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Summary
Objectives: Acid gastro-esophageal reflux has been shown associated with chronic
pulmonary diseases. The role of non-acid refluxes in these children is still unknown.
Therefore we investigated the prevalence of acid and non-acid refluxes, and their
association with desaturations, in children with chronic pulmonary symptoms.
Methods: In 25 children aged 6 months to 15 years with unexplained chronic cough,
wheeze or sputum production, refluxes were assessed by 24 h-multiple intra-esophageal
impedance measurements, simultaneous pH metry and continuous recording of oxygen
saturation.
Results: pH in the proximal and distal esophagus as well as six impedance channels were
evaluated in all subjects. A mean of 129.4 refluxes per day per patient was detected.
Complete and technically usable readings of oxygen saturation were obtained in 14
children. In this group the subjects had a mean of 112.6 refluxes and 92.6 desaturations
per day per patient. The symptom index and symptom sensitivity index for acid refluxes
were 34.7% and 24.6%, respectively, for non-acid refluxes 3.0% and 66.7%, respectively.
Conclusions: We found a high prevalence of acid reflux and a very low number of non-acid
refluxes in this population. The symptom index was negative for all types of reflux,
whereas the symptom sensitivity index was positive for both acid and non-acid reflux. Our
data support a relation between acid gastro-esophageal refluxes and chronic pulmonary
symptoms; however, this study does not support a role of non-acid reflux in children with
respiratory symptoms, which are not on antacid medication.
& 2006 Elsevier Ltd. All rights reserved.
Elsevier Ltd. All rights reserved.
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Introduction

Gastro-esophageal reflux is a common condition in patients
of all age groups with chronic pulmonary diseases.1,2 Acid
gastro-esophageal reflux can be seen as physiological to a
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certain degree. However, high prevalences of GERD (Gastro-
esophageal reflux disease) are found in asthma and cystic
fibrosis.3 There are several mechanisms which may lead to
lung damage or pulmonary signs and symptoms, including
aspiration of large amounts of gastric contents (macroas-
piration),4 microaspiration of gastric juice5 and reflux
bronchoconstriction.6–8 A stimulation of the laryngeal
chemoreceptors and induction of apneas by the instillation
of liquid into the larynx has been shown.9 On the other hand,
biochemical markers of pulmonary aspiration, like fat-laden
macrophages in bronchoalveolar lavages,10 support the
concept of recurrent microaspirations. However the lipid-
index, derived from the assessment of fat-stained macro-
phages has a low sensitivity and may not very helpful in
clinical practice.11

The diagnosis of pathological gastro-esophageal reflux in
patients with chronic pulmonary diseases is important as it
leads to appropriate treatment which has been shown to
improve pulmonary symptoms.12–15 Patients with pathologi-
cal gastro-esophageal reflux resulting in chronic pulmonary
signs may have clinically silent GERD i.e. not showing the
classic reflux symptoms heartburn and regurgitation.16

Twenty-four-hour esophageal pH testing is the gold-standard
in the diagnosis of pathological gastro-esophageal reflux.17

This method accurately diagnoses gastro-esophageal re-
fluxes with a sensitivity and specificity of approximately
90%.18 The frequency of false-negative results ranges
between 10% and 25%.19

This lack of complete diagnostic accuracy may result from
a failure to identify non-acid reflux episodes with conven-
tional techniques. This hypothesis is further supported by the
observation that sometimes the signs persist under appro-
priate medical acid suppression.20,21 Surgical procedures
seem to have a better outcome in the long term and may
improve pulmonary signs in patients with severe gastro-
esophageal reflux.22,23 This can be explained by the fact that
depending on the gastric secretory status and the time after
meal the fundic content varies in composition and acid-
ity.24,25 Therefore the refluxate may be acid or non-acid. It
seems plausible that non-acid reflux also provokes pulmonary
signs. Bile acids for example are proinflammatory compo-
nents of non-acid reflux, as shown by several in vivo and in
vitro.26–28 Obviously 24-h esophageal pH testing is not able to
detect non-acid reflux episodes. This is especially proble-
matic in infants, as they are fed at relatively short intervals,
and formula neutralizes at least in part gastric acidity. The
recently introduced multiple intraesophageal impedance
monitoring in combination with pH measurement allows to
distinguish between acid and non-acid esophageal reflux, and
to determine the height reached by the refluxate in the
esophagus. This technique is based on the assessment of
changes in the electrical impedance in the esophagus by the
refluxate, due to induced alterations of the electrical current
between two of a number of closely arranged electrodes. It
therefore allows to detect and analyze the anterograde
(swallow) and retrograde (reflux) passage of liquid and gas
bolus in hollow organs such as the esophagus.29

The aims of this investigation were to determine the
prevalence of acid and non-acid gastro-esophageal reflux in
children with chronic pulmonary diseases and not on antacid
medication by combined 24-h esophageal pH and multiple
intraesophageal impedance monitoring, and to study the
supposed direct correlation between reflux into the distal
and proximal esophagus and objectively assessed respiratory
signs, i.e. oxygen saturation monitored by pulse oxymetry.

Methods

Patients

Patients attending the Children’s Hospital of the University
of Munich, who suffered from chronic respiratory signs
(cough, wheezing, active sputum production) that were not
explained by their clinical diagnosis, were enrolled. This
included children with not sufficiently controlled asthma
and treated with high doses of inhaled corticosteroids
(4800 mg budenosid or equivalent per day); patients with
cystic fibrosis, instable despite appropriate antimicrobial
treatment, chest physiotherapy and after exclusion of other
causes for instability; infants with ongoing, not steadily
improving bronchopulmonary dysplasia; children with inter-
stitial pulmonary disease of unknown origin; patients with
recurrent bronchitis, recurrent pneumonia and chronic
cough. All patients were seen by a pediatric pulmonologist
before being considered for reflux testing.

There was a high clinical suspicion for signs possibly
caused by reflux, and all examinations were clinically
necessary. All investigations were made during routine
clinical evaluation of the patients. All caregivers and, where
appropriate, in addition the children gave their informed
consent.

A total of 25 patients (11 female, mean age 6 years, range
6 months to 15 years) were examined; one infant was
studied twice. Clinical data are given in Table 1. Acid
suppression medication or motility agents, if present, were
stopped at least 1 week before the study.

pH and multiple intraesophageal impedance
measurement

All patients were admitted to the children’s hospital for the
24 h pH/MII recording. Measurements of intraesophageal pH
and multiple intraesophageal impedance (MII) were done
using the Sandhill stationary MII-measuring setup (Sandhill
Scientific, Inc.; Highlands Ranch, CO, USA). Multiple
intraesophageal impedance registration relies on the mea-
surement of electrical impedance changes to alternating
electrical current between two adjacent electrodes during
the passage of a bolus inside a luminal organ. The sequential
arrangement of the electrodes on the catheter allows
detecting the direction of bolus movement. A reflux episode
is defined as a decrease in impedance starting in the most
distal channel and extending orally to the more proximal
channels.

The custom-made flexible 2-mm diameter combined pH/
multiple intra-esophageal impedance catheter consists of
nine metallic cylindrical electrodes, each 5mm in length,
set at different intervals between 15 and 60mm (Sandhill
Scientific; Highlands Ranch, CO, USA). Because impedance is
measured between adjacent electrodes, this set-up allowed
for six bipolar measuring segments (channels). The measur-
ing segments were positioned from just above the cardia
(channel 6) to the hypopharynx (channel 1). Two, one
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Table 1 Study subjects: leading disease, leading pulmonary and gastrointestinal symptoms.

Subject Age (y) Leading disease Presenting pulmonary symptoms

1 11 Cystic fibrosis Massive sputum production, very frequent
exacerbations not appropriately responding to
antimicrobial and anti-inflammatory treatment

2 7 Recurrent pneumonia� Recurrent infiltrates on chest radiography,
fever, coughy

3 2 Recurrent pneumonia� Recurrent infiltrates on chest radiography,
fever, coughy

4 11 Chronic bronchitis� Chronic coughyy

5 14 Cystic fibrosis Massive sputum production, very frequent
exacerbations not appropriately responding to
antimicrobial and anti-inflammatory treatment

6 4 Agenesis of corpus callosum, peripartal
asphyxia and recurrent pneumonia�

Recurrent infiltrates on chest radiography,
fever, coughy

7 5 GERD Chronic coughyy

8 3 Congenital interstitial respiratory disease of
unknown cause

Tachydyspnea

9 4 Recurrent pneumonia� Recurrent infiltrates on chest radiography,
fever, coughy

10y 0.5 Acute life threatening event Apnea
11 2 Obstructive sleep apnea syndrome Apnea, sore throat
12 2 Chronic bronchitis� Chronic coughyy

13 13 Recurrent chronic bronchitis� Chronic coughyy

14 5 Obstructive sleep apnea syndrome Apnea
15 15 Asthma Wheezing
16 15 Cystic fibrosis Active sputum production
17 5 Chronic bronchitis� Chronic coughyy

18 0.3 Progressive sleep related breathing
irregularities

Apnea and desaturations o90% during sleep

19 2 Recurrent chronic bronchitis and pneumonia� Chronic coughyy

20 2 Gaucher disease Chronic coughyy

21 7 Cholesterin pneumonitis Oxygen saturation at rest o90%
22 1 Alveolarproteinosis Oxygen saturation at rest o90%
23 6 Bronchopulmonary dysplasia, cerebral

bleeding, microcephalia
Recurrent pneumoniae

24 4 GERD Chronic coughyy

25 4 Chronic bronchitis� Chronic coughyy, sore throat
26y 0.5 Acute life threatening event Apnea

�Excluded were cystic fibrosis, immuno-deficiency syndrome, primary ciliary dyskinesia, airway or cardiopulmonary abnormalities,
allergies, a1-PI-deficiency or interstitial lung diseases.
yMore than 3 episodes in the last year.
yyDuration longer than 3 months.
ySubject examined twice.
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distal and one proximal, pH-sensitive antimony electrodes,
incorporated into the assembly, were used. The distal pH
sensor was to be placed approximately 2.5 cm above the
gastro-esophageal junction and the proximal pH sensor just
below the pharynx. Three different lengths of probes with
varying measuring segments, ranging from 11 to 22 cm, were
used according to the height of the patient.

The pH electrode was calibrated in buffers of pH 4 and 7
at the beginning and at the end of each study. Before
placement of the probe the children had to be fasting for at
least 6 h. The catheter was passed transnasaly under topical
anesthesia with lidocain gel into the esophagus, where it
stayed for approximately 24 h. The catheter was positioned
by advancing it into the stomach and then pulling it back
until the pH increased, indicating that it had reentered the
esophagus. The correct position of the distal pH sensor was
estimated before placing the probe by calculating the
distance (d) from the nose: d ¼ ((height of patient/
4)+5)� 0.87. In all cases the correct probe positioning was
confirmed by diagnostic chest X-rays. If needed the probe
was repositioned appropriately.

The pH-impedance assembly was connected to a portable
device amplifying pH and transducing impedance to voltage.
pH and multiple intra-esophageal impedance were recorded



ARTICLE IN PRESS

C. Thilmany et al.972
continuously by a connected personal computer running
appropriate recording software (MII Acquisition; Sandhill
Scientific, Inc., Highlands Ranch, CO, USA).

Patients were served a regular diet but were told to omit
acid drinks. The children and their parents were asked to
record food intake, drinks, physical activity and body
position in a diary.

Pulse oxymetric saturation and video recording

Pulse oxymetric saturation and video recording were done
using a digital sleep lab (Comlab 32; Schwarzer GmbH;
Munich, Germany). Patients were monitored for pulse
oxymetric saturation only during nighttime and in supine
position. The signal was continuously recorded on the sleep
lab device and in parallel routed from the sleep lab to the
pH/impedance device where it was displayed and stored
together with pH and impedance. For this purpose a
conventional paper-encephalograph (EEG ED 14; Schwarzer
GmbH; Munich, Germany) was used as a digital–analog
transducer.

Five patients were not monitored for oxygen saturation
due to technical reasons (broken sensor). In three patients
due to a large number of artifacts (more than 50% of the
recording time) a reasonable analysis of the respiratory data
was impossible. Three patients needed oxygen supplemen-
tation during the recording and one patient showed periodic
respiration with continuous desaturations. In the other 14
patients complete data sets with excellent quality of pulse
oxymetry were available.

Data analysis

Reflux-related data analysis was performed using appro-
priate software (Bioview and Gerdcheck; Sandhill Scientific,
Inc., Highlands Ranch, CO, USA).

All impedance recordings were manually analyzed and all
data underwent visual validation. An impedance-detected
reflux episode was defined as a drop in impedance of more
than 50% from baseline in the distal two channels,
progressing retrograde.30

The consensus conference for detection and definitions of
acid, non-acid, and gas reflux recently proposed four
subcategories for reflux.31 They are based on the esophageal
pH during reflux detected by MII: acid reflux (a pH fall from
above to below 4), superimposed acid reflux (MII-reflux
while pHo4, formerly named re-reflux), weakly acid reflux
(MII-reflux with a pH fall to above or equal to 4 but below 7)
and weakly alkaline reflux (MII-reflux with pH greater or
equal to 7). For the purpose of this study we did make no
difference between weakly acid and weakly alkaline reflux
(both termed non-acid reflux in accordance to previous
studies by other groups29,32). MII-refluxes were defined as a
sharp impedance drop of at least 50% of the initial
impedance value starting in the most distal impedance
channel (channel 6), extending over at least two channels,
with the tracings showing the typical reflux pattern. They
were defined as acid, when the pH fell below 4, and non-
acid when they occurred without a concomitant drop of pH
below 4. Gastro-esophageal refluxes detected only by the
pH probe, i.e. a pH fall from above to below 4 in the absence
of reflux detected by impedance monitoring (so called pH-
only refluxes), were counted as acid refluxes.

Pulse oxymetric saturation recordings were indepen-
dently and manually analyzed for drops in SpO2 X4%
(desaturations) using appropriate software (Brainlab; OSG;
Rumst, Belgium).

All reflux events and all desaturations were then analyzed
for temporal relationship, which was considered present if a
desaturation followed a reflux within a 120-s interval.33

Statistical analysis

Statistical analysis was performed using appropriate soft-
ware (Prism; GraphPad Software, Inc.; San Diego, CA, USA).
Individual data, cumulative values, mean, lower and upper
95% confidence intervals are presented. The symptom index
(SI)34 and symptom sensitivity index (SSI)35 were calculated
as following: SI ¼ (Number of reflux related desaturations/
Total number of desaturations)� 100%, SSI ¼ (Number of
desaturation associated reflux episodes/Total number of
reflux episodes)� 100%.

Values above 50% for the SI and above 10% for the SSI were
considered abnormal.36 Both indices have only been
validated in adults and not in children, but are routinely
used in pediatrics.21

Statement regarding internal review board approval

The project was approved by the institutional review board
of the University.

Results

Prevalence of acid and non-acid refluxes

During a total measuring time of 579 h and 44min, 3138
reflux episodes were registered in the 25 patients (mean
5.4/h [4.0–6.8/h]). The majority, i.e. 2978, of the refluxes
(94.9%) were acid, and only 160 (5.1%) of the refluxes were
non-acid. Nearly one third (31.1%) of all acid refluxes
reached the proximal pH measuring point. Per individual
patient a mean of 5.1/h [3.7–6.6/h] for acid reflux and a
mean of 0.3/h [0.1–0.4/h] for non-acid reflux were detected
(Table 2).

Reflux events and desaturations (SpO2 drop X4%)

During the total time of 207 h and 33min where appropriate
oxygen saturation data were available, 1080 reflux episodes
(1047 acid and 33 non-acid) and 741 desaturations were
recorded in 14 patients. A mean of 3.9 desaturations/h
[0.9–6.8/h] was recorded (Table 3).

In this study, 290 of 1047 acid (SI 34.7%, SSI 24.6%) and 15
of 33 non-acid (SI 3.0%, SSI 66.7%) reflux episodes were
associated with a desaturation. 305 of all 1080 acid and non-
acid reflux episodes were associated with a desaturation (SI
37.7%, SSI 25.8%) (Table 3). The correlation between acid
refluxes and desaturations was stronger for distal ones than
for proximal ones (SI 31.2% vs. 3.5%; SSI 34.7% vs. 6.8%)
(Table 3).
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Table 2 Duration of observation and frequency of refluxes in individual subjects.

Subject Duration of
observation
(h.min)

Total refluxes
(number/h)

Acid refluxes
(number/h)

Acid reflux
time (% of
total)

Proximal acid
refluxes
(number/h)

Distal acid
refluxes
(number/h)

Non-acid
refluxes
(number/h)

1 22.46 7.2 6.5 18.4 4.5 2.0 0.7
2 19.38 2.1 2.1 1.9 0.4 1.7 0.0
3 24.03 6.7 6.6 19.4 3.0 3.6 0.1
4 23.54 9.9 9.9 6.9 3.6 6.3 0.0
5 22.19 10.5 10.5 52.3 4.5 6.0 0.0
6 23.59 3.2 3.0 5.4 0.2 2.8 0.2
7 24.23 6.4 6.3 33.9 2.0 4.3 0.1
8 23.41 8.5 8.3 19.7 5.2 3.1 0.2
9 21.34 1.8 1.5 3.7 0.8 0.7 0.3
10 24.06 8.1 7.3 13.4 0.0 7.3 0.8
11 16.29 6.0 5.8 13.2 1.2 4.7 0.1
12 21.54 4.4 4.3 8.3 3.7 0.6 0.1
13 21.34 5.9 5.9 15.9 4.8 1.1 0.0
14 22.52 5.4 5.2 9.4 2.6 2.5 0.3
15 24.18 7.5 7.3 6.4 0.7 6.7 0.1
16 22.24 7.0 6.0 15.1 1.4 4.6 1.0
17 20.50 0.9 0.8 0.3 0.1 0.7 0.1
18 24.26 7.5 7.4 18.7 0.1 7.3 0.1
19 24.11 1.9 1.7 3.6 0.0 1.7 0.3
20 24.36 0.7 0.5 0.2 0.2 0.2 0.2
21 16.47 14.3 14.2 50.5 0.4 13.9 0.1
22 13.09 0.0 0.0 0.0 0.0 0.0 0.0
23 24.03 7.4 6.8 23.2 0.0 6.8 0.6
24 24.12 1.8 1.3 1.8 0.6 0.7 0.5
25 22.53 0.7 0.7 0.5 0.1 0.6 0.0
26 24.43 4.5 3.5 7.4 0.8 2.7 1.0
Sum 579.44
Mean 22.05 5.4 5.1 13.4 1.6 3.6 0.3
Lower 95% CI 20.55 4.0 3.7 7.8 0.9 2.3 0.1
Upper 95% CI 23.15 6.8 6.6 19.1 2.3 4.8 0.4

Acid refluxes were defined as total number of refluxes, total number of refluxes detected by pH monitoring (pH o 4) (acid), number of
refluxes reaching distal measuring point (2.5 cm above LES), number of refluxes reaching proximal measuring point and number of
refluxes detected by impedance technique only (non-acid).

Table 3 Desaturations and association with refluxes—pooled data.

Total Mean 95% CI SI� (%) SSIy (%)

Measuring time (h.min) 207.33 14.50 10.58–18.41
Refluxes 1080 4.7/h 2.0–7.4/h
Acid 1047 4.5/h 1.9–7.2/h

Proximal 381 1.5/h 0.4–2.5/h
Distal 666 3.1/h 0.7–5.4/h

Non-acid 33 0.2/h 0.1–0.2/h

Desaturations 741 3.9/h 0.9–6.8/h
Associated with reflux 305 1.6/h 0–3.5/h 37.7 25.8
Associated with acid reflux 290 1.5/h 0–3.4/h 34.7 24.6
Associated with proximal acid reflux 48 0.2/h 0–0.4/h 3.5 6.8
Associated with distal acid reflux 242 1.3/h 0–3.2/h 31.2 34.7
Associated with non-acid reflux 15 0.1/h 0–0.2/h 3.0 66.7

Values above 50% for the SI and above 10% for the SSI were considered abnormal (data represented in bold).36
�SI ¼ (Number of relux related desaturations/total number of desaturations)� 100%.
ySSI ¼ (Number of desaturation associated reflux episodes/total number of reflux episodes) � 100%.

Reflux in children with chronic pulmonary diseases 973
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Discussion

We investigated the prevalence of acid and non-acid
refluxes, and their association with desaturations, in
infants, children and adolescents with chronic pulmonary
diseases and unexplained disease activity. There was a high
rate and proportion of acid reflux events, but only a few
non-acid refluxes. The very low frequency of non-acid
refluxes challenges their relevance in children with chronic
pulmonary signs. Desaturations were common in this cohort
of subjects and a close correlation between desaturations
and distal (low) refluxes was demonstrated. These results
support the pathophysiological role of distal refluxes,
whereas no link to proximal (high) acid refluxes was
observed, i.e. a SI of 31.2% for distal vs. 3.5% for proximal
acid refluxes and a SSI of 34.7% for distal vs. 6.8% for
proximal acid refluxes. Taken together the data support the
concept that esophageal–pulmonary reflex mechanisms6–8

and not necessarily micro-aspirations are a principal
mechanism for these respiratory signs.

The most intriguing result of this study is the high rate of
acid refluxes in comparison to non-acid refluxes, i.e. a ratio
of 19–1, in this pediatric population with chronic pulmonary
signs. As this is to our knowledge the first study assessing
both types of refluxes in this age group, with patients not on
antacid medication, no direct comparison to other studies
can be made.

In normal adult volunteers similarly more acid refluxes
were observed previously, however the ratio was only 2–1.37

These data suggest that with the presence of symptoms the
number of acid refluxes is increased. This conclusion is in
line with data from adults with symptomatic gastroenter-
ological reflux disease, where the number of acid refluxes
was increased compared to healthy controls.38

Similarly, with omeprazol treatment of gastroenterologi-
cal symptomatic reflux, during a 2-h post-prandial interval,
the acid reflux episodes decreased with improvement of
symptoms, whereas the overall number of reflux episodes
remained the same.32

In contrast, in infants with recurrent regurgitation or
pulmonary symptoms only 31% of all refluxes were acid,
resulting in a ratio of 1–2. This inversed ratio of acid to non-
acid refluxes was mainly due to frequent feeding and
associated gastric acid buffering in these very young
subjects.39

There is an ongoing discussion about the role of gastro-
esophageal reflux in both adults and children with chronic
pulmonary signs and symptoms. The high number of acid
refluxes in our cohort supports the relevance in this group of
patients. However direct evidence for a causal role may only
be obtained from interventional studies32 or proof of
aspiration of gastro-duodenal content by bronchoalveolar
lavage.9 Indirect evidence may come from association
studies between precisely assessed respiratory signs and
reflux episodes.

In our study all desaturation events within 120 s interval
after a reflux were judged as possibly related causally. From
these data the symptom index and symptom sensitivity
index calculated were 34.7% and 24.6% for acid refluxes and
3.0% and 66.7% for non-acid refluxes. The SI (normal o50%)
was negative for all types of reflux. In contrast the SSI, was
positive, i.e. 410%, for both acid and non-acid refluxes,
supporting the view that the desaturations were indeed
reflux related.

Of further interest was the observation that the distal
(low) acid refluxes were much more closely linked to
desaturations, than the proximal (high) acid refluxes. Thus
reflex mechanisms, involving esophageal distension and
vagal stimulation, and not micro-aspirations into the lungs
may represent the main mechanism to evoke the pulmonary
signs.40,41 Hypothetical explanations may include reflux-
induced phases of hypoventilations or hypoperfusion
which result in ventilation-perfusion mismatch and reduced
oxygen saturation. This result differs from those of Rosen
et al. who showed that 65% of all reflux episodes that
were associated with respiratory signs were high refluxes,
more likely to be associated with micro-aspirations. The
majority of the refluxes in that study however were non-
acid, as the children were on antacid medications during the
examination. Furthermore analysis of signs was not re-
stricted to desaturations but included other respiratory
symptoms.21

When interpreting the results of our study, several
limitations must be kept in mind. This is a highly selected
group of subjects with respiratory signs not otherwise
explained and thus with a relatively high likelihood for
gastro-esophageal refluxes. On the other hand, although the
patients did not have clinical complaints of gastro-esopha-
geal reflux disease, i.e. retro-sternal burn or regurgitation
of gastric contents, the respiratory signs used for calcula-
tions and conclusions were objectively recorded by mea-
surements of desaturations. The study cohort size was
relatively small and some particular children with predomi-
nant neutral refluxes may have been missed. We had also
asked the parents to protocol physical activity and food
intake; however validation by inspection of the video
recordings showed that these protocols were not reliable.
The same was true for respiratory signs, like cough,
wheezing, tachypnea, breath holding and grunting, that
relied on the parents’ documentation. We therefore focused
in this study on pulse oxymetric saturation as these were
reliably obtained, could be quality checked from the pulse
curve and the other readings of the polygraphy. As the
measurement of pulse-oxymetric saturation is vulnerable to
artifacts due to movement, we could only monitor for
desaturations during the night, the patients being in a
supine position. The fraction of non-acid refluxes however
was similarly low during nighttime (3% of all refluxes), as it
was during the 24-h recording (5% of all refluxes). Lastly,
other variables than the oxygen desaturations, e.g. con-
tinuously measured airway resistance, may be helpful to
sensitively and objectively describe physiological impair-
ments by reflux, however these are not yet readily available
in a clinical setting.

To our knowledge this is the first study investigating 24-h
recordings of concurrent intra-esophageal pH and impe-
dance in patients suffering from chronic pulmonary disease
and not treated by antacida. We clearly confirmed that
pathological gastro-esophageal refluxes are common in all
age groups, i.e. infants, children and adolescents, with
chronic pulmonary diseases. Our data showed that non-acid
refluxes only play a minor role in these children, because
they were very infrequent. If non-acid refluxes are
responsible for pulmonary signs at all, this may be the case
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in subjects with a high frequency of neutral refluxes, i.e.
those on treatment with acid suppressants, as suggested by
Rosen et al.21 Thus patients with persistent respiratory signs
under antacid therapy should be further investigated by
impedance recordings. The primary assessment of non-acid
reflux activity may not be necessary during the initial
evaluation of gastro-esophageal reflux disease in children
with chronic respiratory symptoms.
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