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Paediatric gastro-oesophageal reflux: prognostic
indicators from pH monitoring

K Varty, D Evans, L Kapila

Abstract
The original diagnostic 24 hour pH monitoring
data in 57 children with gastro-oesophageal
reflux (GOR) were retrospectively reviewed
after a minimum of one year follow up. The
tracings of children who responded to medical
treatment were compared with those who
failed to respond and required a fundoplica-
tion. Children with GOR secondary to
oesophageal atresia/tracheo-oesophageal fis-
tula and neurological conditions (n=12) were

analysed separately from those with primary
GOR (n=45). Children with primary GOR
requiring a fundoplication (n= 9) had increased
daytime reflux. The percentage time pH<4
was the best discriminator (21% v 7%) with a

threshold of 18% giving a 92% specificity and a

70% sensitivity. For children with secondary
GOR the percentage time pH<4 at night was
significantly higher (29% v 3.7%) in those
requiring a fundoplication (n=5). A threshold
of 18% gave an 80% specificity and an 86%
sensitivity. These results show that both day-
time and night time pH monitoring data can be
of prognostic value in different subgroups of
children with GOR. A percentage time pH<4
of greater than 18% was a useful threshold to
apply when evaluating the pH monitoring data.
(Gut 1993; 34: 1478-148 1)
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The diagnosis of gastro-oesophageal reflux
(GOR) using prolonged (12-24 hours) pH
monitoring was first reported in adults by Miller
and colleagues' in 1964, and in children by Jolley
and co-workers2 in 1978. With modern portable
systems ambulatory recording has become more

acceptable to children and reflux can be seen

during 'normal' activities, postures, and diet. As
a result, 24 hour pH monitoring has become the
standard technique for the diagnosis of GOR in
children. In addition to a diagnostic role it has
been suggested that pH monitoring may also be
of predictive value identifying patients unlikely
to respond to medical treatment. No clear prog-
nostic indicators have emerged, however, with
varying reports suggesting that a continuous
pattern of reflux,3 night time reflux,4 and the
number of episodes of reflux' may all have a

predictive value. Our own initial experience with
a small number of patients suggested an overall
24 hour reflux index may even be of some

predictive value.6 The aim of this study was to
further assess the predictive value of pH

monitoring in children with GOR by correlating
pH monitoring data with clinical outcome.

Patients and methods
From 1 March 1987 to 28 February 1990, 24
hour ambulatory oesophageal pH monitoring
was performed on 95 children with symptoms
suggestive of GOR. Monitoring failed in four
cases because of technical problems and 25
children had normal recordings (26%). Complete
pH monitoring data and clinical follow up data
were available for 57 of 66 children with abnor-
mal recordings (86%) and analysis of these data
formed the basis for this study. Thirty six (63%)
of these children were referred from their own
general practitioner, 14 (24%) were referred from
local paediatric outpatient clinics, and seven
(13%) were tertiary referrals from other centres.
Oesophageal pH monitoring was performed

using a 6 French gauge glass pH probe (Graph
probe, Zinetics) and a Flexilog 1010 24 hour
ambulatory pH recorder (both supplied by Oak-
field Instruments, Eynsham, Oxon, UK). The
pH electrode was positioned in the oesophagus
5 cm above the gastro-oesophageal junction using
the pH profile on withdrawal from the stomach.
The position was confirmed with a chest x ray. A
standard silver chloride surface electrocardio-
graph electrode was used as a reference electrode.
Monitoring was continued for 24 hours with a
normal diet. Events, the time spent asleep, and
posture were recorded using the event button on
the recorder. The recording was analysed on an
IBM computer using the Flexilog analysis pro-
gram (Oakfield Instruments, Eynsham, Oxon).
Table I shows the pH monitoring criteria used to
diagnose GOR. These were derived from studies
in adults as we have not, for ethical reasons,
performed extended pH monitoring on asymp-
tomatic children. Our criteria do not differ
greatly, however, from those recommended in
other centres.7 A reflux episode was defined as
any drop in pH to below 4 for at least 20 seconds'
duration. A diagnosis ofGOR was made if two or
more of the above criteria were abnormal.

TABLE I Twenty four hourpH monitoring cn'tenra used to
diagnose gastro-oesophageal reflux

Variable Day Night

% Time pH<4 6-3 1 2
No of episodes 24 6
No of episodes >5 minutes' duration 30
Longest episode (mins) 9-2 4 5
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TABLE II Primary gastro-oesophageal reflux. Comparison
ofage, sex, and presentingfeatures between medical and
surgery groups. Figures in parentheses are percentages

Medical Surgery
(n=36) (n=9)

Median age (months) 6-5 12
Range 1-48 1-60
M:F 19:17 7:2

Presentingfeatures
Vomiting 26(72) 8(88)
Haematemesis 3 (8) 3(33)
Failure to thrive 3 (8) 1 (11)
Weight loss 5 (14) 3(33)
Abdominal pain 5 (14) 3(33)
Dysphagia 4(11) 1(11)
Respiratory 12 (33) 2 (22)

TABLE III Secondary gastro-oesophageal reflux.
Comparison ofage, sex, and presentingfeatures between
medical and surgery groups. Figures in parentheses are
percentages

Medical Surgery
(n= 7) (n=5)

Median age (months) 24 6*
Range 12-84 3-60
M:F 3:4 2:3

Presentingfeatures
Vomiting 2(29) 3 (60)
Haematemesis 1 (14) 1 (20)
Failure to thrive 0 (0) 5 (100)*
Weight loss 1 (14) 4 (80)
Abdominal pain 1(14) 0 (0)
Dysphagia 2(29) 0 (0)
Respiratory 4(57) 4 (80)

*=p<005 Wilcoxon's rank sum test and x2 test.

A barium meal examination or oesophago-
scopy was performed in 88% of cases and showed
no important underlying abnormalities - that is,
partial thoracic stomach, large hiatus hernia.
Oesophageal biopsy was restricted to those
children with severe GOR to confirm the pres-
ence of oesophagitis before surgery. None of the
children had previously received treatment for
GOR. In 12 cases GOR was secondary to either
severe neurological impairment (6) or post-
oesophageal atresia and tracheo-oesophageal fis-
tula repair (6). These children were considered
separately from the children with primary GOR
(n=45) when analysing the results.

All children received an initial course of
medical treatment consisting of upright posture
and milk thickening agents in infants, Gaviscon 5
ml four times daily (or infant Gaviscon sachets
where appropriate) and cimetidine 20-30 mg/kg
daily in three divided doses. Where the clinical
response to treatment was poor at six weeks,
additional treatment with prokinetic agents was
used. Metoclopramide (1 mg twice or thrice daily
according to age) was used in the early part ofthe
study, and cisapride (0-2 mg/kg thrice daily)
more recently. Eight children were treated initi-
ally with cisapride and Gaviscon for six weeks as

part of a trial running simultaneously with this
study, and non-responders at six weeks were
switched to our normal treatment regimen.
Medical treatment was continued while symp-
toms improved and gradually withdrawn when
symptoms were controlled.

Thle clinical data were retrospectively
reviewed after a minimum follow up of one year
(median 27 months). The children were divided
into two groups; responders to medical treatment

(medical group) and non-responders requiring a
fundoplication (surgery group). Tables II and III
show the ages, sex, and presenting features of
these two groups subdivided into primary and
secondary GOR. The selection of children for
fundoplication was based on clinical criteria
combined with the results of oesophagoscopy
showing uncontrolled oesophagitis and was not
based on the results of the original diagnostic pH
monitoring tracing. These tracings were there-
fore analysed in this study to look for any
prognostic indicators of the response to medical
treatment that might be of value in the future.
The day and night time periods of these tracings
were analysed separately.

STATISTICS
The pH monitoring scores and ages were com-
pared using the Wilcoxon rank sum test. Differ-
ences in the presenting features between the
groups of children were tested using x2 analysis.
Prognostic thresholds were derived from the data
using receiver operating characteristic curves.

Results
Nine ofthe children with primary GOR required
a fundoplication (20%). There was no significant
difference in age or presenting features between
the children in the medical and surgery groups
(Table II). One child in the surgery group had
pH monitoring performed on two occasions
before starting treatment and both these record-
ings were used for analysis giving a total of 10 sets
of data for this group. Table IV summarises the
pH monitoring data. The children in the surgery
group had significantly higher daytime scores for
all the variables analysed. The overall percentage
time pH<4 was the best discriminator (21% v
7%) with a threshold of 18% giving a 92%
specificity and a 70% sensitivity for predicting
failure to respond to medical treatment. There
was no significant difference in night time scores
between the two groups.

Five of the children with secondary GOR
required a fundoplication (42%), three with
neurological impairment and two after tracheo-
oesophageal fistula repair. Younger age and
presentation with failure to thrive were signifi-
cantly more common in the surgery group (Table
III). Respiratory symptoms were more common
in all of these children compared with those with
primary reflux. Table V summarises the pH

TABLE IV Primary gastro-oesophageal reflux. Comparison
ofpH monitoring scoresfor surgery (n= 9) and medical
(n=36) groups. Values are medians with interquartile ranges
in parentheses

Daytime Night time

Surgery Medical Surgery Medical

% Time pH<4 21 7* 6 4
(9-33) (4-11) (2-18) (1-8)

Longest episode (mins) 21-4 9** 8-6 10
(9-30) (4-14) (3-20) (2-23)

No of episodes 30 17** 3-5 2
(15-35) (7-21) (1-5) (1-6)

Noofepisodes 4 1 5** 1 1
>5 minutes' duration (2-6) (0-2) (0-1) (0-2)

*=p<0-01, **=p<005 Wilcoxon's rank sum test.
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TABLE V Secondary gastro-oesophageal reflux. Comparison
ofpH monitoring scores for surgety (n=5) group and medical
(n= 7) group. Values are medians with interquartile ranges in
parentheses

Daytime Night time

Surgery Medical Surgery Medical

% Time pH<4 15-6 4-8 29 3-7**
(13-23) (3-14) (22-32) (1-9)

Longest episode (mins) 11 4-3 30 2-6
(9-24) (4-8) (13-41) (1-6)

No of episodes 9 11 6 2
(6-12) (9-15) (2-6) (1-6)

No of episodes 3 0 1 0
>5 minutes' duration (2-4) (0-3) (1-4) (0-1)

**=p<005 Wilcoxon's rank sum test.

monitoring data. The percentage time pH<4 at
night was significantly higher in the surgery
group. The duration of the longest episode at
night was also higher but just failed to reach
statistical significance with this small number of
cases. A threshold of 18% for the night time
pH<4 gave an 80% specificity and an 87-5%
sensitivity for predicting failure to respond to
medical treatment. There was no significant
difference in daytime scores between the two
groups.

Discussion
Two different patterns of reflux have emerged in
this study associated with a poor response to
medical treatment. Prolonged daytime reflux
occurred in children with primary reflux who
came to surgery whereas night time reflux was
more severe in children with reflux secondary to
neurological conditions and tracheo-oesophageal
fistula who required surgery.
The importance of night time (sleep) reflux in

association with respiratory symptoms is now
well recognised.89 The high incidence of respira-
tory symptoms in children with reflux secondary
to neurological disorders and tracheo-oesopha-
geal fistula is also well reported.1"13 The findings
in the secondary reflux group in this study
highlight both of these associations. Eighty per
cent of the children with severe reflux presented
with respiratory symptoms and had a prolonged
night time reflux. An important component of
this prolonged night time reflux was the
increased length of the reflux episodes resulting
in a prolonged ZMD (mean duration of reflux
episode)8 in every case. Jolley and co-workers
noted a delayed clearance of single reflux
episodes in children with nocturnal reflux sug-
gesting an impaired pharyngo-oesophageal
mechanism may be the underlying disorder.9
Such a disorder ofperistalsis has been reported in
children with tracheo-oesophageal fistula'4 and
Sondheimer has suggested that central damage to
vagal nuclei or oesophageal ischaemia, or both, as
a result of birth asphyxia may result in a similar
disorder of peristalsis in children with cerebral
palsy.'5 In children with nocturnal GOR this
coincides with arousal periods when inappro-
priate lower oesophageal sphincter relaxations
occur.'16 Children with neurological disorders
frequently have a low lower oesophageal sphinc-
ter pressure, which exacerbates this problem.'15 A
combination of inappropriate lower oesophageal

sphincter relaxations and deranged oesophageal
peristalsis results in the pattern of reflux we have
seen in the children with secondary GOR
requiring surgery. Sondheimer found that lower
oesophageal sphincter pressure was higher in
neurologically impaired children who responded
to medical treatment, though overall these
children as a group have a poor response to
medical treatment. 15
The pattern of reflux was very different in

children with primary reflux. Such a clear
association between daytime reflux and outcome
has not been previously described. Few studies
have presented, however, an analysis of sub-
groups of children based on cause as in this
study. Combining the data from the primary and
secondary groups in this study would have
masked the separate significance of the day and
night time reflux in each group. In particular our
results in the primary reflux group differ from
the findings ofColson and colleagues who carried
out a similar study but in a very heterogeneous
population of children.4 They found sleep reflux
and acid clearing time to be the most useful
predictors of a poor response to medical treat-
ment. An analysis of a subgroup of children
excluding those with neurological conditions and
after tracheo-oesophageal fistula repair still
found sleep reflux to be the best predictor of
outcome though daytime reflux was also signifi-
cantly different in the two groups. These groups
were poorly matched for age, however, and a
number ofchildren had had a Nissen fundoplica-
tion with a recurrence of GOR. A comparison
with our population of generally younger
children all before surgery is therefore difficult to
make. A more homogeneous population of
children with primary GOR was studied by
Cucchiara and colleagues'7 who found that
oesophagitis was not associated with nocturnal
reflux. It has been suggested that feeding is a
potential cause of GOR in these children with
daytime reflux and analysis of postprandial trac-
ings is a sensitive method for detecting this.'8 In
our experience we have not found such an
analysis oftracings to be helpful (data not shown)
and do not routinely perform this. Interestingly
Cucchiara also found that postprandial analysis
of tracings was unhelpful.'7

In conclusion, increasing emphasis has been
placed on night time reflux because of its associa-
tion with serious respiratory problems in
children'8 and with oesophagitis in adults."' But
this viewpoint has been challenged by other
studies showing a correlation between daytime
reflux and oesophagitis in both adults20 and
children."' While there remains uncertainty on
this subject one possible conclusion is that both
daytime and night time reflux can be of impor-
tance in different subgroups of patients with
GOR as shown in this study.

We are grateful to the staff of the Department of Surgery,
University Hospital, Nottingham for performing the pH monitor-
ing.
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