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Abstract

AIM: To check the utility of postcibal ultrasonography for
the evaluation of reflux in relation to gastric emptying in
infants with recurrent respiratory symptoms and to link
imaging with clinical data.

METHODS: Esophageal reflux (hyperechoic retrograde
filling) and gastric emptying (antral areas) were
quantified before and after ingestion of a standard
formula in 35 untreated infants (13 with chronic cough,
22 with recurrent bronchitis) and in 31 controls.

RESULTS: The prevalence of abnormal (=8 episodes)
postcibal refluxes was 74% in patients and 3% in
controls. Number, duration of the longest episode and
extent of refluxes were significantly higher in patients
compared to controls. Number of refluxes was higher in
patients with symptomatic refluxes than in those without.
Infants with recurrent bronchitis had more refluxes than
those with chronic cough and controls. Extent and timing
of gastric emptying were similar in patients and controls.

CONCLUSION: Esophageal ultrasonography is a useful
and physiological test in infants with recurrent respiratory
diseases, which have a high prevalence of abnormal
postcibal esophageal reflux and a gastric emptying
similar to that of normal controls. Esophageal reflux is
more severe in subjects with recurrent bronchitis than in
those with chronic cough.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Gastro-esophageal reflux has been frequently linked to
several acute and chronic respiratory diseases in infants™
As ultrasonography may allow direct visualization of
gastro-esophageal junction and of retrograde reflux
episodes[S’()J, it has been used as an alternative to invasive
techniques in pediatric age®”. Validation studies reported
high sensitivity and specificity for ultrasonography in
diagnosing gastro-esophageal reflux, as compared to
9 esophageal
pH monitoring[&m, and esophagomanometry“(”. The
application of ultrasonography in pediatric age has major
advantages due to its non-invasiveness, wide availability,
and optimal compliance. Thus, in the present study, we
aimed to: (1) employ ultrasound for the evaluation of
gastro-esophageal reflux in relation to postprandial gastric
emptying in infants with or without recurrent respiratory
diseases; and (2) relate the gastro-esophageal imaging with
clinical data in the postcibal period.

standard barium swallow examination

MATERIALS AND METHODS
Subjects

The ultrasonographic test was part of a routine work-up
abdominal assessment. Informed consent was obtained
from parents for each infant participating in the study and
the study protocol was approved by an institutional review
board. The study comprised 66 non-preterm infants
(age range, 1-12 mo). Characteristics of the subjects are
summarized in Table 1. Thirty-five inpatient or outpatient
infants with a recent history of recurrent respiratory
diseases were recruited. Patients had at least two episodes
of asthmatic bronchitis requiring hospital admission (group A,
n = 22) or unexplained chronic cough (group B, » = 13).
Patients, who were referred only for respiratory problems,
underwent de novo evaluation without prior investigations
or therapies. Parents denied, in all cases, the consent to
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invasive techniques. In all patients, immune deficiencies,
cystic fibrosis, and allergopathies were excluded by clinical
and biohumoral assessment. Parents were asked for the
presence of daily regurgitation in all the patients.

Additionally, 31 inpatient or outpatient infants, who
never experienced respiratory or gastrointestinal diseases,
were considered as controls. Patients were not examined
during acute respiratory disease. Neither patients nor
controls were under medications able to influence
gastrointestinal motility or secretion and were not affected
by conditions known to alter gastrointestinal tract
functions.

Study design

Each subject underwent a simultaneous ultrasonographic
study of the esophagus and of the antrum with a
Toshiba Capasee scanner and a 3.5-MHz convex probe.
Ultrasonography was performed in a sitting position before
and after the ingestion of a low volume liquid standard
meal (10 mL/kg standard infant formula). Subjects were
fed in the upright position. The observation was carried
out continuously for at least 20 min and in all cases until
complete antral evacuation was recorded. All tests started
in the morning, in the fasting state (at least 4 h) and were
performed by a single examiner who was unaware of
patient’s history and clinical examination. Ultrasonographic
findings were analyzed while being done and events were
recorded on a specific form. The infants were not burped
after the feeding and pacifiers were not employed. All
infants were awake during the examination. Subjects with
excessive gas in the stomach or excessive crying time (able
to interrupt the continuity of observation) were excluded
by analysis due to technical limitations.

Gastro-esophageal reflux study
The employment of ultrasound in the diagnosis of gastro-
esophageal reflux disease has previously been validated
against other techniques'®®". The esophagus and the
gastro-esophageal junction were studied by transverse and
longitudinal scans at the epigastriurn[s’(”111 at the level of the
left lobe of the liver, slightly rotating up the probe. In all
the subjects, this allowed the visualization of the esophagus
like a three-layer canalicular structure posterior to the left
lobe of the liver and anterior to the aorta, which were used
as landmark points". Immediately after the ingestion of
the standard liquid meal, the esophageal lumen appeared
dilated by hyperechoic content flowing towards the gastric
lumen. First, a longitudinal scan was performed to show
the emptying of the distal esophagus. Subsequently, a
“real time” observation of the esophagus and the gastro-
esophageal junction was performed"" by splitting the
image on the ultrasound monitor. In particular, the
esophagus and the gastro-esophageal junction were imaged
on one half of the monitor continuously during 20 min.
At regular intervals (mentioned below), the observation
was stopped shortly for 2-3 s to catch antral sections on
the second half of the screen for subsequent antral area
measurement.

Gastro-esophageal reflux, when present, was visible like

a flow of hyperechoic material directed from gastric lumen
to distal esophagus through gastro-esophageal junction.

In the present series, gastro-esophageal reflux was
defined as abnormal when the total number of episodes
lasting for more than 2 s was =8 (upper limit derived
from mean+28D in normal control group = 7.5). The
presence/absence and the number of gastro-esophageal
reflux episodes during 20 min were recorded and the
frequency of gastro-esophageal reflux episodes (i.c., no. of
episodes/time unit) was therefore calculated.

Immediately after the retrograde flow of hyperechoic
material from gastric lumen to distal esophagus, the
ultrasonographic image was frozen on one half of the
monitor and the amount of gastro-esophageal reflux was
subsequently quantified by measuring maximal esophageal
lumen enlargement (distance between external esophageal
layers). On the second half of the monitor (set as "real
time" imaging), the duration of the reflux episode
was counted by a timer. Maximal esophageal lumen
enlargement and duration of the longest reflux episode for
each examination were noted.

During the real-time continuous monitoring, all cough
episodes were counted in both patients and controls.
Cough episodes starting within 2 s from hyperechoic
retrograde filling of esophageal lumen were therefore
marked on a specific form and were considered related to
reflux.

Gastric emptying study

Postprandial evacuation of the stomach was assessed
by functional ultrasonography by monitoring antral
areas, a well standardized technique in adults"™" and in
infants"*”. Antral area was quantified in fasting infants
and subsequently monitored at regular time intervals
postprandially by longitudinal scans at the epigastrium at
the level of antral-body connection in a single section.
The superior mesenteric vein and the aorta were used as
landmark points. Antral emptying was described by the
following indices: (1) antral (basal) area (mean of two
measurements between -5 and 0 min before meal, in sz);
(2) maximal postprandial antral area, measured 2 min
after meal ingestion; (3) postprandial antral areas each
taken at 5-min intervals from meal ingestion; (4) minimal
postprandial antral area observed throughout the emptying
curve; and (5) half-emptying time.

Antral emptying curves were obtained by plotting antral
areas »s time. In order to obviate interindividual variability
of antrum size!'”, postprandial areas were normalized
to maximal areas after subtracting basal areas: 100X (A«
a)/(A2-a), where A« = postprandial area at any given time; a
= basal area; A2 = maximal antral area (measured at 2 min
postprandially)®". Half-emptying time was the time at
which 50% dectrease of antral area occurred (T1/2, min),
and was calculated by linear regression analysis from the
linear part of antral emptying curve. This index closely
correlates with the scintigraphic half-emptying time!,

Statistical analysis
All calculations were performed with the NCSS2001
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Table 1 Characteristics of enrolled subjects

Patients Controls P
N 35 31
Age (mo) 5.6+2.9 4.5+3.6 NS
Weight (kg) 7.4%2.0 6.7+1.7 NS
Height (m) 0.7£0.07 0.6+0.01 NS

Data are expressed as mean+SD. NS: not significantly different.

Table 2 Ultrasonographic characteristics of gastro-esophageal
reflux in infants with recurrent respiratory diseases and in healthy
controls

Patients Controls P
Number of reflux episodes 10 (2-21) 3 (1-9) <0.01
Reflux frequency 0.5 (0.1-1.05) 0.15 (0.05-0.45)  <0.01
(reflux episodes/min)
Maximal esophageal 5(1-17) 1.5 (1-9) <0.01
lumen enlargement (mm)
Duration of the longest 11 (2-18) 4(2-12) <0.01

reflux episode (s)

Results are expressed as median (range). Differences between groups were
tested using Mann-Whitney U test.

software (Kaysville, UT, USA). Results were expressed
as meantSE or mean*SD or median and range, where
appropriate. Data were statistically compared using
two-tailed Student's t-test for unpaired data or by non-
parametric Mann-Whitney U test, where appropriate.
Analysis of variance followed by Fishet’s LSD multiple
comparison test was utilized to compare the differences
among the groups. The % test was used to compare
proportions of categorical data. Two-tailed P values less

than 0.05 were considered statistically significant™”.

RESULTS

Patients and controls were similar in age-weight and
height distribution (Table 1) and all subjects were below
the 95th percentile for body weight. Overall, patients had
significantly greater prevalence of abnormal postcibal
reflux (74% in patients 25 3% in controls, P<0.05), number
and frequency of reflux episodes, extent of refluxes and
duration of the longest reflux episode as compared to
controls (Table 2). Stratification of patients by age (0-6 mo,
n =22 and 7-12 mo, # = 13) showed similar results in the two
age groups that were examined (Table 3).

The total number of cough episodes was significantly
greater in patients than in controls (2.7£0.5 »s 0.03%
0.03; P<0.01). Symptomatic reflux episodes (i.e., cough
observed within 2 s from hyperechoic retrograde filling of
esophageal lumen) were documented in 57% of patients
(2.0£0.4 symptomatic refluxes in the observation period)
and in none of the controls. Cough episodes not preceded
by reflux were 0.520.3 in patients without symptomatic
reflux episodes and 0.810.2 in patients with symptomatic
refluxes.

The median number and frequency of gastro-esophageal
reflux episodes were obviously higher in patients with
symptomatic reflux episodes than in those without (Table 4).

Table 3 Ultrasonographic characteristics of gastro-esophageal
reflux in patients with recurrent respiratory diseases in two age
groups

7-12 mo P
11 (2-18) NS
0.6 (0.1-0.9) NS

0-6 mo
9.5 (3-21)
0.5 (0.15-1.05)

Number of reflux episodes
Reflux frequency
(reflux episodes/min)

Maximal esophageal lumen 5.5 (1-17) 4 (1.6-11.5) NS
enlargement (mm)
Duration of the longest 11 (2-17) 7 (4-18) NS

reflux episode (s)

Results are expressed as median (range). Differences between groups were
tested by Mann-Whitney U test; NS: not significantly different.

Table 4 Ultrasonographic characteristics of gastro-esophageal
reflux in patients with or without symptomatic reflux episodes
With Without P
symptomatic ~ symptomatic
reflux reflux

Subjects 20 15

Number of reflux episodes 11.5 (4-21) 7 (2-18) <0.02
Reflux frequency 0.58 (0.2-1.05) 0.4 (0.1-0.9) <0.05
(reflux episodes/min)

Maximal esophageal 5.5 (1.7-13.5) 3.0 (1-17) NS
lumen enlargement (mm)
Duration of the longest 11 (6-18) 8 (2-17) NS

reflux episode (s)

Results are expressed as median (range). Differences between groups were
tested using Mann-Whitney U test. NS: not significantly different.

The prevalence of abnormal refluxes was higher in
patients with recurrent bronchitis (group A) and in patients
with chronic cough (group B) as compared to controls
(Table 5). Both subgroups of patients had more reflux
episodes, higher reflux frequency, higher esophageal lumen
enlargement and duration of the longest reflux episode as
compared to controls (P<0.01, ANOVA, Figure 1 and Table 5).
Patients with recurrent bronchitis also showed more reflux
episodes, higher reflux frequency and higher duration of
the longest reflux episode as compared to infants with
chronic cough (Table 5). The number of symptomatic
reflux episodes was similar in patients with recurrent
bronchitis (2.60.6) and in those with chronic cough (1.2+0.4).
Daily regurgitation was present in 57% of patients
with recurrent respiratory diseases, who showed a higher
number, frequency, and duration of the longest reflux episode
compared to patients without this symptom (Table 6). The
number of symptomatic refluxes was similar in patients
with (2.4£0.6) and without (1.7£0.6) daily regurgitation.
The study of gastric emptying showed a rapid and
continuous decrement of the antral areas starting
immediately after meal ingestion in both patients and
controls (Figure 2). Patients and controls showed
comparable fasting (1.3£0.01 and 1.2+0.1 cm’, respectively)
and maximal postprandial areas (5.7£0.3 25 5.6£0.4 cm”),
and similar postprandial emptying indices, in terms of
both minimal postprandial areas (1.4£0.1 »s 1.3£0.2 cm?2;
4.6£1.9% »s 3.5%£1.4%) and half-emptying time (9£0.6
vs 920.5 min, respectively). No significant difference was
observed in time to maximal emptying between patients
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Table 5 Ultrasonographic characteristics of gastro-esophageal reflux in patients with recurrent episodes of bronchitis (group A), chronic

cough (group B), and in healthy controls

Group A Group B Controls ANOVA
Reflux prevalence (%) 82° 54° 3
Number of reflux episodes (N) 12.0 (2-21)*° 8.0 (2-12)° 3.0 (1-9) <0.00001
Reflux frequency (N/min) 0.6 (0.1-1.05)™° 0.4 (0.1-0.6)" 0.15 (0.05-0.45) <0.00001
Maximal esophageal lumen enlargement (mm) 5 (1-17)° 4 (1.5-11.8)° 1.5 (1-9) <0.0001
Duration of the longest reflux episode (s) 11.5 (2-18)™ 7 (3-12)° 4(2-12) <0.00001

Results are expressed as median (range). Differences between percentage reflux prevalence were tested by )’ test. Differences between groups were examined

by using ANOVA, followed by Fisher’s LSD multiple comparison test. *P<0.05 vs controls; “P<0.05 vs group B.

Table 6 Ultrasonographic characteristics of gastro-esophageal
reflux in infants with recurrent respiratory diseases, with or without
daily regurgitation

With daily Without daily P
regurgitation  regurgitation
Subjects 20 (57%) 15 (43%) NS
Number of reflux 10.5 (5-21) 8 (2-18) <0.03

episodes (N)

Reflux frequency (N/min) 0.5(0.25-1.05) 0.4 (0.1-0.9) <0.03

Maximal esophageal lumen 5 (1.5-17) 4 (1.0-11.5) NS
enlargement (mm)
Duration of the longest 11.5 (3-17) 7 (2-18) <0.01

reflux episode (s)

Results are expressed as median (range). Differences between groups were
tested by using Mann-Whitney U test. NS: not significantly different.
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Figure 1 Number of postcibal gastro-esophageal reflux episodes, as determined
by ultrasound, in controls (n = 31) and in infants with recurrent respiratory diseases
(n = 35). Horizontal dotted line indicates the mean+2SD in the normal control
group. Squares and continuous horizontal lines indicate medians. Differences
between the groups were tested by using ANOVA, followed by Fisher’s LSD
multiple comparison test. °P<0.05 vs controls; “P<0.05 vs chronic cough.

(20%1 min) and controls (19£1 min). Invariably, gastric
emptying was complete after 30 min in all cases. Gastric
emptying speed was also similar in patients with and without
symptomatic reflux episodes (half-emptying time 9£1 and
10£1 min, respectively) and in patients with and without
daily regurgitation (half-emptying time 9*1 and 91 min,
respectively).

DISCUSSION

The present study shows that ultrasonography is useful
in providing important information about the presence,
extent, and duration of postcibal gastro-esophageal reflux
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Figure 2 Postcibal gastric emptying curves, determined by ultrasound, in controls
(n =31) and in infants with recurrent respiratory diseases (n = 35). Symbols
indicate means (o: controls; @: patients), and vertical lines indicate SE.
Differences between groups were tested by using ANOVA.

in infants with recurrent respiratory diseases.

Gastro-esophageal reflux is the effortless retrograde
flow of gastric content in the esophageal lumen and, when
abnormal, it is a recognized clinical problem in infancy,
where it has been frequently associated with respiratory
diseases' .

Respiratory diseases and gastro-esophageal reflux
disease have long been linked in childhood by both
physiopathological and epidemiological studies, and the
complex interplay between these two frequent clinical
conditions is still under debate”**.

By prolonged pH-metry, a high prevalence of
abnormal esophageal pH was reported in infants with
recurrent bronchopulmonary infections, suggesting
that this technique may be useful for diagnosing gastro-
esophageal reflux and its association with recurrent
bronchopulmonary diseases™. pH-metry, however, has
several pitfalls, since it does not help with alkaline gastric
content as seen in a number of conditions, namely after
the ingestion of normal infant formula, achlorhydria or
duodenogastric reflux”"*, and alkaline reflux episodes™ .
In a recent study, intraluminal impedance has been used in
infants with respiratory phenomena and it has been shown
that gastro-esophageal refluxes accompanied by respiratory
symptoms can be detected only in a minority of cases by
pH-metry™. Similar findings were also evident in a large
ultrasonographic study in symptomatic infants undergoing
pH—metrym.

Impedance monitoring is a pH-independent method
for detecting bolus movement within the esophagus.
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It might provide a valid alternative to esophageal pH-
metry because it evaluates reflux occurring both in the
interprandial and postprandial period, and it is sensitive to
very small volumes of refluxate” ",

On the other hand, functional ultrasonography of the
gastro-esophageal junction may allow direct visualization
of lower esophageal sphincter relaxation and reflux
episodes. The technique offers several advantages in that
it has low costs, it is simple, non-invasive and is a more
physiological alternative to invasive techniques[s’()’&m}. In
this respect, our results suggest that ultrasonography
might represent a useful and physiological screening test in
infants with recurrent respiratory diseases.

The importance of meal volume also needs to be
addressed. We used a relatively low-volume liquid standard
meal (i.e. of lower volume compared to that currently
used during a physiological feeding). Such low volume
would not affect the observed results, since in early
studies, gastro-esophageal reflux was either unrelated to
feed volume!” or it was worsened by a high volume meal,
through significant changes in lower esophageal sphincter
pressure[zm. Here, we have observed several postcibal
refluxes with a low-volume meal, suggesting that meal
volume per se may not be a determinant in postcibal reflux
occurrence.

The short postprandial observation period might be
considered as a major pitfall of the ultrasonographic
study. However, by using a 20-min postprandial time-
window to check for persistence of intragastric content,
we found significant differences for extent and timing of
gastro-esophageal reflux between patients with recurrent
respiratory diseases and controls, and an event/symptom
relationship. Indeed, patients with recurrent involvement
of lower respiratory tract (i.e. bronchitis) showed a higher
number of postcibal reflux episodes compared to both
patients with chronic cough and controls.

While interprandial refluxes could not be documented
at ultrasonography, we underlined the importance
of postcibal reflux in the pathogenesis of recurrent
respiratory diseases in infants. Transient lower esophageal
sphincter relaxation is the predominant mechanism of
gastro-esophageal reflux”" and postprandial reflux has
been suggested to be a dynamic indicator of sphincter
competencym’m; in this respect, postcibal ultrasonography
allows direct visualization of both gastro-esophageal reflux
and sphincter incompetency.

It has been reported that delayed clearance of refluxed
material and clustering of reflux events may precipitate
respiratory symptoms in infants”*”", Indeed, we found that
amount, extent and number of postcibal gastro-esophageal
reflux episodes were higher in subjects with symptomatic
refluxes than in those without.

Although ultrasound visualization of reflux is limited to
the distal esophagus, our results suggest the possibility that
the involvement of the respiratory tract might be partly
due to a greater chance for microaspiration of refluxed
materials reaching the proximal esophagus. This possibility
is more likely in subjects with a great amount and timing
of gastro-esophageal reflux episodes. Interestingly, a

recent study found a direct relation between incidence
and duration of refluxes in the proximal and in the distal
esophagusm]. However, other mechanisms responsible
for respiratory tract involvement secondary to gastro-
esophageal reflux, particularly vagally mediated reflexes,
may be taken into account””.

The association of gastro-esophageal reflux disease and
chronic cough in infants has been well demonstrated™*
and our results suggest that postcibal ultrasonography
might be employed as a useful diagnostic approach also in
patients with chronic cough.

Delayed gastric emptying has been frequently linked to
gastro-esophageal reflux both in adults™ ™ and in pediatric
age“(”m. In a scintigraphic study in pediatric patients,
it was found that delayed gastric emptying increased
postprandial reflux by increasing the refluxate volume
per episode of reflux through an underlying incompetent
lower esophageal sphincterm]. By using ultrasonography,
we also performed the measurement of gastric emptying
by a well standardized and validated procedurem’m’m.
Our data demonstrated a similar extent and timing of
postprandial gastric emptying in patients and controls.
This is in accordance with a previous ultrasonographic
study in infants with reflux disease, in which the speed
of gastric emptying was unrelated to any interprandial or
postprandial indices of gastro-esophageal reflux by a 24-h
pH—metrym. Similar conclusions were also depicted by
another recent study by (13)C-octanoic acid breath test,
showing that gastric emptying was not delayed in infants
with gastro-esophageal reflux™,

In conclusion, postcibal esophageal ultrasonography is
a useful and physiological screening test in patients with
recurrent respiratory diseases, who show lower esophageal
sphincter incompetence and high postprandial gastro-
esophageal reflux prevalence, with a postprandial gastric
emptying similar to controls. Subjects with recurrent
bronchitis seem to have a greater amount of gastro-
esophageal reflux episodes compared to those with chronic

cough.
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