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Comparison of barium swallow and ultrasound in diagnosis
of gastro-oesophageal reflux in children
D R NAIK, A BOLIA, D J MOORE

Abstract

Fifty one infants and older children with suspected
gastro-oesophageal reflux entered a study comparing
the diagnostic accuracy of a standard barium swallow
examination with that of ultrasound scanning. All
children were examined by both techniques.

In 40 cases there was unequivocal agreement between
the examinations. Of the remaining patients, four had
definite reflux by ultrasonic criteria but showed no
evidence of reflux on barium swallow examination, four
had positive findings on ultrasound but showed only
minimal reflux on barium swallow, and one showed
minimal reflux on ultrasound but had a negative barium
meal result. In two children the ultrasound study was
inconclusive.
Ultrasound has an important role in the diagnosis and

follow up of patients under the age of 5 years with
gastro-oesophageal reflux.

Introduction

Gastro-oesophageal reflux is an important and relatively
common condition in infancy and childhood. It may be
physiological, particularly in the younger age group,' and is
self limiting and benign in most cases.2 It may, however, be
one of the causes of failure to thrive, be a cause of repeated
chest infections from aspiration, and be a factor in cot deaths.-'
In addition to radiological means, 24 hour intraluminal
oesophageal pH probe monitoring and isotope scintigraphy
have been used for detecting gastro-oesophageal reflux. Recently
a method using ultrasound has been described.4
We report a study comparing the established method of

barium swallow examination with ultrasound scanning in
children with suspected gastro-oesophageal reflux.
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Patients and methods

Fifty one children were examined for suspected gastro-oesophageal
reflux. Their ages ranged from 4 days to 16 years, though most were
under the age of 5 years. The main indications for investigation were
vomiting, failure to thrive, repeated chest infections, and near miss
infant death syndrome. The examinations were carried out by two
operators independently. One operator carried out the barium
swallow examination, which was followed later by the ultrasound
examination, carried out by the second operator, who had no know-
ledge of the results of the barium examination. The technique of the
ultrasound examination is detailed elsewhere.' Barium swallow
examinations were carried out using the standard technique.'

Results

All children were examined by the two methods.
An empty lower part of the oesophagus is shown on ultrasound by

three parallel lines, the outer lines representing the two walls and
the middle line the collapsed lumen of the oesophagus (fig 1). The
fundus of the stomach is easily visualised, being full of the gastric
contents. The feed combined with microbubbles of air gives an easily
recognisable ultrasonic pattern, comprising the transsonic fluid with
scattered, bright speckled echoes representing the microbubbles.
These bright echo speckles may be seen moving freely within the
stomach.

During gastro-oesophageal reflux the gastric contents with a bright
speckled echo pattern of microbubbles may be seen filling the lower
oesophagus, when the third of the parallel lines representing the
empty lumen will be lost. The two parallel lines will be seen apart
from each other and the bright speckled echoes may be seen moving
upwards from the stomach (fig 2). Often this is accompanied by
"show" at the mouth, confirming the presence of gastro-oesophageal
reflux.

Occasional reflux is common in normal children. The criteria used
for diagnosing positive reflux were (a) filling of the lower oesophagus
on at least two separate occasions, and (b) to and fro movement of
the gastric contents between the lower oesophagus and the stomach.
The table gives the results of the barium swallow and ultrasound

examinations of the 51 patients. There was agreement in 40 cases,
comprising 15 positive, 24 negative, and one minimal positive result.
Four patients had definite gastro-oesophageal reflux by ultrasonic
criteria but barium swallow did not show any reflux. Four further
patients showed positive reflux on ultrasound examination but barium
swallow showed minimal reflux. One patient showed minimal reflux
on ultrasound examination and had a negative barium swallow result.
There were two older children (13 and 15 years of age) in whom

the ultrasound study was inconclusive. In neither case could the
gastro-oesophageal junction be visualised. A possible explanation
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for this is the interposition of lung between the heart and the aorta
in older children. There were, however, two other patients of 13 and
15 years in whom the gastro-oesophageal junction could be seen
quite clearly.

Discussion

There are several methods available for the detection of
gastro-oesophageal reflux in children and infants, including
24 hour intraluminal oesophageal pH probe monitoring, isotope
scintigraphy, barium swallow, and ultrasound. The most widely
used method is the barium swallow.
Both barium swallow and ultrasound examinations have a

part to play in the detection and follow up of patients with
gastro-oesophageal reflux. In this study there was a high rate
of detection of gastro-oesophageal reflux by ultrasound in
comparison with the barium swallow examination. There are
two possible reasons for this. Firstly, the patient's normal feed
is used, which may be more physiological. The feed is less

FIG 2-Hard copy from recording of case showing reflux into lower oesophagus
(arrowed).

F-i 1-Hard copy from video recording together with line drawing showing
position of normal cardia (arrowed) and adjoining structures.

Results of barium swallow and ultrasound examinations

Barium swallow result

Minimal Total
Ultrasonic appearance Positive Negative positive

Positive 15 4 4 23
Negative 24 24
Minimal positive I 1 2
Inconclusive 2 2

Total 17 29 5 51

viscous than the barium mixture and may portray the true
course of events. Secondly, long periods of continuous scanning
may be employed by ultrasound, thus increasing the likelihood
of detecting the intermittent nature of the reflux, which may
be missed by short periods of x ray screening. In one study
15°,, of cases of gastro-oesophageal reflux were missed by
short periods of radiological screening.6
The established method of barium meal examination detects

abnormalities not shown by the other methods-namely,
(a) presence of hiatus hernia, (b) peptic oesophagitis, (c) stricture
formation, and (d) incoordination of swallowing. Other
abnormalities such as duodenal obstruction, midgut malrotation,
and delayed gastric emptying, which may cause apparent
gastro-oesophageal reflux, will be easier to diagnose by barium
meal examination. These abnormalities, however, are rare.
There is no age restriction for the barium examination, whereas
ultrasound appears to be more useful in younger patients.
The use of ultrasound for detecting gastro-oesophageal

reflux is attractive for several reasons. It is widely available,
cheap to operate, and safe. The diagnosis appears to be reliable
and reproducible. The escalating cost of diagnostic tests has
to be borne in mind in the light of economies demanded by
the cuts in health service budgets.7
From the results in our 51 cases the following five recom-

mendations may be made. Firstly, all patients under the age of
5 years should undergo ultrasound examination as the initial
investigation. If reflux is not detected it is unlikely to be shown
by barium meal examination. Secondly, in infants in whom
there is a strong clinical suspicion of other conditions associated
with reflux a barium meal may be advisable to exclude the

lo"4
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uncommon abnormalities mentioned above. Thirdly, ultrasound
is the method of choice for follow up examinations in patients
treated for reflux by medical means. Fourthly, the presence
of reflux despite medical treatment is an indication for barium
meal examination to exclude hiatus hernia and complications
of reflux such as oesophagitis or stricture formation. Finally,
the role of ultrasound in older children requires further
clarification.
Both ultrasound and barium swallow examinations have an

important part to play in patients with symptomatic gastro-
oesophageal reflux. Barium examinations are useful in the
diagnosis of complications of reflux and in detecting uncommon
conditions. We emphasise that most children do not require
barium meal examination for diagnosis or during the subsequent
management of reflux.

We are grateful to our paediatric colleagues for their cooperation
in this study.
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SHORT REPORTS

Hypophosphataemic osteomalacia
associated with prostatic carcinoma
Prostatic carcinoma is common in the elderly, who often present
with advanced disease. In 21'J,, of patients the tumour may also be
associated with hypophosphataemia.' Osteomalacia associated with
hypophosphataemia is well recognised in tumours of mesenchymal
origin and may remit after resection of the tumour.2 However,
hypophosphataemic osteomalacia associated with prostatic carcinoma,
a tumour of endodermal origin, is rare and was first described in the
United Kingdom by Hosking et al.3 We report our experience over
two years of this lesser known but important association.

Patients, methods, and results

After seeing the index case we included in the study all patients with
carcinoma of the prostate and secondary bone disease who were referred
to the acute geriatric unit over two years. These patients underwent routine
haematological tests and measurement of urea, electrolyte, chloride, bi-
carbonate, calcium, phosphate, and creatinine concentrations; alkaline
phosphatase and acid phosphatase activities; and urinary phosphate and
creatinine excretions. They also underwent isotopic bone scanning using
technetium-99m disphosphonate. The renal phosphate threshold concentra-
tion was calculated by the method described by Walton and Bijovet.4
Serum total calcium concentration was adjusted to a reference albumin
concentration of 47 g!l using a method that gives a high correlation between
measured and calculated calcium values over wide ranges of serum albumin
values.

All patients with hypophosphataemia underwent bone biopsy, and serum
parathyroid hormone and 25-hydroxyvitamin D3 concentrations were
estimated. Osteomalacia was diagnosed by bright line counting. The patients
with osteomalacia were treated with alfacalcidol (1 ILg) once or twice daily, and
the dose was adjusted depending on the clinical response and the serum

Mean (SD) biochemical variables in patients with prostatic carcinoma and
hypophosphataemic osteomalacia and controls (patients with prostatic carcinoma
and normal serum phosphate concentration)

Hypophosphataemic Laboratory
group Controls normal
(n=4) (n= 11) range

Corrected serum calcium
(mmolJl) 2 40 (0 26) 2-40 (0-14) 2-2-2-6

Serum phosphate (mmol/l) 0-65 (0-22) 1-01 (0O28)** 0-8-1-4
Alkaline phosphatase (IU/1) 1332-5 (496) 340 (340)* 30-100
Renal phosphate threshold

(mmol/l) 0 4 (0-07) 0 86 (0-08)** 0-8-1-35
Acid phosphatase (IU/l) 16 35 (13-57) 19 9 (22-86) 0-2
Serum 25-hydroxyvitamin
D, (nmol/l) 12-5 7-5-75-0

Serum parathyroid hormone
(ng/l) < 40 < 120

Serum creatinine (mmol/l) 108 (23) 136 (93) 60-120

p<0 Ol, **p<000l.
Conversion: SI to traditional units-Calcium: 1 mmol/l z 4 mg/100 ml. Phosphate:

I mmol/l 3 1 mg/100 ml. Renal phosphate threshold: 1 mmol/l, 2-5 mg/100 ml.'
25-Hydroxyvitamin D.: 1 nmol/l 0-4 ng/ml. Creatinine: I mmol/l 11-3 mgj
100 ml.

calcium values. In addition, four of the five patients were given stilboestrol
1 mg daily, and the fifth patient underwent orchidectomy. Eleven patients
with extensive secondary bone disease but normal serum phosphate con-
centrations served as controls. One of the five patients with osteomalacia was
excluded from the final analysis because he also had alcoholic liver disease
and malnutrition. The table gives the biochemical data in the group with
osteomalacia and the controls.

In all four patients bone pain and muscle weakness improved with
treatment, as did the biochemical variables including the renal phosphate
threshold concentration. The vitamin D treatment was inadvertently
stopped in the index case, and this soon resulted in a fall in serum phosphate
concentration and renal phosphate threshold concentration. In another
patient a repeat bone biopsy showed complete healing of the osteomalacia
after nine months of treatment.

Comment

This study shows that hypophosphataemic osteomalacia associated
with prostatic carcinoma is not rare. Characteristic features of this
condition are a low renal phosphate threshold concentration, normal
parathyroid hormone and 25-hydroxyvitamin D, concentrations, but
low 1,25-dihydroxyvitamin D, concentration.' -3 All our patients had
these features (except for the 1,25-dihydroxyvitamin D, concentration,
which was not measured) and symptoms of bone pain and muscle
weakness.

Possible mechanisms are a phosphaturic effect,' 2 a humoral
substance inhibiting the conversion of 25-hydroxyvitamin D,, to
1,25-dihydroxyvitamin D3, and oestrogens. As none of our patients
was taking oestrogens during our study and three of the four patients
responded to oestrogens with alfacalcidol, we conclude that oestrogen
does not play a part in this condition.
We recommend that all patients with carcinoma of the prostate

and hypophosphataemia should be thoroughly tested to exclude
oncogenic osteomalacia, as the main symptoms are bone pain and
muscle weakness due to the osteomalacia and these improve with
alfacalcidol and other specific treatments for carcinoma of the
prostate.
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