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INTRODUCTION

 Advancements in practice and experience of 
neonatologists have greatly reduced the death 
rate of premature neonates born with very low 
birth weight (VLBW). In these VLBW neonates, the 
optimal growth rate is still unknown.1 According 
to European society guidelines, the growth rate of 
these neonates should be equivalent to intra-uterine 
fetal growth rate.2 Failure to achieve this optimal 
growth rate results in growth retardation at the 
time of discharge and even this growth retardation 
can persist during childhood and adult life.3-5 Slow 
growth of these VLBW infants results in impaired 
neuro-motor and cognitive outcomes.6,7 It also have 
adverse effects on metabolic and cardio-vascular 
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ABSTRACT
Objective: To determine the outcomes in very low birth weight (VLBW) neonates receiving volume 
advancement versus frequency advancement feeding protocols.
Methods: This controlled clinical trial was conducted in Children Hospital Multan within duration of 6 
months from February 2017 to August 2017. VLBW neonates having weight < 1500 g at the time of birth 
were included. The protocol for frequency advancement (FA) group was to give 1 ml/kg human or pre-
formula milk after every 8 hours and in volume advancement (VA) group after every 3 hours initially. After 
three days, in FA group duration of feeds was decreased gradually from 8 to 2 hours and feed volume of 
10 ml.kg-1.day-1 until full-recommended dose of feeding i.e. 150 ml.kg-1.day-1 reached. While in VA group, 
volume of 20 ml.kg-1.day-1 was given until full-recommended dose of feeding reached. Days to achieve full 
feed, weight gain, and length of hospital stay were primary study outcomes.
Results: Baseline weight of neonates was 1148 (111) grams in VA 1179 (106) grams in FA groups (p-value 
0.18). In VA group, full feed was achieved in 11.04 (2.38) days versus 15.76 (2.48) days in FA group (P-value 
<0.001). Duration of IV fluid therapy were 13.5 (8.4) days in FA group versus 9.4 (7.6) in VA group (p-value 
<0.001). Moreover weight gain at the end of feeding protocol was significantly higher in VA group 1440 (78) 
grams versus 1284 (99) grams in FA group (P-value <0.001). Necrotizing entero-colitis occurred in only one 
neonate that was belonging to volume advancement group.
Conclusion: Volume advancement (VA) feeding is better as compared to frequency advancement (FA) 
feeding in very low birth weight neonates.
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function.8,9 Therefore, the only way to prevent these 
problems is optimal nutritional supply to these 
VLBW infants so that growth rate equal to intra-
uterine fetal growth can be achieved.
 Human breast milk is the highly recommended 
nutritional product in infants for at least six months 
of age.10 However, researches have concluded that 
standard doses of breast milk given to pre-term 
or VLBW neonates did not fulfill their metabolic 
demands and may result in growth retardation.11 
In developed countries, human milk is fortified 
with extra nutrition supplements usually extracted 
from cow’s milk.12 A systematic review has 
concluded that fortified breast milk results in 
higher neonatal growth as compared to breast 
milk alone in early-hospitalized period.13 On the 
other hand, in developing countries, these nutrient-
enriched formulations are not readily available 
due to their high cost. So mother’s breast milk and 
pre-term formula milk are routinely used to fulfill 
high nutritional requirements of VLBW neonates. 
However some studies have suggested that a 
higher amount of breast milk (> 200 ml/kg/day) 
as compared to the normal dose (150 ml/kg/day) 
of breast milk is needed in these infants but others 
say that there is no need for extra dose.14,15 There 
are two recommended methods of starting the 
feeding in these infants, one method is that to start 
feeding earlier and increase the feeding volumes 
rapidly to achieve recommended daily dose and 
the other is increasing the frequency of feeds rather 
than increasing the volume of feeds. Both of these 
protocols have some advantages and disadvantages. 
In this study, we compared the volume versus 
frequency bases protocols of feeding in VLBW 
neonates in a tertiary care neonatal care facility. 

METHODS

 This controlled clinical trial was conducted in 
Children Hospital Multan within duration of 6 
months from February 2017 to August 2017. VLBW 
neonates having weight < 1500 g at the time of birth 
were included. We included 90 neonates in this 
study initially, 3 patients lost the follow up so final 
analysis included 87 neonates. However, neonates 
having congenital anomalies, chromosomal 
abnormalities, gastro-intestinal malformations, 
necrotizing entero-colitis and sepsis were excluded 
from analysis. Informed consent from parents 
of newborns and ethical approval from hospital 
ethical committee was taken.
 VLBW neonates were divided using random 
number tables into volume advancement and fre-

quency advancement groups. In all neonates, mini-
mal enteral feeding (to prime GIT) was started af-
ter twenty four (24) hours of birth and continued 
for three days either using breast milk or pre-term 
formula milk. The protocol for frequency advance-
ment (FA) group was to give 1 ml/kg human or 
pre-formula milk after every 8 hours and in volume 
advancement (VA) group after every 3 hours.16 Af-
ter three days, in FA groups the frequency of feeds 
was decreased gradually from 8 hours to 2 hours 
with a minimum increase in feed volume of only 10 
ml.kg-1.day-1 until full-recommended dose of feed-
ing i.e. 150 ml.kg-1.day-1reached. While in VA group, 
there was an increase in volume of 20 ml.kg-1.day-1 
until full-recommended dose of feeding i.e. 150 
ml.kg-1.day-1 reached. In all neonates, total parenter-
al nutrition was started within 24 hours after birth 
to provide additional nutrients to meet the meta-
bolic requirements. Protein intake was started at 2.0 
g.kg-1.day-1 to 3 g.kg-1.day-1 and then 4 g.kg-1.day-1 if 
tolerated by the neonate. Intra-lipids were also giv-
en to these neonates to fulfill daily caloric intake. In-
tra-lipids were stopped after achieving 15% of total 
neonatal feed in both groups. While protein intake 
was stopped after achieving 50% of total neonatal 
feed. Feeding was given through naso-gastric (NG) 
tube initially until the babies corrected gestational 
age crossed 34 weeks or when the baby weight was 
> 1700 grams, then oral feeding was started. 
 Days to achieve full feed, weight gain, and length 
of hospital stay were primary study outcomes. All 
neonates were kept in the hospital until their weight 
reaches 2000 grams and they were medically fit to 
be discharged from the hospital. We kept these 
neonates in the hospital for a longer period even after 
achieving the full feed to monitor the outcomes of 
study. Because most of the families were belonging 
from far area and it was very difficult to monitor 
baby weight after discharge.
 For data analysis, we used SPSS v23. Total 
weight gain, days to reach full feed and hospital 
stay between the groups was compared using 
independent sample t-test.

RESULTS

 Mean gestational age of neonates was almost 
same in volume advancement (VA) and frequency 
advancement (FA) groups. Baseline weight of neo-
nates was 1148 (111) grams in VA 1179 (106) grams 
in FA groups (p-value 0.18). There were 24 (54.5%) 
male neonates in VA group and 23 (53.5%) male 
neonates in FA group (p-value 0.92). APGAR score 
after 5 minutes of birth was 8.31 (0.98) in VA group 
and 8.32 (0.96) in FA group (p-value 0.96). Table-I.
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 There were 17 (38.6%) neonates in VA group 
in whom mother’s breast milk was given and 18 
(41.9%) in FA group in whom mother’s breast milk 
was given for needing purpose while remaining 
neonates received pre-term formula milk. Time 
to reach full feed was significantly shorter in VA 
group as compared to FA group. In VA group, 
full feed was achieved in 11.04 (2.38) days while 
in FA group full feeding was achieved in 15.76 
(2.48) days (P-value <0.001). Duration of IV fluid 
therapy were also prolonged in FA group 13.5 
(8.4) days in versus 9.4 (7.6) in VA group (p-value 
<0.001). Moreover weight gain at the end of feeding 
protocol was significantly higher in VA group 
1440 (78) grams versus 1284 (99) grams in FA 
group (P-value <0.001). Necrotizing entero-colitis 
occurred in only one neonate that was belonging 
to volume advancement group. That neonate was 
kept NPO for seven days after developing NEC and 
feeding was established again and the baby started 
tolerating the feed. Duration of hospital stay was 
similar between the groups (Table-II). 

DISCUSSION

 In our study, we found no significant adverse 
effects of volume advancement in VLBW neonates. 
There was less time taken to reach full feeds in VA 
group and less duration of IV fluids requirements 
in VA group. Weight gain at the end of feeding 
protocol was also significantly less in FA group 1284 
(99) versus 1440 (78) grams in VA group. However, 
total weight gain at the time of discharge was same 
between the groups; 2072±56 grams in VA group 
and 2085±63 grams in FA group. Total duration of 
hospital stay was also similar between the groups. 

We did not found any significant adverse effects 
in volume advancement group. There was only 
neonate in the whole study in whom NEC occurred 
that neonate was in VA group, but this single 
incidence has no significant importance. Recent 
systematic reviews have also concluded that VA 
did not increases the risk of NEC in neonates and is 
a safe option.17,18

 In our study, we started enteral feeding after 
24 hours of birth. Studies have concluded that 
increasing the duration of parenteral feeding and 
delaying the enteral feeding is associated with 
prolonged hospital stay and have no effects on NEC 
prevention.19 Furthermore, parenteral nutrition also 
increase the risk of catheter related blood stream 
infections.20 Bombell et al.21 concluded that early 
enteral feeding increases the GIT motility, prevent 
normal flora and reduces the risk of infections. In our 
study, the total duration of IV fluids requirements 
was 9.4 (7.6) days in VA group and 13.5 (8.4) in 
FA group i.e. less in VA group. Therefore, volume 
advancement also have favorable outcomes for 
preventing infections. However, we did not found 
any incidence of infections in our study neonates.
 Karagol et al.22 also found less time to reach full 
feed and shorter duration of IV fluid requirements 
in VA group similar to our study. Moreover, in 
their study days to weight gain was also rapid 
in VA group. Krishnamurthy et al. also found 
similar results regarding weight gain in VA group 
neonates.23

 Like our study, Zubani et al.16 also did not found 
any significant difference regarding hospital stay 
and total weight at the time of discharge between the 
groups. Caple et al.24 have also found similar results. 

Table-I: Baseline characteristics of neonates.
Variable VA Group (N=44) FA Group (N=43) P-value

Gestational Age (weeks) 29.72 (1.37) 29.76 (1.71) 0.90
Baseline Weight (Grams) 1148 (111) 1179 (106) 0.18
Male Gender (%) 24 (54.5%) 23 (53.5%) 0.92
Female Gender (%) 20 (45.5%) 20 (46.5%) 
APGAR score after 5 mins of Birth 8.31 (0.98) 8.32 (0.96) 0.97

Table-II: Study outcome variables.
Variable VA Group (N=44) FA Group (N=43) P-value
Mother’s Breast Milk (%) 17 (38.6%) 18 (41.9%) 0.75
Formula Milk (%) 27 (61.4%) 25 (58.1%) 
Days to Reach Full Feed 11.04 (2.38) 15.76 (2.48) <0.001
Days of IV fluids 9.4 (7.6) 13.5 (8.4) <0.001
Weight at the end of feeding protocol (Grams) 1440 (78) 1284 (99) <0.001
Weight at the time of Discharge (Grams) 2085 (63) 2072 (56) 0.29
Hospital Stay (Days) 41.20 (7.93) 42.62 (5.94) 0.34

Feeding protocols in very low birth weight neonates
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Recent Cochrane database review have concluded 
that VA feeding is better than FA feeding because it 
takes less time to reach full feed, shorter duration of 
parenteral feeds and rapid weight gain. In addition, 
it has no adverse effects on NEC.25 Furthermore, 
some researchers have found that VA feeding also 
has beneficial effects on the development of neural 
outcomes.26,27

CONCLUSION

 Volume advancement (VA) feeding is better as 
compared to frequency advancement (FA) feeding 
in very low birth weight neonates. 

REFERENCES
1. Higgins RD, Devaskar S, Hay Jr WW, Ehrenkranz RA, Greer 

FR, Kennedy K, et al. Executive summary of the workshop 
“Nutritional challenges in the high risk infant”. J Pediatr. 
2012;160(3):511-516. doi: 10.1016/j.jpeds.2011.12.024.

2. Agostoni C, Buonocore G, Carnielli V, De Curtis M, Darmaun 
D, Decsi T, et al. Enteral nutrient supply for preterm infants: 
commentary from the European Society of Paediatric 
Gastroenterology, Hepatology and Nutrition Committee on 
Nutrition. J Pediatr Gastroenterol Nutr. 2010;50(1):85-91. doi: 
10.1097/MPG.0b013e3181adaee0.

3. Horbar JD, Ehrenkranz RA, Badger GJ, Edwards EM, Morrow 
KA, Soll RF, et al. Weight growth velocity and postnatal growth 
failure in infants 501 to 1500 grams: 2000–2013. Pediatrics. 
2015:136(1):e84-e92. doi: 10.1542/peds.2015-0129.

4. Stein AD, Barros FC, Bhargava SK, Hao W, Horta BL, Lee N, et 
al. Birth status, child growth, and adult outcomes in low-and 
middle-income countries. J Pediatr. 2013;163(6):1740-1746. doi: 
10.1016/j.jpeds.2013.08.012.

5. Lima PAT, de Carvalho M, da Costa ACC, Moreira MEL. 
Variables associated with extra uterine growth restriction in 
very low birth weight infants. J Pediatr. 2014;90(1):22-27. doi: 
10.1016/j.jped.2013.05.007.

6. Neubauer V, Griesmaier E, Pehbock-Walser N, Pupp-Peglow 
U, Kiechl-Kohlendorfer U. Poor postnatal head growth in very 
preterm infants is associated with impaired neurodevelopment 
outcome. Acta Paediatr. 2013;102(9):883-888. doi: 10.1111/
apa.12319.

7. Leppanen M, Lapinleimu H, Lind A, Matomaki J, Lehtonen 
L, Haataja L, et al. Antenatal and postnatal growth and 
5-year cognitive outcome in very preterm infants. Pediatrics. 
2014;133(1):63-70. doi: 10.1542/peds.2013-1187.

8. Embleton ND. Early nutrition and later outcomes in 
preterm infants. Nutrition and Growth. Karger Publishers. 
2013;106:26-32.

9. Lapillonne A, Griffin IJ. Feeding preterm infants today for 
later metabolic and cardiovascular outcomes. J Pediatr. 
2013;162(3):S7-S16. doi: 10.1016/j.jpeds.2012.11.048.

10. Johnston M, Landers S, Noble L, Szucs K, Viehmann L. 
Breastfeeding and the use of human milk. Pediatrics. 
2012;129(3):e827-e41.

11. Embleton ND. Optimal protein and energy intakes in preterm 
infants. Early Hum Dev. 2007;83(12):831-837. doi: 10.1016/j.
earlhumdev.2007.10.001.

12. Cormack B, Sinn J, Lui K, Tudehope D. Australasian neonatal 
intensive care enteral nutrition survey: implications for practice. 
J Paediatr Child Health. 2013;49(4):340-347. doi: 10.1111/
jpc.12016.

13. Brown JV, Embleton ND, Harding JE, McGuire W. Multi-
nutrient fortification of human milk for preterm infants. 
Cochrane Library. 2016;(5):CD000343. doi: 10.1002/14651858.
CD000343.pub3.

14. Doege C, Bauer J. Effect of high volume intake of mother’s milk 
with an individualized supplementation of minerals and protein 
on early growth of preterm infants< 28 weeks of gestation. Clin 
Nutr. 2007;26(5):581-588. doi: 10.1016/j.clnu.2007.06.002

15. Christensen RD, Street JL. Randomized, controlled trial 
of slow versus rapid feeding volume advancement 
in preterm infants. J Pediatr. 2005;146(5):710-711. 
doi: 10.1016/j.jpeds.2005.03.024.

16. Zubani A, Mersal A, AlSaedi S, AlAhmadi K, AlDeek A, 
bin Sadiq B. Comparison of volume and frequency based 
feeding protocols in very low birth weight infants: A 
prospective randomized study. J Clin Neonatol. 2016;5(4):233. 
doi: 10.4103/2249-4847.194167.

17. Morgan J, Young L, McGuire W. Delayed introduction of 
progressive enteral feeds to prevent necrotising enterocolitis 
in very low birth weight infants. Cochrane Database Syst Rev. 
2013;(5):CD001970. doi: 10.1002/14651858.CD001970.pub4.

18. Culpepper C, Hendrickson K, Marshall S, Benes J, Grover TR. 
Implementation of Feeding Guidelines Hastens the Time to 
Initiation of Enteral Feeds and Improves Growth Velocity in Very 
Low Birth-Weight Infants. Adv Neonatal Care. 2017;17(2):139-145. 
doi: 10.1097/ANC.0000000000000347.

19. Chauhan M, Henderson G, McGuire W. Enteral feeding 
for very low birth weight infants: reducing the risk of 
necrotising enterocolitis. Arch Dis Child Fetal Neonatal Ed. 
2008;93(2):F162-F166. doi: 10.1136/adc.2007.115824.

20. McGuire W, Henderson G, Fowlie PW. Feeding the preterm 
infant. ABC of preterm birth. 2009;95:26.

21. Bombell S, McGuire W. Delayed introduction of progressive 
enteral feeds to prevent necrotising enterocolitis in very low birth 
weight infants. Cochrane Database Syst Rev. 2008;(2):CD001970. 
doi: 10.1002/14651858.CD001970.pub2.

22. Karagol BS, Zenciroglu A, Okumus N, Polin RA. Randomized 
controlled trial of slow vs rapid enteral feeding advancements 
on the clinical outcomes of preterm infants with birth weight 
750–1250g. J Parenteral Enteral Nutr. 2013;37(2):223-238. 
doi: 10.1177/0148607112449482.

23. Krishnamurthy S, Gupta P, Debnath S, Gomber S. Slow versus 
rapid enteral feeding advancement in preterm newborn infants 
1000–1499 g: a randomized controlled trial. Acta Paediatr. 
2010;99(1):42-46. doi: 10.1111/j.1651-2227.2009.01519.x.

24. Caple J, Armentrout D, Huseby V, Halbardier B, Garcia J, Sparks 
JW, et al. Randomized, controlled trial of slow versus rapid 
feeding volume advancement in preterm infants. Pediatrics. 
2004;114(6):1597-1600. doi: 10.1542/peds.2004-1232.

25. Morgan J, Young L, McGuire W. Slow advancement of 
enteral feed volumes to prevent necrotising enterocolitis in 
very low birth weight infants. Cochrane Database Syst Rev. 
2014;(12):CD001241. doi: 10.1002/14651858.CD001241.pub5.

26. Franz AR, Pohlandt F, Bode H, Mihatsch WA, Sander S, Kron M, 
et al. Intrauterine, early neonatal, and postdischarge growth and 
neurodevelopmental outcome at 5.4 years in extremely preterm 
infants after intensive neonatal nutritional support. Pediatrics. 
2009;123(1):e101-e109. doi: 10.1542/peds.2008-1352.

27. Ramel SE, Demerath EW, Gray HL, Younge N, Boys C, Georgieff 
MK. The relationship of poor linear growth velocity with 
neonatal illness and two-year neurodevelopment in preterm 
infants. Neonatology. 2012;102(1):19-24. doi: 10.1159/000336127.

Authors’ Contribution:

AH: Conceived, wrote the manuscript, takes the 
responsibility and is accountable for all aspects of 
the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are 
appropriately investigated and resolved.
AR: Did data Analysis, helped in writing the 
manuscript, and did review.
NF: Did data collection and review.

Afaq Hussain et al.

https://dx.doi.org/10.1016%2Fj.jpeds.2011.12.024
https://doi.org/10.1016/j.earlhumdev.2007.10.001
https://doi.org/10.1016/j.earlhumdev.2007.10.001
https://doi.org/10.1016/j.clnu.2007.06.002
https://doi.org/10.1016/j.jpeds.2005.03.024
https://doi.org/10.1136/adc.2007.115824
https://doi.org/10.1177/0148607112449482
https://doi.org/10.1542/peds.2004-1232
https://doi.org/10.1542/peds.2008-1352

	_Ref420784217
	_Ref432684703
	_Ref436495337
	_Ref441872732
	_Ref441875995
	_GoBack
	_ENREF_27
	_ENREF_2
	_ENREF_1
	_Ref380950604
	_ENREF_4
	_ENREF_5
	_ENREF_17
	_ENREF_11
	OLE_LINK1
	_GoBack
	bookmark
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_Hlk498672700
	_Hlk498622231
	_Hlk498671800
	_GoBack
	OLE_LINK1
	OLE_LINK2
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK3
	_GoBack
	_GoBack
	Mendeley_Bookmark_kV04OFyqFS
	tableLink
	_GoBack
	_GoBack
	_Hlk502231728
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK2
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_References
	_Hlk491809573
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk496853055
	_Hlk496853139
	OLE_LINK2
	_Hlk496853520
	OLE_LINK6
	OLE_LINK5
	OLE_LINK1
	_Hlk496174411
	_GoBack
	baep-author-id4
	baep-author-id5
	baep-author-id6
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

