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Abstract
Background—Feeding difficulties and gastroesophageal reflux (GER) are common problems in
neonates. The authors hypothesize that GER could be influenced by feeding mechanics by
evaluating the effects of feeding volumes, feeding durations, feeding flow rates, and caloric
density on the chemical composition and clearance of GER in dysphagic neonates.

Methods—Symptomatic dysphagic neonates (n = 35) underwent evaluation for suspected GER
using pH-impedance methods.

Results—The proportions of acid and nonacid GER were different during the first, second, and
third postprandial hours (P < .0001). Prolonged feeding duration was significantly associated with
decreased total, nonacid GER and BCT (P < .03). Significant positive correlations (P < .05) were
detected between feeding flow rate vs frequency of total, nonacid GER and BCT. Significant
positive correlation (P = .002) was noted between feeding volume and BCT. BCT decreased with
each hourly interval (analysis of variance [ANOVA] P < .05); however, ACT increased with each
hourly interval (ANOVA P = .05). Comparison between BCT and ACT at each postprandial hour
is remarkable for longer ACT during the second and third hours after the initiation of feed (P ≤ .
001). No significant correlation was noted between the milk types (breast milk or formula) or
caloric density with regard to the GER characteristics. Oral-fed infants had more GER events than
gavage-fed infants.

Conclusions—Prolonged feeding durations and slower flow rates are associated with decreased
frequency of GER. Modification of feeding duration and flow rate can be a useful adjunct to
ameliorate GER in dysphagic neonates.
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Clinical Relevancy Statement
Gastroesophageal reflux (GER) is a common problem in infants. The first step of
management often includes advice on feeding strategies and postural intervention. However,
the impact of caloric density and milk type relevant to GER is unclear. The findings of this
study support that modification of feeding duration and feeding flow rate can significantly
reduce the frequency and characteristics of GER events. Nevertheless, there is no effect of
milk type (breast milk and formula) or of caloric density on the frequency and
characteristics of GER events. Our findings indicate that higher GER rates in oral-fed
infants as compared to the gavage-fed group are contrary to the frequent speculation in
current clinical practice.

Introduction
Gastroesophageal reflux (GER) is a frequent occurrence in neonates with feeding problems
who are convalescing in the neonatal intensive care unit (ICU), so much so that the use of
antireflux medications is high. About 48% (range, 10%–90%) of premature neonates are
being discharged on acid-suppressive medications from the nursery without objective
evidence.1–3 Causal associations between feeding problems, cardiorespiratory concerns, and
GER are often implicated without diagnostic certainty.4–6 Furthermore, feeding
management choices are often made empirically and may include changes in body
position,7,8 modified feeding methods or feeds,9,10 and feeding diversion methods.11 Effect
of feeding methods relevant to GER is often debated, although few data have tested the
impact of feeding practices on the frequency of GER in premature infants.

Detailed evaluation of the composition of refluxate is now possible with the recent
applications of multichannel intraluminal impedance methods.12 The refluxate can be
classified into acid (pH <4) and nonacid (pH >4).13,14 It is recognized that the central
nervous system and vagal neural outputs regulate feeding abilities and gastrointestinal
cyclical rhythms, feeding skills, acid production, and aerodigestive tract protection
mechanisms.12,15–19 Knowledge about the characteristics of GER events across the feeding
cycle in relation to different feeding strategies in convalescing premature neonates may
clarify prevailing myths about neonatal GER and feeding methods.

The objectives of the current study were to evaluate the effects of feeding strategies (feeding
volumes, feeding durations, caloric density, milk types, feeding methods, feeding cycles)
and the interval between feeding sessions on the chemical composition and clearance of
GER in premature neonates that who undergone diagnostic evaluation for GER.

Methods
Patients and Feeding Methods

Neonates (n = 35) with feeding problems and suspected GER underwent esophageal pH-
impedance evaluation. Patients did not have any structural, genetic, or chromosomal
abnormalities and were not receiving any acid-suppressive medications or prokinetics at
evaluation. As part of the standard nursery protocol, patients were fed every 3 hours. Ethical
approval was obtained and permission was granted by the institutional review board (IRB)
committee at the Nationwide Children’s Hospital Research Institute to report the data.

Infants (n = 20) were tube fed based on physician choice and on the lack of independent oral
feeding capabilities in infants. Nineteen were fed with a nasogastric feeding tube and 1 via a
gastrostomy tube. Infants were generally fed via pump over 30 minutes. However, in some
instances, the duration of gavage feeding was longer. In all cases, the duration of the feeding
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period was noted and computed for the patient group. In the case of oral-fed patients,
duration of feeding time was driven by the infant’s hunger and feeding abilities, and that
was also documented.

pH-Impedance Methods
These methods have been described by us and others.5,12,20,21 Briefly, after determining the
nares–lower esophageal sphincter (LES) distance using esophageal manometry pull-through,
the pH-impedance probe (7 impedance rings and 6 channels, 1 pH channel, model ZIN-
S61C01E; Sandhill Scientific, Highlands Ranch, CO) was positioned at the desired location
(87% the distance from the nares to the upper border of the LES).12,20

Data Analysis
The acid characteristics of GER events were evaluated for the 24-hour pH-impedance study
with the exclusion of meal periods. To understand the effects of feeding methods on GER
characteristics in each patient, the acid characteristics of GER events were further analyzed
during two 3-hour feeding cycles; the 3-hour feeding cycle was first classified into hourly
intervals, as the first postprandial hour (0–60 minutes), second postprandial hour (>60–120
minutes), and third postprandial hour (>120–180 minutes). Next, within each postprandial
hour, data were further analyzed in 2-minute epochs. The feeding cycles were selected based
on the following criteria: (1) the interval between feeding cycles varied from 2 hours, 45
minutes to 3 hours, 15 minutes. This practical approach was based on infants’ feeding
readiness and feeding provider availability. (2) In each patient, 2 feeding cycles were
analyzed separately, one from the day and one from the night. This was mainly done to
ensure 2 random cycles. (3) Only those feeding cycles that had complete information about
feeding methods, feeding volume, and feeding duration were selected.

Analysis of GER composition—Acid GER events were verified and confirmed, and the
pH-impedance characteristics were evaluated as described before.12,22–25 GER events were
classified as (a) acid GER events (fall in pH <4 or pH decrease of at least 1 pH unit if pH
was already <4; Figure 1A) and (b) nonacid reflux events (fall in pH ≤1 unit when pH >4;
Figure 1B). As a prerequisite, the change in pH must have lasted more than 5 seconds, and
the event must have been associated with a retrograde bolus motion in at least 2 subsequent
impedance channels. We analyzed overall acid GER events, reflux index per 24 hours, and
Boix-Ochoa score.26 This score factors the following: total time (%) spent in acid reflux in
24 hours, total acid reflux events per 24 hours, longest acid reflux event per 24 hours, and
frequency of acid events >5 minutes per 24 hours. The higher the Boix-Ochoa score, the
greater the severity of the acid GER.

Analysis of GER events in relation to feeding cycle—A feeding cycle was defined
as the time interval from the onset of feeding to the onset of the next feeding time. Two
feeding cycles were analyzed in greater detail each in 2-minute epochs within the first,
second, and third postprandial hours. Frequency and pH-characteristics of GER events,
ACT, and BCT were measured. The characteristics of feeding such as feeding volume,
feeding duration, feeding flow rate (feeding volume ingested divided by duration of
feeding), and caloric density were also noted. ACT was measured as the time taken for
esophageal pH to normalize to a pH ≥4.0 for ≥5 seconds (Figure 1A), and BCT was
measured in channel 3 (BCT-3 proximal esophagus) and channel 6 (BCT-6 distal
esophagus) as the time taken for impedance to return to normal in the proximal impedance
channels (Figure 1A).

Analysis of correlation between the caloric density of infant feeds on GER
events—The caloric density for human milk was presumed to be 20 cal/oz. Although
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energy content of human milk is variable, a commonly used value is 67 cal/dL
(approximately 20 cal/oz).27 The caloric density of the formula was presumed to be as per
specifications given by the manufacturers.

Statistical Analysis
The pH-impedance markers of GER events were analyzed and pairwise comparisons were
performed to ascertain the differences within the first, second, and third postprandial hours.
Data were adjusted for multiple testing by applying the Bonferroni method. Proportions of
acid characteristics of GER during the feeding cycle were analyzed using the Fisher exact
test or χ2 testing as appropriate. Parametric tests were applied for within-group comparisons;
nonparametric tests (Wilcoxon rank-sum test) were used for data that were not normally
distributed (GER characteristics). Spearman’s correlation coefficient was used for
nonparametric dependent variables. Median (interquartile range [IQR]), mean ± SD, or %
was reported, unless stated otherwise. P values <.05 were considered statistically significant.
SPSS version 19.0 (SPSS, Inc, an IBM Company, Chicago, IL) methods were used to
perform the analysis.

Results
Patient and Disease Characteristics

Demographic, disease, and symptom characteristics of the neonates are described in Tables
1 and 2, respectively. The primary reason for admission included feeding problems
associated with prematurity (n = 28), bronchopulmonary dysplasia (BPD; n = 3),
cardiorespiratory concerns related to feedings (n = 3), and perinatal asphyxia (n = 1). Infants
were transitioning from gavage tube feeds to oral feeds. Of the 35 neonates, 17 were fed
exclusively via oral feeding route. Five were fed fortified human milk (mean ± SD, 25.4 ±
1.9 cal/oz), 3 were fed unfortified human milk (20.0 ± 0.0 cal/oz), and 27 were fed formula
feeds (25.0 ± 3.5 cal/oz).

The mean ± SD of total pH-impedance recording time per patient was 23.6 ± 0.7 hours. To
describe the overall group composition, the median (IQR) of GER indices was reported as
follows: Boix-Ochoa score for acid GER was 21.5 (24.8), acid reflux index (total acid reflux
events per 24 hours) was 6.1% (9.5%), frequency of acid reflux events longer than 5 minutes
per 24 hours was 4.3 (8.2), longest acid reflux events per 24 hours were 14.0 (21.4) minutes,
total acid reflux events per 24 hours were 46.7 (45.2), average cumulative acid clearance
time (ACT) in 24 hours was 128.0 (82.5) seconds, frequency of acid GER events per 24
hours was 18.0 (20.5), and frequency of nonacid GER events per 24 hours was 35.0 (30.0).

Effect of Milk Type and Feeding Methods on GER Events
The median (IQR) of the effect of feeding milk (human milk vs formula milk, respectively)
was 58.0 (21.2) vs 20.0 (40.0), P = 1.0, for total GER events; 27.0 (14.3) vs 16.0 (19.0), P
= .8, for acid GER events; and 43.5 (29.5) vs 35.0 (29.5), P = 0.8, for nonacid GER events
and showed no significant difference during 24 hours. Similarly, effect of caloric density on
total GER events (ρ = −0.1, P = .6), acid GER events (ρ = −0.1, P = .5), and nonacid GER
events (ρ = −0.05, P = .8) in 24 hours also was not significant.

In contrast, comparing the oral-fed group vs the gavage-fed group, respectively, a greater
frequency of total GER events (77.0 [55.0] vs 47.0 [23.5], P = .01), acid GER events (24.0
[23.0] vs 14.5 [20.0], P = .04), and nonacid GER events (52.0 [27.5] vs 29.5 [21.8], P = .
005) was noted in the oral-fed group. Overall, no significant difference (P = .3) was noted
between the oral-fed (131.0 [66.5]) and gavage-fed groups (128.0 [102.0]) with regard to the
average cumulative ACT in 24 hours. The median (range) of average oral feeding duration

Jadcherla et al. Page 4

JPEN J Parenter Enteral Nutr. Author manuscript; available in PMC 2013 October 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



vs gavage feeding duration for 35 neonates was 19.5 (7.4–31.9) minutes vs 30.8 (11.8–
180.4) minutes, P = .002. In the gavage-fed group, 1 patient was fed continuously, and 2
were fed for over 2 hours in the feeding cycle. These outliers increased the average feeding
duration in the gavage-fed group. Also, the average oral feeding volume vs gavage feeding
volume was 60.0 (45.0–132.0) mL vs 54.5 (29.0–88.0) mL, P = .4.

Changes in Acid/Nonacid Profile of GER Events in Relation to Feeding Cycles
Data were analyzed in detail over 2-minute segments from 70 feeding cycles, with each
cycle lasting 3 hours, in 35 neonates during which patients were lying supine. There were
562 GER events during these feeding cycles. We tested if the composition of refluxate
changed with each postprandial hour by evaluating the frequency and chemical composition
of GER occurring hourly over the 3-hour feeding cycle (Figure 2). The percentage
distribution of acid GER events was significantly greater with each incremental increase
from postprandial hours 1 to 3.

Effects of Feeding Duration, Feeding Volume, and Feeding Flow Rates on GER Frequency,
Composition, and Clearance Characteristics

During each feeding attempt, the median (IQR) of feeding duration, feeding volume, feeding
flow rate, and caloric density was 25.6 (15.4) minutes, 56.0 (20.0) mL, 2.7 (3.0) mL/min,
and 24.0 (5.0) cal/oz, respectively.

To test whether there was a correlation between feeding duration (min), feeding volume
(mL), flow rate (mL/min), and caloric density (cal/oz) vs total GER events, number of acid
GER, number of nonacid GER, BCT, and ACT, we calculated Spearman correlation
coefficients (ρ) and P values (Table 3). Significant negative linear correlation (P ≤ .03) was
detected between feeding duration with regard to the total GER events, number of nonacid
GER, and BCT-3. Conversely, a significant positive linear correlation (P = .002) was found
between feeding volume with BCT-3. Also, a significant positive linear correlation (P ≤ .01)
was detected between feeding flow rate with regard to the total GER events, number of
nonacid GER, and BCT-3 and BCT-6. Importantly, no significant correlation was noted
between caloric density to the acid characteristics of GER and clearance.

Impact of the BCT and ACT in Relation to Feeding Cycles During GER Events
The mean ± SD (median, IQR) of BCT and ACT for 2 feeding cycles during the first,
second, and third postprandial hours is described in Table 4. At an hourly interval, the
BCT-3 significantly decreased with time (analysis of variance [ANOVA] P < .05).
Comparing the hourly intervals, ACT had increased with time (ANOVA P = .05).
Comparing BCT-3 and ACT by each postprandial hour, a longer ACT was noted during the
second and third hours after the initiation of feed (P ≤ .001; Table 4).

Discussion
The aerodigestive symptoms pertinent to dysphagia in ICU neonates are heterogeneous, and
GER is a frequent diagnosis often made empirically. This approach results in significant use
of acid-suppressive treatments, albeit adding to further drug-related risks.2,28 Furthermore,
feeding strategies (ie, methods of administration of feeds) are frequently altered in the
convalescing neonates owing to the complications speculated to be due to GER. However,
the impact of feeding methods on the prevalence of GER events has not been clear. In this
study, we tested the effects of feeding methods, feeding volumes, feeding duration, feeding
flow rates, postprandial phases, feeding type (human milk or formula), and caloric density
on the frequency and acid characteristics of GER events.
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The significant findings of this study are as follows. (1) The profile of symptom
characteristics of dysphagic infants was predominantly aerodigestive in nature. (2) The
proportion of acid GER events increased and nonacid GER events decreased with an
increment in each postprandial hour (P < .0001). (3) The BCT-3 within the feeding cycle
significantly decreased with an incremental increase in postprandial time intervals (ANOVA
P < .05). The ACT within the feeding cycle was significantly longer with an incremental
increase in time intervals (ANOVA P = .05). (4) Prolonged feeding duration resulted in a
decrease in the number of total GER events, a decrease in the number of nonacid GER
events, and a lower BCT-3. (5) Reduced feeding volume decreased average BCT-3. (6) A
decrease in the flow rate of feeds resulted in a decrease in the number of total GER events, a
decrease in the number of non-acid GER, and a lower BCT-3 and BCT-6. (7) Importantly,
no significant difference was noted between the milk types (breast milk or formula) or in
caloric density with regard to the GER characteristics. (8) The oral-fed group had a higher
frequency of acid and nonacid GER events than the gavage-fed group during the 24-hour
study.

The acid characteristics of GER were also differently distributed within the feeding cycle,
suggesting that feeds neutralize or modify the acidity of refluxate and that gastric acid
secretion is upregulated prior to the feed.29–31 An increase in acid GER events may be due
to an increase in acidity in the third postprandial hour that may have resulted from gastric
emptying of the previously ingested milk, as well as a sustained increase in gastric acid
output prior to the next feeding session. This finding is expected. However, there were no
differences between the human milk–fed and formula-fed groups. This may because the
neonates on human milk are not receiving pure human milk feeds but are on cow milk
additives to boost nutrients that make this different than earlier findings.32 In addition, it was
speculated in a previous study that the presence of an intragastric tube stents the LES,
resulting in more acid GER events.33 Interestingly, tube-fed infants in the current study had
fewer GER events (overall and acid) than the exclusively oral-fed group. This is contrary to
frequent speculation of higher GER rates in gavage-fed infants. Thus, prophylactic use of
antireflux strategies in gavage-fed infants should be discouraged without objective evidence
because the implications and side effects of such therapies have far-reaching effects.34

Clinical symptoms of GER feeding in the first hour of the feeding cycle are more likely due
to nonacid GER events because feeds neutralize the acidity from the stomach and contribute
to nonacid reflux.

We did not evaluate the association of GER-related symptoms in this article. However,
Salvatore et al35 reported that a significant higher association between symptoms and
nonacid reflux was seen in the first 6 months of life. We speculate that increased GER
observed in oral-fed infants may be due to gastric distention or fundal stimulation from an
increased volume of swallowed milk and air. Swallow-associated LES relaxation or
transient LES relaxation may be the mechanisms responsible for GER events during feeding
or the postprandial period, respectively. At the same time, oral-fed infants burp gas out of
their stomachs during or after oral feedings and therefore can be more prone to physiological
GER events. The pathophysiological significance of such events in dysphagic infants is
unclear. This contrasts with the fact that gavage-fed infants did not have an increase in GER
events during feeding, suggesting that the integrity of the LES remains intact, thus
protecting the aerodigestive tract. Increased frequency of GER and longer BCT in the first
postprandial hour in oral-fed infants would then suggest important implications<@151>that
in symptomatic infants, a decreased feeding volume and postural interventions may be most
effective if implemented immediately following a feed. Transient LES relaxation is the most
common mechanism for GER events and occurs due to fundal stimulation. Significantly, the
average feeding duration in the gavage-fed group was 2.6 times longer than that of the oral-
fed group. However, the average feeding volume in the gavage-fed group was 0.8 times vs
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the feeding volume for the oral-fed group but was not statistically significant. Therefore, it is
conceivable that gastric distention can occur faster in the oral-fed infants.

However, esophageal stimulation can also result in LES relaxation by different mechanisms
(deglutition response and LES relaxation or secondary peristalsis and LES relaxation), as
demonstrated by our group.36

The relationships between body position and GER7 or gastric emptying and GER37 have
been studied before. In the former study, patients were fed orally or via orogastric tube,
inserted and removed at each meal, and body position varied with each meal. In the latter
study, positions were varied in a predesigned manner within a feeding period. These studies
did not differentiate the effects of feeding strategies, as was done in our study. Our study is
different in several respects: (1) because body position is an important variable for the
occurrence of GER events, in the current study, we compared data gathered during those
feeding cycles when neonates were supine; (2) neonates were on maximal prescribed feeds
per kg at the time of evaluation; and (3) characteristics of GER classified on the chemical
nature of refluxate and acid clearance duration are described with different feeding
strategies.

In summary, this is the first study to evaluate the impact of feeding variables on the acid and
nonacid characteristics of GER events in relation to the feeding cycles and feeding strategies
in human neonates. Important clinical implications for consideration in suspected GER in
infants include the following: (1) longer feeding duration and slower milk intake or slower
milk flow rates are associated with fewer GER events, (2) gavage-fed infants are not
naturally at increased risk of GER because of an indwelling tube, and (3) type of milk
(breast milk or formula) or the composition of milk (caloric density) has no increased effects
on GER frequency or characteristics.
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Figure 1.
Impedance characteristics of retrograde propagation bolus (dotted arrow) during (A) acid
and (B) nonacid gastroesophageal reflux (GER). Anterograde clearance (hashed arrow), acid
clearance time (ACT), and bolus clearance time at channel 3 (BCT-3) and channel 6
(BCT-6) are shown. The location of the pH channel is shown. LES, lower esophageal
sphincter; UES, upper esophageal sphincter.
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Figure 2.
Acid characteristics of the gastroesophageal reflux (GER) during each hour of two 3-hour
feeding cycles. The percentage distribution of acid GER events is significantly greater with
an increment in time intervals.
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Table 1

Demographic Characteristics of Infants Referred for Evaluation of Gastroesophageal Reflux Disease

Characteristics Study Population (n = 35)

GA, mean ± SD, wk 30.0 ± 4.9

Birth weight, mean ± SD, kg 1.5 ± 1.1

Male gender, No. (%) 20 (57)

PMA at study, mean ± SD, wk 43.4 ± 4.5

Weight at study, mean ± SD, kg 3.6 ± 1.2

GA, gestational age; PMA, postmenstrual age.
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Table 2

Symptom Characteristics

No. (%)

Dysphagia 35 (100)

Emesis 9 (26)

Bradycardia and desaturation 8 (23)

Feeding aversion 8 (23)

Irritability and arching 6 (17)

Choking events needing resuscitation 5 (14)

Cough or stridor 4 (11)

Aspiration 1 (3)
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Table 4

Bolus Clearance Time and Acid Clearance Time During Each Hour of the 3-Hour Feeding Cycle

Postprandial Hour BCT, s ACT, s P Value

1 26.2 ± 30.9 (18.7, 36.3) 218.4 ± 716.7 (0, 7.4) .9

2 15.3 ± 23.0 (4.9, 21.7) 419.1 ± 940.8 (0, 271.1) .001

3 13.5 ± 24.1 (1.8, 18.0) 589.6 ± 709.2 (432.4, 863.7) <.0001

Values are shown as mean ± SD (median, IQR). ACT, acid clearance time; BCT, bolus clearance time.
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