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Objectives: The association of gastroesophageal reflux (GER) and respiratory disorders is well known
but the mechanism is still unclear. This study aims to evaluate the presence and severity of proximal
gastric acid reflux in children having GER with or without respiratory symptoms. Methods: 24-hour
esophageal pH monitoring with a dual pH probe placed in the proximal and distal esophagus
was performed in 23 and 31 children having GER with or without respiratory symptoms, respectively.
Results: No significant difference in the parameters of pH monitoring in either proximal or distal
esophagus was observed between GER patients with or without respiratory symptoms. The proportion of
patients having proximal GER among those with respiratory symptoms was not significantly different from
those without respiratory symptoms (P >0.05). Conclusion: Proximal esophageal acid reflux does not
seem to play a role in the development of persistent respiratory symptoms in children with GER. Distal
esophageal acid reflux is the predominant form of reflux in children with GER regardless of the occurrence
of respiratory symptoms.
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GASTROESOPHAGEAL reflux disease
(GERD)is often associated with respiratory

problems such as asthma and recurrent or nocturnal
cough. The mechanism of GER related respiratory
diseases is not well understood(1,2). It has been
suggested that GER most often causes chronic
cough by stimulating the distal esophagus(3,4).
However, the role of proximal GER in the
development of respiratory symptoms is still
controversial(5-7). Dual-probe 24 hour pH monitor-
ing may assist in establishing a correlation between
these symptoms and GERD(8,9). This study
attempts to evaluate the correlation of proximal acid
reflux and respiratory symptoms in children with
GER.

Subjects and Methods

All children who were diagnosed as having GER
by 24-hour pH monitoring in distal esophagus were
eligible for inclusion in this study. A positive distal

probe result was defined as an abnormal Boix-Ochoa
score(10). These children were divided into two
groups; those with only gastrointestinal symptoms
(regurgitation, vomiting, heartburn and failure to
thrive) and those who were also having respiratory
symptoms (pneumonia, bronchitis, asthma, etc.).
This study was approved by the ethical committee at
Zhejiang University School of Medicine, China.
Consent was obtained from patients or their
relatives.

All patients had esophageal manometric studies
(Polygraf, Medtronic) of the lower esophageal
sphincter (LES), the upper esophageal sphincter
(UES) and the esophageal body before dual-probe
pH monitoring was performed. Ambulatory 24-hour
dual esophageal pH monitoring was performed using
a portable data recorder (Digitrapper MK III,
Medtronic) which provides one pH determination
every 4 seconds. The semidisposable mono-
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crystalline antimony pH catheters (Medtronic) have
two sensors at a distance of 5 to 10 cm (depending on
the age) and one external reference electrode. The
catheter was calibrated in buffers with pH 7.01 and
1.07 and then passed through the nares into the
esophagus. The proximal and the distal sensors were
positioned 1 to 2 cm below the lower border of the
UES and 3 cm above the upper border of the LES
determined by esophageal manometry. The pH
catheter was then fixed with adhesive tape to the
subject’s nose and cheek.

Medications known to affect gastrointestinal
motility or secretion were not allowed for at least one
week prior to the monitoring. Children were
permitted to carry out their normal daily activities.
Patients or their parents were asked to record the
time of food or fluid consumption and posture
changes on a diary. During the recording time,
patients were asked to avoid fruit juices, tea and
coffee whereas water was allowed liberally.

The data from the pH-monitor were downloaded
onto a computer and was analyzed with standard
commercially available software (Esophogram,
Gastrosoft Inc., Irving, Texas, USA). A reflux
episode was defined as any decrease in pH<4.0 for
longer than 15 seconds. The parameters recorded
were the number of reflux episodes, the number of
episodes lasting for more than 5 min, the duration of
the longest episode, the percentage time of pH<4.0
for upright, supine and total periods. Boix-Ochoa
score was also calculated from the above six
parameters(10). A proximal probe test result was

considered positive if total percent time pH<4.0 was
more than 1.1(11).

Statistical analysis

The parameters of pH monitoring were
compared between groups by Wilcoxon rank-sum
test and paired t-test where appropriate. The Chi-
square test was performed for analyzing differences
in the number of patients with proximal esophageal
pathologic reflux between the groups. A significance
level of 5% was accepted.

Results

The study included fifty-four children (aged
between 2 months to 8 years) with GER as
diagnosed with distal esophageal pH monitoring.
Out of these, 31 (18 male and 13 female) had
gastrointestinal symptoms such as regurgitation,
vomiting, heartburn and failure to thrive without any
signs or symptoms of respiratory diseases. The mean
duration of symptoms was 3.1 months with range of
10 days to 14 months. The second group consisted of
23 subjects (14 male and 9 female) who had
respiratory diseases along with GER. These illness
included pneumonia (n = 11), recurrent pneumonia
(n = 5), bronchitis (n = 4) and asthma (n = 3). The
mean duration of respiratory symptoms in this group
was 1.4 months with range of 5 days to 12 months.

Table I shows the results of pH monitoring in the
distal esophagus in patients with or without
respiratory symptoms. All the parameters were
comparable between the two groups (P >0.05).

TABLE I: pH Monitoring Parameters in the Distal Esophagus by Group(Mean ± SE)

Parameter* RS group GI group
(n = 23) (n = 31)

Number of reflux episodes 52.0 ± 5.7 49.1 ± 5.0
Number of episodes >5 min 3.8 ± 0.9 3.2 ± 0.6
Duration of longest reflux (min) 14.8 ± 3.5 17.3 ± 2.7
Total percentage time of pH<4.0 6.9 ± 1.2 6.7 ± 0.8
Upright 8.5 ± 1.2 6.9 ± 1.8
Supine 4.8 ± 1.5 6.9 ± 1.6
Boix-Ochoa score 23.3 ± 3.0 20.3 ± 2.3

RS: GER with respiratory symptoms, GI: GER with gastrointestinal symptoms alone.
* All P >0.05 between the two groups.
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According to the diagnostic criteria, 13 out of 23
cases (56.5%) with respiratory symptoms had
proximal GER as against 17 of 31 cases (54.8%) in
patients without respiratory symptoms. These
differences were not statistically significant. No
parameter of proximal esophageal pH monitoring in
patients with respiratory symptoms was significantly
different from those without respiratory symptoms
(P> 0.05) (Table II).

Discussion

The association of GERD and respiratory
disorders such as reactive airway disease, recurrent
pneumonia, and “awake apnea” is well
known(1,3,12). The present study demonstrated
abnormal proximal esophageal acid reflux in a
significant proportion of children having distal
esophageal acid reflux. However, no significant
differences in parameters of acid reflux in either
proximal or distal esophagus were observed in
patients with or without respiratory symptoms. The
prevalence of positive proximal GER was also similar
in patients with or without respiratory symptoms.
This suggests that proximal esophageal acid reflux is
not a major cause of GER related respiratory
disorders. Our results were in consensus with earlier
reports(6,7). However, Kauer et al.(13) reported
that patients with GERD and respiratory symptoms
had a higher prevalence of abnormally high exposure
to gastric juice and more reflux episodes in the
proximal esophagus compared with patients with
GERD and no respiratory symptoms. Activation of
proximal airway and esophageal receptors by gastric

acid and resultant poor esophageal body motility
were suggested as the mechanisms for GER
associated respiratory symptoms. Other potential
mechanisms of esophageal acid - induced
bronchoconstriction include a vagally mediated
reflex bronchoconstriction by acid in the distal
esophagus, local axonal reflexes, heightened
bronchial reactivity, and pulmonary microaspiration
resulting in neurogenic inflammation(2,14,15).

The proximal airway and esophagus are lined
with receptors that are activated by water, acid,
or distension. Activation of these receptors can
produce laryngospasm, bronchospasm and subse-
quently, obstructive tract disorders. Sacco et al.(16)
reported that GER might induce respiratory
symptoms through inhalation of acid gastric contents.
However, other workers suggested the role of vagal
type and not on pulmonary aspiration(17). Ramaiah
et al.(18) reported that there was no significant
difference in hypopharyngeal pH data in GER
patients either with or without respiratory symptoms.
Our results also did not support the theory that
proximal GER is a specific etiologic factor in chronic
cough or asthma.

The correlation of severity of distal esophageal
acid reflux with respiratory disorders remains to be
investigated. Our results indicated that distal
esophageal acid reflux was more severe than
proximal esophageal acid reflux in GER patients
regardless of respiratory diseases. It has been
suggested that GER most often causes chronic
cough by stimulating the distal esophagus(3,4). Since

TABLE II–pH Monitoring Parameters in the Proximal Esophagus by Group(Mean ± S E)

Parameter* RS group   GI group
(n = 23) (n = 31)

 Number of reflux episodes 23.3 ± 4.9  24.1 ± 4.6
Number of episodes >5 min 1.9 ± 0.7 1.2 ± 0.4
Duration of longest reflux (min) 9.6 ± 2.8 11.5 ± 3.2
Total percentage time of pH<4.0 3.5 ± 1.0 3.0 ± 0.7
Upright 4.0 ± 1.0 3.4 ± 1.0
Supine 2.2 ± 1.1 4.3 ± 1.7
Boix-Ochoa score 11.8 ± 2.7 10.2 ± 2.1

RS: GER with respiratory symptoms, GI: GER with gastrointestinal symptoms alone.
* All P >0.05 between the two groups.
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distal esophageal total acid exposure time is longer
than that for proximal esophagus, the main
mechanism for GER triggering asthma appears to be
the vagally mediated reflex initiated by acid in the
distal esophagus(14). It is possible that synergistic
interactions between esophageal nociceptors and
airway sensory nerves precipitate the asthma-like
symptoms associated with GERD(2). It is concluded
that distal esophageal acid reflux is the predominant
reflux form of GER in children irrespective of
respiratory symptoms. Proximal GER, though
prevalent in children having distal GER, does not
appear to have a role in causation of respiratory
symptoms.
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