
ABSTRACT

Adequate nutrition is extremely crucial for the growth and development of preterm, small-
for-gestational-age (SGA) infants owing to an increased risk of postnatal growth failure and 
poor neurodevelopmental outcome. Despite the beneficial properties of human milk (HM), 
it should be fortified to prevent extrauterine growth restriction; however, fortification of HM 
with a bovine-based human milk fortifier (BHMF) may induce feeding intolerance (FI) and 
necrotizing enterocolitis in preterm newborns. Herein, we have described the nutritional 
management of a preterm SGA newborn with intolerance to BHMF. A male infant was born 
at a gestational age of 32 weeks and 5 days, SGA weighing 1,490 grams (< 10th percentile). 
During BHMF use, he presented with symptoms of FI including abdominal distention, 
increased gastric residuals, and delayed enteral feeding advancement. Therefore, HM was 
fortified with carbohydrate powder, whey protein powder, and medium-chain triglycerides 
oil instead of BHMF to prevent FI and promote weight gain. Caloric density of feeds was 
increased once every 3 or 4 days by approximately 5 kcal/kg/day until an intake of 100 kcal/
kg/day was achieved. Subsequently, his caloric and protein intake increased, growth rate 
improved, and full enteral feeding was achieved without any further symptom of FI. In 
conclusion, the symptoms of FI with BHMF in a preterm SGA neonate improved with the 
administration of a macronutrient fortified HM without compromising his enteral feed 
advancements, growth rate, and energy or protein intake.

Keywords: Feeding intolerance; Fortified food; Macronutrients; Premature infant;  
Small-for-gestational-age infant

INTRODUCTION

Postnatal growth failure remains an important clinical issue in preterm infants as they 
experience energy and nutrition deficits during the neonatal intensive care unit (NICU) 
hospitalization [1]. The growth outcomes in small-for-gestational-age (SGA) preterm 
neonates are markedly influenced jointly by prematurity and SGA status, resulting in growth 
restrictions in childhood [2]. Adequate nutritional support is essential for infants, especially 
in those born preterm and SGA with very low birth weight (VLBW), owing to a higher risk of 
postnatal growth failure and associated poor neurodevelopmental outcome [1].

Clin Nutr Res. 2020 Jul;9(3):235-240
https://doi.org/10.7762/cnr.2020.9.3.235
pISSN 2287-3732·eISSN 2287-3740

Case Report

Received: May 28, 2020
Revised: Jul 16, 2020
Accepted: Jul 19, 2020

Correspondence to
Min-Sun Kim
Food and Nutrition Management Team, 
Hanyang University Hospital, Wangsimni-ro 
222-1, Seongdong-gu, Seoul 04763, Korea.
E-mail: 1920195@hyumc.com

Copyright © 2020. The Korean Society of 
Clinical Nutrition
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Soo-Jung Kwon 
https://orcid.org/0000-0002-4504-0896
Hyun-Kyung Park 
https://orcid.org/0000-0001-5956-9208
Min-Sun Kim 
https://orcid.org/0000-0002-8025-9981

Conflict of Interest
The authors declare that they have no 
competing interests.

Soo-Jung Kwon ,1 Hyun-Kyung Park ,2 Min-Sun Kim  1

1Food and Nutrition Management Team, Hanyang University Hospital, Seoul 04763, Korea
2Department of Pediatrics, Hanyang University College of Medicine, Seoul 04763, Korea

Nutritional Management for 
Intolerance to Human Milk Fortifier in 
a Preterm Small-for-Gestational-Age 
Infant: a Case Report

235

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-4504-0896
https://orcid.org/0000-0002-4504-0896
https://orcid.org/0000-0001-5956-9208
https://orcid.org/0000-0001-5956-9208
https://orcid.org/0000-0002-8025-9981
https://orcid.org/0000-0002-8025-9981
https://orcid.org/0000-0002-4504-0896
https://orcid.org/0000-0001-5956-9208
https://orcid.org/0000-0002-8025-9981
https://e-cnr.org
http://crossmark.crossref.org/dialog/?doi=10.7762/cnr.2020.9.3.235&domain=pdf&date_stamp=2020-07-30


Notwithstanding the high risks for feeding intolerance (FI) and necrotizing enterocolitis 
(NEC) in preterm infants, even the feeding guidelines for preterm SGA neonates are not 
well established and standardized, causing heterogeneity in enteral feeding practices among 
different neonatal units [3]. Nutrition support strategies to enhance the growth of preterm 
newborns include the provision of early enteral and parenteral nutrition, feeding human milk 
(HM), and fortified HM or using preterm formula (PM) in the absence of the mother's own 
milk and in case of enteral feeding volume advancements [4].

HM is known to be the best source of neonatal nutrition but considering the high nutritional 
requirements of preterm infants, it should be fortified to prevent extrauterine growth restriction 
and specific nutrient deficiencies [5]. However, fortification of HM with a bovine-based human 
milk fortifier (BHMF) has been reported to induce FI and NEC in preterm babies [6].

We aimed to share our clinical experience through this case report involving nutrition 
management in a preterm SGA newborn with FI to BHMF in the NICU setting. This 
case report was approved and the requirement for informed consent was waived by the 
Institutional Review Board of Hanyang University Hospital (2020-03-005). Electronic 
medical records were reviewed to collect data.

CASE

A male infant weighing 1,490 g (< 10th percentile) was delivered by cesarean section at 32 
weeks and 5 days of gestation and was admitted to the NICU. Apgar scores at 1 and 5 min 
were 6 and 9, respectively. Parenteral nutrition (PN) with 10% dextrose (3.4–9 g/kg/day) 
and 20% SMOF lipid (0.7–3 g/kg/day; Fresenius Kabi, Austria) were initiated within an hour 
of NICU admission and were continued until the 7th day of life (DOL), and 10% PRIMENE 
amino acid solution (0.4–2 g/kg/day; Baxter Dutschland GMBH., Germany) was added 1 day 
after birth.

Trophic feeding (5 mL/kg/day) with HM or PM commenced on DOL 1 and was gradually 
advanced due to mild abdominal distention and increased gastric residuals from previous 
feedings. PN was gradually tapered off with the advancement in enteral feeding volumes 
and PN was discontinued on DOL 7 after a feeding volume of 80 mL/kg/day with HM was 
achieved; however, abdominal distention developed when enteral feeds with HM or PM 
reached 110 mL/kg/day, and therefore, feed volumes were reduced to half on DOL 10. 
Subsequently, he was fed solely with HM for the next 5 days and feedings were advanced in 
increments of 10–20 mL/kg/day.

Fortification of HM with powdered BHMF (Enfamil Human Milk Fortifier, Mead Johnson 
and Co., Evansville, IN, USA) at an enteral feeding volume of 110 mL/kg/day was started 
on DOL15. HM (25 mL) was mixed with one packet of the fortifier (1.1 g protein/100 mL, 1 
g lipids/100 mL, and 14 kcal energy/100 mL of HM) and administered; however, within 24 
hours of BHMF administration, he developed glucose instability and lethargy. He was treated 
with amikacin and tazoperan (piperacillin, tazobactam) for suggested sepsis and enteral 
feeding volume was halved. As the infant's status stabilized, enteral feeding volumes were 
again advanced in an increment of 20–30 mL/kg/day. On DOL 17, enteral feeds were stopped 
and PN was administered because of suggested NEC with abdominal distention; however, 
on DOL 20, trophic feedings were restarted with HM or PM after a cross-table abdominal 
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X-ray and abdominal sonography showed no evidence of NEC. PN was discontinued, and 
a probiotic capsule (Lacidofil, Pharmbio Korea, Seoul, Korea) was administered after an 
episode of loose stools on DOL 25.

A second trial with BHMF was attempted on DOL 23 along with the advancement of feeds 
at a gradual increment of 10–20 mL/kg/day until the enteral feeding volumes reached 130 
mL/kg/day on DOL 27. However, the feeds were poorly tolerated because of desaturation 
after feeding, increased respiratory rate and gastric residuals, and abdominal distention. 
Accordingly, feeding volume was reduced from 130 mL/kg/day to 90 mL/kg/day, treatment 
for suggested sepsis was initiated with tazoperan and amikacin, and the use of supplemental 
oxygen was performed on DOL 28. On DOL 29, enteral intake could not be advanced because 
of repeated bouts of abdominal distension.

Despite receiving half of the feed as a protein hydrolysate formula from DOL 30 onwards, 
he failed to reach feeding volumes of 120 mL/kg/day within 10 days because of a distended 
abdomen and increased gastric residuals, and particularly on DOL 34, a feed had to be 
omitted because of cloudy and bloody gastric residuals. Cerebrospinal fluid tap test was 
performed on DOL 34 but was not positive for the suggested sepsis. Intravenous glucose and 
amino acid solutions were administered to improve glycemic control and for weight gain 
from DOL 38 to DOL 41; however, owing to low blood urea nitrogen levels (< 9 mg/dL) and 
repeated hypoglycemic episodes, he was weaned back to PM on DOL 41 for the next 2 days.

Considering his poor weight gain status since birth and insufficient feeding volume, HM was 
fortified with additional carbohydrate powder (HiCAL; Korea Medical Foods), whey protein 
powder (CareWell PRO; Korea Enteral Foods), and medium-chain triglycerides oil (Medifood 
MCT Oil; Korea Medical Foods) to increase caloric density to about 85 kcal/kg/d (additional 
2 g protein/100 mL, 0.5 g lipids/100 mL, and 1.5 g carbohydrate/100 mL of HM; Level 1) on 
DOL 43. He was fed exclusively with HM fortified with macronutrients, and caloric density 
of feeds was increased once every 3 or 4 days by approximately 5 kcal/kg/day if tolerated until 
an intake of about 100 kcal/kg/day (Level 4) was achieved to meet the patient's estimated 
caloric goal of 120 kcal/kg/day. Table 1 shows the nutrient content of BHMF fortified HM and 
macronutrients fortified HM according to the level of fortification. The fortification recipe 
was designed to achieve 30 to 60% energy from fat, and 2.8 to 4.0 g protein/kg/day to avoid 
undesirable carbon dioxide production, improve nitrogen retention or weight gain, and 
maintain an osmolality not exceeding 450 mOsm/kg [7]. The average estimated osmolality 
of macronutrients fortified HM was 372 mOsm/kg based on the prediction equation [8]. The 
infant remained stable on the feeds for 14 days and gained 18 g/day in comparison to 11 g/day 
before the fortification of HM with macronutrients, even after considering nil per os (NPO) 
status before and after inguinal hernia repair on DOL 48. Parenteral glucose and amino acid 
solutions were administered from DOL 47 to DOL 52.
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Table 1. Nutrient content in BHMF fortified HM and macronutrients fortified HM
Nutrients (/100 mL) BHMF fortified HM Macronutrients fortified HM

1* 2* 3* 4*
Energy (kcal) 81.0 84.3 88.3 95.1 99.4
Protein (g) 2.5 3.3 3.3 2.3 2.3
Carbohydrate (g) < 7.0 8.1 9.1 10.6 10.6
Fat (g) 4.9 4.4 4.4 4.9 5.4
BHMF, bovine-based human milk fortifier; HM, human milk.
*The number refers to the fortification level of macronutrients fortified HM, and the higher number indicates 
higher caloric density.

https://e-cnr.org


Enteral feeding volume was gradually advanced following surgery for the next 7 days, and 
it reached 140 ml/kg/day on DOL 55. Calorie and protein intake were also increased from 
83 kcal/kg/day and 2.3 g/kg/day to 105 kcal/kg/day and 3.0 g/kg/day, respectively, with 
macronutrients fortification (Table 2). Before discharge, the infant neither had abdominal 
distention nor had other symptoms of FI. His enteral feeding volume had reached 140 mL/kg, 
and his calorie intake was 139 kcal/kg/day. His serum calcium, phosphorous and alkaline 
phosphatase levels were within the normal range for preterm infants at 10.9 mg/dL, 4.1 mg/dL, 
and 423 U/L, respectively.

DISCUSSION

We reported a case concerning nutrition management in a preterm SGA infant 
demonstrating FI with powdered BHMF. The neonate presented with a delayed time to 
achieve full enteral feeding, increased gastric residuals, and abdominal distention in multiple 
trials of BHMF administration. HM fortified with macronutrients ameliorated the newborn's 
FI symptoms and provided a good, albeit a short-term nutritional outcome such as increased 
caloric and protein intake, improved growth, and the achievement of full enteral feeding.

Adequate nutrition is essential for the growth and healthy development of preterm SGA 
newborns [1]. HM is the best form of nutrition for infants; however, premature infants need 
fortified HM to meet the high energy and nutrient requirements. Various products depending 
on the milk source and nutrient composition are available for fortifying HM [5]. Most of the 
commercially available multi-nutrient fortified HM brands contain bovine milk, and this case 
described the FI to bovine-based multi-nutrient fortified HM in a preterm baby [6].

FI resulting from the administration of multi-nutrient BHMF in premature newborns is 
probably related to the high osmolarity of the feeds and bovine-milk derived protein. It has been 
suggested that multi-nutrient fortified HM with an increased osmolarity over the recommended 
upper limit of 400 mOsm/L (approximately an osmolality of 450 mOsm/kg) could lead to FI 
by causing interference with gastric emptying [9]. Furthermore, the differences in protein 
composition of HM and bovine milk resulting in a slower gastric emptying rate and decreased 
protein digestibility in newborns could be responsible for FI [10].

Interestingly, bovine-based whey protein powder used in the fortification of HM in this study 
did not cause any FI in the preterm SGA neonate. BHMF contains a casein-predominant 
bovine-milk protein isolate that is different from the casein composition in HM [11], 
whereas the whey protein powder contains only bovine whey proteins such as α-lactalbumin, 
β-lactoglobulin, lactoferrin, lactoperoxidase, and bovine serum albumin. It has been 
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Table 2. Changes in mean nutrient intake, feeding volume, and growth rate before and during the use of 
macronutrients fortified HM
Variables Before fortification* During fortification†

Caloric intake (kcal/kg/day) 83 105
Protein intake (g/kg/day) 2.3 3.0
Feeding volume (mL/kg/day) 81 97
Growth rate (g/day) 11 18
HM, human milk.
*Refers to the period from initiation of trophic feeding to a day before the first day of administration of 
macronutrients fortified HM. †Refers to the period from initiation of macronutrients fortified HM to a day before 
discharge.
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suggested that whey-dominant formula might contribute to an increased gastric emptying 
rate by forming a finer and softer curd than the casein-dominant formula in newborns, thus 
allowing easy digestion [11]. Furthermore, powdered carbohydrate supplement used in this 
study contained soluble fiber from chicory, which may have a prebiotic effect in newborns 
[12]. In the randomized controlled trial in VLBW infants [13], Dilli et al. reported that 
probiotics and synbiotics could decrease NEC but not prebiotics alone. It is also possible that 
inulin from chicory in the carbohydrate supplement used in our study acted synergistically as 
a substrate for the administered probiotics resulting in beneficial effects on FI.

Administration of HM fortified with macronutrients resulted in an increased caloric and 
protein intake, improved growth rate, and achievement of full enteral feeding in our study. 
Morlacchi et al. [14] also showed that fortifying HM individually with macronutrients 
based on its protein, fat, and carbohydrate content promoted growth in VLBW preterm 
infants without any sign of gastrointestinal or metabolic intolerance; however, in this 
study, calculated levels of macronutrients were added to HM on the basis of the European 
Society for Paediatric Gastroenterology, Hepatology, and Nutrition recommendations [15]. 
The mean values for protein, carbohydrates, and fat content in fortified HM used in our 
study were 3 g/kg/day, 9.5 g/kg/day, and 4.8 g/kg/day, respectively, and were lesser than the 
recommendations. It should be noted that during the period of macronutrient fortification 
of HM, enteral feeding volumes in the newborn had been reduced to NPO status with regards 
to inguinal hernia repair, and the infant achieved full enteral feeds within a week after the 
operation without any GI symptom. Thus, if it were not for surgery, the macronutrients 
content in fortified HM would have met the nutrient requirements.

To the best of our knowledge, this is the first case report suggesting fortification of HM with 
macronutrients as a feeding approach for preterm SGA infants with FI to BHMF. However, 
the study is limited by its descriptive and retrospective nature. Moreover, there is insufficient 
evidence regarding the effects of macronutrients supplementation of HM on safety, long-
term growth, body fat, obesity, heart problems, high blood sugar, and brain development in 
preterm SGA newborns. Therefore, the results of this case report should not be generalized 
to the population at large but rather could be used as a basis for further study in the field.

In conclusion, FI to BHMF in a SGA preterm neonate improved with macronutrient fortified 
of HM without compromising on his enteral feeding progression, growth rate, and energy or 
protein intake. Further research is needed to confirm whether macronutrients fortified HM 
improve FI and determine the long-term consequences of such treatments in preterm SGA 
infants in larger properly designed randomized controlled studies.

REFERENCES

 1. Dusick AM, Poindexter BB, Ehrenkranz RA, Lemons JA. Growth failure in the preterm infant: can we 
catch up? Semin Perinatol 2003;27:302-10. 
PUBMED | CROSSREF

 2. Bocca-Tjeertes IF, Reijneveld SA, Kerstjens JM, de Winter AF, Bos AF. Growth in small-for-gestational-
age preterm-born children from 0 to 4 years: the role of both prematurity and SGA status. Neonatology 
2013;103:293-9. 
PUBMED | CROSSREF

 3. Barone G, Maggio L, Saracino A, Perri A, Romagnoli C, Zecca E. How to feed small for gestational age 
newborns. Ital J Pediatr 2013;39:28. 
PUBMED | CROSSREF

https://doi.org/10.7762/cnr.2020.9.3.235

Treatment of Intolerance to Fortifier in a Preemie

239

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/14510321
https://doi.org/10.1016/S0146-0005(03)00044-2
http://www.ncbi.nlm.nih.gov/pubmed/23548568
https://doi.org/10.1159/000347094
http://www.ncbi.nlm.nih.gov/pubmed/23663313
https://doi.org/10.1186/1824-7288-39-28
https://e-cnr.org


 4. Su BH. Optimizing nutrition in preterm infants. Pediatr Neonatol 2014;55:5-13. 
PUBMED | CROSSREF

 5. Arslanoglu S, Boquien CY, King C, Lamireau D, Tonetto P, Barnett D, Bertino E, Gaya A, Gebauer C, 
Grovslien A, Moro GE, Weaver G, Wesolowska AM, Picaud JC. Fortification of human milk for preterm 
infants: update and recommendations of the european milk bank association (EMBA) working group on 
human milk fortification. Front Pediatr 2019;7:76. 
PUBMED | CROSSREF

 6. Sandhu A, Fast S, Bonnar K, Baier RJ, Narvey M. Human-based human milk fortifier as rescue therapy in 
very low birth weight infants demonstrating intolerance to bovine-based human milk fortifier. Breastfeed 
Med 2017;12:570-3. 
PUBMED | CROSSREF

 7. Nevin-Folino NL, Loughead JL, Loughead MK. Enhanced-calorie formulas: considerations and options. 
Neonatal Netw 2001;20:7-15. 
PUBMED | CROSSREF

 8. Choi A, Fusch G, Rochow N, Fusch C. Target fortification of breast milk: predicting the final osmolality of 
the feeds. PLoS One 2016;11:e0148941. 
PUBMED | CROSSREF

 9. Pearson F, Johnson MJ, Leaf AA. Milk osmolality: does it matter? Arch Dis Child Fetal Neonatal Ed 
2013;98:F166-9. 
PUBMED | CROSSREF

 10. Maathuis A, Havenaar R, He T, Bellmann S. Protein digestion and quality of goat and cow milk infant 
formula and human milk under simulated infant conditions. J Pediatr Gastroenterol Nutr 2017;65:661-6. 
PUBMED | CROSSREF

 11. Rudloff S, Kunz C. Protein and nonprotein nitrogen components in human milk, bovine milk, and infant 
formula: quantitative and qualitative aspects in infant nutrition. J Pediatr Gastroenterol Nutr 1997;24:328-44. 
PUBMED | CROSSREF

 12. Kim SH, Lee DH, Meyer D. Supplementation of baby formula with native inulin has a prebiotic effect in 
formula-fed babies. Asia Pac J Clin Nutr 2007;16:172-7.
PUBMED

 13. Dilli D, Aydin B, Fettah ND, Özyazıcı E, Beken S, Zenciroğlu A, Okumuş N, Özyurt BM, İpek MŞ, Akdağ 
A, Turan Ö, Bozdağ Ş. The propre-save study: effects of probiotics and prebiotics alone or combined on 
necrotizing enterocolitis in very low birth weight infants. J Pediatr 2015;166:545-551.e1. 
PUBMED | CROSSREF

 14. Morlacchi L, Mallardi D, Giannì ML, Roggero P, Amato O, Piemontese P, Consonni D, Mosca F. Is 
targeted fortification of human breast milk an optimal nutrition strategy for preterm infants? An 
interventional study. J Transl Med 2016;14:195. 
PUBMED | CROSSREF

 15. Agostoni C, Buonocore G, Carnielli VP, De Curtis M, Darmaun D, Decsi T, Domellöf M, Embleton ND, 
Fusch C, Genzel-Boroviczeny O, Goulet O, Kalhan SC, Kolacek S, Koletzko B, Lapillonne A, Mihatsch 
W, Moreno L, Neu J, Poindexter B, Puntis J, Putet G, Rigo J, Riskin A, Salle B, Sauer P, Shamir R, 
Szajewska H, Thureen P, Turck D, van Goudoever JB, Ziegler EE; ESPGHAN Committee on Nutrition. 
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;50:85-91. 
PUBMED | CROSSREF

https://doi.org/10.7762/cnr.2020.9.3.235

Treatment of Intolerance to Fortifier in a Preemie

240

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/24050843
https://doi.org/10.1016/j.pedneo.2013.07.003
http://www.ncbi.nlm.nih.gov/pubmed/30968003
https://doi.org/10.3389/fped.2019.00076
http://www.ncbi.nlm.nih.gov/pubmed/28777664
https://doi.org/10.1089/bfm.2017.0017
http://www.ncbi.nlm.nih.gov/pubmed/12143844
https://doi.org/10.1891/0730-0832.20.1.11
http://www.ncbi.nlm.nih.gov/pubmed/26863130
https://doi.org/10.1371/journal.pone.0148941
http://www.ncbi.nlm.nih.gov/pubmed/21930688
https://doi.org/10.1136/adc.2011.300492
http://www.ncbi.nlm.nih.gov/pubmed/28968291
https://doi.org/10.1097/MPG.0000000000001740
http://www.ncbi.nlm.nih.gov/pubmed/9138181
https://doi.org/10.1097/00005176-199703000-00017
http://www.ncbi.nlm.nih.gov/pubmed/17215195
http://www.ncbi.nlm.nih.gov/pubmed/25596096
https://doi.org/10.1016/j.jpeds.2014.12.004
http://www.ncbi.nlm.nih.gov/pubmed/27370649
https://doi.org/10.1186/s12967-016-0957-y
http://www.ncbi.nlm.nih.gov/pubmed/19881390
https://doi.org/10.1097/MPG.0b013e3181adaee0
https://e-cnr.org

	Nutritional Management for Intolerance to Human Milk Fortifier in a Preterm Small-for-Gestational-Age Infant: a Case Report
	INTRODUCTION
	CASE
	DISCUSSION
	REFERENCES


