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Abstract

Aim: The aim of the present study was to quantify the amount of protein intake and to compare growth parameters
at hospital discharge (as measured by discharge weight and head circumference percentiles) when using two
different methodologies (BW versus current daily weight until BW is regained) for calculating fluid and protein
intake in the first two weeks after birth in ELBW infants.

Material & Methods: The present study was conducted in the Upgraded Department Of Paediatrics, Patna
Medical College and Hospital, Patna, Bihar, India from January 2014 to December 2014 and all ELBW admissions
to the NICU were included except those regaining BW in < 3 days, those who were transferred to another facility,
or those who died before reaching discharge.

Results: We studied 150 infants with 100 and 50 infants in P1 and P2 periods, respectively. Mean gestational age
was lower during Phase 1 (24.86 £1.34 vs. 25.45 £1.85 weeks). P value =0.01). However, the birth weights were
not different between the two periods. The incidence of SGA at birth was higher during Phase 2. Compared to P1,
babies in P2 received 1 g/kg/day more protein till BW was regained. This average daily protein deficit would have
resulted in a cumulative protein deficit of 5.1 g/kg if the infant’s current weight was used for protein calculations
for the duration of 1 week (P2 phase). There were no significant differences in protein and fluid intakes. However,
there was a higher caloric intake in P2 compared to P1.

Conclusion: Basing nutrition calculations in ELBW on birth weight rather than current daily weight until the
birth weight is regained resulted in significantly greater protein delivery, a significant decrease in the incidence
of failure to thrive and smaller head circumference percentiles at discharge in ELBW infants.
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Introduction

During the 2nd and early 3rd trimester, foetus
receive about 4+/- 0.5gr/kg/day of protein. [1] A
study from NICHD showed that >90% ELBW
(extremely low birth weight) infants were growth
restricted by 36 weeks of post-menstrual gestational
age (PMA). [2] Postnatal growth failure, which is
associated with impaired neurocognitive and renal
development, [3,4,5,6] was observed in nearly 100%
of very low birth weight infants at the end of the
1990s and still occurs in more than half of these
infants. [7] Growth impairment during early infancy
can have permanent detrimental effects. [§]
Impaired foetal and postnatal growth has been
associated with neurodevelopmental delay, ischemic
heart disease, impaired glucose tolerance, type-II
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diabetes mellitus, hypertension, and metabolic
syndrome. [9,10] Generally, growth failure is
considered when a baby’s weight is below the 10th
percentile (<—1.28 Z-score), but with different
reference charts and variable postnatal periods
having been used. [11] Although length growth
deficit is also very common, the vast majority of
children gradually catch up between the ages of 2
and 8 years and are within normal height ranges as
adults. [12,13] A deficit in fat-free mass (FFM) at
discharge has been associated with suboptimal
neurological outcomes, and the proportion of fat
mass (FM) is known to be higher in premature
infants compared to foetuses of the same gestational
age (GA). [14,15] Small for gestational age (SGA)
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infants had poorer weight gain than appropriate for
gestational age (AGA) infants [16], and SGA infants
remained at a lower body weight until the age of 3—
6 years. [17]

Factors such as weight, gestational age, length of
hospital stay, presence of respiratory distress
syndrome (RDS), bronchopulmonary dysplasia
(BPD), and sepsis have been associated with post-
discharge growth and development in preterm
infants. [18] According to a National Institute of
Child Health and Human Development study on
VLBW infants, nutritional intake deficits persist to
some degree during the hospital stay, and infants
with BPD, necrotizing enterocolitis (NEC), or late-
onset sepsis demonstrate slower growth. Poor
nutritional intake is common in VLBW in the early
postnatal months. [19] This prompted the promotion
of early aggressive nutrition in this vulnerable
population [20]. Protein delivery increases steadily
as the foetus grows and gains weight in utero.

A recent studies have shown a direct association
between first-week nutritional intakes, especially
higher  protein  intake, = with  improved
neurodevelopment at 18-24 months. [21,22] Based
on information from such studies, the use of 3-
4gm/kg/day of protein in parenteral nutrition for
ELBW infants within the first few days of life has
become the standard goal. In the premature infant,
growth and weight gain do not always occur in the
first few days or weeks after birth. An ELBW infant
may lose 10-20% of its birth weight (BW) and may
take 2 to 3 weeks to regain its BW. Since fluid and
nutrition need and delivery in ELBW infants are
calculated based on their body weights, there could
be a measurable difference in fluid, nutrition, and
protein intake calculations based on birth weight or
current weight of the infant, especially in the first
two weeks of life. The issue is further complicated
by the fact that fluid overload in the early newborn
period is associated with negative cardiorespiratory
outcomes, and most centres pay close attention to
the daily fluctuations in weight when managing fluid
balance in these infants. [23]

The aims of the study were to quantify the amount
of protein intake and compare growth parameters at
hospital discharge (as measured by discharge weight
and head circumference percentiles) when using two
different methodologies (birth weight versus current
daily weight until birth weight is regained) for
calculating fluid and protein intake in the first two
weeks after birth in ELBW infant.

Materials & Methods

The present study was conducted in the Upgraded
Department Of Paediatrics, Patna Medical College
and Hospital, Patna, Bihar, India from January 2014
to December 2014 and all ELBW admissions to the
NICU were included except those regaining BW in
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< 3 days, those who were transferred to another
facility, or those who died before reaching
discharge.

Exclusion criteria

» Those regaining BW in < 3 days, those who
were transferred to another facility, or
» Those who died before reaching discharge.

Methodology

Birth weight, current daily weight, caloric intake
(Kcal/kg/day), total fluid intake (mL/kg/day), and
parenteral protein intake (gm/kg/day) were recorded
daily until BW was regained and until discharge. At
this centre, in P1 CW was exclusively used for
calculating fluid, calorie, and protein administration
till BW was regained. In P2, BW was exclusively
used for all calculations.

Comorbid conditions that may influence an infant’s
nutritional needs and growth outcomes were studied.
CLD (chronic lung disease) was defined as the
requirement for oxygen at 36 weeks of corrected
gestational age. [24] PDA (patent ductus arteriosus)
was defined as the presence of patent ductus
arteriosus on an echocardiogram. NEC (necrotizing
enterocolitis) was defined as the presence of
pneumatosis intestinalis or air in the portal vein on
an X-ray or surgical diagnosis at the time of
laparotomy. [25] IVH (intraventricular
haemorrhage) was defined as the presence of any
haemorrhage in the lateral ventricles of the brain on
an ultrasound. [26] Gender-specific Fenton growth
charts (2013) were used for growth assessment. [27]
The length was not analysed due to intrinsic
variability in measurement secondary to lack of
standard-length board. This study received
institutional review board exemption as part of the
quality improvement. Feeding and nutritional
practices during the two phases were as follows.

In P1, infants were gavage-fed <15ml/kg/day for
seven days. Soon after birth, protein-based early
parenteral nutrition was initiated with infants being
given 2g/kg/day within 24 hours of birth. Fluids are
initially started at 80-100 ml/kg/day and advanced as
needed based on serum sodium levels. Enteral
nutrition is calculated based on formula nutrient
composition and average breast milk composition.
Protein intake was calculated to provide 3-4
g/kg/day in the first week of life based on the current
weight. Subsequently, daily administration of a
protein of 3-4g/kg/day, calories of 120-130
kcal/kg/day, and fluids of 135-155 ml/kg/day was
targeted based on CW, unless an infant’s condition
warranted a change. Human milk fortifier was used
to fortify the breast milk to 24 cal /oz. Average
targeted daily weight gain was 15-20 grams/kg/d.
No probiotics were administered.
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P2 infants were gavage-fed <15ml/kg/day for five
days. Soon after birth, protein-based early parenteral
nutrition was initiated with infants being given
2g/kg/day within 24 hours of birth. Protein intake
was calculated to provide 3-4g/kg/day after 24 hours
of age. Subsequently, daily administration of a
protein of 3-4g/kg/day, calories of 120- 130
kcal/kg/day, and fluids of 135-155 ml/kg/day was
targeted based on BW, unless infant’s condition
warranted a change. Human milk fortifier was used
to fortify the breast milk to 24 cal/oz. Average
targeted daily weight gain was 15-20 grams/kg/d.
Infants received a daily dose of probiotics (UDO’s
choice infant’s probiotic, Flora Inc., Lynden,
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Washington, USA). Pl and P2 periods were
compared and analysed for differences in
demographics, nutritional intake, comorbid
conditions, and growth outcomes.

Statistical Analysis

Statistical analysis was completed using SPSS v.18.
Descriptive  statistics were summarized using
frequencies and means. Wilcoxon Signed-rank test
and Chi-square analyses were used to determine
associations between variables.

Results

Table 1: Patient characteristics

P1 (N=100) P2 (N=50)

Count % Count % P value
Female 45 45 26 52 0.36
Gest Age-mean, std dev 24.86 1.34 25.45 1.85 0.01
Birth Wt-mean, std dev 771.89 128.92 746.84 164.76 0.34
Birth Weight <10% 15 15 40 40 <.001
Birth HC <10% 18 18 28 28 0.18
Discharge Weight <10% 76 76 43 43 <.001
Discharge HC <10% 34 34 14 28 0.42

We studied 150 infants with 100 and 50 infants in P1 and P2 periods, respectively. Mean gestational age was
lower during Phase 1 (24.86 £1.34 vs. 25.45 +1.85 weeks). P value =0.01).

Table 2: Daily nutritional intake before regaining birth weight

Phase 1 (N=100) Phase 2 (N=50
Mean SD Mean = S),D P Value
Protein Received 2.48 0.46 3.47 0.34 0
Calories Received 64.86 12.8 67.03 13.37 0.07
Fluids Received 134.48 14.66 120.8 13.34 0

However, the birth weights were not different between the two periods. The incidence of SGA at birth was higher

during Phase 2.
Table 3: Nutritional intake after regaining birth weight to the time of discharge
Parameter Period Mean Std. Dev P value

Protein g/kg/day Phase 1 3.26 0.34 0.138
Phase 2 3.39 0.38

Calories kg/day Phase 1 111.19 6.44 0.032
Phase 2 114.6 6.04

Fluids cc/kg/day Phase 1 144.06 10.36 0.119
Phase 2 138.52 8.2

Compared to P1, babies in P2 received 1 g/kg/day more protein till BW was regained. This average daily protein
deficit would have resulted in a cumulative protein deficit of 5.1 g/kg if the infant’s current weight was used for

protein calculations for the duration of 1 week (P2 phase).

Table 4: Morbidity before hospital discharge between the two periods of study

Phase 1 Phase 2 p-value
Count % Count %
CLD 36 36 48 48 0.15
PDA 63 63 45 45 0.07
IVH 18 18 26 26 0.25
NEC 10 10 5 5 0.314
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There were no significant differences in protein and
fluid intakes. However, there was a higher caloric
intake in P2 compared to P1.

Discussion

Postnatal growth failure, which is associated with
impaired neurocognitive and renal development [28-
31], was observed in nearly 100% of very low birth
weight infants at the end of the 1990s and still occurs
in more than half of these infants. [32] The goal of
nutrition for premature infants is to duplicate the in-
utero growth rate and body composition of a foetus
of the same gestational age. [33] However,
achieving this weight gain goal is difficult and,
consequently, preterm infants are frequently
significantly underweight at the time of hospital
discharge. [34] Recently, the Vermont Oxford
Network, which evaluates the postnatal growth of
preterm infants, defined postnatal growth failure
(PGF) as a discharge weight that is lower than the
10th percentile for postmenstrual age. Among
infants registered in this Network, the prevalence
rate of PGF is 50.3%. [35] Kelleher reported that
birth weight was significantly lower in low-birth-
weight children with failure to thrive than in those
without failure to thrive. [36] As well, small for
gestational age (SGA) infants had poorer weight
gain than appropriate for gestational age (AGA)
infants37 and SGA infants remained at a lower body
weight until the age of 3—6 years. [38]

We studied 150 infants with 100 and 50 infants in
P1 and P2 periods, respectively. Mean gestational
age was lower during Phase 1 (24.86 +1.34 vs. 25.45
+1.85 weeks). P value =0.01). However, the birth
weights were not different between the two periods.
The incidence of SGA at birth was higher during
Phase 2. Compared to P1, babies in P2 received 1
g/kg/day more protein till BW was regained. This
average daily protein deficit would have resulted in
a cumulative protein deficit of 5.1 g/kg if the infant’s
current weight was used for protein calculations for
the duration of 1 week (P2 phase). There were no
significant differences in protein and fluid intakes.
However, there was a higher caloric intake in P2
compared to P1. When using CW for nutritional
calculations, we found that there was an average of
a 2 gm/kg deficit of protein in the first week of life
with some infants losing up to a 6.9 gm/kg during
PI. It is possible that this protein deficit may not
have been adequately compensated for, which led to
significantly poorer weight and head circumference
growth during P1 compared to P2. This may have an
impact on future neurodevelopmental outcomes in
these infants. Our findings may be corroborated by
a recent study that showed that, for each gram/kg
increase in protein delivery in the first week, there
was an increase of 8.2 points in MDI (mental
development index). [39] Another study has shown
that higher protein and calorie intake reduced
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postnatal head growth failure in preterm infants of
<29 weeks’ gestation. [40] Thus, using BW for
protein calculations (till BW is regained) may be a
simple, but effective, strategy to avoid significant
protein deficits and consequent postnatal growth
restriction. It is also important to consider when the
additional protein is provided, as that may also be
critical to avoid a fall in growth percentile. A study
involving 560 children showed that growth during
early infancy (0-4 months) predicted IQ at nine years
of age. [41]

Another aspect of neonatal physiology that impacts
this issue is that a fetus in utero receives increasing
amounts of protein every day, which accounts for its
continuously increasing growth with advancing
gestation. In contrast, soon after birth, this
increasing protein transfer is not accounted for in the
infant’s nutrition, and the infant loses weight and
may become catabolic. It may take up to a week or
longer to regain BW and reverse the catabolic
changes. During this period, even in the best
circumstances, the infant would receive significantly
less protein and other nutrients than it would have in
utero. Therefore, there is a need for an additional
allowance of nutritional requirements for catch-up
growth. [42]

Conclusion

Basing nutrition calculations in ELBW on birth
weight rather than current daily weight until the birth
weight is regained resulted in significantly higher
protein delivery, a significant decrease in the
incidence of failure to thrive, and smaller head
circumference percentiles at discharge in ELBW
infants. The findings from this retrospective study
with historical controls need to be corroborated with
a larger multicentre population of ELBW infants to
confirm the above conclusion.

References

1. Hay WW, MD J, Lucas A, Heird WC, Ziegler
E, Levin E, Grave GD, Catz CS, Yaffe SJ.
Workshop summary: nutrition of the extremely
low birth weight infant. Pediatrics. 1999 Dec
1;104(6):1360-8.

2. Ehrenkranz RA, Younes N, Lemons JA,
Fanaroff AA, Donovan EF, Wright LL,
Katsikiotis V, Tyson JE, Oh W, Shankaran S,
Bauer CR. Longitudinal growth of hospitalized
very low birth weight infants. Pediatrics. 1999
Aug 1;104(2):280-9.

3. Raghuram K, Yang J, Church PT, Cieslak Z,
Synnes A, Mukerji A, Shah PS, Canadian
Neonatal Network, Canadian Neonatal Follow-
Up Network Investigators. Head growth
trajectory and neurodevelopmental outcomes in
preterm neonates. Pediatrics. 2017 Jul 1;1
40(1).

International Journal of Current Pharmaceutical Review and Research

683



International Journal of Current Pharmaceutical Review and Research

10.

11.

12.

13.

14.

15.

Kumar et al.

Vinall J, Grunau RE, Brant R, Chau V, Poskitt
KJ, Synnes AR, Miller SP. Slower postnatal
growth is associated with delayed cerebral
cortical maturation in preterm newborns.
Science translational medicine. 2013 Jan 16;5
(168):168ra8-.

Bacchetta J, Harambat J, Dubourg L, Guy B,
Liutkus A, Canterino I, Kassai B, Putet G,
Cochat P. Both extrauterine and intrauterine
growth restriction impair renal function in
children born very preterm. Kidney
international. 2009 Aug 2;76(4):445-52.
Ordoénez-Diaz MD, Pérez-Navero JL, Flores-
Rojas K, Olza-Meneses J, Mufioz-Villanueva
MC, Aguilera-Garcia CM, Gil-Campos M.
Prematurity with extrauterine growth restriction
increases the risk of higher levels of glucose,
low-grade of inflammation and hypertension in
prepubertal children. Frontiers in Pediatrics.
2020 Apr 21;8:180.

Horbar JD, Ehrenkranz RA, Badger GJ,
Edwards EM, Morrow KA, Soll RF, Buzas JS,
Bertino E, Gagliardi L, Bellu R. Weight growth
velocity and postnatal growth failure in infants
501 to 1500 grams: 2000-2013. Pediatrics.
2015 Jul 1;136(1):e84-92.

Embleton NE, Pang N, Cooke RJ. Postnatal
malnutrition and growth retardation: an
inevitable consequence of current recomme
ndations in preterm infants?. Pediatrics. 2001
Feb 1;107(2):270-3.

Lapillonne A, Griffin 1J. Feeding preterm
infants today for later metabolic and
cardiovascular outcomes. The Journal of
pediatrics. 2013 Mar 1;162(3):S7-16.

Barker, D. J. Te fetal and infant origins of adult
disease. BMJ 301, 1111 (1990).

Fenton, T. R. et al. Preterm Infant Growth
Velocity Calculations: A Systematic Review.
Pediatrics 139 (2016).

Sakurai M, Itabashi K, Sato Y, Hibino S,
Mizuno K. Extrauterine growth restriction in
preterm infants of gestational age< 32 weeks.
Pediatrics International. 2008 Feb;50(1):70-5.
Saigal S, Stoskopf B, Streiner D, Paneth N,
Pinelli J, Boyle M. Growth trajectories of
extremely low birth weight infants from birth to
young adulthood: a longitudinal, population-
based study. Pediatric research. 2006 Dec;60
(6):751-8.

Ramel SE, Gray HL, Christiansen E, Boys C,
Georgieff MK, Demerath EW. Greater early
gains in fat-free mass, but not fat mass, are
associated with improved neurodevelopment at
1 year corrected age for prematurity in very low
birth weight preterm infants. The Journal of
pediatrics. 2016 Jun 1;173:108-15.
Hamatschek C, Yousuf EI, Méllers LS, So HY,
Morrison KM, Fusch C, Rochow N. Fat and fat-
free mass of preterm and term infants from birth

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

to six months: a review of current evidence.
Nutrients. 2020 Jan 21;12(2):288.

Pilling, E. L., Elder, C. J. & Gibson, A. T.
Growth patterns in the growth-retarded
premature infant. Best Pract Res Clin
Endocrinol Metab 22, 447-462 (2008).
Monset-Couchard, M., de Bethmann, O. &
Relier, J. P. Long term outcome of small versus
appropriate  size  for  gestational age
cotwins/triplets. Arch Dis Child Fetal Neonatal
Ed 89, F310-314 (2004).

Lima PA, Carvalho MD, Costa AC, Moreira
ME. Variables associated with extra uterine
growth restriction in very low birth weight
infants. Jornal de pediatria. 2014 Jan;90:22-7.
Ehrenkranz RA, Younes N, Lemons JA,
Fanaroff AA, Donovan EF, Wright LL,
Katsikiotis V, Tyson JE, Oh W, Shankaran S,
Bauer CR. Longitudinal growth of hospitalized
very low birth weight infants. Pediatrics. 1999
Aug 1;104(2):280-9.

Thureen PJ, Hay Jr WW. Early aggressive
nutrition in preterm infants. InSeminars in
Neonatology 2001 Oct 1 (Vol. 6, No. 5, pp. 403-
415). WB Saunders.

Yang J, Chang SS, Poon WB. Relationship
between amino acid and energy intake and long-
term growth and neurodevelopmental outcomes
in very low birth weight infants. Journal of
Parenteral and Enteral Nutrition. 2016
Aug;40(6):820-6.

Cormack BE, Bloomfield FH, Dezoete A,
Kuschel CA. Does more protein in the first
week of life change outcomes for very low
birthweight babies?. Journal of paediatrics and
child health. 2011 Dec;47(12):898-903.

Van Marter LJ, Leviton A, Allred EN, Pagano
M, Kuban KC. Hydration during the first days
of life and the risk of bronchopulmonary
dysplasia in low birth weight infants. The
Journal of pediatrics. 1990 Jun 1;116(6):942-9.
A. T. Shennan, M. S. Dunn, A. Ohlsson, K.
Lennox, and E. M. Hoskins, “Abnormal
pulmonary outcomes in premature infants:
Prediction from oxygen requirement in the
neonatal period,” Pediatrics, vol. 82, no. 4, pp.
527-532, 1988.

M. J. Bell, J. L. Ternberg, R. D. Feigin et al.,
“Neonatal necrotizing enterocolitis. Terapeutic
decisions based upon clinical staging,” Annals
of Surgery, vol. 187, no. 1, pp. 1-7, 1978.

L. A. Papile, J. Burstein, R. Burstein, and H.
Kofer, “Incidence and evolution of
subependymal and intraventricular
hemorrhage: a study of infants with birth
weights less than 1,500 gm,” Journal of
Pediatrics, vol. 92, no. 4, pp. 529-534, 1978.
T. R. Fenton, R. Nasser, M. Eliasziw, J. H. Kim,
D. Bilan, and R. Sauve, “Validating the weight
gain of preterm infants between the reference

International Journal of Current Pharmaceutical Review and Research

684



International Journal of Current Pharmaceutical Review and Research

28.

29.

30.

31.

32.

33.

34.

Kumar et al.

growth curve of the fetus and the term infant,”
BMC Pediatrics, vol. 13, no. 1, 2013.
Raghuram K, Yang J, Church PT, Cieslak Z,
Synnes A, Mukerji A, Shah PS, Canadian
Neonatal Network, Canadian Neonatal Follow-
Up Network Investigators. Head growth
trajectory and neurodevelopmental outcomes in
preterm neonates. Pediatrics. 2017 Jul 1;1
40(1).

Vinall J, Grunau RE, Brant R, Chau V, Poskitt
KJ, Synnes AR, Miller SP. Slower postnatal
growth is associated with delayed cerebral
cortical maturation in preterm newborns.
Science translational medicine. 2013 Jan 16;5
(168):168ra8-.

Bacchetta J, Harambat J, Dubourg L, Guy B,
Liutkus A, Canterino I, Kassai B, Putet G,
Cochat P. Both extrauterine and intrauterine
growth restriction impair renal function in
children born very preterm. Kidney
international. 2009 Aug 2;76(4):445-52.
Ordoénez-Diaz MD, Pérez-Navero JL, Flores-
Rojas K, Olza-Meneses J, Mufioz-Villanueva
MC, Aguilera-Garcia CM, Gil-Campos M.
Prematurity with extrauterine growth restriction
increases the risk of higher levels of glucose,
low-grade of inflammation and hypertension in
prepubertal children. Frontiers in Pediatrics.
2020 Apr 21;8:180.

Horbar JD, Ehrenkranz RA, Badger GJ,
Edwards EM, Morrow KA, Soll RF, Buzas JS,
Bertino E, Gagliardi L, Bellu R. Weight growth
velocity and postnatal growth failure in infants
501 to 1500 grams: 2000-2013. Pediatrics.
2015 Jul 1;136(1):e84-92.

American Academy of Pediatrics Committee on
Nutrition. Nutritional needs of low-birth-weight
infants. Pediatrics. 1985;75(5):976-86.
Embleton NE, Pang N, Cooke RJ. Postnatal

malnutrition and growth retardation: an
inevitable consequence of current
recommendations in  preterm  infants?.

Pediatrics. 2001 Feb 1;107(2):270-3.

35.

36.

37.

38.

39.

40.

41.

42.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Horbar JD, Ehrenkranz RA, Badger GJ,
Edwards EM, Morrow KA, Soll RF, Buzas JS,
Bertino E, Gagliardi L, Bellu R. Weight growth
velocity and postnatal growth failure in infants
501 to 1500 grams: 2000-2013. Pediatrics.
2015 Jul 1;136(1):e84-92.

Kelleher KJ, Casey PH, Bradley RH, Pope SK,
Whiteside L, Barrett KW, Swanson ME, Kirby
RS. Risk factors and outcomes for failure to
thrive in low birth weight preterm infants.
Pediatrics. 1993 May 1;91(5):941-8.

Pilling EL, Elder CJ, Gibson AT. Growth
patterns in the growth-retarded premature
infant. Best practice & research Clinical
endocrinology & metabolism. 2008 Jun 1;22
(3):447-62.

Monset-Couchard M, De Bethmann O, Relier
JP. Long term outcome of small versus
appropriate size for gestational age co-
twins/triplets. ~ Archives of Disease in
Childhood-Fetal and Neonatal Edition. 2004 Jul
1;89(4):F310-4.

Stephens BE, Walden RV, Gargus RA, Tucker
R, McKinley L, Mance M, Nye J, Vohr BR.
First-week protein and energy intakes are
associated with 18-month developmental
outcomes in extremely low birth weight infants.
Pediatrics. 2009 May 1;123(5):1337-43.
Morgan C, McGowan P, Herwitker S, Hart AE,
Turner MA. Postnatal head growth in preterm
infants: a randomized controlled parenteral
nutrition ~ study. Pediatrics. 2014  Jan
1;133(1):e120-8.

Pongcharoen T, Ramakrishnan U, DiGirolamo
AM, Winichagoon P, Flores R, Singkhornard J,
Martorell R. Influence of prenatal and postnatal
growth on intellectual functioning in school-
aged children. Archives of pediatrics &
adolescent medicine. 2012 May 1;166(5):411-
6.

Adamkin DH. Nutrition management of the
very low-birthweight infant: ii. optimizing
enteral nutrition and postdischarge nutrition.
NeoReviews. 2006 Dec 1;7(12):e608-14.

International Journal of Current Pharmaceutical Review and Research

685



