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Antacids and cimetidine treatment for gastro-
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SUMMARY Thirty three children aged 2 to 42 months (mean 9 months) with gastro-oesophageal
reflux and peptic oesophagitis took part in a treatment trial comparing cimetidine (20 mg/kg/day)
with an intensive regimen of antacids (Maalox, 700 mmol (mEq)/1.73 m2/day). All children were

evaluated clinically and by radiology, acid reflux test, and endoscopy. After 12 weeks of
treatment all were again evaluated clinically, by pH measurement, and endoscopy. Twenty nine
children, 15 on antacid and 14 on cimetidine, completed the trial. Eight patients on antacid and
seven on cimetidine were cured; five on antacid and six on cimetidine improved; and two patients
on antacid and one on cimetidine underwent surgery. Both groups of children showed a

statistically significant reduction in the score of clinical, pH, and endoscopic variables after
treatment. Lower oesophageal sphincter pressure before treatment did not correlate significantly
with the final total score. Antacids in large quantities are as effective as cimetidine in medical
treatment of gastro-oesophageal reflux and peptic oesophagitis.

There have been several recent studies of gastro-
oesophageal reflux in children' 2 but most reports
deal with the clinical manifestations and diagnosis.
Unlike studies in adults, controlled treatment trials
of antacids, H2 receptor blockers, cholinergic drugs,
and dopamine antagonists have rarely been per-
formed in children. Two recent trials with
bethanechol, a cholinergic agent, suggest its useful-
ness in the treatment of children with gastro-
oesophageal reflux.3 4 These studies, however, did
not evaluate the efficacy of the drug in peptic
oesophagitis. We performed a controlled trial with
liquid magnesium hydroxide and aluminum hydrox-
ide (Maalox) and cimetidine in the treatment of
children with gastro-oesophageal reflux and
oesophagitis. Cimetidine and antacid were given in
association with frequent, small feeds and positional
treatment.

Patients and methods

Forty six children (29 boys and 17 girls) aged 2 to 58
months (mean 10.3 months) were referred to our
department with an history suggesting gastro-
oesophageal reflux. Diagnostic investigations in-
cluded tests for infectious, neurologic, and metabo-
lic diseases; roentgen study of the upper gastrointes-

tinal tract; oesophageal manometry; pH probe test;
and upper endoscopy. The latter was performed
only if either radiological findings or pH measure-
ments, or both, were positive for gastro-
oesophageal reflux. All the investigations were
undertaken after informed written consent had been
obtained from the parents.

Gastro-oesophageal reflux was shown by means
of radiology and acid reflux test (Tuttle test).
Radiology was performed according to a technique
previously described.5 The roentgen study was
considered positive for gastro-oesophageal reflux if
at least two episodes of reflux were observed during
fluoroscopy. This study was followed the next day
by an oesophageal manometry performed with a
three lumen catheter (polyvinylchloride tube, dia-
meter 0-8 mm). Three distal side holes of diameter
of 05 mm, 2-5 cm apart, and radially located at 1200
were continuously perfused with bubble free water
by a low compliant perfusion system at a rate of 0*6
ml/minute (Arndorfer Med Spec Inc, USA). The
pressures were measured by connecting each lumen
to a Statham P23D transducer and were recorded on
a polygraph (Beckman type 611 R). Sudden occlu-
sion of the distal side openings caused a pressure rise
of at least 400 mmHg/second. Lower oesophageal
sphincter pressure was determined as the average
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mean pressure of three consecutive station pull-
throughs with the gastric pressure as a zero refer-
ence. Oesophageal manometry was performed after
a 6 hour fast and was followed by pH measurement
after perfused water had been removed from the
stomach. The acid reflux test in children (Tuttle
test) has previously been described:6 7 we used a
small flexible pH electrode (MI-506, Microelec-
trodes Inc, USA). Gastro-oesophageal reflux was
defined as a drop in intraluminal pH of below 4, for
at least 20 seconds. Children with a diagnosis of
gastro-oesophageal reflux on the basis of either
radiology or pH study, or both, underwent upper
endoscopy performed with a paediatric fibre endo-
scope (Olympus, GIF P2) 30 minutes after adminis-
tration of promethazine (0.5 mg/kg intramuscularly)
and atropine (0-01 mg/kg intramuscularly).
Oesophagitis was diagnosed in children with friable
mucosa together with either erosions or ulcerations,
or both.8 Erythema or granularity, or both, of the
mucosa were not considered reliable markers of
oesophagitis. Diagnosis of hiatal hernia was estab-
lished if, during endoscopic visualisation of the
gastro-oesophageal junction from below (by upward
deflection of the tip of the fibre endoscope in the
stomach), gastric folds were observed to slide
upward.

Thirty three children, 20 boys and 13 girls aged 2
to 42 months of age (mean, 9 months), met the
criteria for gastro-oesophageal reflux with oesopha-
gitis. Thirteen had a different final diagnosis includ-
ing gastro-oesophageal reflux without oesophagitis
(five), cows' milk protein intolerance (three),
coeliac disease (two), intestinal malrotation (one),
and urinary tract infections (two).

Children with a diagnosis of gastro-oesophageal
reflux and oesophagitis were allocated in a rando-
mised fashion to 12 weeks' treatment with either
cimetidine syrup (20 mg/kg/day) or liquid magne-
sium hydroxide and aluminum hydroxide in a dose
of 700 mmol (mEq)/1 -73 ml/day, one and three hours
after meals, and at bedtime. All children underwent
positional treatment (infants remained in an infant
chair for the whole day and six inch blocks were put
under the head of the bed of children older than
1 year) and received fractionated feeds. In infants,
formula milk was thickened by adding cereals or
Nestargel (1%). At the end of a 12 week period of
intensive treatment the children's condition was
evaluated by a careful history and physical examina-
tion, pH measurement, and an upper endoscopy.
Their condition after treatment was classified on the
basis of the presence of remaining symptoms, reflux
on pH measurement, and endoscopic features of
oesophagitis. Children were regarded as 'cured' if
the clinical, pH, and endoscopic parameters became

normal; 'improved' if findings in at least one of the
three parameters had ameliorated; and 'unchanged'
or 'worsened' if there was no improvement or
deterioration, respectively. Patients who improved
underwent a further month of treatment and were
again assessed clinically, by pH measurement and by
endoscopy. During the trial, children were seen as
outpatients every three weeks to assess symptoms
and drug compliance. Parents were instructed to
report daily, in a diary, symptoms as well as body
weight and food intake. At each examination,
haemoglobin, haematocrit, red and white blood cell
count, alkaline phosphatase, electrolytes, serum
calcium, and phosphorus were evaluated in all
children. Creatinine, blood urea nitrogen, transam-
inase, and a-glutamyltransferase were measured
additionally in children on cimetidine treatment. A
scoring system was used to evaluate children admit-
ted to the trial (Table 1). The pH measurement,

Table 1 Scoring system in the evaluation ofchildren with
gastro-oesophageal reflux and oesophagitis

Variables Score

Vomiting, regurgitation (no episodes/wk)
>5 12
2-5 9
0-1 6
Absent 0

Anorexia
Severe 4
Moderate 2
Absent 0

Pneumonia, apnoea (no episodes/3 mths)
>1 15

1 10
<1 0

Anaemia
Below 1 year of age (haemoglobin g/dl)
>10 0
9-10 3
7-8-9 6
<7 9

Above t year of age (haemoglobin g/dl)
>11 0
1tO11 3
8-9.9 6
<8 9

Weight:height ratio (centiles)
<5th 6
5-10th 4
> 10-<25th 2
25-<50th 1
B 50th 0

Endoscopy findings
Moderate oesophagitis' 6
Severe oesophagitist 9

pH study (no of episodes of gastro-oesophageal
reflux per hour)
0-1 0
2-4 4
5-6 8
>6 12

Erythema with friability and exudate.
'Erosions, ulcerations.
In both and t the score was increased by 3 points in presence of hiatal hernia.
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oesophageal manometry, and endoscopy were per-

formed by one of the authors who did not know
which treatment patients were being given.

Results

The symptoms and physical findings in 33 children
with gastro-oesophageal reflux and oesophagitis are

reported in Table 2; either vomiting or regurgita-
tion, or both, and a low body weight were the most
frequently encountered. Anorexia, hypochromic
anaemia, and haematemesis also occurred. Respira-
tory complications such as recurrent pneumonia or
apnoea were present in 18% of the children studied.
Twenty nine children completed the trial (15 on

antacid and 14 on cimetidine). Two patients in the
cimetidine group were excluded because of poor
drug compliance, and two children in the antacid
group were excluded because of diarrhoea and
subsequent reduced antacid intake. The parameters
of gastro-oesophageal reflux of both groups are

shown in Table 3; these were comparable statisti-
cally. Twelve children had both a body weight and a

weight:height ratio below the fifth centile before
treatment. In seven (three on cimetidine and four on
antacid) both parameters became normal after 12
weeks' treatment. Five children (three on cimetidine
and two on antacid) were gaining weight, but their
weight:height ratio still remained below the fifth
centile. Three of four patients who had a body
weight below the fifth centile but a normal weight:
height ratio before treatment showed a body weight
within normal limits after 12 weeks of treatment
(two on cimetidine and one on antacid); the fourth
child (on antacid) still had a weight below the fifth
centile.
As shown in Table 4, there was a significant

reduction in the scores of clinical, pH measurement,
and endoscopic findings in both groups. At the end
of the 12 week trial, eight patients on antacid and
seven on cimetidine were cured, five patients on

antacid and six on cimetidine improved and two
patients on antacid and one on cimetidine remained
unchanged. The latter three patients underwent
surgery (Table 5). The basal lower oesophageal
sphincter pressure before treatment did not corre-

late with the total score after treatment (including
clinical, pH measurement, and endoscopic scores) in
either the cimetidine treated (r:0.25; NS) or antacid
treated groups (r:0-32; NS).

Table 2 Symptoms and signs in 33 children with
gastro-oesophageal reflux and oesophagitis (mean age
9 months; range 2 to 42 months)

No (%)

Vomiting, regurgitation 31 (94)
Anorexia 9 (27)
Pneumonia, apnoea 6 (18)
Haematemesis 2 (6)
Weight below 5th centile t6 (48)
Weight:height ratio below 5th centile 12 (36)
Anaemia 6 (18)

Table 3 Clinical, pH, oesophageal manometry, and
endoscopic variables before treatment

Antacid Cimetidine

No 15 14
Age (months)
Mean 9-4 8-9
Range 2-42 2-34

Boys 7 1()
Girls 8 4
Lower oesophageal sphincter pressure
(mmHg). mean (SD) 11-2 (5-8) 10-5 (3 5)

Clinical score, mean (SD)t 17-31 (3-7) 18-) (2-9)
pH study score, mean (SD)t 6-45 (3.07) 7-6 (3-4)
Endoscopy score., mean (SD) 8-2 (2-39) 8-14 (2-17)

Clinical score included either vomiting or regurgitation, or both; weight
failure; anorexia; and respiratory symptoms.
tNo statistically significant difference between the two groups of patients
(P> ().1)5).
tTen patients were affected by hiatal hernia (6 on antacid and 4 on cimetidine).

Table 5 Final outcome in 26 patients with
gastro-oesophageal reflux and oesophagitis after 12 weeks
treatment

Patient group No 'Cured' 'Improved' 'Unchanged'
No (%) No (%) or 'worsened'

No (%)

Antacid treated 15 8 (53-5) 5 (33-3) 2 (13-3)
Cimetidine treated 14 7 (50) 6 (42) 1 (7-15)

Two patients (I on antacid and I on cimetidine) were affected by hiatal
hernia.

Table 4 Comparison between scores before and after treatment (mean (SD)) for patients treated with antacid or cimetidine

Antacid Cimetidine

Before treatment After treatment Significance Before treatment After treatment Significance

Clinical score 17 3 (3 7) 3-72 (3-88) P<0-05 18-0 (2-9) 4-01 (3-86) P<0(05
pH study 6-45 (3-1)7) 1)92 (2-4) P<0-001 7-6 (3-4) 0-61 (2-20) P<)-001
Endoscopy 8-2 (2-39) 3-4 (3-18) P<)-01 8-14 (2-17) 3-21 (3-811) P<0-01

Student's t test for paired samples.
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Discussion

Gastro-oesophageal reflux and peptic oesophagitis
can be treated by increasing intragastric pH and
lower oesophageal sphincter strength, by improving
oesophageal acid clearance, and by improving the
rate of gastric emptying.9 Although antacids seem to
be useful because of their capacity to neutralise
gastric contents and increase lower oesophageal
sphincter tone, the latter probably as a result of
gastric alkalinisation,'0 their effectiveness in the
treatment of gastro-oesophageal reflux and peptic
oesophagitis has rarely been studied. In most
treatment trials in adults, cimetidine or drugs such
as bethanechol or metoclopramide which act on
either lower oesophageal sphincter tone or
oesophageal peristalsis, or both, have been used,9
and the level of consumption of antacids has been
considered as a measure of the effectiveness of the
main treatment. The results of trials in adults using
antacids are not conclusive. Behar et all" did not find
any significant effect on the healing of oesophagitis.
Thanik et al'2 and Saco et al13 found a significant
improvement in symptoms and oesophagitis healing
rate, probably because of a more frequent adminis-
tration of larger doses of antacids. More recently,
Graham and Patterson'4 failed to observe any
significant difference between antacids and placebo
in either the relief of symptoms or in the healing rate
of oesophagitis.

In contrast with antacids, many trials with cimeti-
dine have been performed in adults. A number of
studies showed that cimetidine, although relieving
symptoms, did not result in the healing of
oesophagitis.'5-18 Other studies have shown a clear
cut resolution of symptoms and an improvement in
either endoscopic or histological changes in the
oesophagus, or both.'9 20 Histamine H2 receptor
antagonists seem to be useful in the management of
the reflux disorder, mainly by decreasing gastric acid
secretion, but have no effect, however, on
oesophageal motility variables.2'
We performed a trial with cimetidine and large

doses of antacids in children with gastro-
oesophageal reflux and severe oesophagitis.
Oesophagitis was assessed by endoscopy only.
Indeed, only endoscopic findings of advanced in-
flammation (friability, erosions, ulcerations) which
correlated well with histological oesophagitis were
used in the present study.22 23 A placebo group was
not included since patients had oesophagitis and
most of them showed systemic complications such as
failure to thrive, anorexia, anaemia, and respiratory
symptoms. Apart from either vomiting or regurgita-
tion, or both, the most frequently reported symp-
toms of gastro-oesophageal reflux in children were

respiratory-present in 18% of the patients. Pul-
monary complications, considered a common find-
ing in these children, may occur without vomiting or
regurgitation and are a frequent indication for
surgery in patients in whom medical treatment has
failed.2 24 Sixteen patients showed a weight below
the fifth centile and 12 of them a weight:height ratio
below the fifth centile. Nowadays gastro-
oesophageal reflux in children is regarded as one of
the causes of failure to thrive. ' 2This may be related
to a reduced caloric intake because of anorexia or
vomiting. The most plausible explanation for the
refusal of foods is an increased exposure of the
inflammed oesophageal mucosa to acid after eating.
In the antacid and cimetidine groups, eight and
seven children respectively were cured. Five
patients on antacid and six on cimetidine improved.
It is worth mentioning that patients who improved
recovered completely after a further month of
treatment. Three children (two on antacid and one
on cimetidine) needed operative treatment: interes-
tingly, two of them had hiatal hernia, a factor known
to carry a bad prognosis in gastro-oesophageal
reflux.8 In some of the children who showed failure
to thrive before entering the trial, there was a
significant increase in body weight at the end of the
12 week follow up period. This is probably due to a
decreased frequency of vomiting, resulting in an
improved nutritional state. There was a statistically
significant reduction in the scores after treatment for
clinical, pH measurement, and endoscopic variables
in both antacid and cimetidine treated children. A
correlation between lower oesophageal sphincter
pressure before treatment (normal values 12 mmHg
or more) and final total score could not be shown.
This is in accordance with the finding that a
decreased basal lower oesophageal sphincter press-
ure is not obligatorily associated with gastro-
oesophageal reflux and oesophagitis, implying that
other mechanisms play a role in the pathogenesis of
reflux disease. 25

The results of the present trial indicate that
medical treatment of gastro-oesophageal reflux and
peptic oesophagitis in children is effective in reliev-
ing the symptoms of reflux and in promoting healing
of the oesophagitis. Antacids administered in high
doses, proved to be as effective as cimetidine in
healing peptic oesophagitis. These results differ
from those in adults in whom healing of peptic
oesophagitis was not consistently achieved by
medical treatment. This may be explained by the
natural course of gastro-oesophageal reflux disease
in children.
The natural history of gastro-oesophageal reflux

in infants was well described by Carre in 1959.26
Sixty per cent of these children become asymptoma-
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tic at the age of 18 months even without any
treatment, five per cent will develop an oesophageal
stricture, five per cent will die, and 30% will have
persisting symptoms. Therefore, one may reason-
ably expect a beneficial effect from medical treat-
ment in children. There are good reasons for
accepting that in children over the age of 2 years the
course of the reflux disease is not much different
from that in adults where gastro-oesophageal reflux
seems to be a long lasting problem. Infants with
sporadic regurgitations may be successfully man-
aged by careful handling, frequent, small feeds, and
maintaining an upright position after feeding. Chil-
dren with moderate symptoms of reflux will benefit
from postural manoeuvres and from thickened
fractionated feeds. Medical treatment of gastro-
oesophageal reflux in children is required in the
presence of oesophagitis and systemic symptoms
such as respiratory complications, failure to thrive,
anaemia, and anorexia.

Better understanding of the pathogenesis of
gastro-oesophageal reflux9 25 may result in more
adequate treatment. As basal lower oesophageal
pressure does not seem to be correlated with the
occurrence of oesophagitis and with the final out-
come of treatment, efforts should also be concen-
trated on such measures as increasing gastric pH
and oesophageal and gastric motility. The newly
available antisecretory drugs such as H2 receptor
antagonists do not seem to be more effective than
antacids in treating reflux in children. The latter,
however, in order to be effective, have to be
administered in exceedingly high doses, with pos-
sible side effects.27 New drugs acting on gastro-
oesophageal motility such as bethanechol (a cho-
linergic agent)3 4 and domperidone (a dopamine
antagonist)28 are promising treatments for the
future.

Further controlled treatment trials comparing
different drugs and including a placebo group are
necessary to determine the most effective treatment
for children with gastro-oesophageal reflux.

We thank Drs Corazziari and Corcmans for their critical reviews of
the manuscript.

References

Euler AR, Ament ME. Gastroesophageal reflux in children:
clinical manifestations, diagnosis. pathophysiology and therapy.
Pediatr Ann 1976;5:678-89.

2 Herbst JJ. Gastroesophageal reflux. J Pediatr 1981;98:859-70.
3 Euler AR. Use of bethanechol for the treatment of gas-
troesophageal reflux. J Pediatr 1980;96:321-4.

4Strickland AD, Chang JHIT. Results of treatment of gas-
troesophageal reflux with bethanechol. J Pediatr 1983;103:
311-5.

5Moroz SP, Espinoza J, Cumming WA, Diamant NE. Lower
esophageal sphincter function in children with and without
gastroesophageal reflux. Gastroenterology 1976;71:236-41.

6Euler AR, Ament ME. Detection of gastroesophageal reflux in
the pediatric age by esophageal intraluminal pH probe measure-
ment (Tuttle test). Pediatrics 1977;60:65-8.

7Christie DL. The acid reflux test for gastroesophageal reflux.
J Pediatr 1979;94:78-81.
Forget PP, Meradij M. Contribution of fiberoptic endoscopy to
diagnosis and management of children with gastroesophageal
reflux. Arch Dis Child 1976;51:60-6.

9Kestenbaum D, Behar J. Pathogenesis, diagnosis and manage-
ment of reflux esophagitis. Annu Rev Med 1981;32:443-56.
Higgs RH, Smyth RD, Castell DO. Gastric alkalinization.
Effects on lower esophageal sphincter pressure and serum
gastrin. N Engl J Med 1974;291:486-90.
Behar J, Sheahan DG, Biancani P, Spiro HM, Store EH.
Medical and surgical management of reflux esophagitis. N EnglJ
Med 1975;293:263-8.

12 Thanik KD, Chey WY, Shah AN, Gutierrez JG. Reflux
esophagitis: effect of oral bethanechol on symptoms and
endoscopic findings. Ann Intern Med 1980;93:805-8.

'3 Saco LS, Orlando RC, Levinson SL, Bozymski EM, Jones JD,
Frakes JT. Double-blind controlled trial of bethanechol and
antacid versus placebo and antacid in the treatment of erosive
esophagitis. Gastroenterology 1982;82:1369-73.

4 Graham DY, Patterson DJ. Double-blind comparison of liquid
antacid and placebo in the treatment of symptomatic reflux
esophagitis. Dig Dis Sci 1983;28:559-63.

5 Behar J, Brand DL, Brown FC, et al. Cimetidine in the
treatment of symptomatic gastroesophageal reflux. Gastroenter-
ology 1978;74:441-8.

'6 Wesdorp E, Bartelsman J, Pope K. Oral cimetidine in reflux
esophagitis: a double-blind controlled trial. Gastroenterology
1978;74:821-3.

7 Fiasse R, Hanin C, Lepot A, Descamps C, Lamy F, Dive C.
Controlled trial of cimetidine in reflux esophagitis. Dig Dis Sci
1983;27:750-5.

18 Sonnenberg A, Lepsien G, Muller-Lissner SA, Koelz HR,
Siewert JR, Blum A. When is esophagitis healed? Dig Dis Sci
1983;27:297-302.

'9 Powell-Jackson P, Barkley H, Northfield TC. Effect of cimeti-
dine in symptomatic gastroesophageal reflux. Lancet
1978;ii:1068-9.

21' Ferguson R, Dronfield MW, Atkinson M. Cimetidine in
treatment of reflux oesophagitis with peptic stricture. Br Med J
1979;ii:472-4.

21 Goyal RK, Castell DO, Christensen J, Cohen S, Pope CE.
Round table discussion on gastroesophageal reflux disease.
Gastroenterology 1978;74:449-52.

22 Sladen GE, Riddell RH, Willoughby JMT. Oesophagoscopy,
biopsy and acid perfusion test in diagnosis of 'reflux oeso-
phagitis'. Br Med J 1975;i:71-6.

23 Kobayashi S, Kasugai T. Endoscopic and biopsy criteria for the
diagnosis of esophagitis with a fiberoptic esophagoscope. Dig
Dis Sci 1974;19:345-52.

24 Johnson DG, Jolley SG, Herbst JJ, Cordell LJ. Surgical
selection of infants with gastroesophageal reflux. J Pediatr Surg
1981;16:587-94.

25 Cohen S, Snape WJ. The pathophysiology and treatment of
gastroesophageal reflux disease. A rch Intern Med
1978;138:1398-40)1.



Antacids and cimetidine treatment for gastro-oesophageal reflux and peptic oesophagitis 847

26 Carre IJ. The natural history of the partial thoracic stomach
('hiatal hernia') in children. Arch Dis Child 1959;34:344-53.

27 Spencer H, Lender M. Adverse effects of aluminum-containing
antacids on mineral metabolism. Gastroenterology 1973;76:
603-6.

28 Schuurkes JAJ, Van Nucten JM. Experimental study on
possible roles of dopamine on gastroduodenal motility: In:

Chey WY, ed. Functional disorders of the digestive tract. New
York: Raven Press, 1983:183-94.

Correspondence to Dr S Cucchiara, Clinica Pediatrica, 2^ Facolta
di Medicina, Via S Pansini 5, 80131 Napoli, Italia.

Received 14 May 1984

British Paediatric Association

Annual meetings

1985 16-20 April York University
1986 15-19 April York University
1987 7-11 April York University


