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Gastroschisis is a congenital defect characterized by hernia-
tion of the intestines and other abdominal contents through
an anterior abdominal wall defect, typically located on the
right side of the umbilicus. Herniated intestines are not
covered in a membrane, thus are exposed to the amniotic
fluid in utero. Gastroschisis is a relatively common congeni-
tal gastrointestinal defect occurring in about one in every
1,953 infants born each year in the United States.1 While its

etiology is unknown, gastroschisis is more common in
infants born to young mothers.2,3 Risk factors also include
maternal smoking before or during pregnancy, illicit drug
use, and genitourinary infection within 3 months before or
3 months after becoming pregnant.4–7

All gastroschisis cases require surgical repair after birth,
either as a primary closure shortly after birth or a staged
closure utilizing a silo with reduction of the bowel into the
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Abstract Gastroschisis is one of the most common congenital gastrointestinal disorders,
occurring in about one in 1,953 infants born each year in the United States. Infants
with gastroschisis rely on total parenteral nutrition (TPN) preoperatively, and due to
intestinal function and dysmotility issues, continue to face feeding challenges post-
closure, including feeding intolerance and increased risk of necrotizing enterocolitis
(NEC). Postclosure, human milk-feeding is preferred over infant formula because of its
associated reduced risk of feeding intolerance and NEC. However, unfortified human
milk often falls short of meeting the increased metabolic demands of these postsurgi-
cal infants in the first few weeks of life, leading to hospital-acquired malnutrition
(undernutrition) as TPN is weaned. We hypothesized that fortifying maternal milk with
human milk-based fortifiers would mitigate the risk of hospital-acquired malnutrition
while providing the tolerance benefits of an exclusive human milk diet, specifically by
meeting the increased energy and protein demands of the immediate postsurgical
infant as parenteral nutrition is weaned. The case report describes our unit’s use of a
human milk-based fortifier in an infant with uncomplicated gastroschisis and its
positive effect on the patient’s growth. Further research is warranted to assess the
use of human milk-derived fortifiers to prevent hospital-acquired malnutrition after
gastrointestinal surgery.
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abdominal cavity over several days. Infants with gastro-
schisis have high rates of intestinal dysmotility even after
closure and the incidence of necrotizing enterocolitis (NEC)
is reported to be between 10 and 20% in this population.8,9

Human milk is the preferred choice for nutrition after
gastroschisis closure as it is usually well tolerated in infants
at risk of intestinal failure.10 This is presumably because
human milk contains a variety of bioactive factors that aid in
the development of gut barrier function, succession of the
microbiome, and the maturation of the infant immune
system.11–14 Compared with formula feeding, human milk
feeding has been associated with reduced incidence of NEC
and earlier time to discharge in high-risk infantswith gastro-
schisis after repair.15–18 Importantly, however, unfortified
human milk alone may not meet the in-hospital nutritional
requirements for these infants as they, compared with
healthy term infants, have increased protein and caloric
demands during the early postoperative course to support
optimal healing.10,19

Hospital-Acquired Malnutrition
(Undernutrition)

Deteriorating nutritional status during hospitalization, also
known as hospital-acquired malnutrition (undernutrition),20

is common among infants with gastroschisis.21–23 The Acade-
myofNutrition andDietetics (theAcademy) and theAmerican
Society for Parenteral and Enteral Nutrition (A.S.P.E.N.) auth-
ored a joint consensus statement on the indicators recom-
mended for the identification and documentation of pediatric
and neonatal malnutrition.24 Goldberg et al expanded upon
these guidelines to diagnose and document malnutrition
related to undernutrition in preterm and neonatal popula-
tions.25 Some neonatal indicators independently signify mal-
nutrition, such as a decline in weight-for-age Z-score (WAZ)
andweightgainvelocity. Specifically, a decline inWAZof0.8 to
1.2, >1.2 to 2.0, and >2.0 standard deviation (SD) or a weight
gain velocity below 75, 50, and 25% of goal indicate mild,
moderate, and severe malnutrition, respectively.25

The prevalence of hospital-acquired malnutrition among
infants with gastroschisis remains high. Fullerton et al
reported 57% of infants with gastroschisis were <10th per-
centile weight at discharge.26 Similarly, Strobel et al reported
55% of infants with gastroschisis have weight or length
growth failure at discharge (z-score change from birth of
�0.8 SD or more).21 In our facility, approximately 25% of
infants with gastroschisis have a diagnosis of malnutrition at
the time of discharge. Additionally, growth challenges com-
monly occur as an infant is weaned off of parenteral nutri-
tion. Hall et al reported a mean decrease in weight
standardized scores from birth to discharge of �0.84�0.58
among infants with gastroschisis (n¼61).27 Notably, this
study observed negative weight velocity around the time of
transition fromparenteral to enteral feeds, despite tolerating
full enteral feeds. Taken together these data suggest that
unfortified breast milk alone does not meet the in-hospital
nutritional demands of this population.

Fortification with Human Milk-Derived
Fortifiers

Fortification with human milk-derived fortifiers for surgical
populations has received recent attention. In a randomized
trial comparing humanmilk-derived fortifiers to standard of
care among neonates with single ventricle physiology after
stage 1 surgical palliation, Blanco et al reported that infants
who received human milk-derived fortifiers achieved higher
median weight gain velocity and a significantly decreased
incidence of NEC.28 The interest in using human milk-de-
rived fortifiers is 2-fold: (1) they can help achieve macronu-
trient goals, particularly protein requirements for term (2–
3g protein/kg/d) and preterm infants (3.5–4.5 g protein/kg/
d)25,29,30 and (2) they provide additional bioactive compo-
nents such as immunoglobulins, growth factors, and a varie-
ty of bioactive proteins that help reduce inflammation and
promote intestinal growth and development.31–33 We hy-
pothesized that fortifying maternal milk with human milk-
based fortifiers would mitigate the risk of hospital-acquired
malnutrition while providing the tolerance benefits of an
exclusive human milk diet, specifically by meeting the
increased energy and protein demands of the immediate
postsurgical infant as TPN is weaned.

The following case describes our experience using human
milk-derived fortifier in addition to human milk (both
mother’s own milk [MOM] and donor milk) to reduce
hospital-acquired malnutrition for an uncomplicated case
of simple gastroschisis. This manuscript was prepared fol-
lowing the CARE guidelines (https://www.care-statement.
org). Informed consent was obtained from the parents and
the University of Texas Southwest Medical Center’s Institu-
tion Review Board determined this case to be exempt from
formal review.

Case Description

The patient was a female prenatally diagnosed with gastro-
schisis and born vaginally after induction of labor at 372/7

weeks. Birthweight was 2,810 g (16.8th percentile and WAZ
�0.96 SD), lengthwas 46.5 cm (7.76th percentile and length-
for-age Z-score [LAZ]�1.42 SD), and frontal occipital circum-
ference (FOC) was 33.5 cm (37.5th percentile and head
circumference-for-age Z-score [HCAZ] �0.32 SD). The pedi-
atric surgeonwas able to easily reduce the bowel followed by
sutureless closure shortly after birth without complications.
Parenteral nutrition, consisting of TPN and SMOFlipid
(SMOF) was the sole source of nutrition until infant’s bowel
function allowed enteral feeding. On day of life (DOL) 7, the
patient was diagnosed with cholestasis (direct bilirubin
2.0mg/dL). Consequently, SMOF lipids were reduced to 2
g/kg/d for liver preservation and minimal enteral feedings of
unfortified human milk were successfully started. Enteral
feeds with unfortified human milk were advanced based on
the infant’s tolerance. Human milk feeds were primarily
(>85%) MOM. When MOM was insufficient for a particular
feed, donor milk was used to supplement.
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Fortification with a human milk-based human milk forti-
fier started when feeds reached 50mL/kg/d mimicking our
neonatal intensive care unit’s fortification guideline for
premature infants (►Fig. 1A). Total calories and protein
received from enteral and parenteral nutrition during the
study period are available in ►Table 1. Overall, our patient
received 113 to 149 kcal/kg/d and 2.8 to 4.2 g protein/kg/d
during the fortification period. The infant reached full enter-
al feedings of 140mL/kg/d by DOL 14. TPN and SMOF were
discontinued on DOL 15 and the infant began an oral
challenge, in which the infant was allowed oral feeds ad
libitumwithout gavage. TPN and SMOFwere briefly resumed
when oral intake was inadequate but were again stopped on
DOL 18 when oral intake improved. During the fortification
period (DOL 10–20), which coincided with the transition
from parenteral to enteral nutrition, our patient gained
172 g, reflecting a change in weight z-score (WAZ) of only
�0.22 SD (►Fig. 1B, C).

Once the patient achieved appropriate oral intake and
weight gain, we began preparing for discharge, which, for all
patients includes weaning from human milk-derived forti-
fiers. On DOL 19, the patient was weaned from Prolact þ6
(Prolacta Bioscience, Duarte, CA) to unfortified MOM or
feeding at the breast. Despite consuming appropriate vol-
umes of MOM (estimated 170–200mL/kg/d), this infant
experienced a slight decrease in weight leading the team
to conclude the patient would benefit from additional sup-
plementation. Because Prolact þ6 is not available for outpa-
tient use, she was prescribed supplementation with 22
kcal/ounce of elemental formula (EleCare) 2 times daily to
help weight gain starting on DOL 20 and increased to 3 feeds
per day on DOL 22.

During the fortification period the patient’s weight in-
creasedwithout signs of feeding intolerance, as evidenced by
no feeds held, normal stooling, and only a single bout of
emesis, which was recorded as small and partially digested.

Fig. 1 Schema representing (A) weight gain trajectory and nutrition support from start of enteral feeding through discharge. (B) Daily weight z
score (WAZ) and (C) Change in daily WAZ during hospitalization through postdischarge outpatient visit. EN, enteral nutrition; PN, parenteral
nutrition; WAZ, weight-for-age z score.
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She was discharged home on DOL 22 (gestational age: 401/7

weeks). At discharge, the patient weighed 3,214 g (7.98th
percentile and WAZ �1.41 SD) with an FOC of 36 cm (62.3rd
percentile and HCAZ þ0.31 SD) and length 50 cm (13.4th
percentile and LAZ �1.11 SD). Overall, this patient experi-
enced a better growth trajectory than reference data21,26,27

(►Table 2). She regained birthweight by DOL 6. From the
start of enteral feeding (DOL 7) to discharge (DOL 22), shehad
an average weight, length, and FOC gain meeting or exceed-
ing goals set by the World Health Organization for term
infants 0 to 4 months34 (►Fig. 1 and ►Table 2). Additionally,
her change in WAZ and LAZ from birth to discharge were
�0.45 and þ0.31 SD, respectively; thus, no indication of
malnutrition at discharge25 (►Fig. 1 and ►Table 2). Further-
more, 30 days after discharge (34 days after discontinuation
of PN), she had a net increase in WAZ þ0.46 SD.

Discussion

This case demonstrates that a human milk-derived fortifier
along with human milk supports adequate growth without
signs of feeding intolerance in infants after gastroschisis
repair, and it may also help clinicians ensure an exclusive
human milk diet during the postoperative period. Maintain-
ing an exclusive human milk diet is thought to be important
to aid in healing as many bioactive components in human
milk improve gut barrier function, and human milk-fed
infants often have improved health outcomes than those
fed formula, such as a reduced risk of NEC.11,19,35

Infants with gastroschisis have a high risk of growth
failure, and the highest rate of growth failure occurs during
the transition period from parenteral to enteral nutrition,
similar to what is observed in preterm infants.21,27,36 In our
case, we intentionally implemented a fortification strategy
during the transition period from parenteral to enteral
nutrition to minimize the negative weight velocity typically
observed during this period. This approachwas successful, as
evidenced by our patient’s outcomes, namely a change in
weight and length z-scores (WAZ and LAZ) from birth to
discharge of �0.45 SD and þ0.31 SD, respectively, signifi-
cantly better than reference data,21,26,27 and no indication of
malnutrition at discharge.25

A growing body of literature suggests that an exclusive
human milk diet, including human milk-derived fortifiers
are advantageous during the postoperative period for criti-
cally ill infants, including those who have undergone gastro-
intestinal or cardiac surgeries.28,37 This case supports these

findings and suggests that feeding protocols using human
milk-derived fortifiers could follow existing protocols for
premature infants. In our unit, we begin fortifying preterm
infants to 26 kcal/ounce with human milk-derived fortifiers
starting at 50mL/kg/d. This gastroschisis patient followed
the same protocol and this early fortification was well
tolerated. Notably, however, we fortified this gastroschisis
patient for fewer days overall than we would have for a
preterm infant. For these reasons, we recommend future
research focused on timing and feeding advancement pro-
tocols using human milk-derived fortifiers for infants recov-
ering from gastrointestinal surgery.

Conclusion

Meeting the nutritional needs of surgical infants after gastro-
schisis repair is critical to avoiding hospital-acquired mal-
nutrition. As shown in this case, the use of a human milk-
derived fortifier in addition to maternal and donor milk in
this term infant with uncomplicated gastroschisis was well
tolerated by the infant and supported appropriate growth
without hospital-acquired malnutrition as she weaned off
parenteral nutrition. This novel strategy allows provision of
an exclusive human milk diet while meeting the increased
nutritional demands of the surgical infant during feeding
advancement. While our case report is encouraging, studies
of this feeding strategy for infants with gastroschisis are
needed to determine the impact of this strategy on hospital-
acquired malnutrition, feeding tolerance, and length of stay
in this vulnerable, high-risk population.
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