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Gastro-oesophageal reflux and respiratory function
in infants with respiratory symptoms

F J Hampton, U M MacFadyen, C S Beardsmore, H Simpson

Abstract
This study aimed to define the incidence and
severity of gastro-oesophageal reflux (GOR),
as measured using 24 hour oesophageal pH
monitoring, in 38 infants with recurrent
respiratory symptoms and to relate these find-
ings to measures of respiratory function.
Twenty one infants had a pH under 4 for more
than 5% of the time (one definition of abnor-
mal GOR) and nine had GOR exceeding age
related normal values. Maximum expiratory
flow at functional residual capacity was
reduced in 37 infants, airways resistance was
raised in 19 infants, and thoracic gas volume
was abnormal in 11 infants.
There was no association between indices

of GOR and measures of lung function
whether assessed by correlation or by x2
analysis for normal versus abnormal values.
However, individual infants appeared to have
respiratory symptoms produced by GOR.
This suggests that host responsiveness to
GOR may be of greater relevance than the
amount of GOR.
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Gastro-oesophageal reflux (GOR) is sometimes
regarded as a key underlying cause of recurrent
and chronic respiratory symptoms, both in
adults"3 and in children."6 In infants GOR
might be relatively more important as posseting
is common,'7 and the effect of conventional
bronchodilator treatment on cough and wheeze
is unimpressive."8 19 Surprisingly few previous
studies addressing the association between GOR
and respiratory symptoms have been restricted
to infancy.7 Information about the frequency of
the association between the two and the nature
of any possible cause and effect relationship
remains incomplete.

In many studies patients have been selected
on the basis of a history compatible with GOR,
a poor response to treatment, or anomalies in
their clinical course such as frequent episodes of
lung collapse or consolidation on chest radiogra-
phy. These series have included children with a

range of respiratory disorders making it difficult
to reach precise conclusions. We have tried to
minimise potential bias by selecting infants pre-
senting with recurrent or chronic respiratory
symptoms that were not caused by readily
definable lung disease, such as bronchopulmon-
ary dysplasia or cystic fibrosis, and without the
imposition of other restrictions. We postulated
that, were the association of respiratory symp-
toms and GOR confirmed, objective indices of
respiratory and GOR severity would be directly
related. We therefore aimed to determine the

incidence and severity of GOR and of respira-
tory function abnormalities in this group and to
investigate a possible association between them.

Patients and methods
CASE SELECTION
All infants aged less than 16 months presenting
as general practitioner referrals to the paediatric
outpatient department or admitted to hospital
with cough and/or wheeze were considered for
the study. The cough or wheeze was either
chronic (over six weeks) or recurrent (each epi-
sode lasting longer than one week or occurring
more than once a month). The study was appro-
ved by the ethical committee of the Leicester-
shire Health Authority. Exclusion criteria inclu-
ded mechanical ventilation in the newborn
period, previous thoracic operations, or discov-
ery of an underlying disorder on investigation
(other than GOR). Investigations were per-
formed as clinically indicated and no patients
were found to have tuberculosis, cystic fibrosis,
cardiac disease, or an immunocompromising
disorder. One patient was excluded on account
of a severe debilitating neurological disorder
from which he subsequently died. Several
potentially eligible infants were not included as
their parents declined the invitation to partici-
pate in the study on the grounds that their chil-
dren had relatively mild symptoms. Forty
infants began the study but two were withdrawn
when they removed the pH probe after a few
hours and their parents did not wish it to be
replaced.
The final study group from whom full data

were available comprised 38 infants, 21 boys
and 17 girls, aged 3 to 15 months, mean age 8
months. Three had been born prematurely but
had not been ventilated. Table 1 summarises
their clinical and radiography findings. Most
had wheezing as their major symptom. In seven
cases the first episode of wheezing occurred
during acute bronchiolitis (when they were
positive for respiratory syncitial virus). In six
others bronchiolitis appeared to be the initial ill-
ness but virological data were not available.
All infants had at least one chest radiograph
and when clinically indicated some had further
films taken. A single abnormal radiograph
was seen in 11 infants, patchy collapse or
consolidation in seven, and diffuse peribronchial
thickening in four; two other infants had recur-
rent episodes of consolidation confirmed on
radiography. Twenty four infants had a family
history of atopic disorders (asthma, hay fever,
eczema) in first degree relatives. Smoking in the
home was reported for 30 infants of whom 21
had also been exposed in pregnancy.
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Table I Classification ofinfants by history andfindings on
radiography

Wheeze (n=33) Cough (n=5)
Coinuous Episodic Conous Episodic
(n=9) (n=24) (n=4) (n=l)

Previous bronchiolitis:
Yes (RSV+) 1 6
Yes 3 3
No 5 15 4 1

Chest radiography:
Normal:
Yes (RSV+) 1 4 (3)
Yes 1 2 (2)
No 4 (3) 11 (6) 2 (1)

Diffuse changes:
Yes (RSV+) 1
Yes 1 (1) 1
No 1 (1)

Patchy collapse:
Yes (RSV+) 1
Yes 1 1 (1)
No 3 (2) 1

Recurrent changes:
Yes (RSV+)
Yes
No 1 1(1)

Figures in parentheses represent those with reflux index >5%.
RSV+, positive for respiratory syncytial virus.

MEASUREMENT OF GOR
GOR was assessed with 24 hour oesophageal pH
monitoring using the Synectics ambulatory sys-
tem with semidisposable antimony monocrys-
tant pH electrodes. The electrodes were placed
pernasally to the middle third of the oesophagus
as calculated from the infants' length20 and con-
firmed on chest radiography. An external sliver/
silver chloride reference electrode was placed on
the chest. The pH was recorded every four
seconds in a Digitrapper Mk 11 (Synectics) and
transferred at the end of the study to an
Amstrad PC 1512. Data analysis was carried out
using dedicated software, 'EsopHogram' (Gas-
trosoft Inc).
The following reflux variables were measured

using pH of under 4 to define reflux: the num-
ber of episodes, the number of episodes lasting
longer than five minutes, the length of the
longest episode in minutes, and the percentage
of time with pH <4, also called the 'reflux
index' (RI). These were calculated for the total
time, time excluding mealtimes, time less than
120 minutes after a meal, time greater than 120
minutes after a meal, and night time. Sleep state
was not recorded and night was arbitrarily
defined as 2200-00. All results were ex-
pressed per hour as there were differences in
the duration of the studies. Additional reflux
measures calculated were the median pH values
for the whole study, day and night and also the
mean duration of reflux episodes occurring at
night.

In an attempt to compensate for presumed
variation in GOR with age a score was devised
based on the method of Johnson and De-
meester and using the normal data of Van-
denplas and Sacre-Smits.22 By this method a
score of 4 represents the mean plus 2 SDs of the
normal data and so can be said to represent the
upper limit of normal. This score was calculated
for all four reflux measures for the total time. As
the normal range derived from the data of Van-
denplas and Sacre-Smits is higher than other
published normal values in children23 24 an

additional measure of 'normal' was used. By
defining the upper limit of normal for the reflux
index for the total time either as RI=5% or RI
score=4, two overall results of normal or abnor-
mal were given to each pH study.

During the pH studies parents and nurses
were asked to note the timing and duration of
any symptoms, particularly episodes of wheeze
or cough.

MEASUREMENT OF RESPIRATORY FUNCTION
Assessment of respiratory function consisted of
plethysmographic determination of thoracic gas
volume and airways resistance25 and measure-
ment of maximum expiratory flow at functional
residual capacity (VmaxFRC) using the squeeze
technique. 6

Infants were sedated with chloral hydrate
(100 mg/kg body weight) and once asleep were
wrapped in an inflatable jacket extending from
the neck to the thighs. A facemask with
a pneumotachograph attached was applied
around the nose and mouth using a ring of ster-
ile putty to form an airtight seal. Respiratory
flow was electronically integrated to provide a
tidal volume signal and the flow-volume loop
was displayed on an oscilloscope. At the end of a
tidal inspiration the jacket was rapidly inflated
by opening a three way tap connected to an air
filled pressure reservoir. The resultant com-
pression of the chest and abdomen caused a
rapid expiration producing a partial forced
expiratory flow-volume curve. Signals of respir-
atory flow, volume, and jacket pressure were
recorded on a storage oscilloscope (Bodytest,
Jaeger) and subsequently plotted at 1/4 speed
onto a chart recorder. These signals were also
stored on an Apple lIe microcomputer for later
analysis. A minimum of 10 measurements was
made in each infant over a range of applied
jacket pressures up to a maximum of 80 cm H20
(7-84 kPa). Recordings were inspected and only
those technically acceptable were analysed.27
The final recorded value of VmaxFRC was the
highest value obtained from the flow-volume
loops analysed.
When the squeezes were completed the jacket

was loosened and the infant continued to sleep
within the whole body plethysmograph. Thor-
acic gas volume measured according to the
method of Dubois et al28 as modified for
infants.29 A new face mask with an additional
outlet to measure mouth pressure was applied
and attached to a rebreathing apparatus via two
pneumatically operated valves allowing the
infant to breathe from either the plethysmo-
graph or a heated rebreathing bag. After a brief
period breathing warmed air-usually well
within a minute-both valves were closed for a
few seconds to produce total airway occlusion
against which the infant made several respira-
tory efforts. The recorded signals of flow and
plethysmographic and mouth pressures were
stored both in the oscilloscope and on computer
as above and used to calculate thoracic gas
volume.

Airways resistance was measured from the
recordings of flow and pressure taken from the
period of quiet breathing before the airway
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occlusion for thoracic gas volume measurement.
At least five representative breaths were chosen
from the charted and computerised records to
calculate airways resistance by conventional
methods.28 29 Specific conductance was cal-
culated by dividing the reciprocal of air-
ways resistance (conductance) by thoracic gas

volume.
Respiratory function tests were expressed as a

percentage of previously published predicted
values based on the infant's length.29 30 Thor-
acic gas volume was described as abnormal if it
was over 120% or under 80% and very abnormal
if over 140%. Airways resistance was considered
raised if over 120% and very high if over 200%.
Specific conductance was described as low if
under 80% and very low ifunder 50%. VmaxFRC
was graded at less than 80%, 50%, and 25%.

METHODS OF COMPARISON
Each measure of GOR was compared with each
measure of respiratory function using Pearson
correlation. This was then repeated using only
the results from infants with abnormal GOR.
Then a series of x2 tests for normal versus
abnormal results was performed using both
definitions of normal and abnormal for GOR.
The X2 tests were also performed with only the
extreme lung function test results classified as

abnormal. These multiple comparisons run a

high risk of demonstrating apparently signifi-
cant results by chance but as it was uncertain
which of the values might be relevant it was felt
that this was a suitable initial approach. Any
result appearing significant in this way would
have to be retested in a new study.

Results
Completed data for GOR variables and respira-
tory function measures were obtained for all 38
infants studied. Twenty one infants had abnor-
mal GOR as defined by a reflux index over 5%
and nine had a reflux index score more than 4.
The normal data of Vandenplas and Sacre-Smits
included no infants aged 8-5 to 14 months22 so

the four infants in this age range were compared
with the group closest in age, in all cases the
younger group. All had an RI score less than 4
in this comparison and so were called normal,
although they scored more than 4 on values for
the older group. Using the normal values of
Vandenplas and Sacre-Smits 25 infants had at
least one of the four variables which was abnor-
mal.
Three infants had a large thoracic gas volume

(all >140%) and eight a small one (<80%).
Nineteen infants had a high airways resistance
(>120%) and nine very high (>200%). Results
of VmaxFRC showed only one infant had a

value >79% predicted, 12 between 50 and 79%,
14 between 25 and 49%, and 11 under 25%.
No correlations were found between any of

the measures of reflux and any of the respiratory
function test results whether the group as a

whole was considered or only those with abnor-
mal GOR. When using x2 for normal versus
abnormal values there was also no association
observed (table 2).

Eleven infants had a median pH at night
lower than that by day but their respiratory
function tests did not differ from those of the
other infants. Similarly there was no difference
in respiratory function between the nine infants
with an abnormal mean duration of reflux at
night (>4 minutes) as defined by Jolley et afl
and the others.
Comparing the 13 infants with at least one

abnormal chest radiograph with the 25 who only
ever had a normal chest radiograph no differ-
ences in reflux variables were seen. The group

with abnormal radiography had a higher thor-
acic gas volume, median 104% versus 86% (p=
0-01), but these medians are both within the
normal range.

Differences in history were analysed using
the Mann-Whitney test. Separating the infants
by their family history of atopic disorders (one
or more first degree relatives with asthma,
eczema, or hay fever) revealed an unexpected
difference in the amount of GOR. Fifteen of the
28 reflux variables analysed were significantly
higher in the group with no family history of
atopy. This is demonstrated in figs 1 and 2 for
the RI and the RI score. The median RI in those
with a family history of atopy was 4-7% and in
those without 11-7% (p=00004) and the 95%
confidence intervals (CI) for the difference were
3 to 10-8. For the score the median value for
those with a family history of atopy was 2-2 and
for those without 4-6 (p=0 0003) with 95% CI
for the difference being 0 9 to 2 9. As seen in
the figure the only abnormal RI scores are in the
group without a family history of atopy.
No significant differences were found in

respiratory function test results between the
groups with and without a family history of
atopy. Division by smoking exposure or history
of bronchiolitis demonstrated no differences in
either respiratory function or reflux variables.
The data on the timing of respiratory symp-

toms during the pH study was incomplete,
largely because symptoms did not occur or were

constant but possibly in some cases because
they were not recorded. Two infants with vari-
able symptoms had a strong temporal associa-
tion between these and their GOR. The first
had a family history of asthma and a normal pH
study by all criteria (RI=2-4%); wheezing was

reported during all the brief episodes of reflux
during her 24 hour study and she later develo-

Tabk 2 Results of respiratory function tests versus pH studies

Thoracic gas volwne Ainvays resistance VmaxFRC Specifwc conductance

Low Normal High Normal High Very high <25% <50%/o <790/o Normal Very low Low Normal

RI >5% 5 16 0 12 5 4 5 8 7 1 3 6 12
RI <5% 3 11 3 7 5 5 6 6 5 0 7 3 7
RI score >4 2 7 0 6 1 2 1 4 3 1 2 1 6
RI score <4 6 20 3 13 9 7 10 10 9 0 8 8 13
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Family history of atopy

Figure I Reflux index (RI)for the total time in infants
with and without afamily history ofatopy (upper limit of
normal 5%).

Family history of atopy

Figure 2 Reflux index (RI) score in infants with and
without a family history of atopy (upper limit of normal 4).

ped wheeze induced by acid fruit juice drinks.
In the other infant, who also had a family his-
tory of atopy and who had moderately abnormal
GOR (RI=6%), reflux episodes were associated
with periods of tachypnoea recorded by his
mother. The first of these infants had abnormal
airways resistance, specific conductance, and
VmaxFRC and the second a low thoracic gas
volume and reduced VmaxFRC. A further
infant, with no family history of atopy,
appeared to have a link between GOR and
respiratory symptoms. He had recurrent epi-

sodes of consolidation on radiography and signi-
ficant GOR (RI= 11%) but after having a
Nissen's fundoplication he had no further epi-
sodes. His preoperative respiratory function
tests were normal except for a VmaxFRC of
53% of predicted. He developed perioperative
respiratory syncytial virus bronchiolitis and his
postoperative VmaxFRC was 25% of predicted.

Discussion
Previous studies of the association between
GOR and respiratory disease have selected chil-
dren with particularly severe symptoms,'0 11
recurrent pneumonias suggestive of aspiration,4
appreciable nocturnal symptoms,'6 or a com-
bination thereof.6 9 13 Where these features
have not been used for selection a broad age
range of children has been studied.5 14 In select-
ing patients for this study we had two aims, firs-
tly to limit the age of the children investigated
to under 18 months and secondly to include all
infants with chronic or recurrent respiratory
symptoms in whom a specific underlying dis-
ease had not been identified.
The results obtained from this group provide

the opportunity to speculate on the role ofGOR
in a uniform group of infants with moderate
'disease'. Within this group nearly all the
infants had abnormal respiratory function tests,
which is not surprising as they were selected for
respiratory symptoms. A proportion of the
infants also had excessive GOR, 21 (55%) had
an RI of more than 5% and nine (24%) had an
RI score over 4. Thus even when using the
highest available normal values, more GOR
occurred in this group than would be expected
from a randomly selected group.

Exploring this association further, however,
we found no relationship between the amount of
acid GOR and the degree of abnormality of
respiratory function tests. The pattern of GOR
was also unrelated to respiratory function
abnormalities. Jolley et al found that infants
whose nocturnal reflux episodes had a mean
duration of longer than four minutes had an
improvement in their respiratory disease after
surgery for GOR.7 This measure of GOR was
not associated with more abnormal respiratory
function tests in our study. Vandenplas et al
found that infants with respiratory disease had a
lower mean pH value at night than during the
day.3' Using median pH values the 11 infants in
this study whose median nocturnal pH was less
than their daytime median did not have more
severe respiratory function abnormalities than
the others.
The differences we found in the amount of

GOR between the infants with and without a
family history of atopy are unlikely to have been
due to chance as they occurred in 15 of the 28
variables and most were highly significant
(p<0-01). Taking the pH study results in isola-
tion, without considering respiratory function
or clinical features, it appeared that there may
have been two groups of infants with different
underlying problems. Infants with a family his-
tory of atopy may have represented one group
whose respiratory symptoms were partly deter-
mined by inherited factors, such as atopy or
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bronchial hyperreactivity, while the others rep-
resented a group in whom respiratory symp-
toms were more likely to have been due to
GOR. However, within each of the two groups
there was no correlation between the amount of
reflux and the severity of respiratory dysfunc-
tion suggesting that there are other reasons for
the differences in results. In addition the obser-
vation that wheezing may be temporally related
to minimal GOR suggests that even normal
amounts of reflux may underly respiratory
symptoms in the presence of predisposing host
factors.

In the three infants described in detail there
was a clear clinical connection between GOR
and respiratory symptoms but the results of pH
studies and respiratory function tests were unre-
lated. The infant with recurrent consolidation
and excessive reflux had only minimal respira-
tory function abnormalities while the other two
had more severe lung function abnormalities
and less GOR. The lack of association between
measures of GOR and respiratory function in
these three infants reflects that found in the
group as a whole and raises the possibility that
this may mask a true link between the two.
There are several possible explanations for

this lack of association. Respiratory function
test changes resulting from GOR may not be
present at the time of the tests or may not be
detected by the tests performed. Studies in
adults and older children have found that
mimicking GOR with acid infused into the
oesophagus did not influence baseline lung
function tests but only bronchial reactivity,
which we did not measure.32-35 Another possi-
bility is that the measurement of GOR was
influenced by the confounding effect of non-
acid GOR. In this study we only assessed acid
GOR but aspiration of neutral stomach contents
may be just as harmful and in dogs the vagal
response to oesophageal distension is as strong
as the response to acid perfusion.36
Even assuming that 24 hour oesophageal pH

monitoring is an accurate reflection of GOR a
causal link between GOR and respiratory symp-
toms could still be explained by postulating
variation in the sensitivity of individuals to
GOR. Some infants may have a highly tuned
vagal reflex with an exaggerated effector
response to a normal receptor stimulus. This
may lead to excessive bronchoconstriction with
even a normal amount of reflux. The infant
whose wheeze coincided with her few episodes
ofGOR may exemplify this. In other infants the
receptor response may be increased because of a
sensitive oesophagus, either primary or secon-
dary to oesophagitis.37 The occasional reports of
a decrease in respiratory symptoms after treat-
ment of GOR, even when this cannot be shown
to be abnormal,'3 might be explained in this
way. Pharyngeal dysfunction is another possible
explanation for respiratory disease caused by a
normal amount of GOR and need not be severe
enough to be clinically evident. While there
may be more opportunity for aspiration to occur
with more GOR the fate of the refluxed material
when it reaches the pharynx may be more
important and aspiration could occur with a
single episode of reflux.

It was not possible to investigate the temporal
link between GOR and respiratory symptoms in
many infants as the times of more severe symp-
toms were not recorded. Parents were encour-
aged to make such recordings and discussion in
most cases suggested that if changes had occur-
red they had been noted. It may be that the lack
of such variation was because GOR was not
inducing respiratory changes but it is also poss-
ible that the severity of respiratory dysfunction
was such that changes were not clinically detect-
able. Previous studies have attempted to over-
come this difficulty in demonstrating a causal
role of GOR by treating it and recording
the response of respiratory symptoms. Patients
in such studies have shown symptomatic
improvement,4 5 7 8 11 13 14 38 but as described
above these patients were usually highly
selected and objective measures of respiratory
function were not made.

It has been suggested that GOR may be a
result of rather than a cause of respiratory
symptoms with the increased pleural pressure
swings associated with respiratory dysfunction
provoking GOR.39 The absence of an associa-
tion between respiratory function tests results
and GOR is against this being important in most
infants, with the provisos already discussed.
Others have suggested that increased diaphrag-
matic work protects against GOR by increasing
lower oesophageal sphincter pressure.40
Some different approaches to the study of the

interaction of these two common problems
might be employed in future. Acidifying the
infants' feeds would avoid the failure of a pH
study to detect neutral reflux episodes and use
of a high oesophageal pH probe might be infor-
mative, as reflux to the upper oesophagus might
be more closely related to respiratory problems.
Refinement of techniques for detecting microas-
piration would also be helpful as radioisotope
milk scans seem to be insensitive4' and the pre-
sence of fat laden macrophages in tracheal aspi-
rates seems to be non-specific.42 Autonomic
dysfunction may also be a fruitful area for
further study as it may be a common underlying
cause for both GOR and respiratory disorders43
or GOR may cause abnormalities in autonomic
function.44

In conclusion we have found excess GOR in a
group of infants with respiratory symptoms,
particularly those without a family history of
atopy. However we have failed to demonstrate
any association between the amount of GOR
and the degree of respiratory dysfunction.
Despite this there was clinical evidence of a link
between the two problems in three infants and it
remains possible that they are linked in more
infants but that the techniques used have failed
to demonstate this.

This work was supported by a grant from Janssen Pharmaceuti-
cal Limited. We would like to thank the paediatricians who refer-
red infants under their care for investigation, the parents for
agreeing to the investigations, and the parents and nursing staff
for looking after the infants during the studies.
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