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Abstract

Objectives—Infants with bronchopulmonary dysplasia (BPD) often undergo gastrostomy tube
(GT) placement and/or Nissen fundoplication (Nissen) to improve weight gain and to attenuate
chronic respiratory symptoms related to feeding difficulties. After initial hospitalization little is
known how these children do with regard to respiratory symptoms when compared to children
with BPD who did not receive GTs. This study was done to determine if differences in respiratory
outcomes were associated with the presence of a GT or Nissen/GT in children with BPD during
the first two years of life.

Methods—Children (n=398) were recruited from the Johns Hopkins BPD Outpatient Clinic.
Medical charts were reviewed and acute care usage and respiratory symptoms were assessed by
caregiver questionnaires.

Results—Ninety-two children with BPD had GTs, with the majority placed by 6 months of age.
Of children with GTs, 64.7% also had Nissen fundoplication. Children with Nissen/GTs were
more likely to have birth weights < 10t percentile and to be discharged on supplemental oxygen.
After initial hospitalization, children with GTs and Nissen/GTs weaned off supplemental oxygen
at significantly older ages than children without GTs. Children with Nissen/GTs also had more
hospitalizations than children without GTs. Caregivers of children with GTs and Nissen/GTs
reported similar respiratory symptoms as caregivers of children without GTs.

Conclusion—Weaning off supplemental oxygen occurred later in children with GTs and
Nissen/GTs compared to children without GTs. Although children with Nissen/GTs had more re-
hospitalizations, there were not differences in reported respiratory symptoms between any of the
groups by caregiver questionnaire.
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Introduction

Approximately 12% of all infants born in the United States are preterm, with up to 50,000
infants each year weighing less than 1500 grams.12 These very low birth weight infants
(VLBW) infants are at high risk for developing bronchopulmonary dysplasia (BPD) and
other co-morbidities including developmental and feeding-related complications.3

Swallowing dysfunction is a common problem among preterm infants, particularly those
with BPD.# Furthermore, swallowing dysfunction likely contributes to chronic respiratory
symptoms in children with BPD. Recently, Mizuno and colleagues reported that infants with
BPD on supplemental oxygen had less effective swallowing, higher respiratory rates and
more oxygen desaturations compared to preterm infants without BPD.® They also reported
that infants with BPD on supplemental oxygen had lower sucking pressures, shorter sucking
frequencies and shorter durations of sucking resulting in lower volume intake.® This study
and others indicate that poor nutrition, swallowing dysfunction and gastroesophageal reflux
(GER) may be risk factors for worsening lung disease, poor lung recovery and impaired lung
growth in infants with BPD.%67

Limited volume intake and greater energy expenditures in the infant with BPD can increase
the risk of growth failure after initial discharge from the hospital.” Indeed, Wang and
colleagues found that VLBW infants with severe BPD had greater rates of growth delay
between 2—6 months corrected age. They also found that these infants had significantly
lower oxygen saturations with oral feeds when compared to term and VLBW infants with
mild BPD.8 Poor weight gain has also been associated with subsequent neurological
difficulties in infants with BPD, although BPD severity alone has been correlated with
poorer neurological outcomes. 91011

The decision to place a gastrostomy tube in an infant with BPD is often influenced by the
presence of poor weight gain and/or chronic respiratory symptoms related to swallowing
dysfunction. In addition, surgical anti-reflux procedures such as Nissen fundoplication are
often performed in children with BPD who are unresponsive to medical treatment for
symptomatic GER and when GER contributes to ongoing respiratory symptoms and/or poor
weight gain. Anticipated outcomes from these surgical interventions include improved
nutrition, better postnatal lung growth, and avoidance of further lung damage in a high risk
population.

To determine if respiratory outcomes in the first two years of life differed among BPD
children with or without a GT, we reviewed medical charts and assessed acute care usage
and respiratory symptoms by caregiver questionnaires from patients recruited from the Johns
Hopkins Outpatient BPD clinic. We hypothesized that BPD children with GTs (or Nissen/
GTs) would have more respiratory morbidities and respiratory symptoms during the first
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Methods

two years of life compared to BPD children without GTs, in part due to their greater
respiratory severity on presentation to the initial outpatient visit. In this study we also sought
to determine the age in which children with BPD were weaned off supplemental oxygen and
if age of weaning differed with respect to GT or Nissen/GT status. Secondary goals of this
study included identifying factors associated with GT or Nissen/GTs placement and the age
in which GTs or Nissen/GTs were placed.

Study Sample

All subjects (n=398) were recruited and consented from the Johns Hopkins
Bronchopulmonary Dysplasia (BPD) Clinic between January 2008 and December 2012.
Patients with the diagnosis of BPD were referred to the clinic by area neonatal intensive care
units or pediatricians. Subjects were recruited if they met the inclusion criteria, which
included (1) a diagnosis of BPD by the referring NICU or staffing pediatric pulmonologist,
(2) born preterm (<36 weeks of gestation), and (3) clinical data for review before the age of
2 years. This study was approved by the Johns Hopkins University Institutional Review
Board.

Demographics/Socio-economic Factors

Birth weight percentile was derived from U.S. norms for gestational ages.1? Race/ethnicity,
primary caregiver education level, and secondhand smoke exposure were self-reported.
Insurance coverage (private vs. public) was obtained from billing records. Median
household income was derived using residential zip codes and data from 2007-2011
American Community Survey from U.S. Census Bureau.

Clinical Data

Dates of initial discharge and first BPD clinic encounter, and the presence/absence of
gastrostomy tubes, Nissen fundoplications, and respiratory support were ascertained at the
first BPD clinic encounter through chart review. Inhaled corticosteroid use was defined as
any use prior to 2 years of age based on chart review.

Respiratory Morbidities

Respiratory morbidities were assessed using Yes/No questions on questionnaires completed
by caregivers. Primary outcomes included emergency department visits, hospital
admissions, systemic steroid use, and antibiotic use for respiratory reasons since the last
BPD clinic visit (or since initial hospital discharge if assessed at the first BPD clinic visit).
Secondary outcomes included the presence/absence of trouble breathing, rescue beta-agonist
use, activity limitations, and nighttime symptoms. The secondary outcomes were assessed as
occurring 0 days, 1-3 days, and >4 days within the past week, but for the purposes of
analysis, secondary outcomes were dichotomized into occurring or not occurring in the past
week.
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Statistical Methods

Results

Demographic frequencies and clinical outcomes stratified by presence of GT or Nissen
fundoplication were compared using chi square and t tests. Kaplan-Meier methodology was
used to analyze the age at which 92 subjects with GTs had them inserted or removed. With
regards to GT removal, 24 subjects have had their GTs removed with the date of removal
known, and the data were censored for the remaining 68 subjects with GTs still in place or
lost to follow-up. The relationship between the presence of a GT and respiratory morbidities
at each clinical visit was assessed using logistic regression adjusted for the age of the subject
at the time of questionnaire completion, health insurance status, small for gestational age
status, inhaled corticosteroid use, home supplemental oxygen, and home ventilator support.
As caregivers may have completed questionnaires at several clinic visits, the logistic
regressions accounted for this using Generalized Estimating Equations (GEE) methodology
(clustered by subject).13 STATA IC 11 (StataCorp LP, College Station, TX) was used for all
statistical analyses. P values <0.05 were considered statistically significant.

Demographics of entire study sample

Three hundred and ninety-eight patients diagnosed with BPD were recruited from the Johns
Hopkins Outpatient Bronchopulmonary Dysplasia Clinic between 2008-2012. The average
gestational age of subjects was 26.8+2.8 weeks and the average birth weight was 949+472
grams (Table 1). Ninety-two (23.1%) subjects had GTs and of the 92 subjects with GTs, 62
(67.4%) also had Nissen fundoplications. The 153 (38.4%) subjects receiving respiratory
support at home included 144 children on supplemental oxygen via nasal cannula and 9
children on home mechanical ventilation (4 with supplemental oxygen entrainment and 5
without).

With regard to gestational age and absolute birth weight, we found no significant differences
between children with or without GTs or Nissen/GTs (Table 1). Infants with Nissen/GTs but
not GTs alone, were more likely to have a lower birth weight percentile, be small for
gestational age, and to be covered by public insurance compared to infants without GTs.
Infants with GTs and Nissen/GTs were discharged later and likewise seen at an older age in
BPD clinic compared to those without GTs (ANOVA p values both <0.001). However, there
was no difference in the duration of time between initial NICU discharge and first BPD
clinic visit (ANOVA p=0.76). All nine infants on home ventilators had Nissen/GTs. Home
supplemental oxygen use and any inhaled corticosteroid use were more frequent among
infants with Nissen /GTs compared to infants without GTs.

Clinical course of gastrostomy tube placement

In the two groups of children with GTs or Nissen/GTs, we were interested in knowing the
median age of placement and GT removal as well as the median time from GT placement to
hospital discharge. In children with GT and Nissen/GTs, the exact date of placement was
known for 90 out of 92 subjects. We found the median age of placement was 5.4 months of
age with 94% of GTs placed within the first 12 months of life (n=90, Figure 1). Subjects
ultimately discharged to home on respiratory support (supplemental oxygen and/or
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mechanical ventilation) tended to have a later placement of GT (median age of 5.7 months;
n=53) compared to subjects discharged without such support (median age of 5.0 months;
n=37; log rank p=0.08).

Of the 90 subjects where the date of GT placement was known, 72 (80%) had the GT placed
during the initial NICU hospitalization, and 18 (20%) were placed during a later
readmission. For the 72 subjects where the GT was placed during the initial NICU
hospitalization, the median time from GT placement to discharge varied by whether a
Nissen fundoplication was also performed. The median time from surgery only for GT to
discharge was 0.5 months (n=21) compared to a median time from GT placement and
Nissen fundoplication to discharge of 1.4 months (n=51; log rank p=0.010). For the 18
subjects where the GT was placed after the initial NICU hospitalization, the GT was placed
a median of 4.1 months after discharge from the NICU.

Using censored data, the median age of GT removal was 5.2 years of age (n=92). For the 24
subjects who have had their GT removed, the median age of GT removal was 3.0 years. For
the 61 subjects who still had GTs in place and the 7 subjects lost to follow-up prior to GT
removal, the median age of follow-up was 2.8 years. However, timing of GT removal may
be associated with severity of initial respiratory disease, as children who did not require
home supplemental oxygen or home mechanical ventilation had their GTs removed earlier
(median age=3.1yo) compared to those who were on respiratory support (median age>6yo;
log rank p=0.005; Figure 2).

Age of oxygen discontinuation by GT status

We also sought to determine the age in which BPD children were weaned off supplemental
oxygen after initial hospital discharge. Specifically we were interested in determining if GT
or Nissen/GT status was associated with the age of weaning from supplemental oxygen. We
found that children with BPD without GTs were weaned off oxygen significantly sooner
than children with GTs or Nissen/GTs. Furthermore, children with GTs alone were weaned
off supplemental oxygen significantly sooner than the children with Nissen/GTs (Figure 3).

Respiratory morbidities and respiratory symptoms in children with BPD by GT status

At each outpatient visit, caregivers of subjects who attended the BPD clinic were given
questionnaires regarding inter-current illnesses, acute care visits and respiratory symptoms
in their children. A total of 736 questionnaires were completed by the caregivers of 338
subjects (84.9%) prior to the age of 2 years with 4.1% of all questions left blank by
caregivers; the presence or absence of GT or Nissen/GTs did not impact whether a
questionnaire was completed (GT p=0.09; Nissen p=0.52) or how many questionnaires were
completed (GT p=0.09; Nissen p=0.07).

After initial hospital discharge, 32.8% of subjects had at least 1 emergency room visit
(n=335) and 22.9% had at least 1 hospital admission (n=336) for respiratory symptoms,
within the first 2 years of life. We found no significant difference between the children with
GTs, Nissen/GTs or no GTs with regard to respiratory morbidities (emergency department
visits, systemic steroid use, and antibiotic use for respiratory reasons). However, the
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presence of a Nissen/GT, was associated with a higher likelihood (1.96 times higher) of
being re-admitted to the hospital following initial discharge, after adjusting for age, use of
home oxygen, ventilation, and inhaled corticosteroids, insurance status, and small-for-
gestational-age status (p=0.043). We found no differences between the groups with regard to
respiratory symptoms (trouble breathing, rescue beta-agonist use, activity limitations, and
nighttime symptoms) (Table 2).

Discussion

In this study we examined the respiratory outcomes of children with BPD in the outpatient
setting during the first two years of life, with respect to GT status. We found that 23.1% of
children with BPD had a GT or Nissen/GT with the majority of procedures performed by 6
months of age. The children with GTs and Nissen/GTs were significantly older at initial
hospital discharge and were significantly older when weaned from supplemental oxygen
compared to the children without GTs. In addition, the BPD children with Nissen/GTs were
significantly more likely to require respiratory and/or ventilatory support after initial
hospital discharge and were more likely to be re-hospitalized during the first two years of
life compared to children without GTs.

Factors associated with having a Nissen/GT included a birth weight of < 10 percentile and a
need for supplemental oxygen and/or ventilatory support at the initial clinic visit. These
findings suggest that the Nissen/GT group of children may have more severe BPD then the
other groups. The children with Nissen/GTs were also more likely to be re-hospitalized and
weaned off supplemental oxygen at a later age during the first two years of life.
Nevertheless, with the exception of re-hospitalizations, caregivers of children with
Nissen/GTs reported similar respiratory morbidities (likelihood of emergency department
visits, systemic steroid use, antibiotic use, reports of trouble breathing, need for rescue beta-
agonist, activity limitations, and nighttime symptoms) as caregivers of children with GTs
alone or without GTs. This suggests that placement of a GT/Nissen in a particularly
vulnerable population of children with BPD may help attenuate respiratory morbidity
following initial discharge from the hospital. Prospective studies that follow patients
longitudinally from birth into the outpatient setting would be useful in identifying other
factors associated with long-term respiratory outcomes in this high risk population.

Attenuation of chronic respiratory symptoms by placement of GT or Nissen/GT may be
particularly relevant in children with BPD on supplemental oxygen. Several animal studies
have reported that hyperoxia exposure in combination with pulmonary aspiration can cause
a more severe lung injury than aspiration alone.141516 |n addition, Heuer and colleagues
found that intra-bronchial instillation of hydrochloric acid can cause injury to multiple
organs including the heart, lung, liver and kidney.1” Although these are animal studies, the
results suggest that minimizing aspiration and/or GER events, in the presence of
supplemental oxygen may help attenuate lung injury and potentially improved respiratory
outcomes.

The decision to treat an infant with BPD who has swallowing dysfunction and/or severe
GER unresponsive to medical therapy with a surgical intervention can vary among tertiary
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care centers and involves a risk/benefit analysis. Recent improvements including less
invasive procedures have made these interventions more accessible and safer in a high risk
group of infants and may help improve respiratory symptoms in preterm infants.18:19 The
efficacy of oral motor interventions (OMI) in preterm infants with lung disease, although
less invasive is still unclear. Arvedson and colleagues recently conducted a systematic
review of the literature to determine the impact of oral motor interventions on pulmonary
health of preterm infants. None of the studies in their review reported on pulmonary health,
and although some studies showed benefits, the variability and methodological limitations,
questioned the utility of their use.29 Large prospective studies that compare outpatient
respiratory outcomes between OMI and surgical interventions for children with BPD and
with swallowing dysfunction and/or GER are needed.

We also examined timing of GT placement and removal in children with BPD. We found
that the median age of removal was 5.2 years of age. Knowing that many children will have
GTs removed prior to kindergarten, and that most children will have GTs removed before
grade school may help alleviate the concern of caregivers regarding feeding regimens in the
school setting.

Our study has several limitations. First, data collection of neonatal history and timing of GT
and Nissen fundoplication was retrospective. Morbidity outcomes were also assessed
retrospectively via questionnaire and may be subject to recall bias. In addition, the
association among groups involving duration of oxygen use after initial hospitalization may
be confounded by more severe BPD or poor growth in children with GTs or Nissen/GTs. A
prospective study that determines BPD severity at 36 weeks post conception age would help
to establish whether a relationship exists between BPD severity, GT or Nissen GT
placement and subsequent duration of oxygen use during the first two years of life. Another
limitation of this study is that it may not be representative of other children with BPD in the
outpatient setting across the United States since the majority of subjects who attended our
clinic were non-white and from an urban setting. Nevertheless, minorities are generally at
high risk for premature births and studying a population that is disproportionately affected
by prematurity is important. All subjects in this study also attended a BPD clinic that
focused on the care and needs of preterm children with lung disease. This may not be
representative of care given in other areas, and the children referred to this subspecialty
clinic may have more severe lung disease and other co-morbidities than the general
population of children with BPD since they were specifically referred for the treatment of
BPD. Lastly, although we adjusted for measures of severity of BPD, including inhaled
corticosteroid use, home supplemental oxygen, and ventilator support in our analysis of
respiratory morbidities, it is possible that our results may be confounded by other
unmeasured elements of BPD severity.

In summary, we found that 23.1% of BPD children who were followed in an outpatient BPD
clinic had GTs or Nissen/GTs. After initial hospital discharge, weaning off supplemental
oxygen occurred later in the children with GTs and Nissen/GTs, compared to children
without GTs. Re-hospitalizations after initial hospital discharge were higher in the children
with Nissen/GTs, however respiratory morbidities as reported by caregivers were similar
among the three groups.
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Figure 1.
Age of Gastrostomy Tube Insertion (Months): Kaplan-Meier plot demonstrating the age of

GT placement for 90 subjects where the exact date of placement is known.
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Figure 2.

Age of Gastrostomy Tube Removal (Years): Kaplan-Meier plot demonstrating the age of
GT removal for 92 subjects. For 24 subjects the exact date of removal is known and for the
remaining 68, the data has been censored as 61 subjects still have a GT in place and 7 have
been lost to follow-up prior to GT removal. The solid line represents 54 subjects who were
discharged from the NICU on respiratory support at home (supplemental oxygen and/or
mechanical ventilation) and the dashed line represents 38 subjects who were discharged
without such support. The lines are statistically different (log rank p=0.005). The numbers
above the solid line and below the dashed line represent the subjects with follow-up data at
that particular age for each respective line.
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Proportion of Subjects Remaining on Supplemental Oxygen
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Figure 3.
Age of Oxygen Discontinuation (Months): Kaplan-Meier plot demonstrating the age of

weaning off supplemental oxygen for 148 subjects. The solid black line represents 99
subjects without GTs who were discharged from the NICU on supplemental oxygen. The
solid gray line represents 14 subjects with GTs who were discharged from the NICU on
supplemental oxygen. The solid gray line represents 35 subjects with GTs and Nissen
fundoplications who were discharged from the NICU on supplemental oxygen (n=31) or
oxygen entrainment via ventilator (n=4). All three plotted lines are statistically different
from one another, specifically log rank p values are 0.002 for no GT vs. GT only, <0.001 for
no GT vs. GT with Nissen, and 0.025 for GT only vs. GT with Nissen.
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