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Growth Failure Prevalence in Neonates with Gastroschisis : A Statewide
Cohort Study
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Objectives To perform a multicenter study to assess growth failure in hospitalized infants with gastroschisis.
Study design This study included neonates with gastroschisis within sites in the University of California Fetal
Consortium. The study’s primary outcome was growth failure at hospital discharge, defined as a weight or length
z score decrease >0.8 from birth. Regression analysis was performed to assess changes in z scores over time.
Results Among 125 infants with gastroschisis, the median gestational age was 37 weeks (IQR 35-37). Length of
stay was 32 days (23-60); 55% developed weight or length growth failure at discharge (28% had weight growth fail-
ure, 42% had length growth failure, and 15% had both weight and length growth failure). Weight and length z scores
at 14 days, 30 days, and discharge were less than birth (P < .01 for all). Weight and length z scores declined from
birth to 30 days (�0.10 and�0.11 z score units/week, respectively,P< .001). Length growth failure at dischargewas
associated with weight and length z score changes over time (P < .05 for both). Lower gestational age was asso-
ciated with weight growth failure (OR 0.70 for each gestational age week, 95% CI 0.55-0.89, P = .004).
ConclusionsGrowth failure, in particular linear growth failure, is common in infants with gastroschisis. These data
suggest the need to improve nutritional management in these infants. (J Pediatr 2021;233:112-8).
I
n adults and children, malnutrition is underdiagnosed and associated with increased sepsis and mortality rates and pro-
longed hospital stays.1-3 In neonates, growth failure is associated with poor neurodevelopment, and catch-up growth ap-
pears to be protective.4-7 Infants with gastroschisis are at high risk for growth failure. Up to 80% of these infants are

born prematurely, with an average gestational age of 36 weeks8; 15% of infants with gastroschisis have intrauterine growth re-
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striction (IUGR).9 These infants are often exposed in utero to tobacco and illicit
drugs.10,11 All infants with gastroschisis are at risk for intestinal strictures, necro-
tizing enterocolitis, sepsis, and prolonged feeding intolerance. Approximately
20% of infants with short bowel syndrome have gastroschisis.12 Infants with
short bowel syndrome require prolonged parenteral nutrition, which is associ-
ated with growth stunting and intestinal failure associated liver disease.12

Most growth studies in infants with gastroschisis are retrospective, single site,
have small sample sizes, and involve infants with other gastrointestinal anoma-
lies.13-21 Understanding the extent of growth failure is also complicated because
studies characterize growth failure differently. Z scores are considered the gold
standard for defining growth failure and reflect the SD of the population. Our
objective was to determine the incidence and degree of growth failure and
describe changes in weight, length, and head circumference (HC) z scores over
time in a large contemporary cohort of infants with gastroschisis.

Wehypothesized that >40%of infantswith gastroschisis would have growth fail-
ure, defined as a decline in the z score forweight or length>0.8 at hospital discharge,
that weight and length z scores would be lower at hospital discharge than birth, but
HCwould be unchanged, that prematurity, small for gestational age (SGA), sepsis,
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and necrotizing enterocolitis would negatively correlate with
growth failure, and that age at first feed and full feeds would
positively correlate with growth failure.

Methods

Infants with gastroschisis were eligible for this retrospective
cohort study if they were cared for at one of the sites in the Uni-
versity of California Fetal Consortium (UCFC) and born be-
tween February 2015 and July 2019. Patients who died prior
to discharge from the neonatal intensive care unit (NICU)
were excluded. In 2015, the UCFC implemented a surgical,
obstetrical, and neonatal pathway to standardize care for infants
with gastroschisis. This pathway prioritizes vaginal delivery,
prompt closure of the intestinal defect, minimizing the use of
paralytics, antibiotics, and opioids. The pathway recommends
initiating 20 cc/kg/day of human milk after 48 hours of nonbi-
lious Repogle output and advancing feeds by 20 cc/kg/day
(Table I; available at www.jpeds.com). This pathway does not
provide any recommendations for parenteral nutrition or
fortification of enteral nutrition. The UCFC published a
moderate to high adherence (60%-96%) to individual
components of this pathway.22 Implementation of this
pathway was associated with a decrease in median ventilator
and antibiotic days, and earlier initiation of feeds.22

Our primary outcome was weight or length growth failure
at hospital discharge. Growth failure was classified as mild,
moderate, or severe.23 Mild growth failure was defined as a
z score change from birth greater than or equal to 0.8, but
less than 1.2. Moderate growth failure was defined as a z score
change from birth >1.2, but <2. Severe growth failure was
defined as a z score change from birth >2.

This study was a retrospective analysis of a quality
improvement project. Growth data was collected prospec-
tively. Chart review of the maternal record included: illicit
drug/alcohol/tobacco use, IUGR, and maternal age. IUGR
was defined as weight <10th percentile on ultrasound for a
given gestational age.24 Chart review of the neonatal record
included: gestational age, mode of delivery, duration of
parenteral nutrition, days to reach full enteral feeds, and
complications such as sepsis and necrotizing enterocolitis.
Full feed was defined as 100 cc/kg/day of enteral nutrition
or ad libitum feeding, whichever occurred first. Late onset
sepsis was defined as a positive blood culture after 72 hours
of age. Necrotizing enterocolitis was defined by Bell stage 2
or greater.25 Gastroschisis diagnosis was differentiated as
simple vs complex. Complex gastroschisis was defined as gas-
troschisis with intestinal atresia, intestinal stricture, ischemic
bowel prior to closure, or severe pulmonary hypoplasia.22

Weight, length, and HC and their respective z scores were
measured by clinical staff at birth, and approximately 14 and
30 days of age, and at discharge. Length was measured using
rigid length boards for all sites except one. Means and SDs to
calculate z scores were obtained from Fenton et al for preterm
infants (<37weeks gestational age) and theWorldHealthOrga-
nization for term infants.26,27 Growth velocity was calculated
using a 2-point model with birth weight as a starting point
and accounted for birthweight (g/kg/day).28 Length andHCve-
locity was expressed as cm/week. SGA was defined as <10th
percentile for birth weight using the appropriate growth chart.

Statistical Analyses
To achieve at least 80% power with a 1-sided binomial test at
a 5% significance level, a sample size of 120 would detect an
incidence of 41% in the primary outcome (weight or length
growth failure), when the population incidence was assumed
to be 30%. Quantitative variables were summarized using
quartiles (median and IQRs), and differences were examined
using the paired t test, mean differences, and 95% CI. Qual-
itative variables are summarized using frequencies and per-
centages, and were compared using the Fisher exact test.
Generalized linear mixed models for repeated measures
were used to estimate the rate of change in weight, length,
and HC z scores over time. The growth velocity (weight,
length, and HC) between infants with and without growth
failure were compared using the Wilcoxon test.
The association between gestational age, birth weight

z score, IUGR, SGA, length of stay, complicated gastroschisis,
days until first feed, site, surgical method, late onset sepsis,
and days until abdominal closure, discharge weight growth
failure, and discharge length growth failure were examined
using a series of univariable logistic regression models. The
results are summarized using ORs and their 95% CI. All tests
were 2 sided and P values of less than .05 were considered sta-
tistically significant. The analyses were performed using SAS
2016 (SAS Institute Inc).

Results

Infants with gastroschisis (n = 132) were eligible for this
study, and 125 infants were included. No infants died or
were transferred to another hospital. Seven infants were
excluded due to missing birth growth measures. Of those
included, 120 infants had growth data at 14 days, 90 infants
at 30 days, and 125 infants at NICU discharge. Patients
were treated at one of the UCFC sites: University of Califor-
nia San Francisco (28), University of California Davis (27),
University of California Los Angeles (32), University of
California Irvine (20), University of California San Diego
(14), and Rady Children’s Hospital (6).
Demographic and hospital course data are summarized in

Table II: 14% (17 infants) had complex gastroschisis, 4%
(5 infants) developed necrotizing enterocolitis, 2 of whom
required surgery and 1 infant developed abdominal
compartment syndrome requiring surgical intervention.
When feeds were initiated, 90% (105 infants) received either
maternal breastmilk or donor milk. At discharge, 42% (48
infants) received human milk, 31% (37 infants) received
human milk and formula, 25% (29 infants) received formula
only, and 2% (2 infants) received parenteral nutrition.
The mean day for growth data collected at 14 days of age

was 13.7 days (CI 13.1, 14.4) for weight, 15.9 days (CI 8.6,
113
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Table II. Characteristics of infants with gastroschisis

Subject characteristics Percent (n) or median (IQR) n

Sex, female 46 (54) 117
Gestational age 37 (35,37) 125
Birth weight (g) 2458 (2165,2802) 124
Birth length (cm) 46 (43,48) 123
Birth HC (cm) 32 (30.5,33) 124
Birth weight z score �0.9 (�1.5, �0.1) 122
Birth length z score �0.9 (�1.7, 0.1) 121
Birth HC z score �1.1 (�1.7, �0.2) 122
SGA 43 (54) 122
IUGR 32 (40) 124
Maternal tobacco use 11 (14) 124
Maternal alcohol use 3 (4) 125
Maternal illicit drug use 18 (21) 120
Complicated gastroschisis 14 (17) 122
Length of stay (d) 33 (23,60) 120
Necrotizing enterocolitis 4 (5) 119
Late onset sepsis 9 (11) 120
Age of first feed (d) 12 (9,18) 115
Age at full feeds (d) 24 (18,43) 123
Days to closure 2 (0,4) 123
Abdominal compartment syndrome 1 (1) 125
Silo utilized 72 (90) 125

n, number of observations.
SGA is a birth weight less than the 10th percentile. IUGR is a fetal weight estimated to be less
than the 10th percentile on ultrasound. Complicated gastroschisis is defined as pulmonary hy-
poplasia, intestinal atresia or stricture, or ischemic bowel prior to closure. Necrotizing entero-
colitis is defined as Bell stage 2 or greater. Late onset sepsis is a positive blood culture after
72 hours of age.

THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 233
23.1) for length, and 15.6 days (CI 8.5, 22.1) for HC. The
mean day for growth data collected at 30 days was
31.5 days (CI 24.2, 38.7) for weight, 30.9 days (CI 22, 39.8)
for length, and 30.3 days (CI 22.7, 38) for HC. Mean day
for growth data collected at NICU discharge was 50.3 days
(CI 40.1, 60.5) for weight, 48.1 days (CI 38, 58.2) for length,
and 47.9 days (CI 38.6, and 57.2) for HC.

Overall, 55% of infants in this study had the primary
outcome. Table III provides data on the incidence of
growth failure; 28% (35 infants) had weight growth failure
at discharge, 42% (53 infants) had length growth failure,
and 15% (19 infants) had both weight and length growth
failure at discharge. The mean (CI) z scores at birth, 14 and
30 days of age, and discharge are displayed in Table IV
(available at www.jpeds.com). The median time to regain
birth weight was 8 days (IQR 5, 13). At birth, 36% (48
Table III. Growth failure at each time point in infants
with gastroschisis

Growth parameter
and date

Mild growth
failure

Moderate growth
failure

Severe growth
failure

Weight z score
14 d n =120 21% 4% 0%
30 d n = 90 16% 11% 0%
Discharge n = 125 13% 12% 3%

Length z score
14 d n = 120 15% 14% 2%
30 d n = 90 17% 17% 8%
Discharge n = 125 16% 15% 11%

Number of observations provided at each time point. Growth failure was categorized by
changes in weight or length z score at each time point from birth: mild 0.8-1.19, moderate
1.2-1.99, and severe ³2.
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infants) and 41% of infants (54 infants) had a birth weight
or length z score < �1.28 at birth (10th percentile, or
SGA), respectively. At discharge, 59% (78 infants) and 59%
(78 infants) had a weight and length z score < �1.28.
Compared with birth, the odds of having a weight or
length z score <-1.28 at discharge were 3 (P < .001) and 2.2
(P = .003) times higher, respectively.
Weight, length, and HC z scores were all significantly less

than zero at birth, 14 and 30 days, and discharge (P = .001
for all). Weight and length z scores at 14 and 30 days and
discharge were significantly less than birth weight and length,
respectively (P = .001 for all). However, when HC z scores at
later time points were compared with birth HC, there was no
difference (P = .28 at 14 days, P = .54 at 30 days, and P = .17 at
discharge). Weight and length z score from birth to 30 days
demonstrated a significant decrease over time (�0.10 z score
units/week and �0.11 z score units/week, respectively,
P < .001 for all). In contrast, there was not a significant
change in HC from birth to 30 days (�0.02 z score units/
week, P = .66).
There was not a significant increase in the incidence of

weight (P = .32) or length growth failure over time
(P = .06), but there was a significant increase in both weight
and length growth failure over time (P = .04). At 14 days, 6%
of infants (8 infants) with gastroschisis had both weight and
length growth failure. By NICU discharge, 15% (19 infants)
had both weight and length growth failure. Change in weight
z score from birth to 30 days was significantly different be-
tween those who had the primary outcome compared with
those who did not have the primary outcome (�0.13 vs
�0.07 z score units/week, P = .004, Figure 1). Likewise,
change in length z score from birth to 30 days was
significantly different between the two groups (�0.54 vs
0.16 z score units/week, P = .026, Figure 1). However,
change in HC z score from birth to 30 days was similar
between those who had the primary outcome compared
with those who did not (�0.005 vs 0.0067 z score units/
week, P = .086, Figure 1). In contrast, median weight and
HC growth velocity were similar when the group of infants
with the primary outcome was compared with the group of
infants without the primary outcome (P = .32 for weight
and P = .16 for HC, respectively) (Table V; available at
www.jpeds.com). However, there was a significant
difference in median linear growth velocity. Linear velocity
in infants with growth failure was 0.58 cm/week, and linear
velocity in infants without growth failure was 1 cm/week
(P = .01).
Gestational age was associated with growth failure; more

mature infants had a decreased odds of growth failure (OR
0.70 for each gestational age week, 95% CI 0.55-0.89,
P = .004). An increase in 1 SD for birth weight z score was
associated with an increased the risk for growth failure (OR
1.83, 95% CI 1.78-2.83, P = .007). The odds of developing
growth failure was 28% greater if the infant was not SGA vs
SGA (OR 0.78, 95% CI, P = .02) (Table VI; available at
www.jpeds.com). Weight z score trajectories for SGA
infants and infants without SGA are shown in Figure 2. Of
Strobel et al
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Figure 1. A,Meanweight,B, length, andC,HC z scores from birth to 30 days. Circles represent those who had no growth failure
(weight or length) at discharge. Squares represent those who had growth failure (weight or length) at discharge. Error bars
represent SD. The change in weight z score from birth to 30 days was significantly different between those who developed
growth failure at discharge compared with those who did not (�0.13 vs�0.07 z score units/week, P = .004). The change in length
z score from birth to 30 days was significantly different between these 2 groups (�0.54 vs 0.16 z score units/week, P = .023).
There was no significant difference in HC score changes from birth to 30 days between groups (�0.0050 vs 0.0067 z score units/
week, P = .086).
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note, infants born SGA had a significantly higher median
gestational age than infants born appropriate for
gestational age (37.1 [IQR 36.7-37.1] vs 36.3 [IQR 34.4-
37.9], P = .001). Weight growth failure was not associated
with sepsis, necrotizing enterocolitis, or age at first feed
and full feeds. There were no significant associations for
length growth failure at discharge.

Discussion

In this multisite study of 125 infants with gastroschisis,
growth failure, specifically, linear growth failure, was com-
mon. The incidence of infants with both weight and length
Figure 2. Mean weight z score from birth to 30 days in infants
who are SGA vs infants who are appropriate for gestational
age. AGA, appropriate for gestational age.

Growth Failure Prevalence in Neonates with Gastroschisis : A Sta
growth failure increased during the hospital stay. Our data
suggest that growth failure may be detected prior to hospital
discharge and bring up the possibility that improved nutri-
tional practices and clinical strategies should be considered.
Our findings validate previous finding by other investiga-

tors.4,15,19-21 Growth failure during initial hospital stay in
infants with gastroschisis was investigated in 2 single-site,
retrospective studies. These studies had a sample size of 60
and 90 infants, respectively. In both studies, 30% of infants
with gastroschisis had a weight z score less than 1 at
discharge.15,20 This is comparable with our study; 28% of in-
fants had a weight z score <0.8 at discharge. In contrast to these
studies, we investigated growth in larger group of infants who
were cared for at 6 different sites. Each site utilized a standard-
ized obstetrical, surgical, and medical approach for the man-
agement of gastroschisis. We also investigated longitudinal
measurements for weight, length, HC, and growth velocity.
Weight velocity is commonly used to assess growth in the

NICU. Growth velocity is calculated in g/kg/day, which ac-
counts for birth weight, or g/day.4,23 When using g/kg/day,
some investigators use birth weight, and others will use the
physiologic nadir for this calculation.29 We opted to report
g/kg/day, accounting for birth weight, to be consistent with
the growth failure definitions published by Goldberg
et al.23 Although the infants in this study had a median gesta-
tional age of 37 weeks, many infants were born prematurely
and were SGA or growth restricted. We compared z score
changes with velocities for weight, length, and HC. There
was no significant difference in weight velocity between gas-
troschisis infants who developed growth failure and infants
with gastroschisis who did not develop growth failure. In
this study, the median weight growth velocity for infants
with gastroschisis was 5.8 g/kg/day, which is far below the
tewide Cohort Study 115
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recommended growth velocity of at least 15 g/kg/day.23 In
contrast, infants with gastroschisis who developed growth
failure had a significantly different and worse linear velocity
compared with infants without growth failure.

In preterm infants, poor linear growth and microcephaly
are associated with neurodevelopmental delays.30-33 Fetuses
with gastroschisis have smaller occipitofrontal circumference
and crown-heel length compared with healthy control fetuses
matched for gestational age.34 In preterm infants, smaller oc-
cipitofrontal circumference and shorter fetal lengths have
been associated with a decreased amount of white matter
on magnetic resonance imaging.35 In this study, HC z score
did not change over time, and HC velocity was similar for in-
fants with gastroschisis with growth failure and those without
growth failure. Although it is unclear why HC was spared, we
hypothesize that these infants were not severely malnour-
ished or stunted. Studies in preterm infants with postnatal
growth failure reported similar findings.31,36,37

Increased energy and protein provisions are associated
with improved somatic growth and a decreased risk for cere-
bral palsy in very low birth weight infants.38-43 It is possible
that some infants with gastroschisis and growth failure
develop an energy and protein deficit. Providing sufficient
parenteral protein beginning at birth and not prematurely
discontinuing parenteral nutrition may be an important
nutritional practice to consider in infants with gastroschisis.
Fortification of enteral nutrition may also improve growth.
However, some infants with gastroschisis may not tolerate
bovine fortification. Given our results, we have recently
amended our clinical guidelines to include recommendations
for parenteral nutrition and enteral nutrition fortification.

Gestational age, SGA, and birth weight z score were associ-
ated with weight growth failure at discharge. As expected, in-
fants with gastroschisis who were born less mature had a
higher risk of growth failure. Studies that have demonstrated
that late-preterm infants are at risk for growth failure and later
disabilities.44 SGA and IUGR infants are at high risk for growth
failure.45,46 In our study, there was a high incidence of SGA and
IUGR; 43% and 32% of the infants had SGA or IUGR, respec-
tively. Unexpectedly, SGA was associated with a decreased risk
for growth failure. This is inconsistent with our hypothesis and
prior research.45,46 This may be explained by the fact that SGA
infants had a significantly higher gestational age at birth
compared with infants who were born appropriate for gesta-
tional age. In this study, there was a 30% reduction in growth
failure for each additional week of gestation. It is also possible
that clinicians caring for infants who are born SGA may pay
more attention to growth and nutrition compared with infants
born appropriate for gestational age.

Although the median surgical closure was 2 days of age,
feeds were initiated at a mean of 12 days of age in this study.
This delay in feeding is most likely secondary to underlying
intestinal dysmotility. Chronic inflammation and intestinal
dysbiosis may contribute to dysmotility and poor growth in
neonates with gastroschisis. In the pediatric population,
inflammation has been linked to abnormalities in the growth
hormone/ insulin-like growth factor 1 axis.47 In fetuses with
116
gastroschisis, the intestinal exposure to amniotic fluid causes
an inflammatory bowel “peel” that may cause feeding intoler-
ance and prolonged parenteral nutrition courses, whichmay in
turn, may cause growth failure.48

This inherent inflammation in neonates with gastroschisis
may be exacerbated by the enteral diet. Although the majority
of the infants received human milk when enteral feeds were
started, 56% of infants were receiving some formula at
discharge. In term infants fed an exclusively human milk diet
compared with those who received formula, infants who
received a human milk diet had lower concentrations of fecal
calprotectin and alpha-1 antitrypsin levels, markers of inflam-
mation, at 3 months of life.49 Somemothers may not be able to
provide a sufficient amount of human milk, or there may be
contraindications to human milk. In very low birth weight in-
fants, the prolonged use of unfortified donor milk has been
associated with poor growth.44 However, when donor milk is
used as a “bridge,” and a standardized approach to donor
milk fortification is used, a human milk diet improves overall
growth and neurodevelopment, and decreases the risk of sepsis,
necrotizing enterocolitis, and hospital re-admissions.50-52

We recognize the limitations of our study. Data was
collected retrospectively and, as a result, there is some missing
data. We did not assess growth or neurodevelopment beyond
the NICU. Assessments of linear growth were not uniform.
However, all but one site used length boards, which is the
preferred method for measuring length in infants. We did
not collect data on albumin concentrations, blood urea nitro-
gen, and urine sodium concentrations, which are markers of
nutritional status. Last, we are unable to comment on specific
components of parenteral and enteral nutrition. The UCFC
gastroschisis clinical pathway provides limited guidance on
nutritional management. As result, it is unclear if the growth
patterns observed in our study are secondary to variability in
nutritional practices.
Because this study enrolled a large group of infants from

several large children’s hospitals in the state of California and
participating centers utilized a standardized approach to the
management of gastroschisis, we believe our results are gener-
alizable. These findings suggest that clinicians may need to
develop a multidisciplinary nutritional approach to prevent
and treat growth failure in infants with gastroschisis. n
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Pregnancy in Women with Galactosemia

Roe TF, Hallatt JG, Donnell GN, Ng WG. Childbearing by a galactosemic woman. J Pediatr 1971;78:1026-30.

Galactosemia, an inborn error of galactose metabolism due to impaired activity of the enzyme galactose-1-
phospate uridyltransferase, affects 1 in 16 000-50 000 newborns. Despite adherence to a galactose-restricted

diet, abnormal menstrual cycles and primary ovarian insufficiency (POI) are frequent (<90%) in girls and women
with galactosemia. POI represents one of the most frequent long-term complications.1

Fifty years ago, Roe et al reported in The Journal that a woman with classical galactosemia gave birth to a healthy
heterozygous offspring. Subsequent reports confirmed spontaneous pregnancies indicating subfertility rather than
infertility. A retrospective multicenter study reported near 50% spontaneous pregnancy rate in patients actively at-
tempting to conceive during 2 years, substantially greater than for other cases of ovarian failure.1

During puberty, the number of follicles is reduced in these patients. Several mechanisms have been suggested,
including direct toxicity of galactose and its metabolites. A small study demonstrated a preserved number of follicles
in young girls, raising the opportunity for cryopreservation to manage subfertility.2 The observation by Roe et al
50 years ago illustrated that spontaneous pregnancies occur despite POI. If these women attempt to conceive for a
period of 27-30 months, it is estimated that >60% of couples would become pregnant.1 The awareness of this relatively
high rate of spontaneous pregnancies should be emphasized in the counseling of the patients. The years to come will
reveal details about the underlying pathophysiologic mechanism, timing of the ovarian dysfunction, and new
treatment strategies.

Runar Almaas, MD, PhD
Department of Pediatric Research

Oslo University Hospital
Oslo, Norway

Ola Didrik Saugstad, MD, PhD
Department of Pediatric Research

University of Oslo
Oslo, Norway

Ann and Robert H. Lurie Children’s Hospital of Chicago
Northwestern University Feinberg School of Medicine

Chicago, IL

References

1. van Erven B, Berry GT, Cassiman D, Connolly G, Forga M, Gautschi M, et al. Fertility in adult women with classic galactosemia and primary

ovarian insufficiency. Fertil Steril 2017;108:168-74.

2. Mamsen LS, Kelsey TW, Ernst E, Macklon KT, Lund AM, Andersen CY. Cryopreservation of ovarian tissue may be considered in young girls with

galactosemia. J Assist Reprod Genet 2018;35:1209-17.
Strobel et al

http://refhub.elsevier.com/S0022-3476(21)00122-0/sref47
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref47
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref47
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref48
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref48
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref48
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref49
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref49
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref49
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref49
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref49
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref49
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref50
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref50
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref50
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref50
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref51
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref51
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref51
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref51
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref52
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref52
http://refhub.elsevier.com/S0022-3476(21)00122-0/sref52
http://refhub.elsevier.com/S0022-3476(21)00145-1/sref1
http://refhub.elsevier.com/S0022-3476(21)00145-1/sref1
http://refhub.elsevier.com/S0022-3476(21)00145-1/sref2
http://refhub.elsevier.com/S0022-3476(21)00145-1/sref2


List of Additional UCFC Members.

Appendix

University of California Davis:
Sacramento, CA

Nina Boe, MD1, Erin Brown, MD2, Diana Farmer, MD2, Nancy Field, MD1, Herman Hedriana, MD1,
Shinjiro Hirose, MD1, Gina James, RN1, Elyse Love MS1, Amelia McLennan, MD1, Francis Poulain, MD3,
Amy Powne, CNM1, Laila Rhee Morris, MS1, Catherine Rottkamp, MD, PhD3, Payam Saadai, MD2,
Sherzana Sunderji4, Veronique Tache1, Jay Yeh4

1. Department of Obstetrics and Gynecology
2. Department of Surgery, Division of Pediatric Surgery
3. Department of Pediatrics, Division of Neonatology
4. Department of Pediatrics, Division of Pediatric Cardiology

University of California- Irvine: Irvine, CA M. Baraa Allaf, MD1, Katie Bacca, BS1, Lisa Carroll, MD1, Brian Crosland, MD1, Robert Day, MD1,
Jennifer Duffy, MD1, David Gibbs2, Afshan Hameed, MD1, Tamara Hatfield, MD1, Alexandra Iacob, MD3,
Jennifer Jolley, MD1, Mustafa Kabeer, MD2, Nafiz Kiciman4, Nancy Lee, MD1, Carol Major, MD1, Joshua
Makhoul, MD1, Yona Nicolau, MD3, Manuel Porto, MD1, Rebecca Post, MD1, Pamela Rumney, RN1,
Lizette Spiers, BS1, Cherry Uy, MD3, Peter Yu, MD2

CHOC: Irfan Ahmad, MD3, Nita Doshi, MD4, Yigit Guner, MD2, Wyman Lai, MD4, Pierangelo Renella, MD4

1. Department of Obstetrics and Gynecology
2. Department of Surgery, Division of Pediatric Surgery
3. Department of Pediatrics, Division of Neonatology
4. Department of Pediatrics, Division of Pediatric Cardiology

University of California-Los Angeles: Los
Angeles, CA

Yalda Afshar, MD, PhD1, Kara Calkins, MD, MS2, Ilina Pluym, MD1, Daniel DeUgarte, MD3, Uday
Devaskar, MD2, Jaime Deville, MD4, Viviana Fajardo, MD2, Meena Garg, MD2, Christina Han, MD1, Kerry
Holliman, MD1, Carla Janzen, MD1, Howard Jen, MD3, Suhas Kallapur, MD2, Steven Lee, MD3, Steven
Lerman, MD5, Aisling Murphy, MD1, Tina Nguyen, MD1, Rashmi Rao, MD1, Animesh Sabnis, MD2, Gary
Satou, MD6, Mark Sklansky, MD6, Katie Strobel, MD2, Renea Sturm, MD5, Khalil Tabsh, MD1, Thalia
Wong, MD1

1. Department of Obstetrics and Gynecology
2. Department of Pediatrics, Division of Neonatology
3. Department of Surgery, Division of Pediatric Surgery
4. Department of Pediatrics, Division of Infectious Diseases
5. Department of Urology, Division of Pediatric Urology
6. Department of Pediatrics, Division of Pediatric Cardiology

University of California-San Diego: San
Diego, CA

Rebecca Adami, MD1, Tracy Anton, BS1, Jerasimos Ballas, MD1, Stephen Bickler, MD2, Erika
Fernandez, MD3, Andrew Hull, MD1, Marni Jacobs, MD1, Diana Johnson, BS3, Karen Kling, MD2, Leah
Lamale-Smith, MD1, Sarah Lazar BS3, Louise Laurent, MD, PhD1, Tzu-Ning Liu, MD, PhD1, Celestine
Magallanes BS1, Dora Melber, MD1, Mana Parast, MD, PhD4, Mishella Perez, BS1, Dolores Pretorius,
MD4, Sandy Ramos, MD1, Maryam Tarsa, MD1, Douglas Woelkers, MD1, Kathy Zhang-Rutledge, MD1

Rady Children’s (San Diego, CA): Ian Fraser Golding, MD6, Laurel Moyer, MD3, Heather Sun, MD6

1. Department of Obstetrics and Gynecology
2. Department of Surgery, Division of Pediatric Surgery
3. Department of Pediatrics, Division of Neonatology
4. Department of Pathology
5. Department of Radiology
6. Department of Pediatrics, Division of Pediatric Cardiology

University of California-San Francisco:
San Francisco, CA

Katie Archbold, BA1, Lisa Arcilla, MD2, Stacie Bennet, MD3, Paul Brakeman, MD4, Melissa Catenacci,
MD3, Shilpa Chetty, MD1, Hillary Copp, MD5, Erin Corbett, RN1, Valerie Dougherty, MS1, Sarah Downum,
BS1, Vickie Feldstein, MD6, Neda Ghaffari, MD1, Ruth Goldstein, MD6, Juan Gonzalez-Velez, MD1,
Veronica Gonzalez, MD1, Kristen Gosnell, RN2, Joanne Gras, DO1, Michael Harrison, MD7, Whitnee
Hogan, MD2, Romobia Hutchinson, BS7, Roxanna Irani, MD, PhD1, Priyanka Jha, MD6, Erna Josiah-
Davis, NNP3, Roberta Keller, MD3, Katelin Kramer, MD3, Hanmin Lee, MD7, Billie Lianoglou, MS1,
Jennifer Lucero, MD1, Leslie Lusk, MD1, Tippi MacKenzie, MD7, Anne Mardy, MD1, Erin Matsuda, RN,
PNP3, Anita Moon-Grady, MD2, 3, Tara Morgan, MD6, Amy Murtha, MD1, Mary Norton, MD1, Natalie
Oman, MPH1, Benjamin Padilla, MD7, Sachi Patel, BS1, Shabnam Peyandi, MD2, Andrew Phelps, MD6,
Liina Poder, MD6, Annalisa Post, MD1, Larry Rand, MD1, Diana Robles, MD1, Frederico Rocha, MD, MS1,
Howard Rosenfeld, MD2, Melissa Rosenstein, MD, MAS1, Janice Scudmore, MSN, FNP1, Dorothy Shum,
MD6, Nasim Sobhani, MD1, Teresa Sparks, MD1, Katherine Swanson, MD1, Martha Tesfalul, MD1,
Stephanie Valderramos, MD, PhD1, Lan Vu, MD7, Amanda Yeaton-Massey, MD1

1. Department of Obstetrics and Gynecology
2. Department of Pediatrics, Division of Pediatric Cardiology
3. Department of Pediatrics, Division of Neonatology
4. Department of Pediatrics, Division of Nephrology
5. Department of Urology, Division of Pediatric Urology
6. Department of Radiology
7. Department of Surgery, Division of Pediatric Surgery

June 2021 ORIGINAL ARTICLES

Growth Failure Prevalence in Neonates with Gastroschisis : A Statewide Cohort Study 118.e1



Table I. 2015 UCFC clinical pathway for gastroschisis

Obstetrical guidelines
� Recommend delivery at 38 wk if routine pregnancy with fetal gastroschisis without other maternal or fetal indications for delivery
� In pregnancies with fetal gastroschisis that are complicated by fetal growth restriction or suboptimal interval fetal growth, the goal gestational age for delivery is

37 wk
� Vaginal delivery is recommended with Cesarean section reserved for obstetrical indications

Surgical guidelines
� *Attempt bedside silo placement and closure without intubation or anesthesia is encouraged when feasible (a narrow fascial defect requiring lateral extension does

not prohibit this approach). Routine intubation and paralysis are not recommended
� If silo is utilized, closure within 3 d is recommended when feasible
� Recommend gastric and rectal decompression as strategies to facilitate reduction

Ventilator guidelines
� Routine intubation and paralysis are not recommended for silo placement and bedside reduction

Antibiotic guidelines
� Ampicillin and gentamicin are recommended as primary choice for prophylaxis
� Discontinue antibiotics within 48 h after abdominal closure in the absence of culture-positive sepsis and clinical instability

Pain management guidelines
� *Recommend oral sucrose water for silo placement, reduction, and closure
� If narcotics are used, limit to a single dose when feasible to prevent against apnea or intubation
� Recommend nonnarcotic medications to control pain
� Discontinue opioids within 48 h after abdominal closure

Central venous access guidelines
� Peripherally inserted venous access is preferred over central-insertion of tunneled catheters
� Discontinue central venous catheters as soon as 100 kcal/kg/d of enteral feeds (or ad lib oral feeds) are achieved

Feeding guidelines
� Initiate feeds within 48 h of gastric output becoming nonbilious
� Use mother’s own breastmilk if available
� Advance feeding by at least 20 cc/kg/d as tolerated

*Represents changes made in 2016.

Table IV. Mean (95% CIs) for weight, length, and HC z scores at birth, 14 and 30 days, and discharge in infants with
gastroschisis

Growth parameter Birth 14 d 30 d Discharge

Weight �0.82 (�1,-0.7)* �1.2 (�1.4,-1)*,† �1.2 (�1.4,-1.0) *,† �1.3 (�1.5,-1.2)*,†

Length �0.83 (�1,-0.6) * �1.3 (�1.5,-1)*,† �1.4 (�1.8,-1.1)*,† �1.3 (�1.5, �1)*,†

HC �0.83 (�1.1,-0.7)* �1.0 (�1.2,-0.8)* �0.93 (�1.2,-0.8)* �0.77 (�1,-0.6)*

*P < .05 when compared with zero (average).
†P < .05 when compared with birth.
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Table V. Median growth velocity (IQR) from birth to discharge in infants with gastroschisis

Growth velocity All Infants Growth failure No growth failure P value

Weight gain velocity (g/kg/d) 5.8 (4.3-7.0) 5.2 (4.1, 6.9) 6.1 (5.2, 7.2) .32
Length velocity (cm/wk) 0.6 (0.5-0.8) 0.58 (0.17, 0.74) 1.0 (0.83, 1.4) .01
HC velocity (cm/wk) 0.8 (0.4-1.1) 0.58 (0.41, 0.74) 0.67 (0.41, 0.74) .16

Velocities were compared between infants who developed weight or length growth failure and infants who did not develop weight or length growth failure at discharge.

Table VI. Predictors of weight growth failure at
discharge

Predictor OR (95% CI) P value

Gestational age (wk) 0.70 (0.55-0.89) .004
Birth weight z score 1.83 (1.78-2.83) .007
SGA (yes) 0.28 (0.10-0.80) .017
IUGR (yes) 1.4 (0.62-3.3) .40
Length of stay (d) 1.0 (0.99-1.0) .59
Complicated gastroschisis (yes) 0.61 (0.16-2.3) .47
Days until first feed 1.0 (0.99-1.0) .44
Days until full feeds 1.0 (0.99-1.0) .75
Late onset sepsis 0.54 (0.11-2.7) .45
Silo (yes) 1.5 (0.60-4.0) .38
Days until closure 1.0 (0.85-1.2) .99
Site – .45

N/A, not applicable.
SGA is a birth weight less than the 10th percentile. IUGR is a fetal weight estimated to be less
than the 10th percentile on ultrasound. Complicated gastroschisis is defined as pulmonary hy-
poplasia, intestinal atresia or stricture, or ischemic bowel prior to closure. Late onset sepsis is a
positive blood culture after 72 hours of age.
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