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Introduction
Bronchopulmonary dysplasia (BPD) affects about 22% of very low 

birth weight (VLBW) newborns [1]. The disease has a turbulent clinical 
course, significantly contributing to morbidity and mortality in the 
neonatal period, and leaving long-term sequelae [2].

The frequency of Gastroesophageal Reflux (GER) causing symptoms 
and a complicated clinical course in premature infants presenting BPD 
during their stay in neonatal care units is not fully established [3-5] and 
widely questioned.

Although there is experimental and clinical evidence that sleep 
apnea occurs as a result of reflux episodes [6,7], the cause-effect 
relation between the conditions is controversial [8-10]. Similarly 
there is disagreement regarding the effects of GER in the pathogenesis 
and in BPD recovery [5,11]. The presence of pepsin in the tracheal 
aspirate in ventilated newborns during the first weeks of life, and the 
subsequent progression to BPD in these newborns may indicate the 
possibility of chronic aspiration as a mechanism in the genesis of BPD 

[12]. Furthermore, there is evidence that symptoms associated with 
acid reflux episodes that reach or not the pharynx, if cleared slowly, are 
common in newborns presenting BPD on respiratory support [13,14].

Despite the controversies, the presumptive diagnosis of GER has 
been quite frequent in neonatal units in North America, and there is 
indication that 24.8% of VLBW infants are treated for the condition 
[15]. Treatment is even more common (47.6%) among VLBW infants 
who are discharged after 42 weeks of postmenstrual age, of which 
75.7% have DBP [15].

Given the uncertainty regarding the occurrence of GER in newborns 
presenting BPD and the frequency of GER treatment, the prospective 
study of distal esophagic pH monitoring (DEpHM) abnormalities in 
newborn infants presenting or not BPD was considered.

Abstract
Background: A high frequency of treatment for gastroesophageal reflux disease is observed in neonates with 

Bronchopulmonary Dysplasia (BPD). The association between these illnesses is controversial.

Objective: To determine the prevalence of reflux index ≥ 10%, in very low birth weight infants, presenting or not 
BPD, using esophageal pH monitoring. 

Methods: A prospective cross-sectional study was conducted. Thirty-five newborns presenting BPD and 15 
newborns not presenting BPD underwent distal esophageal pH monitoring during their stay in a university hospital 
neonatal unit. The frequency of symptoms and gastroesophageal reflux treatment was studied in both groups. 

Results: The prevalence of reflux index ≥ 10% did not differ between groups presenting (65.7%) and not presenting 
BPD (93.3%); p=0.075. Symptoms attributable to gastroesophageal reflux occurred in 91.4% of newborns presenting 
BPD and in 73.3% of the group not presenting BPD. Antireflux treatment was introduced to 80% of the subjects 
presenting BPD and to 20% of patients who were not presenting BPD; (p<0.001). 

Conclusions:There is a high prevalence of increased esophageal mucosal exposure to acid in very low birth 
weight infants presenting or not BDP. The symptoms attributable to gastroesophageal reflux are frequent in both groups; 
however, in very low birth weight infants, not presenting BPD, a clinical progression complicated by gastroesophageal 
reflux is less frequent. Nevertheless, BPD is associated with a higher frequency of gastroesophageal reflux treatment, 
the indication of any therapeutic modality must be cautious, and the laboratory investigation associated with a clinical 
evaluation may contribute to a reduction in the number of unnecessary treatment.
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The purpose of this study is to determine the prevalence of high acid 
exposure of esophagus, reflux index (RI) ≥10%, in VLBW newborns 
presenting or not a diagnosis of BPD, to establish the prevalence 
of signs/symptoms attributable to GER, and the treatment for both 
groups in a neonatal tertiary care unitof a university hospital. It was 
hypothesized that there is a higher frequency of DEpHM abnormalities, 
symptoms and clinical treatment in newborns diagnosed with BPD.

Methods
A prospective cross-sectional study was conducted. Newborn 

infants with birth weight ≤ 1500 g and with a diagnosis of BPD, 
according to the criteria of Bancalari et al. [16], born between April 
2004 and December 2008 were included in the study. The comparison 
group included newborns of same weight and gestational age (24-32 
weeks) who did not present respiratory failure in the first week of life, 
or who presented a short-term respiratory failure, and did not require 
oxygen therapy after the first week of life. In both groups, the subjects 
were included in the study after 28 days of life, with clinical stability, 
100% enteral feeding and in a weight gain phase. The BPD group was 
included after being to at least one week of tracheal extubation. 

The study protocol was conducted in accordance with the 
Declaration of Helsinki and approved by the Research Ethics Committee 
of the School of Medicine at University of Campinas (Unicamp), Brazil, 
and the families signed an informed consent document.

The criteria for exclusion used were malformations, genetic 
syndromes and chromosomal disorders, hypoxic-ischemic syndrome, 
structural anomalies in the central nervous system, grade IV peri-
intraventricular hemorrhage (PIVH), periventricular leukomalacia and 
DEpHM with technical problems or lasting less than 18 hours, death, 
discharge, and transference prior to the exam date.

DEpHM was performed by researchers under standardized 
conditions. During the exam, the subjects stayed in the dorsal decubitus 
position and had pulse oximetry monitoring. The equipment used for 
pH registering was Digitrapper MKIII-Medtronic Synectics®, Stockholm, 
Sweden. Technical calibration procedures and equipment installation 
were previously described [17]. The electrode was introducedup to 
the distance established by the arithmetical average of the length 
obtained by the pH turning point and location of the Lower Esophageal 
Sphincter (LES) determined by manometry [18]. A chest radiograph 
was taken to confirm the position of the electrode at the level of T6-T7 
vertebral bodies.

During the exam, every four hours, the subjects received formula 
for premature newborns or fortified expressed breast milk, orally or 
via a gastric tube. The total enteral volume during recordings was set 
at 130-140 mL/k/day. Prokinetic and antacid drugs were discontinued 
at least 48 hours before the exam. The use of xanthines (caffeine, 
aminophylline) was not contraindicated during the test.

PH measurements were taken every 4 seconds. Reflux episodes 
were defined as intraesophageal pH fall below 4 for at least 15 seconds. 
The maximum duration of each test was between 18-24 hours, and at 
the end of this period the records were using the Esop Hagram software 
(Gastrosoft Inc., MN, USA). DEpHM was considered abnormal when 
the total time with pH <4 or reflux index (RI) was ≥ 10%.

Information on the signs/symptoms of GER and concerning the 
treatment used during the stay in the neonatal hospital was obtained 
from the medical records. Symptomsthat werepresent before or after 
DEpHM were: apnea of prematurity non-responsive to xanthines, late-
onset apnea coinciding with the end of the parenteral/enteral transition, 

apnea associated with milk in the mouth, apparent life-threatening 
events, repeated episodes of SaO2 <80%, and frequent bradycardia, 
with or without need for supplemental oxygen, vomiting/regurgitation, 
unexplained worsening of pulmonary function, coughing, stridor, 
suspected pulmonary aspiration, irritability, back-arching. The 
descriptive variables studied were birth weight, gestational age [19], 
adequacy of weight for age,gender, neonatal respiratory disorder, 
use of xanthines, prenatal and postnatal corticosteroid use, oxygen 
therapy and gastric tube use duration, postmenstrual age and weight 
at examination, signs and symptoms suggestive of Gastroesophageal 
Reflux Disease (GERD), neurologic exam abnormalities (hypotonic 
syndrome, hypertonic syndrome, hyperexcitability syndrome, 
hemisyndrome or apathy syndrome), duration of hospital stay, GERD 
treatment. 

The results of DEpHM remained confidential and held by the 
researchers. Results were only provided to the clinical team when 
requested, after GER was suspected based on clinical manifestations, 
according to the unit’s code of conduct. Postural and dietary treatment, 
transpyloric/jejunal tube, pharmacologic, and surgical treatment were 
indicated by the staff. Treatment was introduced in the following 
sequence. 

Sample Size
A sample size of 35 subjects was estimated by using a method of 

proportions calculation for a finite population using a prevalence 
average of RI ≥ 10%, obtained from previous data (45.4%) [4,5] and the 
estimates of prevalence in the Service (41.7%), accepting a difference 
of 5 to 10%, with an alpha of 0.05. The sample size of the comparison 
group who did not present BPD was established at 15.

Data Analysis
For the comparison between the groups, the Chi-square and Fisher’s 

Exact tests were used for categorical variables. The Mann-Whitney 
test was used for numerical variables. The SAS System for Windows 
(Statistical Analysis System),version 9.1.3 from SAS Institute Inc, 2002-
2003, Cary, NC, USA, was used. The significance level adopted was 5%. 

Results 
Thirty-five (35) subjects presenting BPD and 15 subjects from the 

comparison group were studied. Forty-two (42) subjects with BPD were 
excluded for the following reasons: family refusal (n=2), deaths (n=7), 
central nervous system structural anomalies, and grade IV PIVH 
(n=11), peri-intraventricularleukomalacia (n=4), genetic syndrome 
(n=2), digestive tract malformation and heart disease (n=2), discharge 
and transfer prior to the test (n=11), worsening of clinical condition 
during registers and technical problem in DEpHM (n=3). 

In the comparison group, 50 newborns were excluded due to: 
technical problems in DEpHM (n=3), family refusal (n=4), leukomalacia 
(n=1), colpocephalia (n=4), genetic syndrome (n=2), clinical suspicion 
of GER before obtaining the informed consent term (n=10), death and 
poor clinical condition (n=3), transfer/discharge prior to pH registers 
(n=23). All subjects tolerated the study procedures well without any 
concerns.

Subjects presenting BPD and the comparison group differed 
significantly in relation to birth weight and gestational age (Table 1). 
In the comparison group, 10 subjects had mild respiratory failure in 
the first week of life, 2 of them used mechanical ventilation (for 3 and 5 
days), 8 remained in continuous pressure airway positive (CPAP) (1.2 
± 0.7 days) (Table 1).
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The prevalence of RI ≥ 10% among subjects with BPD was 65.7% 
(23/35 subjects) and 93.3%, (14/15) in subjects who did not present 
BPD; (p= 0.0755) (Table 1). The mean ± SD average of RI values for 
groups presenting or not BPD was respectively 19.7 ± 15.6%; (0.2-
60.9%) and 20.5 ± 9.0%; (5.4-36.9%); (p=0.363). The frequency of RI 
values >20% were similar between the groups presenting or not BPD, 
respectively 40% (n=14) and 46.7% (n=7). 

Among the 35 subjects with BDP, 32 (91.4%) had symptoms/signs 
attributable to GER (Table 2). Among the 32 symptomatic newborns, 
11 (34.4%) had RI<10%, and 21 (65.6%) had RI ≥ 10%. More than one 
symptom/sign was observed per subject (Table 2). In the group that did 
not present BDP, 11 subjects (73.3%) had clinical events attributable 
to GER, and 7 (46.7%) had two or more events (Table 2). During 
their hospital stay, 28 subjects with BPD received clinical anti-reflux 
(n=20) and surgical (n=8) treatment, while in the group without BDP, 
3 subjects received postural anti-reflux and pharmacologic treatment; 
(p<0.001) (Table 2). 

There was no significant difference when the groups were separated 
between RI <10% and RI ≥ 10%, by Fisher’s Exact test (p=0.099) (Table 3).

The power of the study to identify RI differences between groups 
was 56%.

Discussion
The present study demonstrates that the RI ≥ 10% prevalence was 

high and without significant difference in VLBW infants presenting or 
not BPD. The clinical signs attributable to GER were quite prevalent in 
both groups. During their stay in the neonatal unit, 80% of the subjects 
presenting BPD received anti-reflux treatment. The prevalence of high 
RI in newborns without BPD was unexpectedly high. 

In this study, the isolated use of pH monitoring, not combined 
with esophageal intraluminal impedance, merits a discussion. In the 
last decade, combined esophageal impedance-pH monitoring is the 
most widely used method for the identification of acid and non-acid 
reflux [8,10,13,14,20,21]. However, this technology does not detect 
a substantial part of the acid events in premature infants [14,22]. 
Therefore, acid reflux identified only by pH monitoring (pH only 
refluxes) has been associated with symptoms related to GERD [23], 
especially in BPD [14].

There is no consensus on the best cutoff point for RI, since reference 
values were never defined for a large sample of premature infants. We 
used 10% because it is the most commonly used value, although RI 
>15% is also recommended [24].

A comparison between the results of different authors on the 
prevalence of abnormal findings of DepHM, and the prevalence of 
symptoms possibly associated with GER is difficult, since studies had 
non-matching diagnostic criteria, and different standardizations for the 
test. In newborn infants presenting BPD, RI ≥ 10% occurred in 36.4% 
of cases in a prospective study [5], and in 30% and 63% in retrospective 
studies [3,4]. Only one study compared the prevalence of RI ≥ 10% 
and clinical signs between newborns presenting or not BPD, and no 
differences between groups were obtained similarly to this study [3].

The frequency of high RI and the association with clinical signsmay 
depend on the diagnostic method used accuracy, as well as the technical 
conditions and test standardization, such as type and volume of milk, 
interval between feedings [9,23], and body positioning [25]. On the 
other hand, findings of high RI in premature infants with GER suggestive 
symptoms may be attributed, in part, to immaturity or impairment of 
digestive and respiratory functions [9]. Extrinsic and intrinsic controls 

With BPD
(n=35)

Without BPD
(n=15)

P

BW (g) 903.0 ± 194.2 1136.3 ± 141.8 0.0001*
Median 875.0 1145.0
P25-75 812.5-1012.5 1055.0-1190.0
GA (w) 27.7 ± 1.9 29.7 ± 1.5 0.0006*
median 27.0 30.0
P25-75 26.5-29.0 28.5-31.0
Male (n) 18 9 0.5773†

SGA (n) 10 6 0.5142‡

RI ≥10% (n) 23 14 0.0755‡

Antenatal corticosteroid (n) 20 11 0.2798†

Respiratory distress in the 
first week of life (n)

34 10 ---

Xanthine use (n) 12 5 0.9481†

Duration of gastric tube 
use (d)

59.9 ± 21.9 34.4 ± 3.7 0.0001*

   median 57.0 33.0
   P25-75 47.0-69.0 31.5-37.5
Postnatal corticosteroid (n) 15 0 0.0019‡

Weight at pH exam (g) 1758.6 ± 449.7 1714.3 ± 249.2 0.8489*
   median 1650.0 1630.0
   P25-75 1505.0-2060.0 1610.0-1892.5
Postconceptional age at pH 
exam (w)

36.1 ± 3.6 34.6 ± 1.5 0.1421*

median 36.0 35.0
   P25-75 34.0-38.0 33.0-36.0
Duration of hospital stay (d) 100.8 ± 40,7 53.0 ± 13.3 0.0001*
   median 97.0 55.0
   P25-75 76.0-113.0 41.0-62.0
Abnormal neurological exam 
at  hospital discharge (n)

28 8 0.0853‡

Symptoms/signs of GER 32 11 0.1764‡

Values presented as absolute frequency, mean ± SD, median and percentiles;
*Mann-Whitney test, †Chi-square test, ‡Fisher’s exact test, 
BPD=Bronchopulmonary Dysplasia, BW=birth weight, GA=gestational age, 
SGA=Small for Gestational Age, RI=Reflux Index, n=number, w=week, g=gram, 
d=day.

Table 1: Characteristicsof study subjects (n=50).

Signs/symptoms* With BPD
(n=35)

% Without 
BPD

(n=15)

% p

Desaturations (n) 26 81.3 5 33.3 0.015†

Apnea (n)† 21 65.6 11 73.3 0.562†

Bradycardia (n) 9 28.1 1 6.7 0.245†

Regurgitation, vomiting (n) 10 28.6 5 33.3 0.746†

Suspicion of aspiration,irritabili
ty,stridor, coughing (n) 

7 20.0 1 6.7 0.407†

Medical or surgical treatment (n) 28 80.0 3 20.0 <0.001†

Values expressed asabsolute frequencyand percentage, BPD=Bronchopulmonary 
Dysplasia, n=number, †Chi-square test, *more than one symptom/sign persubject. 
Table 2: Clinical manifestations attributable to GER and treatment indication 
(n=50).

Reflux index With symptoms and 
signs

Without symptoms and 
signs

RI<10% 11 (84.62%) 2 (15.38%)
RI ≥ 10% 21 (56.76%) 16 (43.24%)

Values expressed asabsolute frequencyand percentage, n=number, RI=Reflux 
Index. 
Table 3: Symptoms and signs suggestive of gastroesophageal reflux during the 
hospital stay (n=50).
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of lower esophageal sphincter function, as well as the control of the 
respiratory center, are situated in the nucleus of the solitary tract, in 
the brainstem. Thus, in premature infants a high RI may coexist with 
apnea of prematurity, without any causal relation [26], an assumption 
that may explain the results obtained in this study.

Thus, the presence of high exposure of the esophageal mucosa 
to acid pH is not an isolated and unequivocal parameter for GER 
[14]. High RI values may also not have any significance, since the 
occurrence of complications depends on the duration of episodes 
and the intraesophageal level achieved by the reflux episodes, as well 
as the exacerbation of chemolaryngeal and intrinsic esophageal reflex 
responses. The latter response is the ultimate determinant of noxious 
events [13,14,27].

Considering the recent evidence that 20-33% of apnea [8,13] and 
94.3% of other symptoms present in VLBW infants affected by BPD 
may have a temporal causal association with reflux episodes, it becomes 
evident that some newborns may benefit from therapeutic measures 
[14]. 

GER treatment in VLBW infants in the majority of American 
neonatal units is empirical, since pH monitoring isolated or combining 
esophageal impedance-pH monitoring is not routinely used [28]. In 
this study, it was observed that 65.6% of cases with DBP had RI ≥ 10%. 
However, 80% total cases were treated, suggesting that the combination 
of clinical and laboratory criteria may contribute to reduce the treatment 
indication [29]. The indication of GER treatment in this study was 
high and consistent with that previously described [15], although it is 
impossible to state its adequacy, in view of all the existing uncertainty. 

The inclusion criteria for the comparison group may be indicated as 
a limitation of this study. Ideally, premature infants who did not exhibit 
apnea/desaturation should have been studied. However, because of the 
gestational age established for study inclusion, these events occurred in 
most of these subjects. In addition, the low gestational age contributed 
to the presence of respiratory failure in the first week of life, which 
in turn is a risk factor for high RI [30,31]. Likewise, the minimum 
chronological age of 28 days, in order to standardize the postmenstrual 
age among groups [17], hindered the inclusion of healthy newborns in 
the group that did not present BPD, due to a shorter hospital stay. 

For all these considerations, the comparison group apparently was 
not the ideal control. The electrical impedance results coupled to a pH 
electrode, in 21 newborns of 30-34 weeks of gestational age, healthy, 
with 9-17 days of life, where only 9.5% of the subjects had a RI higher 
than 10%, corroborate this hypothesis.

Conclusions
The results obtained in this study allows us to conclude that the 

high prevalence of acid exposure and symptoms is not greater in 
premature infants presenting BPD, encouraging a debate on the 
frequent indication of GERD treatment in this group, on the basis of 
either of the two isolated parameters [15]. Until unequivocal criteria, 
applicable to daily practice, are established, the introduction of anti-
reflux therapy, especially pharmacological, must be prudent and 
preferentially based on the investigation of the intensity of esophageal 
acid exposure. Treatment should only be maintained in infants showing 
an evident response to the treatment, considering the possible adverse 
effects.
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