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Clinical efficacy of proton pump
inhibitor therapy in neurologically
impaired children with gastroesophageal
reflux: prospective study

Objective. To study the effects of proton pump inhibitors in reducing
vomiting, gastrointestinal bleeding, and chest infections in institutionalised
neurologically impaired children with gastroesophageal reflux.
Design. Prospective study.
Setting. A regional hospital, Hong Kong.
Patients. Neurologically impaired children with refractory gastroesopha-
geal reflux.
Main outcome measures. Episodes of vomiting, gastrointestinal bleeding,
and pneumonia in the baseline and proton pump inhibitor treatment periods.
Results. Nine children received proton pump inhibitor therapy for a median
duration of 81 days. Mean reflux index was 9.3% (standard deviation,
5%). Dosage of omeprazole used was 1.0-2.3 mg/kg/d. Vomiting was
reduced significantly with proton pump inhibitor treatment (median
vomiting index [baseline]=0.4, median vomiting index [proton pump
inhibitors]=0.2; P<0.05). No significant decrease in gastrointestinal
bleeding or chest infection was observed.
Conclusion. Proton pump inhibitors significantly reduced vomiting
episodes in neurologically impaired children with gastroesophageal reflux.
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Introduction

Gastroesophageal reflux (GOR) refers to a condition arising from patho-
logical acid reflux. It is highly prevalent in neurologically impaired
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children.1,2 Patients present with various symptoms:
vomiting, regurgitation, rumination, recurrent chest
infection, apnoea, gastrointestinal bleeding (GIB), and
failure to thrive.3 Recurrent vomiting not only results
in nutritional loss but also increases the risk of
aspiration pneumonia. Previous studies have shown
that children with neurological impairment respond
poorly to conventional medical therapy, such as milk
thickeners, prokinetic agents, and histamine type 2
receptor blockers.4,5 Vomiting symptoms have been
seen to persist despite these treatments.

Proton pump inhibitors (PPIs) have been shown to
be superior to other antireflux medications in the
treatment of reflux oesophagitis and reflux symptoms.
The efficacy of PPIs in the paediatric population has
been the subject of limited clinical research to date.6

Two studies have shown, however, that 3 to 6 months
of PPI treatment can lead to resolution of reflux
oesophagitis and other reflux symptoms including
vomiting, GIB, and pneumonia.7,8 Although oeso-
phagogastroduodenoscopy (OGD) is a widely available
service, it is still a stressful procedure for severely
brain-damaged children. Moreover, the absence of
oesophagitis does not preclude GOR.9 Bohmer et al10

have proposed that endoscopic evidence of GOR need
not be a prerequisite for use of PPI in neurologically
impaired children with severe GOR symptoms. In this
study, the clinical efficacy of PPI was investigated in a
small group of institutionalised children with severe
neurological impairment. All had previously failed to
respond to conventional antireflux therapy.

Methods

The Developmental Disabilities Unit of the Caritas
Medical Centre in Hong Kong is a residential and
rehabilitation centre for children with severe neurological
impairment. All patients with GOR symptoms receive
24-hour oesophageal pH studies as part of routine
management. Oesophageal pH measurements were
carried out using Medical Measurement Systems, MMS
UPS-2020 (NL, ORION, Medical Measurement Systems
BV, Enschede, Netherlands) with a flexible glass
electrode 7440-M3/6/2.5m/F300,250 stomach probe
(Medical Instruments Corporation, Champagne d’Or,
France). Antireflux medications were ceased at least 48
hours before monitoring. The pH probe was calibrated
and positioned perinasally, with its tip placed at 87% of
the distance from the nares to the gastroesophageal
junction as determined by a length-based normogram.11

Proxy height was used if patients had contractures such
that actual height could not be measured.12 The correct
position of the probe was confirmed by withdrawal

from the stomach after having obtained an acid reading.
Chest X-rays were taken to confirm the probe was within
the thorax. The period of time with an oesophageal pH
below 4.0 was expressed as a percentage of the total
study duration (reflux index, RI). An RI of greater than
5% was considered pathological.

Patients who were refractory to conventional medic-
al therapy or surgical treatment were eligible for the
study. Endoscopic evidence of oesophagitis was not
sought as OGD was considered too stressful for the
patients, either by their parents or their physicians.
Patients were excluded if other causes of recurrent
vomiting were present such as gastrointestinal ob-
struction, metabolic disease, and recurrent urinary tract
infections or otitis media. Patients with frequent in-
fectious diseases who received nil by mouth for more
than 25% of the study period were excluded. The
clinical history, physical findings, and results of investi-
gation for GOR were obtained from patient records.

The patients were followed prospectively for
symptoms of GOR for at least 28 days before com-
mencing treatment with the PPI. The total number of
vomiting episodes per 4-week period was recorded. The
frequency of vomiting in the period before PPI treatment
was defined as the baseline vomiting index (VIbaseline). The
VI was expressed as the number of vomiting episodes
per day, with a denominator of at least 28 days. For
example, if the patient had 24 episodes of vomiting over
28 days, the VI was equal to 0.86 (24/28). Patients were
treated with omeprazole 20 mg daily as a suspension
(Losec mups, AstraZeneca, Mississauga, Canada). The
frequency of vomiting during the treatment period was
also recorded. At the end of the study, the VI for the
treatment period (VIPPI) was determined. The incidence
of GIB and chest infection were also represented as the
GIB index and pneumonia index, respectively. Body
weight was measured monthly during the baseline and
treatment periods.

Statistical analysis

The VI, GIB index, and pneumonia index for the baseline
and treatment periods were compared using the Wicoxon
signed ranks test. The body weight at study entry, at
commencement of treatment, and at the end of the study
were compared using the Friedman test. Intention-to-treat
analysis was used to assess all parameters.

Results

Ten children (six girls and four boys) were recruited
into the study. The aetiology of their neurological



358      HKMJ Vol 7 No 4 December 2001

Cheung et al

impairment was recorded as due to birth asphyxia
(four patients), hypoxic-ischaemic encephalopathy
secondary to pulmonary atresia (one patient), and
idiopathic in the remaining four patients, with one
having arythrogyposis multiplex congenita. All
children received nasogastric tube feeding, in two
cases given via milk drip. One child had already under-
gone fundoplication and gastrostomy. One patient was
withdrawn from the study because of recurrent chest
infections requiring nil by mouth for more than 30%
of the baseline observation period.

The mean age of the children was 6.2 years (standard
deviation [SD], 4.8 years). The mean RI was 9.35%
(SD, 5.0%). The median longest reflux period was 30.1
minutes (SD, 16.8 minutes). The mean number of reflux
periods longer than 5 minutes was 6.2 episodes (SD,
4.8 episodes). The median baseline duration was 62 days
(range, 28-356 days) and the median duration of treat-
ment 81 days (range, 42-157 days) [not significant]. The
PPI dose used ranged from 1.0 to 2.3 mg/kg/d. The VIbaseline

was 0.40 (range, 0.26-0.63), while the VIPPI was 0.20
(range, 0.06-0.26). A significant reduction in VIPPI

compared with VIbaseline was seen (P<0.05, Wilcoxon
signed rank test) [Fig, Table]. The incidence of GIB did
not decrease significantly with treatment (median GIB
indexbaseline=0.014 [range, 0-0.026], median GIB
indexPPI=0 [range, 0-0.05]). The incidence of
pneumonia was also similar before and with treatment
(median pneumonia indexbaseline=0 [range, 0-0.04],

median pneumonia indexPPI=0 [range, 0-0.04]). Mean
body weight did not differ significantly with
treatment—mean body weight at the start of PPI
treatment was 13.4 kg (SD, 4.1 kg) and mean weight
at the end of PPI treatment was 14.2 kg (SD, 4.7 kg).

Two children were not included in the statistical
analysis of the VI. However, remarkable clinical
improvements were observed in these cases within 2
months of PPI treatment. One patient treated with
ranitidine during the baseline period, could only
tolerate feeding by a milk pump at the rate of up to
25 mL/h. She repeatedly developed severe milk
regurgitation during and after feeding when the rate
was increased further. The child also had recurrent
chest infections (six episodes per year) and recurrent
GIB (47 episodes per year). In the PPI treatment
period, the milk drip rate was increased up to 60 mL/h
and she remained free of chest infection and GIB.
Weight gain of 2.6 kg over 3 months was noted
following PPI treatment. The second patient presented
with continuous naso-regurgitation and recurrent chest
infections (36 episodes in 26 months). After receiving
PPI treatment, the child experienced fewer episodes
of naso-regurgitation and chest infection (two episodes
in 5 months). No change in weight was observed in
this patient with treatment.

Discussion

The results of this study provide quantitative evidence
that the use of PPI therapy can significantly reduce
vomiting in neurologically impaired children with
GOR. A remarkable clinical reduction in the incidence
of GIB and pneumonia was observed in two patients,
although a statistically significant benefit for the patient
group as a whole was not seen. The baseline incidence
of GIB and chest infections in the selected sample was
low, however. A considerably larger sample size is
indicated to further investigate the effect of PPI
treatment in reducing the incidence of GIB and chest
infection in this population. Similarly, a research design
incorporating a longer period of treatment is indicated
to determine whether nutritional condition in this
population could improve with PPI treatment.

Table. Vomiting, gastrointestinal bleeding, and pneumonia index during the baseline and proton pump inhibitor
treatment periods

Baseline* Proton pump inhibitors* P value

Duration (days) 62 (28-356) 81 (42-157) Not significant
Vomiting index† 0.4 (0.26-0.63) 0.2 (0.06-0.26) <0.05
Gastrointestinal bleeding index† 0.014 (0-0.026) 0 (0-0.05) Not significant
Pneumonia index† 0 (0-0.04) 0 (0-0.04) Not significant

* The range is expressed in brackets
† Episode of event per day

Fig. Vomiting index during baseline measurement and
proton pump inhibitor treatment
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The treatment response was monitored by counting
the actual episodes of vomiting, GIB, and chest
infection. These monitoring tools were expressed as
the VI, GIB index, and the pneumonia index. The use
of such indexes provides more objective data than the
scoring system of GOR symptoms used in a previous
study,10 and can be used for the longitudinal monitoring
of GOR. Although 24-hour oesophageal pH monitoring
and OGD are well-accepted tools for monitoring the
effect of treatment, these can only provide cross-
sectional results.

Both methods are expensive and laborious. In
addition, many children with severe neurological
impairment have poor respiratory effort due to spinal
deformity and recurrent chest infections. Many
consequently cannot tolerate general anaesthesia and
even mild sedation may not be not well tolerated,
making a thorough endoscopic examination difficult.
In the treatment of children with severe neurological
impairment, the main concern is whether the treatment
can lead to symptom improvement. The VI is therefore
recommended by the authors as an adjunct in quantita-
tive monitoring of the severity of GOR and the response
to antireflux treatment in this population.

Poorly controlled GOR renders neurologically
impaired children at higher risk of aspiration
pneumonia, frequently requiring the use of potent
antibiotics, oxygen therapy, and in some cases
mechanical ventilation. Comparing the cost of
antibiotic and PPI therapies, a year’s treatment with
omepazole 20 mg/d is less expensive than 4 weeks of
treatment with a third generation cephalosporin.
Fundoplication has been recommended in this group
of patients as the preferred surgical treatment for
GOR disease. In neurologically impaired children,
the operative failure rate is 25% to 28% and the
complication rate is 59%.2 Due to the failure of
conventional antireflux medications and the high risk
of undesirable complications with antireflux surgery
in this patient group, the use of PPI treatment appears
to be an appropriate and cost-effective means of manag-
ing GOR disease in neurologically impaired children.

Evidence is accumulating that long-term therapy
with PPIs is safe.13 In neurologically impaired children
with refractory GOR disease, recurrent vomiting, GIB,
and chest infection, are more serious and potentially
life-threatening events than those potentially arising
from PPI treatment. Further studies of long-term PPI
treatment are needed, however, to assess the value of
maintenance treatment, as an alternative to surgery, in
children with severe GOR disease.

Conclusions

The results in this study indicate that short-term use of
PPI treatment can decrease vomiting in brain-damaged
children with GOR refractory to conventional medical
therapy. The long-term efficacy of PPIs in preventing
GIB and pneumonia in this population requires
investigation through further prospective studies.
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