(2-92) days. Infants with SMOFlipid® received a median (min-max) of 92 (9-1384) mL
parenteral fats given for a median (min-max) of 12 (2-72) days. The treatment groups did
not differ in either amount or duration of parenteral FA supplementation.

6.2. Longitudinal serum LCPUFAs in relation to parenteral lipid supplementation

We found a decrease in serum AA fractions to approximately 50% of that in cord serum
from one week after birth and no increase thereafter with either solution. In addition, infants
receiving SMOFIlipid® had a significantly lower fraction of AA at postnatal days 7 and 14
compared to those receiving Clinoleic®. The SMO-Flipid® group had a higher relative
proportion of omega-3 LCPUFAs EPA and DHA at postnatal days 7, 14, and 28 and at PMA
32 weeks compared to the Clinoleic® group (Fig. 2A-C).

6.3. Relations between serum DHA, EPA and AA

Inverse correlations were found between EPA and AA fraction at day 7 (r=-0.38, p =
0.001) and at day 14 (r = -0.33, p = 0.003) in the SMOFlipid® group only. We found a more
pronounced drop in omega-6 AA to omega-3 DHA ratio in infants on SMOFIlipid® than in
those on Clinoleic® from one week after birth to PMA 32 weeks (Fig. 2D). Mean AA to
DHA ratio in the SMOFlipid® groups at 7 days was 3.17 (0.54) versus 4.36 (0.91) (p <
0.001) in the Clinoleic® group and 2.96 (0.78) in the SMOFIipid® groups versus 3.83 (0.85)
in the Clinoleic® group at 14 days.

6.4. Morbidity and growth in relation to lipid solution

Treatment groups did not differ for any or severe ROP (Table 3). They also did not differ for
BPD, NEC, or sepsis, and the reduction in the incidence of PDA in the SMOFlipid® group
(p = 0.08) did not reach the predetermined level of statistical significance. Furthermore,
there was no difference in postnatal gain of weight, length or head circumference between
birth and PMA 36 weeks in infants receiving SMOFlipid® or Clinoleic®.
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7. Discussion

Serum DHA levels of infants who received SMOFIipid® were higher than those of infants
receiving Clinoleic® that lacked DHA and EPA. However, this study also shows that a lipid
emulsion containing 15% fish oil does not prevent a large decrease in plasma DHA during
the first weeks of life when provided at a mean rate of 1.7 (0.27.7) mg/d (Table 2). In both
groups, serum AA decreased by approximately 50% after birth. Administration of
SMOFlipid® resulted in increased EPA and even further decreased AA compared to
Clinoleic® despite three times higher AA fraction in SMOFlipid® than in Clinoleic®
(Supplement Table 1).

Infants on SMOFlipid® had a lower AA/DHA ratio than infants on Clinoleic®. Both DHA
and AA are selectively transferred from the mother to the fetus during the third trimester.
Bernhard et al. recently reported that the relative proportion of AA in fetal plasma
phosphatidylcholine is two-fold higher than that in maternal serum during the third trimester,
and that fetal DHA increases above maternal levels after approximately 33 weeks of
gestation resulting in an early high AA to DHA ratio (4.9:1) at 24-27 weeks PMA with a
decrease to term age in AA/DHA (2.5:1). In addition, they found an association between low
AA to DHA ratio and BPD severity and suggested that AA needs to be supplied in higher
doses than previously thought and especially to the most immature infants [27].
Interestingly, it has been proposed by Kuipers et al. that the placenta regulates the fetal DHA
and AA balance such that at high maternal DHA levels, a too high transfer of DHA to the
fetus is inhibited [28]. That high DHA suppresses AA was illustrated in full term baboons
fed 0.67% AA and 0.33 or 1.0% DHA.. The higher level of DHA reduced AA levels in red
blood cells (RBC) and in two areas of the brain (superior colliculus and globus pallidus)
[29]. There appears to be a certain cutting point in the influence of DHA on AA levels. In
red blood cells with DHA less than approximately 6 wt%, AA was synergistically increased
while with increasing DHA levels, AA decreased [28].

Preterm infants on parenteral nutrition lack both DHA and AA [7], presumably because of
inadequate levels of DHA and AA and a high linoleic acid supply in parenteral lipid
solutions [8]. Supplementation with enteral DHA but no AA to prevent BPD in infants with
GA <29 weeks is currently being studied in a large randomized controlled trial [30]. The
role of arachidonic acid in preterm infants is poorly studied. Like DHA, AA is an important
component of cell membranes where a change in composition results in changed function
[31]. AA is particularly enriched in the vasculature, and its metabolites can both stimulate
and inhibit angiogenesis as well as inflammation [32]. During fetal development, AA is
related to growth [33], and birth weight is correlated with plasma triglyceride content of AA
[34]. Furthermore, astrocytes release AA products with proangiogenic effects on cerebral
and retinal microvascular endothelial cells in culture [35,36]. Thus, AA is an important
precursor of factors that appear to be essential for angiogenesis. Giving human milk
supplemented with both DHA and AA to infants with BW < 1500 g resulted in better short
but not long term cognitive development than un-supplemented human milk [37,38], and
providing a formula with an AA/DHA ratio of 2/1 compared to 1/1 resulted in better
psychomotor development in very preterm infants [39].
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We found a negative correlation between EPA and AA levels in the infants treated with
SMOFlipid®. Omega-3 and omega-6 fatty acids (e.g. LA and ALA) compete with each other
for common desaturation and elongation enzymes in the synthesis of LCPUFAs. The two
series of fatty acids including LCPUFASs also compete for incorporation into tissue
phospholipids.

Low AA levels are associated with poor growth [30]. A recent review on the safety and
efficacy of parenteral fish oil for preterm infants concluded that fish oil treatments increase
EPA and decrease AA and that the safety of this supplement remains to be proven [40]. With
increasing EPA, an association between low AA concentrations and late-onset sepsis has
been reported in preterm infants [7]. We have not found any studies addressing the
consequences of high EPA serum levels.

We found no association between the type of parenteral lipid emulsion and either postnatal
morbidity or growth in extremely preterm infants. This might in part be due to the limited
time period of parenteral nutrition and the variability in omega-3 LCPUFA content reported
in breastmilk. In our study the two groups did not differ with regard to enteral DHA and AA
exposure (Table 2).

Currently, no lipid solutions for parenteral use supply DHA to normal intrauterine levels in
preterm infants. However, most formulas for preterm infants contain DHA. Recent reports
indicate that early gavage feeding of oil with DHA from algae [41] or low EPA fish oil [42]
and algae-derived DHA plus AA from fungi [34] successfully raises blood DHA
concentrations without adverse effects.

In conclusion, after birth, extremely preterm infants developed large deficits of both DHA
and AA. Parenteral nutrition containing 15% fish oil did not affect the frequency of ROP or
other morbidities or postnatal growth in the present study. Despite higher AA content in
SMOFlipid®, infants on this solution had lower fractions of AA than those on Clinoleic®.
The AA to DHA ratio was significantly decreased with SMOFlipid®. Studies on preventing
the large DHA and AA deficit while maintaining an AA to DHA ratio which is optimal for
developmental stage in extremely preterm infants are needed, and supplementation of these
LCPUFA’s with more AA than DHA may be a promising alternative (37).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key notes

Parenteral nutrition with a lipid solution containing omega-3 long chain polyunsaturated
fatty acids in fish oil (SMO-Flipid®) compared to an olive oil based solution (Clinoleic®)
to extremely preterm infants increased the serum fraction of EPA substantially and that of
DHA marginally, and decreased that of AA as well as of AA/DHA ratio. Morbidities and
growth were not affected.

Clinical Relevancy Statement

Long chain polyunsaturated fatty acids (LCPUFAS) are essential for normal structural
and functional development of the fetus, especially the retina and CNS. These fatty acids
are lacking in commonly used lipid solutions for parenteral use in preterm infants. The
resultant deficiency is thought to contribute to prematurity related morbidities. Newer
lipid solutions provide LCPUFAs derived from fish oil. Compared to olive oil based
Clinoleic® SMOFlipid® containing 15% fish oil did not affect morbidities or growth but
resulted in significant changes in longitudinal serum fatty acid composition and a
decreased arachidonic to docosahexaenoic acid ratio. Alternative strategies to provide
LCPUFASs to the preterm infant need to be investigated.
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Fig. 1.
Patient enrollment flow chart.
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Fig. 2.

T
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Longitudinal development of AA, EPA, and DHA in infants receiving SMOFlipid® (n = 41)
and Clinoleic® (n = 37), infants on SMOFlipid depicted with solid dots and infants on
Clinoleic depicted with open dots. P-values were calculated for the differences both
uncorrected and corrected for repeated measurements. Corrections performed by the
Bonferroni—-Holm procedure are given in the figures. *p-value< 0.05; **p-value <0.01;
***p-value <0.001 (A) Decreased AA levels from birth to one week after birth by
approximately 50% with no subsequent increase. Infants on SMOFlipid® had significantly
lower levels at 7 days after birth compared to infants receiving Clinoleic®. (B) Infants on
SMOFlipid® had significantly increased EPA levels (between 30% and 350% times higher)
than infants on Clinoleic® from one week after birth up to a postmenstrual age
corresponding to 32 weeks. (C) Decreased DHA levels from birth to one week after birth by
approximately 50%; cord blood levels were not reached until an age corresponding to
postmenstrual age 36 weeks. Infants on SMOFIipid® had significantly higher levels
(between 12% and 20% times higher) at 7 and 14 days after birth and at postmenstrual age
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corresponding to 32 weeks compared to infants receiving Clinoleic®. Significantly lower
omega-6 AA to omega-3 DHA ratio in infants receiving SMOFlipid® was seen from first
week of life to PMA 32 weeks (Fig. 2D).
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Clinical characteristics of 78 infants completing the study, Clinoleic® n = 37 and SMOFlipid® n = 41 *n = 39.

Clinoleic® (n = 37)

SMOFlipid® (n = 41)

Male, n (%) 19 (51)
Gestational age (wks), mean (SD) 25.6 (1.6)
Birth weight (g), mean (SD) 799 (225)
Birth weight SDS, mean (SD) -0.83 (1.0)
Birth weight small for gestational age, n (%) 5 (14)
Birth length (cm), mean (SD) 33.3(3.4)
Birth length SDS, mean (SD) -1.04 (1.8)

Birth head circumference (cm), mean (SD) 23.4(2.2)
Birth head circumference SDS, mean (SD) -0.50 (0.7)

24 (59)

25.5 (1.3)
799 (225)
-0.81 (1.4)
6 (15)

332 3.1)*
-1.14 (2.0)*
23.7 (2.8)*
-0.40 (L5)*

SDS, standard deviation scores.
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Table 2

Nutritional intake of 78 infants completing the study.
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Variables

Clinoleic® (n = 37)

Postnatal week

SMOFlipid® (n = 41)

Postnatal week

Total parenteral and

1 Mean (SD)/Median

2 Mean (SD)/Median

1 Mean (SD)/Median

2 Mean (SD)/Median

enteral intake (range) (range) (range) (range)
Energy (kcal/kg/d) 82.42 (7.48) 122.64 (16.94) 88.58 (8.34) 120.94 (18.94)
Carbohydrate (g/kg/d) 10.33 (1.25) 13.98 (1.44) 10.91 (1.36) 14.15 (1.59)
Protein (g/kg/d) 3.06 (0.47) 4.16 (0.61) 3.17 (0.66) 4.26 (0.74)
Total enteral intake

Lipids (g/kg/d) 1.91 (0.82) 4.52 (1.67) 1.56 (0.84) 4.09 (1.75)
DHA (mg/kg/d) 6.66 (0.5-52.5) 15.92 (0.0-107.4) 5.00 (0.3-19.8) 13.23 (0.0-55.2)
EPA (mg/kg/d) 1.39(0.0-5.2) 2.85 (0.0-10.6) 0.98 (0.0-4.8) 2.27 (0.0-13.6)
AA (mg/d) 8.49 (2.1-29.8) 16.95 (1.8-54.0) 6.27 (0.31-20.8) 15.57 (0.0-3.8)
Total parenteral intake

Lipids (g/kg/d) 1.20 (0.44) 0.58 (0.61) 1.40 (0.39) 0.91 (0.79)
DHA (mg/kg/d) - - 45.16 (6.5-61.4) 39.20 (0-80.7)
EPA (mg/kg/d) - - 47.93 (6.9-65.2) 41.60 (0-85.7)
AA (mg/kg/d) 1.7 (0.4-2.7) 0.75 (0-3.5) 4.61 (0.7-6.3) 4.00 (0-8.2)

AA arachidonic acid, DHA: docosahexaenoic acid, EPA: Eicosapentaenoic acid.
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Outcome measurements of 78 infants completing the study, Clinoleic® n = 37 and SMOFlipid® n = 41.

Table 3

Clinoleic®  SMOFlipid® p-value
BPD n (%) 17 (42) 22 (58) 0.18
NEC (%) 1(3) 4(10) 0.21
PDA (%) 29 (79) 25 (61) 0.08
Any ROP (%) 28 (78) 33 (80) 0.40
Severe ROP (%) 13 (35) 18 (44) 0.29
SEPSIS (%) 11 (30) 19 (46) 0.10
Cholestasis (%) 2(5.7) 4(9.8) 0.39
Weight change SDS mean (SD) (n = 65) -0.38 (1.2) -0.22(1.1) 0.91
Height change SDS mean (SD) (n = 60) -1.62(1.9) -0.75(1.9) 0.25
Head circumference change mean (SD) (n=58) -0.59(1.2) -0.64(1.4) 0.79

BPD: Bronchopulmonary dysplasia; NEC: Necrotizing enterocolitis; PDA, patent ductus arteriosus; Any ROP: Any stage of retinopathy of

Page 18

prematurity, Severe ROP: ROP stage 3 and or treated for ROP, SDS, standard deviation scores, SEPSIS: Sepsis verified by culture and or C-

Reactive Protein. Chi-square and Mann-Whitney test used.
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