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Abstract

Background and Aim: Retinopathy of prematurity (ROP) is a disorder of the retina of low-
birth-weight preterm infants that potentially leads to blindness. Docosahexaenoic acid
(DHA), a component of fish oil, is protective in experimental models. Administration of
fish oil as part of parenteral nutrition has shown inconsistent results. We aimed to test the
effect of enteral DHA to prevent ROP development and/or severity, and to reduce hospital
stay.

Methods: This was a double-blind, parallel clinical-trial. Preterm infants (n = 110; 55 per
group) with birth weight <1500g but >1000g were recruited in a level 3 NICU. Infants were
randomized to receive 75 mg of DHA/kg/day (DHA-group) or high oleic sunflower oil
(control-group) for 14 days by enteral feeding. The effect of DHA was evaluated on any
stage of ROP, severe ROP (stage >3) incidence, and hospital stay. Groups were compared
with relative risk and 95% CI, Fisher's Exact, Student’s t or Mann-Whitney U tests, as
appropriate. Logistic regression was applied to adjust for confounders.

Results: There was no difference between the DHA and control groups in ROP risk (RR for
DHA= 0.79; 95% CI, 0.49-1.27, P= 0.33). However, patients who received DHA showed
lower risk for stage 3 ROP than controls (RR for DHA= 0.66; 95% CI, 0.44-0.99, P=0.03).
After adjusting for confounders, enteral DHA decreased the risk of stage 3 ROP (OR adj. =
0.10; 95% CI, 0.011-0.886; P=0.04). Hospital stay was not different between groups.

Conclusion: Enteral DHA may reduce the incidence of stage 3 ROP.

Key words: ROP; DHA; omega-3 fatty acids; neonate; premature infant, retinopathy,

preterm.
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Clincial Relevancy Statement

Severe retinopathy of prematurity (ROP) is a leading cause of visual impairment and
childhood blindness. Results from animals suggest DHA supplementation may have a
protective effect, although evidence from preterm infants given parenteral nutrition that
contains DHA is inconclusive. Enteral DHA supplementation from the start of the enteral

feeding may be a feasible strategy to prevent severe ROP.

Introduction

Retinopathy of prematurity (ROP) is a highly prevalent disorder of the developing retina of
low birth weight preterm infants that potentially leads to blindness.' Currently, it is among
the leading preventable causes of childhood blindness.>* The development of the retinal
vasculature occurs almost entirely in utero in a hypoxic environment. When the metabolic
demands of the developing retina exceed the oxygen supplied by the choroidal circulation,
angiogenesis is stimulated through vasoactive factors such as insulin-like growth factor
(IGF)-1, erythropoietin and vascular endothelial growth factor (VEGF), in addition to
maternally derived factors.*

At birth, the loss of placental and maternal growth factors plus an increase of oxygen
supply, suppress retinal growth factors, leading to cessation and retraction of the
development of retinal vessels, or vaso-obliteration.” As the preterm infant grows, the
avascular retina undergoes neovascularisation due a subsequent up-regulation of
cyclooxygenase-2 (COX-2), IGF-1 and VEGF, resulting in abnormal vascular overgrowth
into the vitreous, retinal haemorrhages and folds, dilated and tortuous posterior vessels, up

to retinal detachment.®
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Strategies for prevention of ROP include timely detection and avoiding high fluctuations in
tissue oxygen saturation (SpO,).” However, this approach is not fully effective, probably
because ROP is a multi-factorial disease. Treatments include laser or cryotherapy,’® but
these are destructive and they do not increase good vision (>20/40), and medications such
as anti-VEGF are still under evaluation.”'® Therefore, further safer approaches for
preventing and treating ROP are required.

It is well established that the omega-3 long-chain polyunsaturated fatty acids (LC-PUFA)
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) play a key role in the
protection against inflammation and oxidative stress.'""'* DHA and EPA are found in oily
fish, many algae and fish oil. Inclusion of DHA and EPA in the diet of mice with oxygen-
induced retinopathy decreased inflammation, neovascularisation and obliteration of retinal
vessels."® However, studies investigating the effect of DHA and EPA provided in fish oil
administered as part of parenteral nutrition (PN) to human preterm infants have produced
inconsistent findings, either demonstrating prevention of ROP or no effect.'*'” To our
knowledge there are no published studies of enteral administration of omega-3 LC-PUFA
to prevent ROP in human infants. The hypothesis of this study was that enteral DHA will
lead to a reduction in the incidence of ROP, severe ROP in preterm infants, and hospital

stay.

Materials and methods

A randomized double-blind parallel group trial was conducted in a Hospital of Gynaeco-
Obstetrics, IMSS in Mexico City. Eligibility criteria were preterm neonates, with birth
weight <1500 g but >1000 g, and a functional gastrointestinal tract. Those neonates with

congenital malformations, need for major surgery, intraventricular haemorrhage grade >II
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to preclude the potential risk of increasing its severity, or whose mother was taking omega-
3 supplements were excluded. Although DHA does not increase bleeding risk,'® the
intervention was suspended due to persisting bleeding at any level, platelet count <80,000
mm’, or its decrease by 50% from 3 prior days, or critical illness. This work was carried out
in accordance with The Code of Ethics,'” and it was approved by the National Research and
Ethics Committee (IMSS N° 2015-785-051). Registration on Clinical Trials.gov was done
prior to the enrolment of the first patient (ID NCT02683317). Written informed consent
was obtained from both parents along with the signature of 2 witnesses, prior to inclusion
of each infant.

Preterm infants received 14 days of either a daily dose of 75 mg of DHA/kg of baseline
body weight from a DHA-rich algal oil, diluted in high oleic sunflower oil as vehicle
(life'sDHA®, DSM Nutritional Products Inc., Parsippany, NJ, USA) or sham oil (high oleic
sunflower oil prepared by PROGELA SA (Mexico City, Mexico). The DHA dose was
estimated to approximately mimic a high but still physiological content of DHA at 1%
weight percentage of total fatty acids (Y%wt/total wt) in human milk.'"® Sham and DHA oils
were similar in volume (maximum 215 pL/dose), colour and consistency to blind all staff.
The fatty acid composition of two oils was measured by gas chromatography (Table 1).
Each dose was administered as a bolus through an orogastric tube, before human milk or
formula by the attending nurse, starting with the first enteral feeding after birth, referred to
as baseline. All doses were prepared with aseptic technique by research staff who did not
participate in the fieldwork. Random Allocation Software was used with block sizes of 10
patients, on a 1:1 ratio.'® A code was assigned to each intervention, stored and sequentially
numbered in opaque envelopes by researcher staff who prepared doses. The treatment was

assigned after parents gave their written informed consent.
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Incidence of ROP was defined as any stage of ROP identified in one or both eyes. Medical
screening was carried out by a pediatric ophthalmologist, blinded to our intervention, using
the zone I to III borders and clock hours to describe the location and extent of ROP, the
stage (1 to 5), and the presence of plus disease. The latter was defined as dilation and
tortuosity of the posterior retinal blood vessels. All patients received comfort measures
such as analgesic pre-treatment, lubrication of the cornea, and pacifiers.'”* Severity of
ROP was defined as any stage with plus, or stages 3 to 5 with or without plus disease,
which have a higher risk for vision impairment, including blindness. This was identified
between the first evaluation carried out at 4-5 weeks after birth and throughout hospital stay.
After discharge, follow-up continued until remission of ROP or 45 weeks of corrected
gestational age.'”' Laser treatment was indicated for those infants with any stage of ROP
with plus disease, or stage 3 with/without plus disease; aggressive posterior disease;
threshold ROP and prethreshold ROP according to the ETROP guidelines.**** The
proportion of infants with treated ROP was also registered. Duration of hospital stay was
considered from birth until discharge in days.

Bleeding events such as intraventricular haemorrhage grade >II, gastric bleeding, vomiting
events during the intervention period, and mortality were recorded as potential adverse
events.

Clinical variables, feeding and medication were recorded as risk factors. Severity of disease
was scored with the clinical risk index for babies (CRIB).** The SpO, < 85% and SpO,>95%
were the alarm limits, recorded from the delivery room until supplementary oxygen was no
longer required. The routine management followed the neonatal resuscitation program, with

goal limits of oxygen saturation between 88% to 93%.>



156  The fatty acid profile in erythrocytes is considered a biomarker of the composition of

157  peripheral tissues and retina.”® Thus, a venous blood sample was collected into EDTA tubes.
158  To avoid additional punctures due to this study, consultants were asked to schedule the

159  blood collection of the sample when it was ordered for clinical tests, before the first enteral
160  feeding. Blood was not sampled if infants received a previous transfusion, as this is a

161  modifier factor of the fatty acid profile.”” Blood was processed and analyzed as reported
162 elsewhere.”®” Briefly, fatty acids were measured by gas chromatography (7820A, Agilent
163  Technologies, Santa Clara, CA, USA) using a standard for each fatty acid and

164  heptadecanoic acid as internal standard.’® The fatty acid profile was also measured in

165  human milk obtained every week. Results are presented as %wt/total wt. Fatty acids

166  contained in formula and parenteral nutrition were estimated from manufacturer’s

167  information.

168  Statistical Analyses

169  Data distribution was determined with Kolmogorov-Smirnov test. To identify differences
170  between groups, relative risk (RR) with 95% confidence interval (95% CI), Fisher's Exact
171 and Chi-square, Student’s-t or Mann-Whitney-U tests were used as appropriate.

172 Multivariate logistic regression was performed to adjust for confounders. SPSS software
173 v.24 was used to statistical analysis. P value < 0.05, 2-sided was considered as significant.
174  Intention to treat analysis performed if infants received at least one dose of either

175  intervention.

176 ~ Sample size for ROP incidence was estimated with a 2-proportions formula according to a
177 previous report, where P1= 28% and P2= 5%,’' 2-sided o= 0.5, sample power of 80% and
178  27% of drop-outs, as was seen in our previous study. A sample size of 55 patients per group

179  was obtained.
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Results

Patients were recruited from February 2016 to October 2017 when the sample size was
reached. Follow-up finished in January 2018. One hundred and ten preterm infants finished
the study from 143 randomized infants (Fig. 1). The number of dropouts was not different
between the DHA and control groups (26% vs. 20%, P=0.55). Preterm infants from the
DHA group had higher birth weight than those from the control group, but weight did not
differ between groups at baseline. Likewise, oleic acid in erythrocytes was higher but
arachidonic acid and EPA were lower in the DHA group (Table 2); other characteristics at
birth and baseline were similar between groups.

There was no difference on the incidence of any stage of ROP between patients in the DHA
and control groups (Any ROP 19/55 vs. 24/55, P=0.43), nor in the RR for ROP (RR=0.79;
95% (I, 0.49-1.27, P=0.33). However, among those infants who developed any stage of
ROP, the incidence and risk for stage 3 ROP were lower in infants in the DHA group than
the control group: 11/19 vs. 21/24 (P= 0.04) and RR= 0.66; 95% CI, 0.44-0.99 (P=0.03)
respectively. This means a relative effect size of 34%. This protective effect remained
significant after adjusting for confounders (Table 3). There were no cases of ROP stage 4 or
5 corresponding to partially detached or detached retina. There was no difference in the
proportion of infants who received treatment for ROP between the DHA and control groups
(7/55 vs. 9/55, P=0.79).

Intention to treat analysis was carried out on 70 patients from the DHA group and 66
patients from the control group (Fig. 1). There were no differences between groups for the
incidence and risk of all stages of ROP (34/70 vs. 35/66, P=0.61 and RR=0.92; 95% CI,

0.66-1.28, P=0.61 respectively), or for stage 3 ROP (26/34 vs. 32/35, P=0.11; RR=0.84;
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95% (I, 0.68-1.03, P=0.09 respectively). The median duration of hospital stay was not
different between DHA and control groups (52 days [26-95] compared with 52 days [27-
107], P=0.45, respectively).

There was no difference between DHA and control groups with regard to the incidence or
risk to develop intraventricular haemorrhage grade >II (30/55 vs. 37/55, P=0.24 and RR=
0.81; 95% CI, 0.60-1.10, P=0.17) or gastric bleeding 8/55 vs. 13/55, P=0.33 and RR=
0.62, 95% CI, 0.28-1.37, P= 0.23; respectively. Similarly, the incidence of patients who
presented vomit during the intervention was not different between DHA and control groups
(1/55 vs. 7/55, P=0.21). Total mortality during hospitalization was 4.9%, with no
difference between DHA and control groups (3/70 vs. 4/66 infants, P=1.00).

The number of events of apnea was lower in the DHA group compared with the control
group (Table 4). All infants received enteral formula complementing human milk or only
formula during the study, and 70% of infants received a lipid emulsion by PN without
DHA nor EPA, but only 11% received human milk with no differences between groups
(Table 4). Additional enteral DHA from mentioned sources was calculated for each patient,
and then compared between groups, but there were no differences in those nor in fatty acid

profile from enteral or parenteral feed (data not shown).

Discussion

The findings of this study demonstrate that enteral DHA prevents stage 3 ROP in preterm
infants after adjusting for known confounders. Since stage 3 ROP can progress to a
traccional retinal detachment, which can result in functional of complete blindness, this
feasible strategy may be clinically useful.' We previously demonstrated the

pharmacological effect of enteral DHA to modulate inflammation and improve clinical

10



228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

outcomes in critically ill neonates,”®***** but to our knowledge, there are no published
studies that evaluate the efficacy of enteral DHA on the development or severity of ROP,
when given as a single intervention.

In the retina, arachidonic acid (AA) is a substrate of COX-2 increasing the production of
prostaglandin (PG) E, and thromboxane (TX) A, , resulting in the formation of pathological
retinal neovessels, and microvascular degeneration, ischemia and oxidant stress, with death
of retinal endothelial cells, respectively .>*** As the levels of antioxidants are low in the
retina of preterm infants, oxygen-mediated lipid peroxidation increases the levels of
isoprostanes and nitric oxide, resulting in impaired retinal circulation and vascular integrity,
and then in vaso-proliferation.”* Conversely, when omega-3 LC-PUFA substrate is
available, the retina can be protected through the biosynthesis of DHA-derived resolvins
and protectins with potent anti-inflammatory and inflammation resolving effects.>**’
Moreover, the 5-LOX oxidation of DHA to 4-hydroxy-DHA, directly inhibits endothelial
cell proliferation and sprouting angiogenesis via PPAR-gamma, independent of any anti-
inflammatory effect.*” Omega-3 LC-PUFA also exert anti-angiogenic effects through PGE3
from EPA with lower biological potency than PGE,*'. Mice fed with 2% of omega-3 LC-
PUFA (including both DHA and EPA) had decreased production of TNF-alpha, resulting in
decreased neovascularisation and less obliteration in retinal vessels.'> DHA was also able to
decrease isoprostanes in a neonatal experimental model.**

In human preterm infants there are a small number of randomized clinical trials that have
administered fish oil (a source of EPA and DHA), as part of PN for approximately two
weeks of intervention with inconclusive results on ROP. One study reported less frequency
of ROP requiring laser therapy,* while a second study observed lower incidence of ROP at

any stage, but no difference in the need for laser photocoagulation as treatment.’' The other
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studies found no difference in the development of ROP compared to control groups.*** It

is probable that the low omega 3 intake by our population along with the lack of breastmilk
intake, can lead to tissue DHA depletion of our patients at baseline and the increase in
exogenous DHA supply through our intervention lead to the positive findings with enteral
DHA. Several infants with > 3 stage without plus in both groups presented spontaneous
remission and did not receive treatment. In the current study, the duration of hospital stay
was not different between groups, consistent with other reports.'*!

Although birth weight was statistically higher in infants in the DHA group, at study
baseline the difference was smaller and no longer statistically or clinically significant. ROP
has been associated to elevated oxygen saturation and extreme changes between hypoxia
and hyperoxia, and since apnea events are a cause of hypoxia treated with hyperoxia, the
higher number of apnea events in the control group was considered a major confounder.*’
However, a recent study did not find a greater number of apnea events among infants with
severe ROP, after accounting for gestational age. Authors mentioned it is likely that retinal
vascular pathology is related to both hyperoxia/hypoxia and the phase of development at
which aberrant SpO, occurs.*® Nonetheless, apnea was also included into the multivariate
analysis. Human milk is a known to be a protective factor for ROP development,'” but in
the current study there was low availability of human milk because mothers found it
difficult to breastfed, were critically ill or received contraindicated medication for
breastfeeding.

AA and EPA were lower in erythrocytes from infants in the DHA group at baseline. It is
generally accepted that AA is a substrate for inflammatory mediators, while EPA has anti-
inflammatory properties.”> However, recently it was reported that lower AA levels in

plasma phospholipids were associated to ROP development,*’ which is contrary to our
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hypothesis. Thus, the possible effect of AA on ROP remains elusive and the difference in
content of AA at baseline is a limitation. However, erythrocyte AA and EPA at baseline
were also taken into account in the multivariate analysis and the effect of DHA on stage 3
ROP remained significant. Erythrocyte oleic acid was higher in the DHA group at baseline,
but its effect on stage 3 ROP was not significant in the multivariate model, and therefore it
was not considered as a confounder.

Although a sample size calculation was done a priori, the incidence of ROP was higher in
our study than for the data used to estimate power, which is a limitation. However, our
power for stage 3 ROP remained high (96%). Another limitation of our study is the timing
of the start of the intervention, which was defined by the start of enteral feeding. It is
possible that the efficacy of DHA would have been greater if the intervention started during
the first hours after birth, similar to the administration of fish oil by PN in the previously
mentioned studies. However, the start and suspension of enteral feeding were left to the
discretion of attending neonatologists, considering the high risk to develop enteral
intolerance and necrotizing enterocolitis in preterm infants, which is also reflected in the
study dropouts. Although preterm infants with birth weight < 1000g have the highest risk of
ROP, they also are prone to gastrointestinal complications, thus our results are not
generalizable to younger infants weighing less than 1000g.

Despite its limitations, this study provides evidence that enteral DHA administration used
at a high dose found in human milk can be effective to prevent stage 3 ROP, and
consequently the risk of severe ROP. PN usually is used in premature infants for nutritional
support, but it also has been associated with liver disease and bloodstream infections.*
Thus, enteral nutriton should be established as soon as possible. These results show that

enteral DHA is useful for preterm infants who start their supplementation as soon as they
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receive enteral feeding. A strength of the current study is that the dose of DHA was
adjusted per kilogram of body weight, which gives comparability between subjects in the
DHA group. This dose does not cause severe adverse effects, according to these results and
to previous studies.”®*’

Preventing and treating childhood blindness is a priority since it results in altered psycho-
social/neurobehavioral development, economic dependence and low quality of life related
to incapacity to work. Furthermore, the primary carer is also significantly affected,
increasing the economic burden on family, society, and health care systems.® Thus, ROP is
highly disabling with no effective treatments. New prevention and treatment options need
to be identified. Omega-3 LC-PUFA delivered by PN has been shown to have inconsistent
findings, and the current study suggests that enteral DHA may offer such an option. In

conclusion, the DHA delivered by enteral feeding may be an approach to prevent stage 3

ROP in preterm infants.
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