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I. ABSTRACT

La nutrition chez le grand prématuré est un enjeu majeur dans leur prise en charge avec pour
objectif d’atteindre la croissance post natale des foetus de méme age gestationnel. La
malnutrition durant les premicres semaines de vie est la premicre cause de retard de

croissance extra-utérin, associ¢ a des effets secondaires majeurs a long terme.

Nous avons introduit en 2014 dans le service de réanimation néonatale du CHU de Nancy un
protocole strict de nutrition entérale et parentérale alors qu’auparavant seules de simples

recommandations étaient mises en place.

L’objectif principal de notre étude était d’évaluer ’impact de ce protocole strict sur la
croissance des enfants nés tres grands prématurés de 26 a 32 semaines d’aménorrhée (SA) sur
leur croissance évaluée par Z-score corrélé a 1’age gestationnel. L’objectif secondaire était

d’évaluer la tolérance de ce protocole.

Nous avons réalisé une ¢tude de cohorte sur deux périodes de six mois, avant et apres
introduction de ce protocole, séparées par une période de 6 mois pour éviter un biais li¢ a la

période d’apprentissage du nouveau protocole.

Soixante-douze enfants prématurés de 26 a 32 SA ont été inclus durant la période « avant » et
86 durant la période « apres ». Les deux groupes é€taient parfaitement comparables. Nous
avons mis en évidence une amélioration significative de la croissance rapportée au Z-score
entre les deux groupes, a J42, J63 et J70, avec une amélioration de fagon significative chez les
enfants de sexe masculin. Chez les enfants avec un retard de croissance modéré (<-1DS), nous
avons noté une tendance au rattrapage de leur retard a partir de J49, devenant significative a

partir de J70.
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Concernant nos critéres d’évaluation secondaires, il n’y avait pas de différence significative
sur le taux d’entérocolite ulcéro-nécrosante, la durée d’hospitalisation, 1’age a la sortie, ni la

durée de nutrition parentérale ou de voie centrale.

En conclusion, notre protocole nutritionnel strict et optimisé permet une amélioration de la
croissance chez les enfants grands prématurés de 26 a 32 SA, notamment apres 6 semaines de
vie, et sans impact sur la morbidité a court terme. Des améliorations dans le premier mois de
vie sont encore a apporter afin d’optimiser la croissance extra-utérine de ces enfants. Notre

¢tude va se prolonger par une étude de compliance au protocole afin d’évaluer nos pratiques.

21



IMPACT OF A STRICTLY DEFINED NUTRITION

PROTOCOL ON VERY PREMATURE INFANTS’ GROWTH

AND MORBIDITY

II. INTRODUCTION

Nutrition is a major issue in neonatal intensive care units. Many studies have demonstrated
that premature infants may develop severe cumulative nutritional deficits during the first
weeks of life. Embleton et al. (1) demonstrated that 55% of the variation in postnatal growth
restriction (PGR) was related to the cumulative energy and protein deficits. These findings are
similar to those of others (2—4), indicating that PGR seems inevitable in preterm infants,
regardless of the level of the intensive care unit. Many preterm infants cumulate nutritional
deficits and fall progressively below the standard growth references during the initial hospital
stay, even when they had appropriate weight for gestational age at birth. PGR is defined as a
body weight below the tenth percentile of intrauterine growth expectation at the time of
discharge from the hospital (5).

Malnutrition in the first weeks of life is the primary cause of PGR which is associated with
impaired neurodevelopmental outcome, short stature and adverse long-term outcome in
adulthood such as metabolic disorders, cardiovascular disease risk and consequences on
morbidity (6-9).

In human studies, the importance of nutrition in the early period of life is well described, and
the term “programming” has been proposed to emphasize that early nutrition should be
considered not simply in terms of meeting immediate nutritional needs but also for the

potential long-lasting or life-long biological effects (10).
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The goal of nutrition in preterm infants is to achieve a postnatal growth rate approximating
that of normal fetuses of the same gestational age. This should allow fetal body composition
and functional outcome similar to those of infants born at term (1,2).

This is a complicated task because several confounding factors may influence postnatal
growth quality and outcomes in preterm infants. Firstly, perinatal factors related to the initial
status of the infant; secondly, factors related to the post-natal conditions of the infants; lastly,
inadequate nutrition related to the absence of appropriate nutritional protocol or guidelines
considered of secondary importance with regards to respiratory or other factors (11-13).

For instance, nutritional deficit and inappropriate postnatal growth may impair healing
processes and facilitate chronic lung disease development whereas infants presenting with
respiratory distress have more nutrition intolerance. In any case, optimizing nutrition will
significantly contribute to improve the outcome of premature infants. This optimization need
to start from birth as it appears that the window for PGR prevention and catch-up growth is
rather narrow (13). In addition, it has been well demonstrated that nutritional restriction
followed by overfeeding may lead to significant morbidity in adulthood (7,8).

The prevention of severe nutrient deficits during hospital stay may be achieved through the
implementation of optimized nutritional policies relying upon improvement in the knowledge
of macro and micronutrients needs.

Indeed, there is a great heterogeneity in parenteral nutrition practices among neonatal units.
The recommendations for nutrition in preterm infants are mainly based on historical data and
experts recommendations; global studies scientifically well conducted are scarce. As feeding
regimens have proven to be inadequate with regards to infants’ growth, improved feeding
strategies are needed to promote growth, based on strict standardized protocols.

In the neonatal intensive care unit (NICU) of Nancy, parenteral and enteral nutrition, used to
be implemented and adjusted according to 2004 guidelines, which defined global nutritional
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intakes with reference to recommendations of the time (14,15). From May 1%, 2014, we
decided to update the recommendations according to more recent ESPGHAN (European
Society of Paediatric Gastroenterology, Hepatology and Nutrition Committee)
recommendations (16), to develop and follow a strict nutritional protocol rather than only
global guidelines. This protocol is based on ESPGHAN recommendations and recent
available publications (16—19). All physicians and caregivers working in the Unit have been
trained to use this new protocol.

The objective of this study is to evaluate the impact of the implementation of this strict
defined nutrition protocol on very premature infants’ growth and morbidity using a before /

after comparison design, with a 6 months wash-out period to waive a learning phase bias.
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III. PATIENTS AND METHODS

1. Objective

The primary outcome was to evaluate the impact on growth of the introduction of a new
enteral and parenteral nutrition protocol in preterm infants born between 26 to 32 weeks of
gestational age (GA), until hospitalization discharge. To take the variations in gestational and
postnatal age into account, body weight was converted into Z-score using Olsen preterm
infants reference growth chart (20).

Secondary outcomes were to evaluate digestive tolerance by the incidence of necrotizing
enterocolitis (NEC), and its influence on the duration of hospitalization. We also evaluated
the impact of the new policy on parenteral nutrition total duration, and on the incidence of late

onset infections.

2. Study design

In this cohort study, all infants born in the Maternity hospital and hospitalized in our NICU
were studied retrospectively during two periods of six months, before and after the
introduction of the new parenteral and enteral optimized nutrition protocol. These two periods
were separated by a washout period of six months. We performed a comparative analysis
between these two independents groups. Data were collected prospectively and routinely from
the two different periods as part of the infants’ files: respectively from the 1% of May to the

31* of October 2013 and from the 1* of May to the 31* of October 2014.
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3. Subjects

All infants with GA > 26 weeks and < 32 weeks of GA, born within the two periods and
admitted in our NICU were included in the study. Final evaluation was completed either at
discharge from the NICU or at 42 weeks of postmenstrual age (PMA).

Infants dead before discharge or with any congenital malformation were excluded from the

study.

4. Methods

Enteral and parenteral nutrition were initiated and modified according to the given protocol
detailed in Annex 1 and based on ESPGHAN recommendations (Annex 2). Early enteral
nutrition with human milk (HM) was promoted with infant’s own mother’s milk or banked
pool donor’s milk. Pasteurized banked donor milk was provided until the mothers were able
to supply their infants with their own breast milk. Storage and handling of human milk
followed strict hygienic routines. Mean HM content was assumed to be about 70 kcal/100 mL
with 1.2g of protein, 4.2g of fat and 7 g/100 mL of carbohydrate. HM fortification and
preterm infant formulas were also used and their formula compositions were based on the
product’s labelled nutritional content. The parenteral solutions were prepared by the hospital
pharmacy according to medical prescription.

For the purpose of this study, data pertaining to date of birth, birth weight, gestational age at
birth, sex, secondary outcomes, date of hospital discharge, were collected in infants’ charts.
Body weight was measured at birth, and collected weekly afterward using standard unit scales
accurate to +/- 5 grams (g). Body weight was converted to standard deviation score (Z-scores)

using the Olsen preterm infants reference growth chart (20), according to GA.
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Secondary outcomes were the incidence of NEC, the interruption of nutrition and its duration,
the duration of parenteral nutrition, the incidence of late onset sepsis, bronchopulmonary
dysplasia (BPD) and chronic lung disease (CLD) rates, antenatal steroids rate, ibuprofen,
caffeine and doxapram treatments. Chronic lung disease was defined by the use of
supplemental oxygen at 36 weeks PMA and bronchopulmonary dysplasia by the use of
supplemental oxygen at 28 days of life.

NEC was reported as Bell stages. Patent ductus arteriosus (PDA) requiring treatment was
diagnosed by echocardiography. Late onset sepsis was defined as the occurrence > 4 days
post-natal age, and rated confirmed if there was bacteria growth in the blood culture with
clinical signs of septicemia.

Those data were collected and reported in a data sheet (Annex 3).

5. Statistics

Normally distributed data, assessed by a Shapiro-Wilk test of normality, are presented as
mean values with SD; non-normally distributed data are presented as median value with
range. To evaluate differences between groups, we used the Student t test for continuous
variables and the Chi2-test or Fisher exact test when appropriate, for categorical variables.
For continuous variables not normally distributed, we used the Mann-Whitney U test.
Categorical data are presented as actual numbers or percentages.

Postnatal evolution of growth variables were assessed longitudinally by z-score after
correction for gestational age.

Observed differences were considered statistically significant if P < 0.05. All analyses were
performed with SYSTAT 12 software (2007, Systat Software Inc. ® San Jose CA, USA).

This study was registered by the CNIL (Commission Nationale de 1’Informatique et des

Libertés) under study number R2015-1 for the Maternity of the CHRU of Nancy.
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IV. RESULTS

1. Population

From May to October 2013, 85 infants were born between 26 and 32 weeks of GA and

involved in the study. During the study period, 13 were excluded (12 died and 1 file lost). The

remaining 72 infants (group 1) had a birthweight (BW) of 1154 +/- 276 g, and a GA of 29 +/-

1.42 weeks.

From May to October 2014, 90 infants were born between 26 and 32 weeks GA and involved

in the study. During the study period, 2 were excluded (died) and 2 had missing data for

nutritional intakes. The remaining 86 infants (group 2) had a BW of 1215 +/- 332 g, and a GA

of 28.9 +/- 1.7 weeks. (Figure 1).

2013

N=85

Excluded :
12 dead

1 lost

2014

N=90

Excluded :
2 dead

2 missing

Groupl

N=72

Group2
N=86

Figure 1: Flow chart of the population

The clinical characteristics of the study population are described in Table 1. The groups were

similar with no significant difference for sex, birth weight, birthweight z-scores (-0.494 +/-
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1.139 in group 1 versus -0.426 +/- 1.096 in group 2, p=0.705), GA, prenatal steroids, PDA, or

BPD.
Table 1 : Clinical characteristics of the study population
Group 1 Group 2 All population p
(n=72) (n=86) (n=158)

Boys, n (%) 37 (51,39) 44 (51,16) 81 (51,27) 0,977
Birth weight (g) 1154 (+/- 276) 1215 (+/-332) 0,21
Birth weight z-score -0,494 (+/- 0,140) -0.426 (+/- 1.096) 0.705
Gestational age , weeks 29,0 (+/-1,4) 28,9 (+/-1,7) 0,69
Any prenatal steroids, n (%) 66 (91,67) 76 (88,4) 142 (89,9) 0,632
1 course, n (%) 49 (68,01) 41 (47,7) 90 (56,7) 0,434
2 courses, n (%) 17 (23,6) 10 (11,6) 27 (17,1) 0,434
Complete course, n (%) 29 (40,3) 38 (44,2) 67 (42,4) 0,266
Partial course n (%) 35 (48,6) 32 (37,2) 67 (42,4) 0,266
PDA, n (%) 17 (23,6) 13 (15,1) 30 (19) 0,187
PDA surgically closed, n (%) 0 5(5,8) 5(3,16) 0,008
PDA medically closed, n (%) 15 (20,8) 13 (15,1) 28 (17,7) 0,705
Doxapram, n (%) 21 (29,2) 28 (32,6) 49 (31) 0,611
Doxapram duration (days) 10,8 (+/- 11,54) 22,89 (+/-11,73) 0,001
BPD, n (%) 35 (48,6) 35 (40,7) 70 (44,3) 0,7
CLD, n (%) 18 (25) 20(23,3) 38(24,1) 0,622

PDA = patent ductus arteriosus, BPD = bronchopulmonary dysplasia, CLD= chronic lung disease

We observed a significant difference between the two groups for two characteristics: first,
there was statistically more treatment of PDA by surgery in the second group (0 in group 1
versus 5 in group 2, p = 0.008), and second the duration of treatment by Doxapram was longer

in group 2 than in group 1 (10.8+/-11.54 days in group 1 versus 22.89+/-11.73 days in group
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2). Those differences are explained by a best availability of pediatrics surgeons in the year

2014, and by a modification of our protocol for Doxapram treatment between the two periods.

2. Primary outcome: impact on weight and Z-score

A postnatal weight loss occurred in the two groups during the first week of life, with no
difference on the minimal global weight on day 7 (1121 +/- 233 g in group 1 versus 1159 +/-
305 g in group 2; p = 0.385). Mean weight loss was 2.8% in group 1 and 4.9% in group 2
(NS).

There was no significant difference on raw weight between the two groups from birth to day
133 even if we observed a tendency on day 70: 2289 +/- 338.4 g in group 1 versus 2542 +/-
457 in group 2, p = 0.063. It seemed to be a moderate higher weight gain velocity in group 2

from day 56 to day 133, with no statistically significant difference (Figure 2).
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Figure 2 : Evolution on raw weight between two groups; D= days; p>0.05 for all values.

During the first weeks of life, growth failure was observed in weight z-scores. From birth to
day 7, weight z-score decreased significantly from -0.494+/-1.139 to -1.402 +/- 0.834 in
group 1 (p<0.001) and from -0.426+/-1.096 to -1.233+/-0.907 in group 2 (p<0.001) with no
significant difference between the two groups (p=0.705).

The negative changes in weight z score from birth up to 19 weeks of life, were lower in group
2 as compared to group 1: weight z-score decreased during the first 70 days of life in group 1
(-2.001 +/- 0.747 at day 70) whereas it stopped decreasing from day 35 in group 2 (-1.435 +/-
0.791). Thus, the minimal z-score was significantly more important and delayed in group 1
than in group 2. We observed a less important decrease in the z-score in group 2, which
became statistically different on day 42. Weight z-score longitudinal evolution is shown in

Figure 3.

31



Finally, weight z score stabilized in group 1 after 10 weeks of life, between -1.5 and -2 when

the stabilization was obtained earlier, after 5 weeks of life, remaining between -1 and -1.5 in

group 2.
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Figure 3: Longitudinal weight z-score evolution from birth to day 84. (D=day, *p < 0.05.)

When we analyzed weight z-score changes with regards to PMA, we noticed a higher weight
z-score in group 2, with statistically significant differences between the two groups from 36 to
39 weeks GA. This significant difference was not sustained because of a smaller size in the
study population due to early discharge: at 40 weeks PMA -1.914+/-0.783 in group 1 versus -
1.277+/-0.877 in group 2 (p=0.081), and at 41 weeks PMA -2.133 +/-0.522 in group 1 versus
-1.2174/-0.931 in group 2 (p=0.066).

In addition, the lowest weight z-score was noticed at 33 weeks PMA in group 2 (-1.545+/-

0.788) but was delayed and lower in group 1 (-2.133+/-0.522 at 41 weeks PMA). We noticed
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that weight z-score in group 1 exceeded -2 at 41 weeks PMA, defining a severe EUGR at
term, which was not observed in group 2. Indeed, in group 2 we observed a catching-up effect
from 33 weeks PMA and a weight z-score improving up to -1.217 +/-0.931 at 41 weeks PMA.
In group 1, there was no catch-up at all, and weight z-score was still decreasing, leading to a

EUGR at 41 weeks PMA (Figure 4).
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Figure 4: Weight z-scores evolution with PMA; *p<0.05.

Looking at sex differences, we observed a difference on the effect of the new protocol
between males and females infants. Indeed, there was a significant difference in males from
group 1 and from group 2 from day 42 to day 70, with a catching up effect in weight Z score

with the new nutrition protocol: on day 70 weight z-score was -2,077 +/- 0,642 in group 1 and
-1,054 +/- 0,637 in group 2 (p<0,002) (Figure SA). Conversely, there was no significant
difference in females between the two periods (Figure

5B).
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In addition, we wanted to evaluate the effects of the new protocol for intra-uterine growth
restriction (IUGR) infants. We stratified infants in three subgroups: no IUGR if birthweight
Z-score was >-1, moderate IUGR if birthweight Z-score was within [-2;-1] range and severe
IUGR if birthweight Z-score was <-2. The two populations were comparable for stratification:
in group 1 there were 37,14 % of infants with moderate IUGR, and 10% with severe IUGR

versus 32,19% and 8% respectively in group 2 (p>0,05 for all values, Table 3).

Table 3 : IUGR in the two groups

Group 1 (n=70) Group 2 (n=87)
No IUGR (%) 37 (52,8) 52 (59,8)
Moderate IUGR (%) 26 (37,1) 28 (32,2)
Severe IUGR (%) 7 (10) 7 (8)

There was no significant difference between the two periods in infants with no IUGR or
severe [IUGR. However, in infants with moderate [IUGR, we observed a tendency to catch up
from day 49 in group 2 as compared to group 1, which became significant on day 70 (-2,482
+/- 0,359 in group 1 versus -1,848 +/- 0,593 in group 2, p= 0,049) (Figure 5).
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Figure 6: Longitudinal weight z-score evolution from birth to day 84 in infants with moderate

IUGR. D=day, * p < 0.05.
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We confirmed this significant difference when we compared infants with moderate IUGR
with infants with no IUGR in each group. There was a better increase in weight z-score with
the new nutrition protocol for infants with moderate IUGR, who tend to catch up. The
difference between moderate IUGR and no IUGR decrease progressively to become not

significant from day 77 whereas there was no catch up in group 1 (Figure 7A and 7B).
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Figure 7A: Longitudinal weight z-score evolution from birth to day 91 in infants with
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3. Secondary outcomes

The secondary outcomes evaluated the potential impact of our new nutritional protocol on the
population morbidity (Table 3).

Because of a faster increase of enteral feeding, we evaluated its tolerance by the rate of NEC
in the two groups, and found no difference between the two groups. We even noticed a lower
rate of NEC in group 2, but this was not statistically significant (25% in group 1 versus 17.6%
in group 2, p = 0.23).

While our new protocol lead to a faster achievement of enteral nutrition, there was no
significant difference for the duration of hospitalization, central venous line duration,
parenteral nutrition duration, alimentation withdrawals and their duration or the rate of

infection (Table 3).
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Table 3 : Comparison of secondary outcomes between the two groups

Group 1 (n=72) Group 2 (n=86) popfl!tion p
(n=158)

NEC 18 (25) 15 (17,44) 33(20,9) 0,23
Episodes (n) 1,11 (+/-0,076) 1,071 (+/-0,267) 0,702
1 episode, n (%) 16 (22,22) 13 (15,11) 29 (18,3) 0,702
2 episodes, n (%) 2(2,78) 1(1,16) 3(1,9) 0,702
Stage 1 of Bell, n (%) 4 (5,55) 1(1,16) 5(3,2) 0,13
Stage 1B of Bell, n (%) 1(1,38) 2(2,32) 3(1,9) 0,13
Stage 2 of Bell, n (%) 13 (18) 8(9,3) 21(13,3) 0,13
Stage 2B of Bell, n (%) 0 3(3,5) 3(1,9) 0,13
Stage 3 of Bell, n (%) 0 1(1,16) 1(0,6) 0,13
Alimentation withdrawal, n (%) 43 (59,72) 42 (48,8) 85 (53,8) 0,196
Duration of alimentation stop (days) 6,44 +/- 6,14 5,86 +/- 5,38 0,642
CVL, n (%) 70(97,2) 74 (86) 144 (91,1) 0,051
CVL duration (days) 15,72 +/- 10,48 15,3 +/-9,4 0,803
Infection, n (%) 32 (44,4) 40 (46,5) 72 (45,6) 0,743
Confirmed, n (%) 25 (34,7) 36 (41,9) 61 (38,6) 0,087
Parenteral alimentation duration

15,75 (+/-9,13) 14,13 (+/- 8,34) 0,254
(days)
Hospitalization duration (days) 54,9 (+/-27,1) 51,52 (+/-31,73) 0,314
Age at discharge (WGA) 36,82 (+/-3,53) 36,09 (+/-3,72) 0,166

NEC : necrotizing enterocolitis, CVL : central veinous line, PDA : patent ductus arteriosus
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V. DISCUSSION

Growth rate in the NICU is influenced by many factors and the role of each independent
factor is difficult to isolate from others because most of them are correlated.

In the present study, we demonstrated that the introduction of a strict nutritional protocol
strategy, directed to optimize and individualize the nutritional regimen, according to the most
recent recommendations, led to growth improvement with partial limitation of postnatal
growth restriction in very preterm infants. Indeed, the infants receiving the new nutritional
policy seemed to show a higher weight rate velocity during both enteral and parenteral
nutrition. Also, the drop in weight z-score from the sixth to the 19" week of life was
significantly lower in the second group as compared to the first group. In addition, we noticed
that weight z-scores correlated to PMA increased significantly from 36 to 39 weeks PMA
after the introduction of our new protocol, whereas it did not stop to decrease in group 1,
leading to severe EUGR at 41 weeks PMA. The difference between the two groups was not
statistically significant from 40 weeks PMA because of a lack of power, the sample size
becoming too small related to infants’ discharged from the hospital.

Our results showed that the minimal z-score was higher and earlier in group 2 than in group 1,
with a catching up effect after day 35 which was not observed before the introduction of our
new protocol. Our results suggest that a strict implemented nutritional protocol may improve
weight z-score in preterm infants born between 26 and 32 weeks of gestation. This policy
limited the apparition of EUGR (z-score <-2) before discharge. This is a very promising result
demonstrated that this kind of protocol may be efficient in that population.

Of note, there was no difference between the two groups concerning raw weight. It
demonstrates that weight z-score is a better predictor to show post-natal growth restriction, as

this was already known in the literature (21).
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There was a significant difference between males and females, with a significant growth
improvement between the two periods for males only. This difference may be due to the fact
that males had lower weight z-score at birth than females in our population.

In addition, we showed that preterm infants with moderate IUGR are able to catch up
progressively and joined growth rate similar to that of non IUGR infants from day 70. That
may be explained by the fact that those infants have increased nutrition needs, and that a
strictly optimized protocol help to prevent the addition of antenatal deficits with postnatal

deficits. Those data are consistent with the literature (22,23).

Senterre T et al. (18) reported almost same findings. Indeed, the authors found that
optimization of nutritional policies, based on the most recent recommendations, during
parenteral and enteral nutrition resulted in improved growth and limitation of postnatal
growth restriction of a cohort of 102 preterm infants, as we observed in our study. In their
study, weight z-score at 5 weeks of life was -1.14+/-0.6 whereas our results showed a lower z-
score, even after the introduction of our new regimen.

Another study by Senterre and Rigo (4) showed a similar weight z-score between 3 days and
3 weeks of postnatal age with respectively for infants born <28 weeks GA and infants
between 28 and 30 weeks GA, - 0.65+/-0.70 and -0.6+/-0.53 of z-score change at 30 days
PMA. In our study weight z-score change at 35 days was - 1.103 in group 1 and - 1.009 in
group 2, meaning a more important early drop in z-score. In our study, the growth rate started
to improve after one month postnatally. Therefore, our data suggest that we need to improve
the nutritional regimen for the first month of life in order to minimize the initial growth
restriction

Moltu et Al. (24) aimed to determine whether an increased supply of energy, protein, essential
fatty acids, and vitamin A reduced postnatal growth failure in very low birth weight infants.
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They showed a significant difference in the median growth velocity of 17.4 g/kg/j in the
intervention group and 13,8 g/kg/j in the control group. Their z score change at 36 weeks was
-1,24 +/- 1,07 in the intervention group and -1,46 +/- 0,5 in the control group, with no
significant difference. In comparison, our study showed a z score change at 36 weeks of -
1,18 in group 1 versus - 0,83 in group 2 with a significant difference (p=0,009), meaning that
our intervention was indeed efficient.

A significant part of postnatal growth restriction in preterm infants has been linked to
insufficient nutrition, which is mainly caused by fears of metabolic intolerance of post-natal,
or fears of NEC (2,3). Wilson et al (25) introduced the concept of early “aggressive nutrition”
that has been demonstrated safely support protein accretion and growth (26). Recent
recommendations have included this policy (27) but a wide variability in nutritional practices
still exists with frequent insufficient intakes, especially during the first weeks of life
(3,17,28,29) .

A recent meta-analysis (30) found that common denominators in the five studies they
analyzed were the introduction of enhanced parenteral nutrition immediately after birth
including the start of intravenous lipids on the first postnatal days. Although there was still an
heterogeneity regarding the advance of parenteral macronutrient supply, a mean total energy
supply from 70 kcal/kg/day to 113 kcal/kg/d with a total protein supply of 3 to 3.8 g/kg/d was
achieved by one week of age. Four studies reported cumulative mean energy and protein
supply during the first 4 weeks ranging from 112 to 139 kcal/kg/d and 3.7 to 4 g/kg/d protein.
Among these studies, the smallest decline in weight z score during the first 4 weeks was
observed in the group with the highest energy and protein supply (24).

Obviously, early nutritional deficits were not regained before hospital discharge in our study.
Infants were fed with nutrient intakes designed to meet current reference daily intakes. The
situation is further complicated when oral feedings have to be interrupted for clinical reasons.
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In that situation, additional transient deficit may occur. Therefore, complex interactions

between other factors as clinical morbidity must be taken into account.

We evaluated the secondary effects or the benefits on other clinical outcomes of our new
protocol. We did not find any difference after the introduction of our new strategy. The rate of
NEC was not different between the two groups, even if enteral nutrition was increased faster.
We noted a tendency to decrease NEC between group 2 (17.65%) and group 1 (25%), but this
was not significant (p = 0.23). It confirms that early “aggressive” nutrition for preterm do not
imply an excess of risk for NEC, and this value is consistent with the literature (2). Enteral
feeding was introduced early and parenteral feeds were stopped in infants by day 15,75 +/-
9,13 in group 1, and by day 14,13 +/- 8,34 in group 2 (p=0,254).

The two groups were similar for the duration of central venous line and parenteral nutrition.
We expected a shorter duration with the introduction of the new protocol because enteral
feeding was increasing faster and the new protocol stated that central venous line should be
removed earlier than before (140 ml/kg/day of enteral feeding versus 160 ml/kg/day before).
This part of the protocol was obviously not respected. We speculate that it may be for fear to
modify this practice which may need more time than six months to be implemented. Our
study recognized this problem and this point will be emphasized in the future. It proves that
when a new protocol is introduced in a unit, medical caregivers must be trained and a time for
adaptation is needed. This probably explains also why we did not find a decrease in late onset

sepsis which are mostly caused by prosthetic material such as central venous line.

The study has much strength, such as the extensive retrospective standardized collection of

data as well as regularly routinely measured values of weight throughout the study period.
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Conversely, our study has limitations. We did not study the compliance to our new protocol,
in order to verify if there was a direct relationship between nutrients intake and growth in our
population. This part of the study is still ongoing to evaluate our practice in the unit and to
update our nutrition protocol accordingly.

Another limitation of the study is that it is not a randomized trial; however, it is not ethical to
voluntary limit nutritional support in some infants.

Confounding factors, such as medical treatment, mechanical ventilation, could have affected
the results, but were not investigated in this study. Other limitations include limited reliability
of growth measurements as well as the retrospective collection of nutritional data.

There is also a large variation in protein, and fat composition of human milk (31) that we
were not able to determine at the time of the study, and this variation of the nutrient supply

between the children is another limitation of our study.
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VI. CONCLUSION

Feeding preterm neonates is still extremely challenging. Optimal administration of parenteral
and enteral nutrition with a low incidence of complications requires a well-organized
infrastructure. Furthermore, it is pivotal that hospital staff acknowledges that preterm birth is
also a nutritional emergency and that, when left untreated, will result in serious short and
long-term detrimental effects. As preterm infants still end up growth restricted during NICU
admission and requirements are yet not met, there remains the necessity of optimizing our
feeding strategies.

The results of this study are important. Our data suggest that the quality of nutritional care
with a strictly defined protocol significantly improved weight growth for very preterm infants.
The results are promising since the introduction of a new enteral and parenteral protocol
nutrition was able to prevent EUGR at discharge. We did not see any difference on short term
morbidity, but literature suggests that it should also improve long term outcomes of those
children.

To follow this study, we will evaluate our actual practice and the true compliance to the
protocol. This should allow adjusting the regimen to further improved nutrition care for these

vulnerable infants.
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VIII.

Annex 1: Old guidelines and new protocol for enteral and parenteral nutrition in our

ANNEXES

unit
DO D1 D2 D3 D4 D5 D10 D15
Fluids Old
(mL/kg/d) guidelines 70 90 110 130 150 150 160 160-180
New protocol
80 90 +10-20 +10-20 +10-20 130-160 160 160
Carbohydrates |Old
(g/kg/d) guidelines 6-6,5 10-12 +1a2 +1a2 +1a2 +1a2 20-24
New protocol
6 8-10 +1 +1 +1 12-14 18 18
Proteins Old
—_ + + + -
ke/d ouidelines 0,5 0,5 0,5 0,5 0,5 2 2 2-3.5
New protocol 1,5 2 +0,5 +0,5 +0,5 2,5 3,5 3,5
Lipids Old \ + + n R )
ke/d ouidelines 0 0,5a1 0,5 0,5 0,5 1a2 2 2-3.5
New protocol 0 1 +0,5 +0,5 +0,5 3 3,5 3,5
Sodium old 0 1 +0.5 +0.5 +05 | 1,5t02 | 3t04 | 3to4
guidelines
New protocol 0 1 +1-2 +1-2 +1-2 2t04 4 4
e O e . lt02 | +810 | +810 | +810 | +810 | 'D0% 150
E— & mL/kg/h | mL/kg/d | mL/kg/d | mL/kg/d | mL/kg/d mlL/kg/d mL/kg/d
New protocol 80 160 160
0 6x 1 to 2 +20 +20 +20 mlL/kg/d | mL/kg/d | mL/kg/d
mL mlL/kg/d | mL/kg/d | mL/kg/d +1% +3% +3%
Fortifier | Fortifier | Fortifier
Energy Old
(kcal/kg/d) guidelines 50 100 130-150
New protocol
50 90 120
D=Day
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Comments for actual protocol

A. Parenteral nutrition

e Fluid intakes, adjusted to inputs and outputs: Day 0 = 80 ml/kg/d, increasing 10 a 20
ml/kg/day until 150 ml/kg/d, with an upper limit of 120 ml/kg/d if persistence of ductus
arteriosus.

e Calcium : 35 a 60 mg/kg/d

e Phosphore : 45 a 60 mg/kg/d

e Potassium : increasing of 1 meq/kg/d until 3 meq/kg/d

e Magnésium : 10 mg/kg/d

e Trace elements (1 ml=Zn 100 mg + 15 mg + F 50 mg + Cu 30 mg + Mn 10 mg + Co
15mg+Cr2mg+Mb5Smg+SeS5Smg):1ml/d

e Vitamins : B1, B2, B3, B6, B12, C, PP, folic acid and biotin

e Zinc : preventive dose : 300 mg/kg/d, curative dose : 500 mg/kg/d

B. Enteral nutrition

* DI1-D2: “Minimal enteral feeding” with mother or human breast milk (BM) Iml x 6
(<1500g); 2ml x 6 (>1500g)

* As soon as tolerated: +20ml/kg/d of mother BM/human BM/Hydrolysated milk (<1500g
and/or if breast feeding) or Preterm infant formula

*  Over 80ml/Kg/d add 1% of fortifier (Fortéma), then 2% of fortifier at 100ml/Kg/d and 3%
of fortifier at 120 mL/kg/d

* Remove central line when enteral nutrition reach 140ml/Kg/d +3% of fortifier

51



* Method of feeding: with orogastric tubes, and by boluses (when minimal enteral
feeding and until 40ml/Kg/d) and then continuous intra gastric feeding until

160ml/Kg/d and then progressive discontinuous feeding.
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Annex 2: ESPGHAN recommendations

e Fluids intake

Preterm infants enteral fluid needs are about 15 — 25 % higher than that of term infants.

ESPGHAN recommend 135 ml/kg/day as the minimum fluid volume and 200 ml/kg/d as
the upper limit. For routine feeding, rates of 150 - 180 ml/kg/d nutrient intakes, when
standard formula or breast milk is used, are likely to achieve meeting nutrient requirements.
Postnatal weight loss of 5% per day to a maximum of 15% is acceptable. This is achieved by

progressively increasing the fluid intake to 150-180 mL/kg/d by one week of age.

e Energy intake

Energy requirements for otherwise healthy preterm infants will depend on the post
conceptional age (higher per kg body weight at 24 than at 36 weeks of PMA), accumulated
nutrient deficits (both pre- and postnatal growth restriction), alterations in body composition,
and differences in resting energy expenditure.

Estimated average energy requirements for depositing new tissue (13% protein, 20 to 30%

fat) are 3.3-4.7 kcal/g, so achieving an intrauterine weight gain of 17 g/kg/d .

Since the first day, 40 to 55 kcal/kg/d are necessary and rapidly increase to a reasonable range
of energy intake for healthy growing preterm infants at 110-135 kcal/kg/d when parenteral

nutrition is exclusive and to 90 to 120 kcal/kg/d when enteral nutrition is exclusive.

A protein/energy ratio must be maintains (>3-3.6 g/100 kcal/d). Parenteral intakes are

progressively decreased with increase of enteral nutrition.
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e Protein intakes

Protein intakes and protein/energy ratio are the major determinants of weight gain and fat
mass body, whereas recent studies show a protein deficit compared to the needs in the first

weeks of life in immature infants (2).

Protein accretion has been estimated at approximately 1.7 g/kg/d for fetuses throughout the
second half of gestation but is lower at the end of gestation. Obligatory protein losses are
at least 0.7 g/kg/d but may be higher if nitrogen losses from skin and breath could be

measured.

Protein supply needs to compensate for the accumulated protein deficit observed in almost all
small preterm infants, and can be increased to a maximum of 4.5 g/kg/d, depending on the
magnitude of the accumulated protein deficit. Intakes in the range of 3-4.5 g/kg/d will achieve
acceptable plasma albumin and transthyretin concentrations. Some excess of protein intake
over requirements was not shown to cause detrimental effects in preterms, but, on the other
hand, a small deficit will impair growth. And, modern infant formula of amino acids used in

NICU are safe for noxious metabolic effects.

The committee therefore recommend to aim at 4.0 - 4.5 g/kg/d protein intake for infants up to
1000 g, and 3.5 - 4.0 g for infants from 1000-1800 g which will meet the needs of most very
preterm infants. Protein intake can be reduced towards discharge if the infant’s growth pattern
allows for this. The recommended range of protein intake is therefore 3.6-4.1 g/100 kcal for
infants weighing less than 1000 g and 3.2-3.6 g/100 kcal for infants from 1000-1800 g for
most preterm infants a reasonable range of fat intake is 4.8 — 6.6 g/kg per day or 4.4 — 6.0

g/100 keal (40-55 E%).
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They therefore support that the MCT content in preterm formulae, if added, should be in the

range of up to 40% of the total fat content.

With this regimen, there have been no reports of side effects like metabolic acidosis,
hyperaminoacidemia, azotemia or hyperammonaemia . Protein requirements for the neonate
tend to be inversely related to gestational age and size due to more rapid growth rates and
greater protein losses in the smaller, more premature infants. The early provision of protein is
critical to attain positive nitrogen balance and accretion, as premature babies lose 1% of their
protein stores daily. Benefits include improvement in nitrogen balance, stable plasma AA

profile and better growth in neonatal period .

e Fat intakes

Lipids are essential components of parenteral nutrition for preterm infants to provide essential
fatty acids and to meet high energy needs. Parenteral lipids are an attractive source of
nutrition in the first postnatal days because of their high energy density, energy efficiency,
isotonicity with plasma, and suitability for administration through a peripheral vein.

Parenteral lipid emulsions enable the delivery of fat-soluble vitamins.

For most preterm infants a reasonable range of fat intake is 4.8 — 6.6 g/kg per day or 4.4 —
6.0 g/100 kcal (40-55 % of energy). They therefore support that the MCT content in preterm

formulae, if added, should be in the range of up to 40% of the total fat content.

e Carbohydrate intakes

Carbohydrates are the main energy substrate for the neonates receiving parenteral nutrition.
Although, glucose is routinely administered to pretem infants beginning soon after birth, the

main objective of this established practice is to maintain euglycemia. During parenteral
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nutrition, glucose infusion rate is gradually advanced and objective is the achievement of

higher energy intake.

Preterm infants have a higher rate of basal glucose production than full-term infants (11.5 —
12.9 g/kg/d compared with 7.2 g/kg/d) .Therefore a maximum carbohydrate content of
preterm infant formula (glucose or nutritionally equivalent di-, oligo-and polysaccharides) of

12.0 g/100 kcal is recommended

A minimum content of 10.5 g carbohydrate/100 kcal (glucose or nutritionally equivalent di-,

oligo-or polysaccharides) in preterm infant formulae is recommended.

e Sodium intakes

A minimum sodium intake of 63 mg/100 kcal (2.7 mmol/100 kcal) and a maximum sodium

intake of 85 mg/100 kcal (4.6 mmol/100 kcal) is recommended.

e Route of administration

Parenteral nutrition can be delivered through peripheral or central venous lines. The limiting
factor in deciding route of delivery is osmolarity of the aminoacids-glucose solution which is
dependent on dextrose concentration. A dextrose concentration greater than 12.5% has an
acidic pH and can be irritating to the peripheral veins. In addition to dextrose, electrolytes and
minerals added to the solution increase the osmolarity of the solution. Hypertonic solution
need to be administered through central venous line. Short-term parenteral can be given
through peripheral venous line. Peripheral access offers the advantage of a lower risk of
infection due to the greater distance of the catheter from the central circulation as well as a
smaller risk of mechanical complications. However, nutrition delivery is limited with
peripheral lines due to constraints created by a solution's osmolarity. In peripheral access

concentration greater than 900-1000 mosm/L are to be avoided. With central access, solutions
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greater than 1,000 mosm/L are acceptable. Complications of parenteral can be nutrient-related
or venous access-related. Nutrient related complications include hypoglycemia,
hyperglycemia, azotemia, metabolic acidosis, hypertriglyceridemia, cholestasis and trace
element deficiency. Most of these complications can be avoided by proper monitoring and

provision of nutrients. Catheter related complications include dislodgement and infection.
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Annex 3: Data sheet for recording

Etude d’évaluation de croissance pondérale : Enfants hospitalisés dans le service, d’age

gestationnel 226 SA et <32 SA.

Recueil du poids jusqu’a la sortie de I'enfant de la maternité.

N°d’inclusion :

Date de
naissance

Poids de
naissance

Age
gestationnel

Date de sortie

Sexe
Age réel Poids Age post- Poids
conceptionnel

Jo 27SA
J7 28SA
J14 29SA
J21 30SA
J28 31SA
J35 32SA
J42 33SA
J49 34SA
J56 35SA
J63 36SA
J70 37SA
J77 38SA
J84 39SA
JOo1 40SA
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ECUN

oul (1)
NON (2)
Si oui : stade :
Age post-conceptionnel :
Nombre d’épisodes :
Arrét alimentaire oul (1)
NON (2)
Si oui : nombre de jours :
Voie centrale : oul (1)
NON (2)
Si oui : nombre de jours :
Date d'arrét de I'alimentation
parentérale :
Corticothérapie anténatale : oul (1)
NON (2)

Si oui : nombre de cures :

compléte (3)

(2 doses <15j et > ou = 48h)

incompléte (4)

(1dose ou 2 doses >15j ou < 48h)

cure initiale non répétée (5)

Infection secondaire :

oul (1)

NON (2)

Sioui :

Confirmée (6)

Suspectée (7)
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Canal artériel traité :

oul (1)

NON (2)

Si oui : traitement chirurgical :

oul (1)

NON (2)

Traitement médical :

oul (1)

NON (2)

Nombre de doses :

Caféine :

oul (1)

NON (2)

Doxapram :

oulI (1)

NON (2)

Si oui, durée du traitement (jours)
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RESUME :

La nutrition chez les grands prématurés est un enjeu majeur dans leur prise en charge avec pour
objectif d’atteindre la croissance post natale des feetus de méme age gestationnel.

L’objectif de notre étude était d’évaluer I’impact de 1’introduction d’un protocole nutritionnel strict sur
la croissance des enfants nés trés grands prématurés de 26 a 32 semaines d’aménorrhée (SA) sur leur
croissance (Z-score corrélé a ’age gestationnel), et d’évaluer la tolérance de ce protocole.

Nous avons réalisé une étude de cohorte sur deux périodes de six mois, avant et apres introduction du
protocole, séparées par une période de 6 mois pour éviter un biais d’apprentissage.

Soixante-douze enfants prématurés de 26 a 32 SA ont été inclus durant la période « avant » et 86
durant la période « aprés ». Les deux groupes étaient comparables. Nous avons mis en évidence une
amélioration significative de la croissance rapportée au Z-score entre les deux groupes, notamment
chez les enfants de sexe masculin. Chez les enfants avec un retard de croissance modéré (<-1DS), nous
avons noté une tendance au rattrapage de leur retard.

Il n’y avait pas de différence significative sur le taux d’entérocolite ulcéro-nécrosante, la durée
d’hospitalisation, 1’age de sortie, ni la durée de nutrition parentérale ou de voie centrale.

Notre protocole nutritionnel strict et optimisé permet une amélioration de la croissance chez les
enfants grands prématurés de 26 a 32 SA, notamment aprés 6 semaines de vie, sans impact sur la
morbidité a court terme.
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