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Risk factors for gastroesophageal reflux disease in very low
birth weight infants with bronchopulmonary dysplasia
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Abstract

Objective: To assess risk factors for gastroesophageal reflux disease (GERD) in very low birth weight infants with
bronchopulmonary dysplasia.

Methods: A case-control study was carried outin 23 cases and 23 control subjects with bronchopulmonary dysplasia
submitted to 24-hour esophageal pH monitoring between January 2001 and October 2005. Cases and controls were
compared for gestational age, birth weight, gender, use of antenatal steroids, duration of assisted ventilation, duration
of oxygen therapy, length of gastric tube use, administration of xanthines, postconceptual age, and weight at esophageal
pH monitoring. Multiple logistic regression analysis was used to establish the odds ratio (OR) with a 95% confidence
interval (95%CI).

Results: None of the groups (with and without GERD) showed statistically significant differences in terms of
demographic variables and postnatal outcome, use of antenatal and postnatal corticosteroids, or in terms of caffeine
use and duration of mechanical ventilation and oxygen therapy. However, feeding intolerance (OR = 6.55; 95%CI
1.05-40.8) and length of gastric tube use (OR = 1.67; 95%CI 1.11-2.51) turned out to be risk factors for GERD.
Postconceptual age at the time of pH monitoring (OR = 0.02; 95%CI < 0.001-0.38) was regarded as a protective factor
against GERD.

Conclusion: The data obtained allow inferring that prolonged gastric tube use and feeding intolerance increase
the risk for GERD. On the other hand, older postconceptual age at the time of pH monitoring reduces the risk for GERD
in preterm infants with bronchopulmonary dysplasia weighing less than 1,500 g.
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Introduction

Gastroesophageal reflux disease (GERD) is the most com-
mon esophageal disorder observed in the neonatal period*
and accounts for prolonged hospital stay of preterm infants.2*
Its incidence ranges from 2.8 to 10% among very low birth
weight (VLBW) infants.®>® The reported frequency of GERD
among infants with bronchopulmonary dysplasia (BPD) is

quite high, ranging from 18.4° to 63%,”-® although diagnos-
tic criteria have not been consistent.

Several aspects of GERD are controversial or poorly
known. Some studies suggest that GERD may play a role in
the pathogenicity of and recovery from BPD.°"'! Neverthe-
less, the association of GERD with respiratory symptoms, such
as apnea’?or pulmonary aspiration in BPD,*3is often brought
into question.
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In addition to microaspiration and macroaspiration, sev-
eral other mechanisms have been suggested to explain the
relationship between chronic pulmonary diseases and gas-
troesophageal reflux, such as vagal reflex stimulation,
increase in bronchial hyperresponsiveness and neurogenic
inflammation due to the release of tachykinins.* 4

Multiple esophageal intraluminal impedance has recently
demonstrated that healthy preterm infants often present with
reflux into the proximal esophagus®® and that mechanically
ventilated VLBW infants often have aspiration of gastric con-
tents into the lungs from their very first day of life.* Besides
these recent bodies of evidence, the improvement of respira-
tory symptoms after clinical and/or surgical antireflux proce-
dures® 1913 syggests that GERD might deteriorate the
outcome of BPD.

For fear of possible clinical repercussions, several neona-
tologists worldwide have treated GERD in approximately 20%
of preterm infants aged less than 34 weeks.'®'” The vast
majority of these patients are not submitted to confirmatory
tests and are therefore treated based on empirical

evidence. %17

Despite the growing interest in investigating GERD in the
neonatal period, there has been a dearth of information about
predisposing factors in preterm infants with BPD. This infor-
mation may allow for an early diagnosis as well as for more
appropriate investigation and treatment. The aim of this study
was to assess risk factors for GERD in preterm infants with
BPD.

Methods

An observational case-control study using unpaired data
was conducted at the teaching hospital of the School of Medi-
cine of Universidade Estadual de Campinas (UNICAMP), Bra-
zil. All infants with birth weight < 1,500 g and BPD by
Bancalari*® criteria that had clinical suspicion of GERD and
were submitted to 24-hour pH monitoring of the distal esopha-
gus during their stay in the neonatal unit between January
2001 and October 2005 were selected.

Those VLBW infants who had a reflux index (RI) > 10%*°
were designated as cases. The control group consisted of
infants with BPD who were admitted to the neonatal unit at
the same time as cases, with an RI < 10%. One control was
selected for each case based on the timing of their birthdates.

Those patients whose esophageal pH monitoring lasted
less than 18 hours or those under nonstandard conditions,
infants on oxygen therapy around the 28th day of life due to
transient deterioration of their respiratory condition, caused
by other conditions such as sepsis and heart disease, and
infants being treated with corticosteroids, antacids or proki-
netics during examination were excluded from the study.
Infants diagnosed with malformations of the digestive tract,
defects in abdominal wall closure, genetic syndromes and
chromosome disorders were also excluded from the analysis.
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The use of xanthines (caffeine, aminophylline) at the time of
examination was not an exclusion criterion.

Demographic variables such as birth weight, gestational
age (GA), gender, and appropriate weight for gestational age
were analyzed. Other analyzed variables included the
following: use of antenatal corticosteroids, 5-minute Apgar
score, abnormal neurological findings, structural central ner-
vous system anomalies, type of respiratory failure in the first
week of life (hyaline membrane disease, transient tachypnea
of the newborn, pulmonary hypertension, intrauterine pneu-
monia), feeding intolerance, weight and postconceptual age
at the time of examination, length of gastric tube use and of
mechanical ventilation, length of oxygen therapy, use of post-
natal corticosteroids and length of xanthine therapy. Expo-
sure to the analyzed variables was considered up to the day
of pH monitoring.

Feeding intolerance was defined as difficulty in the pro-
gression of food transition from parenteral to enteral nutri-
tion, with consequent suspension of at least one breastfeeding
in the presence of one or more episodes of (bilious or milk)
vomiting, abdominal distension, or bilious or milk residuals,
the latter of which account for 50% or more of the volume of
the previous feeding.

24-hour esophageal pH monitoring

24-hour esophageal pH monitoring was performed by one
of the authors under standard conditions using Digitrapper
MKIII® (Synectics Medical). Esophageal pH readings were
made with semidisposable 1.5-mm catheters, using an anti-
mony electrode (Synectics Medical) in the distal third of the
esophagus, 3 cm above the point at which gastric pH shifts to
esophageal pH. The final position of the electrode was con-
firmed by chest X ray, and was maintained at the height of the
T6 and T7 vertebral bodies. At the end of pH monitoring, the
data were recorded into a computerand analyzed by EsopHo-
gram® (Gastrosoft Inc).

The exam was conducted under standardized conditions:
breastmilk or infant formula feeding using a volume of
130-140 mL/kg/day, given either orally or via a gastric tube
every 4 hours, supine position throughout the examination,
and non-mechanically ventilated infants.

Data analysis

The chi-square test and Fisher’s exact test were used to
check the association with the categorical variables, whereas
the Mann-Whitney U test?° was used for numerical variables.
Thereafter, a backward stepwise multiple univariate logistic
regression analysis was carried out.?!

The Statistical Analysis System for Windows, version 8.2
(SAS Institute Inc, 1999-2001, Cary, NC, EUA) was employed
for data analysis. P values < 0.05 were considered to have
statistical significance. The study protocol was approved by
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Table 1 - Distribution of demographic variables of the study population
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Cases (n = 23) Controls (n = 23) p
Median BW (g) 1,036.7+230.7 (1,025.0) 914.3+241.2 (880.0) 0.075*
Range 655.0-1,470.0 520.0-1,440.0
Median GA (weeks) 28.0£2.1(27.0) 27.6+1.8 (27.0) 0.499%
Range 24.0-32.0 25.0-32.0
Male (n) 15 13 0.545"
AGA (n) 19 16 0.299"

AGA = appropriate for gestational age; BW = birth weight; g = grams; GA = gestational age; n = number of cases.

Values expressed as mean % SD.
*Mann-Whitney test.
T Chi-square test.

the Research Ethics Committee of the School of Medicine of
UNICAMP.

Results

Atotal of 55 infants with BPD submitted to esophageal pH
monitoring for the diagnosis of GERD were identified. Of these,
nine were excluded: nonstandard examination procedures or
due to monitoring time less than 18 hours (n = 4), medication
use (n = 2), congenital malformations of the digestive tract
(n = 1) and birth outside the teaching hospital of the School
of Medicine of UNICAMP (n = 1). Among the 46 remaining
infants, 23 were diagnosed with GERD and 23 were placed in
the control group. The mean and standard deviation of the RI
for cases and controls amounted to 19.7+7.0% and
4.4+2.2%, respectively.

Cases and controls were similar in terms of demographic
variables, although cases tended to have a greater birth
weight (Table 1).

The remaining variables showed no association with the
groups (Table 2). Twenty one infants had lung disease in the
first week of life (Table 2), in both groups, and four developed
BPD after mechanical ventilation due to apnea.

Thirteen infants in the case group and 11 in the control
group showed clinical signs of feeding intolerance, as follows:
milk or bilious residualsin 12 cases and 11 controls, vomiting
in one case and in none of the controls, abdominal distension
in two cases and in one control. Three infants had more than
one sign of feeding intolerance.

The multivariate logistic regression analysis adjusted for
birth weight, GA and presence of central nervous system
anomalies revealed that feeding intolerance and total length
of gastric tube feeding were risk factors for GERD. Postcon-
ceptual age at the time of examination was a protective fac-
tor (Table 3).

Discussion

This study showed that feeding intolerance and pro-
longed gastric tube use are risk factors for GERD in preterm
infants with BPD. Older postconceptual age at the time of
esophageal pH monitoring was a protective factor against
GERD.

No publications with similar results were found in the
review of the literature. This may be due to the fact that few
neonatal units systematically investigate GERD in small pre-
term infants using esophageal pH monitoring.16-17

A previous case-control study did not intend to determine
the risk factors, but assessed growth and length of hospital
stay.? Therefore, the authors compared 23 subjects and the
same number of controls, paired according to GA, birth
weight, gender and severity of BPD. The study found signifi-
cant differencesin the time required for attainment of full oral
feeding in cases, possibly due to the involvement of the
oropharyngeal motor development. Hospital stay and the
postconceptual age at discharge from hospital were longer
among cases than among controls.? For case-control studies,
itis recommendable that both groups be homogeneous (simi-
lar), especially with regard to diseases or characteristics other
than therisk factors to be investigated. Since neurological dis-
eases, which knowingly predispose to GERD,* prevail among
controls, aregression analysis was used to avoid possible con-
founding biases that could hinder the identification of risk fac-
tors. This also applies to the adjustments made for BW and
GA.

Feeding intolerance is an entity that has not been consis-
tently defined.?? In this study, not only those infants with vom-
iting and regurgitation were regarded as intolerant to feeding,
but also those with abdominal distension and pregavage
residuals during the transition from parenteral to enteral nutri-
tion on the first 15-20 days of life. These symptoms, ascribed
to preterm birth,2? appeared several days or weeks before
clinical suspicion of GERD (pH monitoring was performed at
around the 7th week of life). Feeding intolerance results from
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Table 2 - Variables related to neonatal outcome, procedures and medications used in VLBW infants with BPD and with or without GERD

Cases (n = 23) Controls (n = 23) p
Use of antenatal corticosteroids (n) 12 14 0.551*
5-minute Apgar score < 3 (n) 2 0 NP
Lung disease in the 1st week of life (n) 21 21 1.00"
Abnormal neurological findings (n) 17 16 0.743*
Presence of CNS disorder (n) 5 9 0.199%*
Presence of feeding intolerance (n) 13 11 0.555*
Use of caffeine (n) 20 21 1.00"
Median caffeine use (days) 21.6+14.4 (22.0) 28.3+15.0(28.0) 0.113%
Use of gastric tube (n) 23 23 NP
Median length of gastric tube use (days) 50.9+18.4 (48.0) 60.4+20.1 (58.0) 0.078%+
Use of postnatal corticosteroids (n) 6 9 0.345%*
Median length of MV (days) 15.0+17.6 (8.0) 21.1+18.6 (18.0) 0.143%
Median length of oxygen therapy (days) 32.2+13.7 (29.0) 35.7+£16.0 (42.0) 0.322%
Median weightat the time of 1,806.5+410.8 (1,880.0) 1,812.2+415.7 (1,820.0) 0.775%
examination (g)
Median PCAat the time of examination 35.2+2.4 (35.0) 36.4+3.3 (36.0) 0.119%

(weeks)

BPD = bronchopulmonary dysplasia; CNS = central nervous system; GERD = gastroesophageal reflux disease; PCA = postconceptual age; n = number of
cases; NP = not performed; MV = mechanical ventilation; VLBW = very low birth weight.

Values expressed as mean =+ standard deviation.
* Chi-square test.

" Fisher’s exact test.

# Mann-Whitney test.

Table 3 - Multiple logistic regression analysis adjusted for BW, GA and CNS anomalies

95%CI OR P
Feeding intolerance 1.050-40.858 6.550 0.044
Length of gastric tube use 1.118-2.517 1.677 0.012
PCA at the time of examination < 0.001-0.388 0.019 0.009

95%CI = 95% confidence interval; BW = birth weight; CNS = central nervous system; GA = gestational age; OR = odds ratio; PCA = postconceptual age.

a motor digestive disorder related to a very immature fasting
and postprandial intestinal movement pattern23 and to
delayed gastric emptying.?4-2% Transient relaxations of lower
esophageal sphincter (LES) associated with acid reflux caused
by an increase in intra-abdominal pressure is the major
mechanism implied in the pathophysiology of GERD in pre-
term infants.27-28 Even if some doubt is raised about delayed
gastric emptying as an additional mechanism in the genesis
of GERD,?”-28 for some individuals, delayed gastric emptying
may be the triggering mechanism for transient relaxation.2®

In this study, the probability of GERD increased by 1.67
times (95%CI of 1.11-2.51) for every additional day of gas-
tric tube use. This finding is surprising, since when only the

bivariate analysis results are taken into consideration, gas-
tric tube use duration averages 60.4+20.1 days in the control
group versus 50.9+18.4 among cases, with a p value of 0.078.
However, multiple analysis, with adjustment, eliminated pos-
sible confounding factors. The fact that gastric tube feeding
is regarded as a risk factor corroborates the findings of Peter
et al.,?® who found a nearly twice as high number of reflux
episodes as when a tube was placed in the stomach rather
than in the esophagus, probably tampering with the mecha-
nisms of lower esophageal sphincter contention.?®

In our study, the statistical significance of postconceptual
age at the time of esophageal pH monitoring can be explained
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by the ontogeny of LES tone development, given that it is still
underdeveloped at birth. The elevation in pressure occurs pro-
gressively up to the 6th or 7th week of extrauterine life when,
regardless of GA or BW, a sphincter high-pressure zone builds
up, which has a higher capacity to avert reflux episodes.3° The
antenatal use of corticosteroids predisposes to GERD in pre-
term infants; 332 nevertheless, the results of the present
study do not ratify this finding, possibly due to the small
sample size used. Moreover, xanthines are a risk factor for
GERD, as they change LES tone and increase the gastric pro-
duction of hydrochloric acid,* but they were not statistically
significant in this study, supposedly because the sample
included very immature infants with a high frequency of xan-
thine use (89%), characteristics that are associated with BPD.

Demographic and neonatal outcome variables were not
regarded as risk factors for GERD in this study. Preterm birth
is a commonly referenced predisposing factor for GERD.% 33
The lack of this result in our study can be attributed to the
very small variation in GA among the sampled infants, which
is a specific characteristic of BPD.

Recently, a reliable method has demonstrated that there
is aspiration of the gastric contents in VLBW infants during
ventilatory support (28 days or more), which leads to the
assumption that gastroesophageal reflux may play a role in
the pathophysiology of BPD.! Previous reports exhibit dis-
crepant results regarding the effects of ventilatory support
and GERD on this age group.43*

A prospective cohort study design would be more appro-
priate for the identification of disease-related factors. How-
ever, it is difficult to have a large patient population of
extremely preterm infants with BPD in single-center studies,
given the high mortality rate. Thus, the small number of avail-
able cases was suitable for a case-control study. The analysis
of our patient population started in January 2001, when pH
monitoring began to be performed in the supine position only.
The small patient population, without sample size calcula-
tion, may have hindered the identification of other risk fac-
tors and also yielded wide confidence intervals.

This study allows inferring that every additional day of gas-
tric tube use (OR 1.67; 95%CI 1.11-2.51) and the occur-
rence of feeding intolerance (OR 6.55; 95%CI 1.05-40.8) in
VLBW preterm infants with BPD increase the likelihood of
GERD. On the other hand, postconceptual age at the time of
pH monitoring (OR 0.02; 95%CI < 0.001-0.38) reduces the
chance of GERD diagnosis. Therefore, measures that help
shorten the length of gastric tube use can reduce specific com-
plications as well as the risk for GERD and its consequences.
The same applies to nutritional measures or to the use of drugs
to treat feeding intolerance.

The search for GERD markers in infants with BPD may
improve diagnostic certainty and the quality of care provided
by allowing for early treatment, thus reducing morbidity and
the length of hospital stay.

Gastroesophageal reflux and bronchopulmonary dysplasia - Mendes TB et al.

Acknowledgements

The authors are grateful to CAPES, to FAPESP (process no.
03/07591-2), to Mrs. Cleide Moreira Silva for her statistical
assistance and to the medical staff of the Division of Neona-
tology of the School of Medicine of Universidade Estadual de
Campinas (FCM/UNICAMP), Sao Paulo, Brazil.

References

1. Vanderhoof JA, Zach TL, Adrian TE. Gastrointestinal disease. In:
Avery GB, Fletcher MA, MacDonald MG. Neonatology -
pathophysiology & management of the newborn. 5th ed.
Philadelphia, PA: Lippincott Williams & Wilkins; 1999. p.739-63.

2. Frakaloss G, Burke G, Sanders MR. Impact of gastroesophageal
reflux on growth and hospital stay in premature infants. J Pediatr
Gastroenterol Nutr. 1998;26:146-50.

3. Ferlauto 13, Walker MW, Martin MS. Clinically significant
gastroesophageal reflux in the at-risk premature neonate:
relation to cognitive scores, days in the NICU, and total hospital
charges. J Perinatol. 1998;18:455-9.

4. Orenstein SR. Gastroesophageal reflux. Curr Probl Pediatr 1991;
21:193-241.

5. Hrabovsky EE, Mullett MD. Gastroesophageal reflux and the
premature infant. J Pediatr Surg. 1986;21:583-7.

6. Campfield TJ, Shah B, Angelides A, Hirsch B. Incidence of
gastroesophageal reflux (GER) in VLBW infants. Pediatr Res.
1992;31:106A.

7. Yeo KL. Gastroesophageal reflux (GER) and chroniclung disease
(CLD) in very low birth weight (VLBW) infants. Pediatr Res. 1998;
43. (Abstract, 1189).

8. Akinola E, Rosenkrants TS, Pappagallo M, Mckay K, Hussain N.
Gastroesophageal reflux in infants < 32 weeks gestacional age
at birth: lack of relationship to chronic lung disease. Am ]
Perinatol. 2004;21:57-62.

9. Giuffre RM, Rubin S, Mitchell I. Antireflux surgery ininfants with
bronchopulmonary dysplasia. Am J Dis Child. 1987;141:648-51.

10. St Cyr JA, Ferrara TB, Thompson T, Johnson D, Foker JE.
Treatment of pulmonary manifestations of gastroesophageal
reflux in children two years of age or less. Am J Surg. 1989;157:
403-4.

11. Farhath S, Aghai ZH, Nakhla T, Saslow ], He Z, Soundar S, et
al. Pepsin, a reliable marker of gastric aspiration, is frequently
detected in tracheal aspirates from premature ventilated
neonates: relationship with feeding and methylxantine therapy.
J Pediatr Gastroenterol Nutr. 2006;43:336-41.

12. Molloy EJ, Di Fiore JM, Martin RJ. Does gastroesophageal reflux
cause apnea in preterm infants? Biol Neonate. 2005;87:254-61.

13. Sindel BD, Maisels MJ, Ballantine TV. Gastroesophageal reflux
to the proximal esophagus in infants with bronchopulmonary
dysplasia. Am J Dis Child. 1989;143:1103-6.

14. Ribeiro JD. Gastroesophageal reflux and respiratory diseases in
children. J Pediatr (Rio J) 2001;77:65-6.

15. Lopez-Alonso M, Moya MJ, Cabo JA, Ribas J, del Carmen Macias
M, Silny J, et al. Twenty-four-hour esophageal impedance-pH
monitoring in healthy preterm neonates: rate and characteristics
of acid, weakly acidic, and weakly alkaline gastroesophageal
reflux. Pediatrics. 2006;118:e299-308.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9481628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9481628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9848760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9848760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9848760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9848760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2065524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3090224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3090224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3578189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3578189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2929862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2929862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16954956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16954956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16954956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15711034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15711034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2487996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2487996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2487996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16831894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16831894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16831894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16831894

Gastroesophageal reflux and bronchopulmonary dysplasia - Mendes TB et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Dhillon AS, Ewer AK. Diagnosis and management of
gastro-oesophageal reflux in preterm infants in neonatal
intensive care units. Acta Paediatr. 2004;93:88-93.

Ward RM, Lemons JA, Molteni RA. Cisapride: a survey of the
frequency of use and adverse events in premature newborns.
Pediatrics. 1999;103:469-72.

Bancalari E, Abnenour GE, Feller R, Gannon J.
Bronchopulmonary dysplasia: clinical presentation. J Pediatr.
1979;95:819-23.

Vandenplas Y, Goyvaerts H, Helven R, Sacre L.
Gastroesophageal reflux, as measured by 24-hour pH
monitoring, in 509 healthy infants screened for risk of sudden
infant death syndrome. Pediatrics. 1991;88:834-40.

Siegel S. Estatistica ndo-paramétrica (para as ciéncias do
comportamento). Sdo Paulo: McGraw-Hill; 1975.

Hosmer DW, Lemeshow S. Applied logistic regression. New York
NY: John Wiley & Sons; 1989.

Neu J, Zhang L. Feeding intolerance in very-low-birthweight
infants: what is it and what can we do about it? Acta Paediatr
Suppl. 2005;94:93-9.

Berseth CL, Nordyke CK. Manometry can predict feeding
readiness in preterm infants. Gastroenterology. 1992;103:
1523-8.

dos Santos Mezzacappa MA, Collares EF. Gastric emptying in
premature newborns with acute respiratory distress. J Pediatr
Gastroenterol Nutr. 2005;40:339-44.

Vandenplas Y, Hassall E. Mechanisms of gastroesophageal reflux
and gastroesophageal reflux disease. J Pediatr Gastroenterol
Nutr. 2002;35:119-36.

Carlos MA, Babyn PS, Marcon MA, Moore AM. Changes in gastric
emptying in early postnatal life. J Pediatr. 1997;130:931-7.

Omari TI, Barnett CP, Benninga MA, Lontis R, Goodchild L,
Haslam RR, et al. Mechanisms of gastro-oesophageal reflux in
preterm and term infants with reflux disease. Gut. 2002;51:
475-9.

28

29.

30.

31.

32.

33.

34.

Jornal de Pediatria - Vol. 84, No. 2, 2008 159

. Davidson G. Therole of lower esophageal sphincter function and
dysmotility in gastroesophageal reflux in premature infants and
inthefirst year of life. J Pediatr Gastroenterol Nutr. 2003;37 Suppl
1:517-22.

Peter CS, Wiechers C, Bohnhorst B, Silny J, Poets CF. Influence
of nasogastric tubes on gastroesophageal reflux in preterm
infants: a multiple intraluminalimpedance study. J Pediatr. 2002;
141:277-9.

Newell SJ, Sarkar PK, Durbin GM, Booth IW, Mc Neish AS.
Maturation of the lower oesophageal sphincter in the preterm
baby. Gut. 1988;29:167-72.

Chin SS, Brodsky NL, Bhandari V. Antenatal steroid use is
associated with increased gastroesophageal reflux in neonates.
Am J Perinatol. 2003;20:205-13.

Costalos C, Gounaris A, Sevastiadou S, Hatzistamatiou Z,
Theodoraki M, Alexiou EN, et al. The effect of antenatal
corticosteroids on gut peptides of preterm infants - a matched
group comparison corticosteroids and gut development. Early
Hum Dev. 2003;74:83-8.

Jadcherla SR. Gastroesophageal reflux in the neonate. Clin
Perinatol. 2002;29:135-58.

Newell SJ, Morgan ME, Durbin GM, Booth IW, McNeish AS. Does
mechanical ventilation precipitate gastro-oesophageal reflux
during enteral feeding? Arch Dis Child. 1989;64:1352-5.

Correspondence:

Jose Dirceu Ribeiro

Rua Pedro Natalino Zaghi, 80

Condominio Bardo do Café 2, Bairro Bardo Geraldo

CEP 13085-070 - Campinas, SP - Brazil

Tel.: +55(19) 9214.7525

Fax: +55 (19) 3521.8827

E-mail: ribeirojd@terra.com.br, dirceu@fcm.unicamp.br


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14989446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14989446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14989446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9925843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9925843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=385815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1896295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1896295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1896295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16214773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16214773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1426871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1426871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15735489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15735489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12187285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12187285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9202615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9202615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12235066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12235066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14685073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14685073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14685073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12183728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12183728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12183728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3345927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3345927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12874732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12874732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14580748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14580748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14580748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11917735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2511807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2511807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2511807


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


