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ABSTRACT - Background — Gastroschisis, especially complex type, prematurity and low birth weight are associated with a worse clinical outcome with

higher mortality, higher incidence of sepsis and catheter-related infection, cholestasis, short bowel syndrome, greater number of days to achieve full
diet, longer time of parenteral nutrition and longer hospitalization time. Objective — To evaluate the growth of preterm newborns with gastroschisis
during their hospitalization in the neonatal intensive care unit. Methods — Descriptive study, based on a retrospective cohort (January 2012 to De-
cember 2018), including preterm newborns (gestational age less than 37 weeks) with simple and complex gastroschisis admitted in a tertiary neonatal
intensive care unit. The following parameters were analyzed: maternal age, parity, type of delivery, birth weight, gender, gestational age, nutritional
adequacy, type of gastroschisis, fasting time, parenteral nutrition time, time until achieving full enteral nutrition, hospitalization time, weight gain
and outcome. The results were expressed in percentage, average, and median. Results — A total of 101 newborns with gastroschisis were admitted,
of which 59.4% were premature (80.7% of late preterm infants). From the maternal data, the mean age was 21.2 years and 68.3% were primiparous.
Regarding childbirth: 80% were cesarean sections. From newborns: the average birth weight was 2137 g, 56.6% were female, the average gestational
age was 34.8 weeks, the average weight gain was 20.8 g/day during hospitalization and 83.3% were discharged from the hospital. Conclusion — The
growth analysis by weight gain (grams/day) during hospitalization in the intensive care unit showed that more than 90% of the sample presented

acceptable or adequate weight gain.
Keywords — Gastroschisis; infant, premature; growth; infant, newborn.

INTRODUCTION

Gastroschisis is a defect of the abdominal wall, in most cases
to the right of the umbilical cord insertion. Intestinal loops and
occasionally parts of other abdominal organs burst out the defect
of the abdominal wall, without membranes or sac covering the
viscera. Genetic polymorphism, interaction with environmental
factors such as smoking and maternal age below 20 years may play
a role in the pathogenesis of this disease®.

The prevalence of gastroschisis has been increasing worldwide
since 1995, reaching three to four cases for 10,000 live births, with
no difference between genders®. Hypotheses for the cause of gas-
troschisis include failure of mesodermal formation in the abdominal
wall, rupture of the amniotic membrane around the umbilical ring,
sequelae of right umbilical vein involution, or interruption of the
right calf artery®.

Gastroschisis can be classified as simple when it occurs as
an isolated defect and complex, when associated with intestinal
anomalies such as intestinal atresias, perforations, necrotic seg-
ments or volvolus®.

Gastroschisis, especially complex type, prematurity and low
birth weight are associated with a worse clinical outcome with

higher mortality, higher incidence of sepsis and catheter-related
infection, cholestasis, short bowel syndrome, greater number of
days to achieve full diet, longer time of parenteral nutrition and
longer hospitalization time®. Prolonged dependence on parenteral
nutrition can trigger liver disease associated with parenteral nutri-
tion, with possible progression to severe liver failure®©.

Gastroschisis increases the risk of preterm labor, and only
35% of deliveries occur with gestational age equal to or greater
than 37 weeks”.

Parenteral nutrition has become part of the daily clinical treat-
ment of several patients requiring nutritional supplementation. In
newborns, parenteral nutrition contributed to improve the survival
of preterm infants, including congenital bowel anomalies.

Currently, newborns with gastroschisis, both premature and
term, require early and balanced parenteral nutrition to survive
periods of fasting, which the underlying disease itself determines,
because intestinal dysmotility associated with gastroschisis is well
known, in both situations simple and complex defect.

It is also known that newborns receiving parenteral nutrition
have lower energy needs than those in enteral nutrition, due to lower
intestinal losses, exclusion of digestion and absorption processes
and dynamic-specific action of food. A non-protein supply of 60
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kcal/kg, associated with an adequate supply of amino acids, meets
the rest metabolic needs of the newborn. With caloric offers of
80-90 kcal/kg and protein of 3 g/kg/day, some increase in weight
and growth is already observed. Thus, in newborns with gastro-
schisis, total parenteral nutrition with 3—4 g/kg/day of protein and
100 kcal/kg/day of non-protein calories, maintaining a non-protein
nitrogen/calorie ratio of around 1/150 to 1/200, promotes anabolism
and adequate growth of these newborns®.,

Despite this therapeutic arsenal in parenteral nutritional ther-
apy, studies show that newborns, mainly preterm with associated
diseases, do not present expected weight gain based on currently
growth charts®.

Potential clinical effects of this growth failure include increased
stay in the neonatal intensive care unit and worse outcomes in
neurodevelopment. There is also evidence showing a link between
inadequate early neonatal nutrition and health outcomes, including
increased cardiovascular disease, obesity and diabetes®.

The numerical methods used to describe the growth rate of
preterm newborns in relation to weight, length and head circumfer-
ence include grams/kg/day (g/kg/d), grams/day (g/d), centimeters/
week (cm/w) and z-score evaluation!?.

From the above, there are difficulties in adequately nourishing
preterm infants with gastroschisis, as well as there are difficulties in
measuring this nutrition, that is, in measuring an adequate growth.

Thus, the aim of the present study is to evaluate the growth of
preterm newborns with simple and complex gastroschisis during
their hospitalization in the neonatal intensive care unit.

METHODS

This is a descriptive study, based on a retrospective cohort,
including preterm newborns (gestational age less than 37 weeks)
with simple and complex gastroschisis, admitted to the Neonatal
Intensive Care Center 2 (CTIN-2) of the Child and Adolescent
Institute of the Clinics Hospital — Faculty of Medicine — Univer-
sity of Sdo Paulo (HC-FMUSP), Brazil, from January 2012 to
December 2018.

CTIN-2 is a Neonatal Intensive Care Unit tertiary-level that
provides care to high complexity newborns. The criterion of hos-
pitalization in this center consists of newborns and young infants
under 45 days of life who require clinical and surgical intensive
care. In recent years, gastroschisis was the second surgical pathol-
ogy with the highest number of hospitalizations.

The neonatology, child surgery, hospital infection control com-
mission, physiotherapy, nursing and nutrition teams developed a
managed protocol to care the newborn with gastroschisis.

Parenteral nutrition is initiated on the first days of life if the
newborn has hemodynamic stability. The nutritional target in total
parenteral nutrition is 3 to 3.5 g/lkg/day of amino acids, 3 g/kg/day
of lipids, preferably with fish oil and glucose infusion rate of 12
mg/kg/minute!). The volume is titrated from daily water balance
and electrolytes and micronutrients are prescribed based on basic
needs and serial laboratory evaluation.

The venous access of choice is the peripherally inserted central
catheter (PICC) and is maintained with rigorous antisepsis tech-
niques, with standardized dressing switching and proper manipula-
tion, to avoid catheter-associated infection.

The onset of enteral diet occurs when gastric residue is in reduc-
tion and the appearance becomes yellow or salivary. Breast milk is
the diet of choice and starts with 20 mL/kg, with daily increase of

the diet, until reaching the full diet. When fasting is longer than 30
days, it is chosen to start the diet with hydrolyzed formula in the
absence of breast milk.

The project was approved by the Ethics Committee of the
Department of Pediatrics and the Research Project Analysis
Committee (CAPPesq) of HC-FMUSP, protocol 2476188, and
the Informed Consent Form was waived because it is a collection
of data from the medical records of these newborns.

The following items were collected from medical records:
maternal age (years); parity (primiparous or not); type of delivery
(vaginal or cesarean); birth weight (grams); gender; gestational age
(weeks), calculated by fetal ultrasound up to 20 weeks of gesta-
tion!?, for subsequent classification of prematurity; nutritional
adequacy (small — below the 10th percentile, adequate — between
10th and 90th percentiles or large for gestational age — above the
90th percentile), using Fenton curves (2013)®¥; type of gastroschisis
(simple or complex) — diagnosed during surgery; fasting time (days),
time of parenteral nutrition (days); time until reaching full enteral
nutrition (minimum volume of 120 mL/kg/day of enteral diet)!¥
(days); hospitalization time (days); weight gain from hospitaliza-
tion to discharge (grams/day), and outcome (hospital discharge
or death).

For the evaluation of the growth of these preterm infants with
gastroschisis through weight, the criterion of increasing or decreas-
ing daily weight in grams/day was adopted from hospitalization to
hospital discharge!?. Adequate gain was considered values higher
than 15 grams/day, acceptable values between 10 and 15 grams/day
and inadequate values, less than 10 grams/day. For this study, the
Fenton growth curves were chosen to classify the newborn after
birth and in the follow-up period, and the weight gain in gram/
day criterion was chosen. Newborns are weighed daily on digital
scales and calibrated, naked and always by a nurse. The justifica-
tion for choosing the grams/day criterion to evaluate the growth of
these preterm infants was based on a systematic review, published
in 2017, where the methods for this evaluation were studied. It
was evaluated 373 studies from England, France, Germany and
Spain and the most used criteria to calculate the weight gain of
preterm newborns were: gram/kg/day, in 40% of the publications,
followed by gram/day, 32%, and 29% used changes in the z score
in intrauterine and postnatal growth charts, however, the authors
do not present definitive conclusions regarding the best method
for this evaluation?.

In a study published in 2017 studying weight gain in preterm
infants by the grams/day criterion, daily increments of 12 to 16
g/day were observed®, justifying the choice, in this research, of
inadequate values (less than 10 g/day), acceptable (between 10 and
15 g/day) and adequate (greater than 15 g/day).

The classification of prematurity adopted was very premature
(gestational age between 28 and 32 weeks) and, moderate preterm
infants (gestational age between 32 and 37 weeks, including late
preterm infants — gestational age between 34 and 37 weeks); in
relation to birth weight (extreme low birth weight — birth weight
less than 1000 g, very low birth weight — birth weight between
1000 and 1500 g, low birth weight between 1500 and 2500 g and
birth weight greater than 2500 g), and nutritional adequacy (small,
adequate, or large for gestational age, according to the reference
curve adopted)!?.

The results are expressed in proportions, average with standard
deviation and median, with minimum and maximum values. The
sample size was not calculated because it is a convenience sample.
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RESULTS

During the study period, from January 2012 to December 2018,
101 newborns with gastroschisis were admitted, with an admission
rate of 14.4 newborns/year. Of these, 60 newborns (59.4%) were
premature (gestational age less than 37 weeks).

TABLE 1 shows the variables studied in this group of preterm
infants, expressed in proportions, averages and standard deviation
or medians, with minimum and maximum values.

TABLE 2 describes the classification of prematurity. 80.7%
were late preterm infants, 18.3% were small for gestational age and
71.8% were low birth weight.

TABLE 3 shows the weight gain of this group of preterm
infants by the criterion of grams/day, being adequate gain values
higher than 15 g/day, acceptable values between 10 and 15 g/day,
and inadequate values, less than 10 g/day.

DISCUSSION

This study presents two extremely important aspects that have
not yet been addressed in the literature. The first is to analyze a co-
hort of gastroschisis composed only of preterm newborns, because
published studies on gastroschisis cohorts analyze premature and
term infants together'*!'”. The second is to describe the growth of
these preterm infants, because there are few studies that analyze
growth and not only with preterm newborns®.

The prematurity rate analyzed in this cohort was 59.4%, with
a mean gestational age of 34.8 weeks. A recent study published in
2020 analyzing 566 newborns with gastroschisis in eight tertiary

TABLE 1. Variables studied (n=60).
Variable n

21.20+1.41%*

Maternal age (years)

Primiparous 41 (68.33%)
Type of delivery

Vaginal 12 (20.0%)

Caesarian 48 (80.0%)
Birth weight (grams) 2137.61+414.46%
Gender

Female 32(53.33%)

Male 28 (46.67%)

Gestational age (weeks) 34.80+3.90%
Type of gastroschisis

49 (81.66%)
11 (18.34%)

27%% (minimum 7, maximum 105)

Simple
Complex
Fasting time (days)

Parenteral nutrition

time (days) 30.50%** (minimum 7, maximum 125)

Time to achieve full

enceral diet (days) 36.50%*% (minimum 15, maximum 134)

Hospital stay (days) 39.50%** (minimum 7, maximum 138)

Weight gain (grams/day) 20.84+6.57
Outcome
Discharged 50 (83.34%)
Death 10 (16.66%)

TABLE 2. Classification of preterm newborns in relation to gestational
age, birth weight and nutritional adequacy (n=60).

Classification n

*Average. **Median.
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Gestational age*

Very premature 3 (5.0%)

Moderate premature 57 (95.0%)

Late premature 46 (80.70%)
Birth weight**

Extreme low birth weight 0

Very low birth weight 3(5.0%)

43 (71.77%)
14 (23.33%)

Low birth weight

Birth weight >2500 g
Nutritional adequacy***
11 (18.33%)
48 (80.0%)

1(1.67%)

*Very premature — gestational age between 28 and 32 weeks, moderate preterm infants —

Small for gestational age
Adequate for gestational age
Large for gestational age

gestational age between 32 and 37 weeks) and late preterm infants — gestational age between
34 and 37 weeks). **Extreme low birth weight — birth weight less than 1000 g, very low
birth weight — birth weight between 1000 and 1500 g, low birth weight between 1500 and
2500 g and birth weight greater than 2500 g). **#Small (P<10), adequate (P=10-90), or
large for gestational age (P>90).

TABLE 3. Weight gain by grams/day criterion (n=60).
Weight gain (grams/day) n
5 (8.33%)
5 (8.33%)
50 (83.34%)

Inadequate gain (<10 grams/day)
Acceptable gain (between 10 and 15 grams/day)
Adequate gain (>15 grams/day)

centers showed that gestational age at birth ranged from 28 to 40
weeks, with a median of 36 weeks and 56% were premature!®).

Among the risk factors for gastroschisis, young and primiparous
mothers stand out. This study showed an average of maternal age of
21.2 years, compatible with data from Eggink et al. (2006)", who
had an average of 19.3 years and Raymond et al. (2020)"®, with a
median of 21 years. Regarding primiparous women, the findings
were also in agreement with the literature, 68.3% in the present
study, 68.7% (Calcagnotto et al., 2013)?” and 60.8% (Friedman
et al., 2016).

Another fact that draws attention is the high rate of cesarean
deliveries found (80%), because there is no evidence that cesarean
delivery improves the result of gastroschisis, especially with com-
plications. The literature shows a rate around 50%®. In Brazil,
Calcagnotto et al., in Porto Alegre, studying the risk factors as-
sociated with mortality in newborns with gastroschisis, found a
cesarean section rate of 92.2%. Elective preterm delivery before
37 weeks of gestation has been suggested to protect the external-
ized intestine from damage due to exposure to amniotic fluid, with
consequent serositis and compressions, however, these studies still
present conflicting results, therefore, surgical delivery is reserved
only for obstetric indications®V.

Of the 60 newborns studied, there was no predominance be-
tween genders in the incidence of gastroschisis (female 53.3% and
male 46.7%), a fact that is comparable to the literature, according
to Mastroiacovo et al., 2007??. The incidence of complex gastro-
schisis was 18.3%, slightly higher when compared to the literature,
which average of 14%19.
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The median fasting time was 27 days, parenteral time, 30.5 days,
and to achieve full enteral nutrition, 36.5 days, compatible with
recently published data, showing median parenteral nutrition time
of 27 to 30 days"®. Literature data with preterm infants smaller
than 1500 g show a median of 67 days for parenteral nutrition and
107 days for full enteral nutrition®.

The intestinal dysmotility in gastroschisis is a common evolu-
tion with important interference in the beginning of enteral diet
and need for prolonged parenteral nutrition time®. After surgical
correction of gastroschisis, a period of intestinal hypomotility usu-
ally occurs, with spontaneous regression®.

The etiology of this transient intestinal dysfunction is not yet
fully elucidated and may be related to a defect in the maturation
of intestinal neurons. A Brazilian experimental study, published
in 2003, analyzing fetuses of rabbits with gastroschisis, showed
that the intestinal plexus of fetuses with gastroschisis are more
immature compared to controls. The irritating action of amniotic
fluid is the most plausible explanation for this neuronal disorder
of intestinal maturation®¥.

The median hospital stay was 39.5 days, like the literature,
where the hospitalization time in three studies analyzed was 48
days (mean)®, 33 days (median)®® and 37 days (median)'®. In
preterm infants smaller than 1500 g, the hospital stay in a recent
publication was 77.5 days'®.

Regarding the outcomes (hospital discharge or death), mor-
tality was 16.6%, higher than the literature that is around 5%(%.
This difference can be explained by inadequate prenatal care for
pregnant women and a higher incidence of complex gastroschisis.
In two Brazilian studies, one conducted at the Clinics Hospital of
the Federal University of Minas Gerais and the other at the Clin-
ics Hospital of Porto Alegre, mortality rates were 14.9%% and
23.4% respectively. However, all these mortality rates are from
cohorts that included preterm and term newborns.

The average birth weight was 2137.6 g, with 5% very low
birth weight, 71.7% low birth weight and 23.3% with birth weight
greater than 2500 g. Regarding nutritional adequacy: 18.3% small,
80% adequate and 1.7% large for gestational age, according to
Fenton curves'™, standardized in the service where the research
was conducted.

It is known that an adequate fetal growth, especially in the
third trimester of pregnancy, depends on a satisfactory physiology
of the digestive tract, a fact that does not occur in gastroschisis,
because there is loss of nutrients, especially proteins, due to intes-
tinal exposure to amniotic fluid. This fact may lead to restriction
of intrauterine growth and, consequently, small for gestational
age newborns. However, in this study, a relatively small number of
newborns small for gestational age were obtained (18.3%), in agree-
ment with another Brazilian study that showed 14.3%, although
this percentage included premature and term newborns®.

The evaluation of growth during hospitalization time, adopting
the criterion of grams/day, showed an average weight gain of 20.8
g/day, distributed as well: 8.3% of the neonates had inadequate
weight gain, considering less than 10 g/day, 8.3% had acceptable
gain, between 10 and 15 g/day and the most (83.3%), adequate
gain, greater than 15 g/day.

CONCLUSION

In conclusion, the growth analysis of preterm newborns with
simple and complex gastroschisis through the criterion of weight
gain (grams/day) during hospitalization in a neonatal intensive
care unit, showed that more than 90% of the sample presented
acceptable weight gain (10 to 15 g/day) or adequate (>15 g/day),
emphasizing that preterm newborns who do not gain weight in the
neonatal intensive care unit remain hospitalized for longer, increas-
ing morbidity and mortality, besides the risk of presenting cognitive
deficits in the follow-up. In addition, prolonged hospitalizations
substantially increase health costs.

Authors’ contribution

Bigio JZD: data collection, research execution, text writing,
statistical analysis. Falcdo MC: data collection, research execution,
text writing, statistical analysis. Tannuri ACA: research execution,
text writing.

Orcid
Juliana Zoboli Del Bigio: 0000-0002-4326-2575.
Mario Cicero Falcao: 0000-0002-5658-3992.
Ana Cristina Aoun Tannuri: 0000-0002-5481-032X.

Bigio JZD, Falcao MC, Tannuri ACA. Analise do crescimento de recém-nascidos pré-termo com gastrosquise durante a Internagao em Unidade de Terapia

Intensiva Neonatal. Arq Gastroenterol. 2021;58(4):504-8.

RESUMO - Contexto — Gastrosquise, principalmente o tipo complexo, prematuridade e baixo peso ao nascer estdo associados a um pior desfecho

clinico com maior mortalidade, maior incidéncia de sepse ¢ infec¢do relacionada ao cateter, colestase, sindrome do intestino curto, maior nimero de
dias para atingir dieta plena, maior tempo de nutri¢ao parenteral e maior tempo de internagdo. Objetivo — Avaliar o crescimento de recém-nascidos
pré-termo com gastrosquise durante sua interna¢ao na unidade de terapia intensiva neonatal. Métodos — Estudo descritivo, baseado em uma coorte
retrospectiva (janeiro de 2012 a dezembro de 2018), incluindo recém-nascidos pré-termo (idade gestacional inferior a 37 semanas) com gastrosquise
simples e complexa, admitidos em uma unidade de terapia intensiva neonatal de nivel terciario. Foram analisados: idade materna, paridade, tipo de
parto, peso de nascimento, género, idade gestacional, adequagao nutricional, tipo de gastrosquise, tempos de jejum, de nutri¢gao parenteral, até atingir
nutri¢do enteral plena e de internagdo, ganho de peso e desfecho. Os resultados estdo expressos em porcentagem, médias ¢ medianas. Resultados —
Foram admitidos 101 recém-nascidos com gastrosquise, dos quais 59,4% eram prematuros (80,7% prematuros tardios). Dos dados maternos, a idade
média foi de 21,2 anos e 68,3% eram primigestas. Com relagéo ao parto: 80% foram cesarianas. Dos recém-nascidos: o peso médio de nascimento foi
de 2137 g, 56,6% eram do sexo feminino, a idade gestacional média foi de 34,8 semanas, o ganho médio de peso de 20,8 g/dia durante a internagao e
83,3% receberam alta hospitalar. Conclusdo — A analise do crescimento por meio de ganho de peso (gramas/dia) durante a internagao na unidade de
terapia intensiva mostrou que mais de 90% da amostra apresentou ganho aceitavel ou adequado de peso.

Palavras-chave — Gastrosquise; recém-nascido prematuro; crescimento; recém-nascido.
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