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Abstract 

Background: Gastro-oesophageal reflux in babies, young children and teenagers is a frequent cause 

of symptoms, parental concern and paediatric referrals. Sequelae can include failure to thrive, 

haematemesis, and recurrent aspiration. Current conservative management includes reassurance, 

feeding assessment and parental education, whilst more interventionist options include medications 

and surgery. Prior to 2008, clinical practice was often individualised, with a paucity of evidence for 

treatments in infants and children (or treatment decisions were extrapolated from evidence in 

adults), and no robust synthesis of the evidence was available to provide evidence-based guidance 

so clinicians could understand best how to treat their patients. 

 

Aims and Objectives: This PhD research aimed to identify the current issues in infants and children 

with either gastro-oesophageal reflux (GOR) or gastro-oesophageal reflux disease (GORD) and 

investigate the evidence-base for current management strategies. I highlight the current gaps, and 

aim to improve current management of GORD, including expanding the evidence-base.  

To understand the current evidence-base, I initially undertook a systematic review of all original 

trials of pharmacological treatments for GOR/GORD (Article I). I evaluated the role of pH studies as a 

key objective outcome for infants and children with GORD (Article II). This technique has now 

evolved to include impedance, and based on this evidence, I set up a pH/impedance monitoring 

service in Poole for paediatric patients. I then appraised the evidence-base using Cochrane 

methodology given the improved robustness of evidence given by well-designed randomised 

controlled trials (Article III).  As part of this research series, I was then invited to be one of the two 

general paediatric expert advisors in developing National Institute of Health and Care Excellence 

(NICE) guidelines (NG1) and supportive information including patient information, an audit tool and 

costing template, including developing the ten important clinical questions, leading this through 

stakeholder feedback, robustly interpreting the evidence base to make national guidance and 

research recommendations (Article IV). I pilot-tested the audit tool locally to ensure that the 

paediatric department at Poole hospital appropriately recognises ‘Red Flag’ symptoms for gastro-

oesophageal reflux (Article V) and helped develop NICE Quality Standards: a series of evidence-

based statements against which clinicians caring for children with reflux could audit their practice. I 

then led the updating of the Cochrane evidence-base between 2016-2022 using new methodology, 

having independently extracted the data (Article VI). 

The NICE reflux guidance (NG1) research recommendations and Articles III and VI recommendations 

included better assessments and treatment for GORD in children with neurodisability, such as 

cerebral palsy. I then undertook a service evaluation of children with neurodisability to understand 
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how many of them had received treatment for GORD (Article VII), and learned there was a lack of an 

appropriate symptom tool to evaluate symptoms of GORD in children with neurodisability, given 

their affected gastrointestinal motility, alternative feeding strategies (e.g. tube feeding), multiple 

interacting medications, and issues with communication. I have developed a symptom tool based on 

modification of the PGSQ (Paediatric Gastro-oesophageal Reflux Symptom Questionnaire) and have 

tested this in the patient population (Article VIII).    

 

Methods: This mixed-methods thesis incorporates secondary data in the form of literature reviews 

through Oxford Centre for Evidence-Based Research (CEBM), then the Cochrane reviews following 

standard methodologies (including Grading of Recommendations, Assessment, Development and 

Evaluation (GRADE) approach and primary data collection. 

 

Summary of Results: The studies in this thesis added to the body of knowledge through 

providing unique evidence for the following:  

• There is now a detailed evaluation of the existing literature using Cochrane and NICE 

methodology to help clinicians best decide how to treat children with GORD.  

• The appropriate utility of investigations such as pH/impedance monitoring (effective in 

linking symptoms with episodes of GOR), endoscopy and barium swallows (do not use to 

assess GORD) is characterised. 

• H2 antagonists and proton pump inhibitors are effective treatments for reflux oesophagitis 

in children (in terms of symptom relief, improvements of pH/impedance metrics, and 

oesophageal healing on endoscopy. 

• There is evidence of an absence of effect for Domperidone, which has associated risks in 

adults in terms of QT prolongation, and the prescribing of domperidone has been restricted 

to specialist use only.  

• The NICE audit tool is effective at assessing services’ ability to identify children with other 

causes for symptoms of GORD.  

• Children with neurodisability and GORD have a tailored symptom tool for evaluation of their 

reflux symptoms 

 

Conclusion: The evidence-base contained in this thesis provides a robust foundation for caring for 

infants and children with GORD and identifies the issues with the current evidence-base for 

assessing and treating children with neurodisability; who often have more severe GORD, combined 

with an inability to adequately communicate the degree of discomfort, and are more at risk of 
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severe complications (vomiting blood/oesophagitis/aspiration pneumonia). This thesis makes further 

suggestions for future studies, having developed a symptom severity assessment tool in children 

with neurodisability.   
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Chapter 1: Introduction 

Gastro-oesophageal reflux can significantly affect a high proportion of infants and young 

children, causing pain or discomfort, affecting sleep, and is a common problem presenting to 

clinicians by families seeking symptom relief. Older children with symptoms, and children with other 

underlying conditions, can continue to have problems persisting through adulthood and are at risk of 

long-term morbidity and poorer quality of life. 

To ensure clarity of the phenomena under study, two clinical definitions are central to this 

thesis: 

• Gastro-oesophageal reflux (GOR) is a common phenomenon, characterised by the 

effortless regurgitation of gastric contents into the oesophagus (Tighe 2010), and is 

diagnosed if it occurs frequently or persistently without an underlying cause.  

• Gastro-oesophageal reflux disease (GORD) is the term applied when gastro-

oesophageal reflux is associated with sequelae or faltering growth (Faubion 1998). Following 

NICE guidelines and NASPGHAN 2018, significant distress was added as one of the key 

discriminating features.     

The main aims of treatment are to alleviate symptoms, promote normal growth and prevent 

complications. Conservative treatment options include improving parental understanding, 

positioning of infants upright after feeds, managing feeding technique and using a prethickened 

formula. 

Medical treatments include:  

1) Altering the viscosity of the feeds with alginates (not suitable for prethickened 

formulae). 

2) Altering the gastric pH with antacids, H2-receptor antagonists 

(ranitidine/famotidine) and Proton Pump Inhibitors (PPIs: omeprazole/lansoprazole). 

3) Altering the motility of the gut with prokinetics, such as erythromycin and 

domperidone (and metoclopramide). 

Surgical treatments include fundoplication and options are further discussed below.  

 

Introduction to the patient group: 

When considering the patient group, it is important to consider infants and young children 

under 18 months of age, and then older children as separate groups. Physiological or functional GOR 

in infants is very common, either in a primary-care or secondary-care setting. Up to 50% of infants 

less than three months old regurgitate at least one feed daily (Nelson 1997). It tends to improve with 

age. Most reflux occurs in otherwise healthy, well-grown infants. Nevertheless, it carries a significant 
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symptom burden and can cause considerable anxiety. Martin (2002) found that less than five 

percent of children with vomiting or regurgitation in infancy continued to have symptoms after the 

age of two years, as originally noted by Carre (1959). This is due to a combination of factors including 

growth in length of the oesophagus, a more upright posture, increased tone of the lower 

oesophageal sphincter, and a more solid diet. Shepherd et al (1987) assessed 126 children with 

GORD diagnosed in infancy in a paediatric gastroenterology clinic and showed that 55% were 

symptom-free by 10 months and 81% by 18 months of age.  

For children older than 18 months of age, remaining symptomatic into adulthood is more 

likely, and the presentation can be a spectrum of symptoms similar to adults, with symptoms such as 

recurrent epigastric pain and heartburn being expressed. These older children may be more likely to 

respond to some medications.  

Overall, the frequency of families seeking help for reflux-related symptoms is increasing, due 

to the distress of the baby and impact on family functioning. USA-based administrative claims 

database estimated an incidence of diagnosis of GORD of 12.3% in infants in 2005 (rising sharply 

from 3.4% in 2000), and about 1% in older children and adolescents (Nelson 2009). In 2008, a study 

of French children attending primary care practitioners (GPs) and paediatricians estimated a GORD 

prevalence of 12.6% for infants, 4.1% for children aged 2–11 years, and 7.6% for adolescents aged 

12–17 years (Martigne 2012). Part of the focus of this work is to differentiate between most infants 

(in whom treatment may be less effective but normally progress to symptom resolution), from older 

children in whom GORD is likely to persist for many years, but treatment is likely to be more 

effective. 

Why is this work important? 

Prior to undertaking this work, many children often had empirical treatment as there was a 

shortage of evidence, and assessing symptoms is practically difficult. Some of these medications had 

significant side-effects, and the withdrawal of cisapride due to cardiac arrhythmias brought the 

treatment of GOR in children into sharp focus for clinicians. GOR still presents a significant burden in 

NHS primary and secondary care. On an individual patient level: gastro-oesophageal reflux disease 

(GORD) often presents with vomiting, associated with irritability, excessive crying, disturbed sleep, 

or respiratory problems. The assessment of severity of GOR based on reported symptoms can be 

difficult. Episodes of regurgitation are often used by parents as a marker of severity, as is length of 

crying.  

However, how much regurgitation is normal? In one questionnaire-based study of healthy 

infants seen at routine office visits, daily regurgitation was seen in 67% of four-month-old infants, 

reducing to 21% at seven months and 5% at 10–12 months of age (Nelson 1997). Even in infants with 
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more than four episodes of regurgitation a day (considered to be the most affected subgroup), the 

pattern of resolution was similar with and without treatment. For an older child, similar to adults, 

transient episodes of GOR are common, but the oesophagus should be exposed to acid (pH<4) less 

than 4% in 24hr. 

Also, how much crying is normal in infants? Studies of healthy infants assessing average daily 

duration showed a peak in the second month of life at 2–2.5 h/day, decreasing thereafter to a mean 

of one hour/day in infants at 4–12 months of age (St James-Roberts 1991, Tremblay 2006). However, 

29% of infants less than three months of age appeared to form a subgroup that cried for over 3 h per 

day. Nevertheless, when this cohort was 3–12 months old, less than 10% of infants cried for more 

than three hours per day (St James-Roberts 1991). Night-time waking may however be more marked 

in infants with GOR: in one study 3–12-month-old infants with acid reflux confirmed on 24 hr 

oesophageal pH study, were compared to a ‘normal’ infant population and 50% (vs 13%; p<0.0001) 

were found to wake more than three times a night (Ghaem 1993). Contextualising the normal range 

of crying with other symptoms (night-time waking or regurgitation) is useful for clinicians quantifying 

for families the likelihood of clinical improvement with any treatment for GOR or GORD. 

A diagnosis of GOR following evaluation is usually based on the infant’s symptom profile and 

its impact, with further investigation reserved for infants with symptoms in whom the diagnosis is 

not clear or for children with suspected GORD in whom investigations may impact on treatment. It is 

however important to be aware of the wide differential diagnosis of regurgitation/vomiting in 

infancy, and prior to undertaking work in this area, many infants may have had other causes for 

vomiting misdiagnosed as reflux or had treatment ‘for presumed GOR’ to try to mitigate normal 

crying. 

The diagnosis of GOR should be distinguished from GOR disease (GORD) which has recently 

been defined by international consensus as ‘GOR associated with troublesome symptoms or 

complications’, although this definition is complicated by unreliable and inconsistent reporting of 

‘troublesome’ symptoms in infants, and hence the distinction between the diagnosis of GOR and 

GOR disease can be quite difficult (Sherman 2009).  

Gastrointestinal complications of GORD include oesophagitis, haematemesis, oesophageal 

stricture formation, and Barrett’s oesophagitis. Severe oesophagitis at presentation has been 

identified as a risk factor for persistent GORD (Hyams 1998) and oesophageal strictures from GORD 

in childhood have been reported (Salvatore 2006). Long-term GORD can predispose to metaplastic 

changes in the oesophagus and then oesophageal cancer. Extra-intestinal manifestations of GORD 

include chronic otitis media, sinusitis, anaemia, apnoea and chronic respiratory disease (NICE 2015, 

NASPGHAN-ESPGHAN 2018).  
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The presence of complications is more helpful in making the distinction between GOR and 

GORD and includes faltering growth, food refusal, and oesophagitis with pain and haematemesis. 

GORD is much more common in infants and children with coexisting problems, such as asthma, 

cerebral palsy, epilepsy and congenital heart disease, and may be part of a complex interaction of 

pathologies as a primary or secondary phenomenon. Prior to undertaking this work, there was no 

research in high-risk subgroups such as children with neurodisability, which can be a significant 

burden in OPD clinic or inpatient settings, and a significant contributor to the volume of children 

referred for fundoplication (a surgical operation to reduce oesophageal exposure to acid by 

augmenting the lower oesophageal sphincter).   

Patients with additional risk factors for severe GORD include neurological impairment (e.g. 

cerebral palsy), repaired oesophageal atresia (OA) or congenital diaphragmatic hernia and chronic 

respiratory disease. In many of these children, the GORD is a manifestation of an underlying whole 

gut motility disorder. Children with severe GORD and impaired swallow can aspirate, causing 

pneumonia and early mortality. 

Introduction to setting, and management options: 

Most paediatric patients are managed as outpatients in primary, secondary and tertiary 

care. Children may occasionally have a day-case investigative procedure such as pH/impedance 

monitoring or upper gastrointestinal endoscopy or are admitted to hospital with sequelae of GORD, 

such as failure to gain weight in infants, haematemesis or food bolus obstruction in otherwise well 

children, or pneumonias secondary to aspiration in children with cerebral palsy.   

The practical management of diagnosed GOR is an important issue for paediatricians, 

primary care physicians and allied healthcare professionals. There is little evidence to support the 

pharmacological management of diagnosed GOR as a first-line strategy. The principle of ‘primum 

non nocere’ (first, do no harm) should apply in the management of parental expectations regarding 

the natural history of diagnosed GOR, and conservative measures should be tried before H2 

antagonists, proton pump inhibitors or prokinetic agents are introduced. 

Positioning of infants has been evaluated both in terms of angle of inclination and body 

position (prone/supine/on side). Prone positioning, particularly at 30°, has previously been shown to 

improve regurgitation and acid reflux (Meyers 1982, Vandenplas 1985). However, prone positioning 

is currently not recommended due to the increased risk of sudden infant death syndrome (SIDS) 

compared to the supine position (Mitchell 1997). Similarly, the side sleeping position (right or left 

lateral) has also been found to have an increased risk of SIDS compared to the supine. Supine 

positioning has previously been attempted at 10°, and at 30° by Meyers 1982 and Bagucka 1999, 

with no symptomatic improvement.  
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A Cochrane review (Craig 2004) of simple strategies for the management of GOR assessed 20 

trials (n=771 children with GOR). Five assessed positioning, and eight assessed thickened feeds. All 

children within the selected studies were developmentally normal. Of the five positioning studies, all 

utilised oesophageal pH monitoring as their outcome measure. The authors noted that comparisons 

were limited, and summary conclusions were often based on two or three studies. Two studies 

assessed children in seats at 60°, one study compared the prone horizontal position to prone at 30° 

elevation, one study utilised the 10° elevation and one study utilised different positions (prone, 

supine, right and left lateral) over 48 h, when positioned at 30° elevation and horizontally. No clear 

pattern emerged from these trials to inform advice on positioning, with the Cochrane review 

concluding that elevating the head of the bed for treating reflux in the supine position was not 

justifiable based on oesophageal pH data. However, Cochrane criteria exclude non-RCT based trials 

and did not assess the impact of positioning on symptoms. 

The Cochrane review also assessed the effect of thickened feeds and demonstrated a 

reduction in regurgitation severity score (standardised mean difference (SMD) −0.94; 95% CI −1.35 

to −0.52) and regurgitation frequency (SMD −0.91; 95% CI −1.22 to −0.61). However, on oesophageal 

pH study the reflux index was not reduced (weighted mean difference (WMD) 0.48%; 95% CI −3.27 

to 4.23). 

Other clinically effective simple strategies for diagnosed GOR include reducing feed volumes 

if greater than 150 ml/kg/day, and a two-week trial of a hydrolysed formula if there is a family 

history or features suggestive of cow's milk protein allergy (Nielsen 2004). Orenstein and McGowan 

(2008) demonstrated a 78% improvement in the I-GER-Q score of 50 infants with GOR when a nurse 

provided information on feeding modifications, positioning and tobacco smoke avoidance 

(p<0.0001) over a two-week period. Of these 50 infants, 59% improved their I-GER-Q score by five 

points and 24% to within the normal range. Parents were advised to position their infants prone, 

except in situations where current health promotion advice applies, such as when using a car seat 

for travelling or placing the infant to sleep. Feeding modifications included feeding at 120 ml/kg/day, 

a trial of a thickened hydrolysed formula in formula-fed infants, and for breast-feeding infants, a trial 

of a diet free of cow's milk and soya was advised for their mothers. 

In summary, diagnosed GOR is common. Practical management includes positioning, 

avoidance of overfeeding, and consideration of thickening feeds. A period of cow's milk exclusion 

can be considered if the symptom burden is high. These strategies should be evaluated before 

investigation or empirical pharmacological therapies are considered. The benign prognosis needs to 

be emphasised.  
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In terms of medical management of infants and children with GORD (Tighe 2010): the 

evidence for treatments can be considered according to age, with infants much more likely to grow 

out of their diagnosed GOR, and so treating symptoms whilst allowing for physiological 

improvement in gut motility and improving parental/carer understanding is key. In children older 

than 1 year, where reflux-related symptoms are more likely to improve with treatment, but 

untreated symptoms are more likely to give long-term sequelae, there is a greater quality evidence 

of efficacy of treatment. According to the proposed mechanism of action, reducing regurgitation 

through thickening feeds e.g. with alginates can reduce the degree of regurgitation but may not 

improve pain/distress. Proton pump inhibitors and H2 antagonists can reduce oesophageal acid and 

improve oesophageal healing, so aiming to reduce distress, but may not alter the degree of 

regurgitation. Prokinetics aim to empty the stomach quicker: reducing reflux as more of the stomach 

contents enter the small bowel. No cost-effectiveness analyses have been undertaken regarding the 

relative costs of treatment in children, and this work below outlines in detail the relative efficacy 

based on the available evidence based on Oxford CEBM and Cochrane methodology, embedded 

within NICE guidance. Overall, the detailed evaluation of the literature revealed a low certainty of 

evidence, with some evidence for PPIs especially in children over one year of age. There was no 

evidence of efficacy for prokinetics, and no evidence available for children with neurodisability. 

For children needing fundoplication, NICE identified no cost-effectiveness data in children, 

but in adults, the average discounted lifetime cost per patient of surgery was £5026, made up of the 

initial cost of the cost of surgery (£2132), repair of surgery (£746), return to medical management 

(£1360) and other health care (£788), and provides an incremental cost effectiveness ratio of £2648 

(€3110; US$4385) per quality adjusted life year (which is likely to be lower in children due to their 

increased life-span.     



16 

 

Introduction to author: As a paediatric consultant with a special interest in paediatric 

gastroenterology, I have over 20 years’ experience of caring for children with GORD as well as having 

undertaken detailed work in this area to improve understanding and treatment, both through 

developing guidelines and expanding the literature base. Currently GORD is a very common 

condition causing distress to babies, children and families affecting 50% of all babies and 1% of 

children. I’ve experienced the practical implications of paediatric care with a lack of knowledge and 

individual care with rapidly escalating empirical treatments and referral of refractory children for 

consideration of fundoplication. Since the publication of the Cochrane reviews and NICE guidance 

the number of prescriptions for domperidone and erythromycin has fallen significantly, except in the 

neurodisability population (Wood 2016), the number of barium swallows requested for reflux has 

reduced (Hart 2007,2010), as well as the number of reflux-related admissions.  

Children with neurodisability remain a vulnerable subset and I care for children with 

neurodisability, such as cerebral palsy and Rett syndrome, who have had multiple admissions with 

life-threatening reflux-related complications such as haematemesis and aspiration pneumonia as 

well as daily pain and distress affecting both their and their families’ quality of life. If we are to 

design better treatment protocols for these children, robust outcome measures are needed that 

reflect the range of difficulties in children with neurodisabilities, and demonstrate improved 

accuracy of assessment. I’m proud of this body of work, undertaken over 15 years, which 

demonstrates a field of endeavour to improve the life of children with reflux across a range of 

metrics through robust literature appraisal, wide dissemination through NICE and Cochrane, 

establishment of an audit gold standard, and further focus to address a particular highly-vulnerable 

group under-represented by research. This body of work is arranged in order of dates of publication, 

showing the development of the knowledge-base in addressing different dimensions of this difficult 

clinical presentation. Where citations or downloads are mentioned, they are correct as of 15th 

September 2023. 
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Figure 1.1 Cohesion of articles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2: Timeline of publications: 

Study 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 

I                 

II                 

III                 

IV                 

V                 

VI                 

VII                 

VIII                 

 

 

 

Article I: Systematic review: To evaluate the 

current paediatric literature using CEBM 

methodolology for medical treatment of 

children with GORD. 

Article VI: Cochrane 

review (2023): Update 

all paediatric RCTs with 

GRADE criteria using 

GRADEPro and assess 

quality of evidence. 

Research recommendation: 

Children with neurodisability 

Article VII: Audit: assess 

current prescribing 

practices for children with 

neurodisability and GORD 

Article VIII: GRANDCHILD: To develop an 

outcome measure to assess severity of GORD 

in children with neurodisability 

2008-9 

Article III: Cochrane review (1): To 

assess all paediatric RCTs of children 

with GORD according to Cochrane 

methodology and perform meta-

analysis where possible. 

2009-2013 

Article IV: NICE 

guidance (NG1), 

audit tool and 

QS113 in infants & 

children with 

GORD. 

2010-16 

Article V: Audit: Assess 

NICE NG1 (and QS113) 

audit tool through ‘red flag’ 

audit.  

2013-14 

2019-23 

2013-14 

2017-23 

Article II: Understand the 

gold standard method of 

objectively assessing GORD 

2009-11 
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Figure 1.3: Schematic summary of thesis: 
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Lack of evidence and clinical confusion 

regarding management of GORD in infants 

and children 

Article I, III, IV and VI: 

What’s the best 

available evidence and 

how can this be 

synthesized into clinical 

guidance? 

Over-diagnosis, 

and over-

investigation of 

GOR/GORD and 

overuse of 

medications 

Withdrawal 

of cisapride. 
Inability of clinicians 

to interpret individual 

studies, noting small 

numbers and 

pharmaceutical 

company  influence.  

Article II and V: Are 

the clinical support 

tools (pH-impedance 

monitoring, NICE 

audit tool) fit for 

purpose? 

Article VII and 

VIII: Understand 

prescribing and 

develop a suitable 

symptom score 

for children with 

neurodisability. 

Detailed analyses of the existing literature 

improving the clinical care of infants and 

children with GOR/GORD. 

Establishment of key 

knowledge needed for 

future studies of the 

effectiveness of 

medical treatments for 

children with GORD 

and neurodisability. 
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Chapter 2: Methodology and Methods: 

Philosophy of thesis: In this thesis, I take a positivist conceptual framework and use a deductive 

approach using a mixed-methods methodology to identify and analyse the mainly quantitative data, 

with some qualitative data. The positivist framework is based on observable clinical phenomena 

(symptoms and investigation results) allowing the generation of objective quantitative data, and 

parental/clinician opinions form the basis of the qualitative data. The data arises from secondary 

analysis of clinical trials (Articles I, II, III, IV) and primary data collection (V, VI, VII, and VIII), with 

Articles I-VIII providing quantitative data and Articles VII and VIII providing additional qualitative 

data. Central to this corpus of knowledge is evaluating the quality of evidence of studies assessing 

children with functional GOR and GORD, which underpins the recommendations for care. This 

allowed identification of the areas of agreement, and areas of further work needed. Whilst this 

thesis is primarily based on a medical model of care, there are aspects of the thesis that draws on a 

psychosocial focus of individual behaviours and perceptions (such as the understanding of the 

normal range of crying infants and parental/carer views) underpinned by data analysis. Figure 1.2 

outlines the timelines of the included papers; while Articles I and II are more than 10years from 

publication, they are included, as Article I contains a breadth of articles not included in Articles III 

and VI, including cohort and case-control studies that would be excluded by Cochrane and NICE 

methods, and so adds an additional dimension to the evidence considered elsewhere, and Article II 

reviews in detail this key investigation of acid reflux, highlighting the strengths and drawbacks and 

allowing clinicians and parents to better understand how this quantifiable outcome links to 

symptoms and symptom scores.   

Article I outlines the Levels of Evidence adopted by the Oxford Centre for Evidence-based Medicine. 

This review critically appraised the paediatric evidence base for the medical treatment of GOR 

Grades of recommendation are included based on the level of evidence (Figure 1). 

   

Figure 2.1: Levels of Evidence                    Grades of Recommendation 

Level Therapy  Grade  

1a 
Systematic Review (SR) (homogeneity of 

RCTs) 

 A consistent level 1 studies  

1b 
Individual RCT (with narrow Confidence 

Interval) 

 B consistent level 2 or 3 studies or extrapolations 

from level 1 studies 

2a SR (with homogeneity) of cohort studies 
 C level 4 studies or extrapolations from level 2 or 3 

studies  

2b Individual cohort study (+ low quality RCT; 
 D level 5 evidence or troublingly inconsistent or 
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I designed the search strategy in Article I and agreed it in advance with the other authors, and 

searched PubMed, Adis, Medline, Embase and then handsearched reviews from the past 5 years for 

the key words “gastro-oesophageal (or gastroesophageal), reflux, oesophagitis, and child$ (or infant) 

and drug$ or therapy” for articles up to 2009. I included articles in English with an abstract. Reviews 

were excluded but hand searched. Abstracts only were excluded. All authors then reviewed the 

output (74 papers) collectively face to face and excluded full papers if the treatment group was adult 

(>16 years old), if the treatment was either conservative (e.g. dietary) or surgical, or gastro-

oesophageal reflux was not the main focus of the article. Studies on cisapride were excluded as 

cisapride has now been withdrawn due to a MHRA alert related to arrhythmias. The remaining 

papers were graded according to the CEBM criteria above. Any disagreement was resolved with 

discussion with the other pair. The overall impression was how small the evidence-base was, and the 

risk of significant bias, which was captured within the systematic review. Whilst the risk of bias was 

articulated, only some articles could be downgraded if serious bias was identified using the CEBM 

methodology. Figure Two shows the PRISMA diagram outcome of the search, excluded papers by 

reason for exclusion and number of papers selected for review. 

The studies were assessed for all reported outcomes that are meaningful to clinicians making 

decisions about treating gastro-oesophageal reflux. This included impact of clinical symptoms, pH 

study profile and oesophageal appearance at endoscopy. The available evidence for each treatment 

was appraised, and treatment-specific clinical bottom-lines generated, with relevant readable 

conclusions for the clinician. I identified the key role of pH-impedance monitoring in providing 

objective evidence of acid reflux, and the absence of a synthesized guide for clinicians for infants and 

children and sought to address this in Article II. I also noted the importance of RCTs in decision-

making, and considered a Cochrane review would help to focus the evidence-base using RCTs in 

article III. 

e.g., <80% follow-up) inconclusive studies of any level 

3a SR (with homogeneity) of case-control studies  

 

 

 

 

 

 

    (Phillips 2001)i 

3b Individual Case-Control Study 

4 
Case-series (and poor quality cohort and 

case-control studies) 

5 

Expert opinion without explicit critical 

appraisal, or based on physiology, bench 

research or "first principles" 
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For Article II: How to use a pH-probe: I undertook a literature review using Embase and Medline 

searching for the terms “gastro-oesophageal (or gastroesophageal), reflux, oesophagitis, and (child$ 

or infant) and investigation$ or pH or pH/impedance” up to 2010. I also developed, and agreed with 

the other co-authors, key clinical questions to address and key clinical bottom-lines for each section 

so the reading clinician was able to take the distilled evidence to make informed judgements.  

For Article III: All randomised controlled trials (RCTs) were considered and evaluated, and the search 

strategy was undertaken by Cochrane Gut and is published within the article (please refer to the 

article due to length) as well as the PRISMA diagram. The methods section within the article is 

detailed and extensive and I’ve used this section to highlight the changes as the article was 

developed. The initial review protocol was submitted in 2008 and based on peer review, which was 

supportive, Cochrane advised the group to not assess thickeners or cisapride (alginates were 

included as available on prescription and some have antacid properties), but to include open label / 

randomized trials that included objective assessments of pre- and post-intervention criteria. All 

children (birth to 16 years) were included. I analysed data on all children younger than 16 years of 

age with 'GOR associated with troublesome symptoms or complications.' Subgroup analysis was 

undertaken in two groups: infants younger than 12 months of age, and children between 12 months 

and 16 years of age. Studies assessing pharmacological treatments for children with GORD with co-

existent conditions such as tracheo-oesophageal fistula (TEF) or asthma that predispose to GORD 

were excluded to avoid heterogeneity between participants. 

Types of interventions: All currently available medical treatments for gastro-oesophageal reflux in 

children were included in this review, with all randomised controlled trials considered— including 

those that compare the medication in question versus placebo or versus other medications. 

Metoclopramide and thickened feeds had already been assessed in 2007, as discussed above (Craig 

2007), and were excluded. 

Types of outcome measures: All reported outcomes likely to be meaningful to clinicians (such as 

general practitioners and paediatricians) were included. Primary outcome included clinical 

symptoms and adverse events. Secondary outcomes included investigations (including 24-Hour pH 

probe and/or impedance studies, and endoscopy with histology). Outcome measures on 

investigation included reflux index on pH/impedance probe (percentage of time with oesophageal 

pH < 4) and number of reflux episodes, and macroscopic appearance of oesophagus and histological 

evidence of GORD through endoscopy. In cases of uncertainty, corresponding authors were 
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contacted for clarification. Search methods for identification and selection of studies, and data 

collection, extraction and analysis are included in the methods section of the article. 

This methodology was agreed with Cochrane Gut and was subject to significant change in article VI. 

For Article IV: NICE guidance: The Guideline development (GD) methodology outlined here is 

adapted from the GD Process – Information for National Collaborating Centres and GD Groups 

(available at www.nice.org.uk) and commissioned by NICE.  

Developing review questions and protocols and identifying evidence: The GD group including myself 

formulated review questions based on the given scope (limited to 9-10) and prepared a protocol for 

each review question (see Appendix E). These became the basis for systematic reviews of relevant 

evidence. Published evidence was identified by applying systematic search strategies to databases: 

Medline (1948 onwards), Embase (1980 onwards) and 4 Cochrane databases (Cochrane Central 

Register of Controlled Trials, Cochrane Database of Systematic Reviews, the Database of Abstracts of 

Reviews of Effects and the Health Technology Assessment [HTA] database) with an inclusion of 

economic studies using the above databases and the NHS Economic Evaluation Database (NHS EED). 

All the searches were updated and re-executed within 6 to 8 weeks of the start of the stakeholder 

consultation to ensure the reviews were up-to-date and I was able to integrate the studies identified 

by the Cochrane review I was leading in parallel. This process was completed by April 2014.  

Reviewing and synthesising evidence: Evidence relating to clinical effectiveness was reviewed and 

synthesised according to the Grading of Recommendations Assessment, Development and 

Evaluation (GRADE) approach. In the GRADE approach, the quality of the evidence identified for 

each outcome listed in the review protocol is assessed according to the factors listed below and an 

overall quality rating (high, moderate, low or very low) is assigned by combining the ratings for study 

design, limitations in the design or execution of the study (including concealment of allocation, 

blinding, loss to follow up), inconsistency of effects across studies, indirectness of the available 

evidence to the specific review question, imprecision (the confidence in the estimate of effect) 

which can affect the rating of quality of evidence and was useful for Article VI. For continuous 

variables, the guideline development (GD) group predefined minimally important differences (the 

smallest difference between treatments that healthcare professionals or patients think is clinically 

beneficial). For each review question the highest available level of evidence was sought; for 

questions on therapy or treatment, the highest possible evidence level is a well-conducted 

systematic review or meta-analysis of RCTs, or an individual RCT. Using the GRADE approach, a body 

of evidence based entirely on such studies has an initial quality rating of high, which may be 

http://www.nice.org.uk/
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downgraded if factors listed above are not addressed adequately. For questions on prognosis, the 

highest possible level of evidence is a controlled observational study (a cohort study or case–control 

study), and a body of evidence based on such studies would have an initial quality rating of high, 

which might be downgraded as above. For diagnostic tests, studies examining the performance of 

the test started as high quality if information on accuracy was required, but where an evaluation of 

the effectiveness of the test in the clinical management of the condition was required, evidence 

from RCTs or cohort studies was considered optimal. Where appropriate, the body of evidence 

corresponding to each outcome specified in the review protocol was subjected to quantitative meta-

analysis, and pooled effect sizes presented as pooled risk ratios (RRs), pooled odds ratios (ORs) or 

weighted mean differences. By default, meta-analyses were conducted by fitting fixed effects 

models, but where statistically significant heterogeneity was identified, random effects models were 

used to investigate the impact of the heterogeneity. Where quantitative meta-analysis could not be 

undertaken (for example because of heterogeneity in the included studies) the range of effect sizes 

reported in the included studies was presented.  

The characteristics of each included study were summarised in evidence tables for each review 

question. Where possible, dichotomous outcomes were presented as relative risks (RRs) or ORs with 

95% confidence intervals (CIs), and continuous outcomes were presented as mean differences with 

95% CIs or standard deviations (SDs).  

Outcome measures: For this guideline, the review questions were judged on a number of outcomes. 

The justification was based on their relevance and consensus among members of the GD group and 

7 or 8 outcomes for each review question were selected when assessing the effectiveness of a 

particular treatment. The health economic input to the guideline informed the GD group of new 

economic issues relating to reflux in children and young people, and to consider whether the 

recommendations continued to represent a cost-effective use of healthcare resources (ideally in 

terms of quality adjusted life years [QALYs]), harms and costs of different care options. A number of 

clinical questions were prioritised where it was thought that economic considerations would be 

particularly important in formulating recommendations (• antacids/alginates • H2-receptor 

antagonists • proton pump inhibitors • prokinetic agents • enteral tube feeding • fundoplication 

surgery).  

Evidence to recommendations: Recommendations for clinical care were derived using, and linked 

explicitly to, the evidence that supported them. In the first instance, informal consensus methods 

were used by the GD group to agree short clinical and, where appropriate, cost effectiveness 
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evidence statements which were presented alongside the evidence profiles. Statements 

summarising our interpretation of the evidence and any extrapolation from the evidence used when 

making recommendations were also written to ensure transparency in the decision-making process.  

The GD group also identified areas where evidence to answer its review questions was lacking and 

used this information to formulate recommendations for future research. 9 ‘key priorities for 

implementation’ (key recommendations) were identified and 3 high priority research 

recommendations.  

For Article V: Following developing the NICE audit tool, I undertook this study of East Dorset patients 

with the aim of evaluating the NICE audit tool in a moderate-sized district general hospital (DGH). I 

wanted to improve the robustness of assessment of vomiting children, which may have causes other 

than reflux. I registered our audit with our audit department and designed the search strategy using 

ICD-10 coding. From the hospital patient identification numbers, with a trainee, I selected a random 

sample of 30 paediatric inpatients aged <1 year with a new diagnosis of GORD (April 2015 to April 

2016) presenting to a moderate sized DGH (6000 paediatric admissions per annum). The paper and 

computer notes were reviewed by myself and the trainee, and data was inputted into the NICE audit 

tool. This was the first published audit using the NICE audit tool for GORD, and first assessment of 

how a moderate-sized DGH assesses for red-flags in GORD. 

 

For Article VI: Having undertaken the review in Article III, this re-review was separated by 6 years 

from the previous Cochrane review and was significantly different, with different software 

platforms, use of GRADE criteria to assess and adjust the quality of evidence and adherence to 

MECIR recommendations. As with Article III, the methods section within the article is detailed and 

extensive and I’ve used this section to highlight the differences with the previous review, which 

included:  

• Data collection and analysis: Review Manager 5.4 and RevMan Web were used for data 

collection and analysis, updated from RevMan 5.1. 

• Selection of studies: Reprints of articles were added to the reference list of included studies 

but not separately considered if they contained no new data. In the previous review articles reprints 

were discounted. Studies that are only in abstract form or were only identified in the ISRCTN register 

were entered into characteristics of studies awaiting classification. 
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• Participants were slightly altered compared to the previous review as the definition of GORD 

changed in 2018 to 'GOR associated with bothersome symptoms or complications' (NASPGHAN-

ESPGHAN guidelines 2018).  

• Outcomes: The outcome of 'pH/impedance studies' to 'pH/impedance indices' to account for 

the range of pH/impedance measurements described in the available literature were redesignated. 

• Data extraction and management: I guided two other authors in independently extracting 

study data using a new robust data extraction form and checked and entered the data into RevMan 

5.4/RevMan Web. I also led the two other authors in analysing the data, evaluating for bias and 

highlighting any discrepancies. Midway through the re-review: the introduction of MECIR 

recommendations led to a significant updating during the submission process. In the previous review 

I and one other author extracted and entered study data onto RevMan 5.1. Cochrane recommended 

not to reference every single rejected article, rather focusing on the important rejected articles. 

• Measures of treatment effect: I extracted continuous data (e.g. reflux index) for summary 

data: with means and standard deviations to derive a standardised mean difference (SMD) with a 

95% confidence interval using a fixed-effect model. The latest NASPGHAN/ESPGHAN (2018) 

guidelines do not define normal values for pH- and pH-impedance studies and the values of reflux 

index mentioned in the previous review (>10% in infants and >4% in children >12 months) have been 

modified here with a judgement regarding improvement/ non-improvement. Dichotomous data: 

such as improvement/non-improvement in endoscopic appearance produced outcome data that is 

presented as a risk ratio, and from which 'numbers needed to treat for an additional beneficial 

outcome' data were derived. In the previous review, reported data rather than independently 

extracting summary data was used. 

• Unit of analysis issues: Issues related to multiple observations for the same outcome (e.g. 

repeated pH/impedance measurements) were considered; and the Cochrane Gut group offered to 

assist if clarification was required. If multi-arm studies are included, multiple intervention groups 

would be analysed in an appropriate way to prevent arbitrary omission of relevant groups or double 

counting of participants. In the previous review: there was some overlap in reported data e.g. 

according to age criteria: corrected in this review. 

• Dealing with missing data: I contacted trial authors or sponsors of studies published from 

2014 to 2021 to provide missing data, or clarification, where there was uncertainty about the 

specifics of a trial that are pertinent to analysis, could not be resolved. In the previous review: 

contacting authors was limited to studies less than 10 years old. 
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• Data synthesis: Combining studies meaningfully was not possible, due to heterogeneity of 

studies in terms of outcomes, comparisons, and populations. Continuous measurements would have 

been assessed using weighted mean differences to pool results from studies where a common 

measurement scale was used, and where different measurement scales have been employed, to 

pool standardised mean differences. Instead, difference in means and 95% confidence intervals were 

presented for individual agents and summary effects presented in order: Population > Comparison > 

Outcome following updated guidance in the current Cochrane review, and provided guidance based 

on individual treatments (rather than classes of treatments) to give better focus for decision-makers, 

and given the individual study differences and heterogeneity in study design.  This differs 

significantly from the previous review. 

• Sensitivity analysis: Where meta-analysis was required, a plan to undertake a sensitivity 

analysis using RevMan Web was included, to ascertain whether any decisions regarding thresholds 

influence result reporting (e.g. choosing age thresholds at 12 months influencing meta-analysis 

robustness) and integrate the findings into the results and conclusions. This was not considered in 

the previous review. However, a meta-analysis was not possible, and sensitivity analysis not 

required.  

• Summary of findings and assessment of the certainty of the evidence: I led another author in 

using the five GRADE considerations (risk of bias, consistency of effect, imprecision, indirectness and 

publication bias) to assess the certainty of the body of evidence for each outcome, and to draw 

conclusions about the certainty of evidence within the text of the review independently and 

disagreements reconciled by discussion, with all authors involved if a disagreement could not be 

reconciled. All authors then reviewed the GRADE considerations in assessing the certainty of 

evidence and integrated this into the SoF tables. The summary of findings tables distinguish results 

by age (infants and children aged 1-16 years), then comparison, and the evidence is  presented by 

outcome measures (symptoms, adverse events, pH/impedance indices and endoscopic findings) 

(MECIR PR40) with clear rationales given where evidence was down or upgraded according to 

GRADE criteria including if the risk of bias was so great the evidence needed downgrading by two 

steps.  

• Literature search in this update: In this updated version, I searched for WHO ITCPR and 

clinicaltrials.gov as suggested by MECIR, and also revisited the search strategies and added some 

new terms to reflect the current practice of treatment in the updated search. 

 Article VII: Having established the importance of further evidence in children with neurodisability 

(e.g. cerebral palsy) through NICE guidance and audit (articles IV, V) and the Cochrane reviews 
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(Articles III and VI), I wanted to plan an RCT to assess the best medications for children with GORD 

and needed more information regarding our study cohort (medication prevalence and 

communicative ability). This audit identified a cohort of children with cerebral palsy in East Dorset 

through use of coding data for all admissions over an 11-year period, and the data was cross-

checked with clinicians caring for these children as they all need regular medical follow-up. Our 

coding department identified all children in East Dorset (~85,000 children) with an ICD-10 diagnosis 

of CP (G80) and GORD (K21), admitted between 01/01/05 and 31/12/15. 54 children with CP and 

GORD were identified; their hospital records were reviewed and collected data using a proforma on 

the anti-reflux medication prescribed, the length of time on each medication and their 

communicative ability, and the data was anonymised. The progress of these patients was captured; 

eight of 54 had died, mainly due to respiratory and gastrointestinal complications. It was important 

to capture how long these patients remained on medications for, and the range of communicative 

abilities, that then fed through into future study design. 

Article VIII: An RCT was considered to assess the efficacy of treatments for children with 

neurodisability and GORD. I also led a NIHR Research for Patient Benefit bid to fund this RCT. I had 

outlined using an outcome questionnaire (P-GSQ) to assess improvements in symptoms, following 

patient and public involvement in study design. Unfortunately, we were unsuccessful, and feedback 

raised the issue of not having a validated outcome questionnaire in this subpopulation given their 

communicative ability and symptom profile was so different. As part of the patient-public 

involvement, we had offered parents (of children with neurodisability) example questionnaires such 

as the P-GSQ, PEDS-QL, KIDSCREEN and the I-GERQ, and families felt the design and shorter nature 

of the P-GSQ was more suited, given how time-pressured they were in looking after their children. 

However, families felt that the nature of the P-GSQ questions needed more adaptation, given the 

significant disabilities their children faced.  I therefore wanted to modify the P-GSQ for use in this 

subgroup. Following stakeholder feedback (involved parents at a local special school) and contacting 

the owners of the intellectual property for the P-GSQ (Takeda), I achieved NIHR portfolio adoption 

for this validation study and a £5000 grant from BSPGHAN to support this work. All children with 

cerebral palsy (GMFCS level III-V) with symptoms of GORD or on treatment for presumed GORD and 

aged between 2-16 years were included. Exclusion criteria included children whose 

parent(s)/guardian(s) were not able to support their participation in the study in the opinion of the 

investigator (e.g. language/communication issues, health, burden). Symptom assessments through 

questionnaires are validated and currently our most frequently used research tool in assessing 

improvement in normally developing children. The Paediatric Gastro-oesophageal Reflux Symptom 
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Questionnaire (P-GSQ) takes on average 7 minutes to complete in typically developing children and 

is specific to either infants (not assessed in this trial), children or young people. The questions are 

very similar between the age groups, with the phrasing only taking account of the age differences. 

Given the communication issues identified in article VIII, the proxy version of the P-GSQ for parents 

was most likely to be used, and preferred by parents and carers, and was selected for modification. 

Permission was sought from Takeda (developers of PGSQ) to modify the existing questionnaire. 

Those who were eligible for recruitment were given the opportunity to participate either by phone, 

in clinic or by letter. Structured interviews were carried out by members of the research team 

trained in cognitive interview methods. Prior to the questionnaire, a standardised script was read to 

the participants detailing the purpose of the study to ensure that all parents/caregivers received the 

same information. Interviews were recorded and transcribed using Microsoft Teams or WinScribe. 

Participants were asked to consider the following for each question: understanding, retrieval of 

information, judgement, response, and construct. A copy of the questions asked during the 

interviews can be found in Figure 7.1. Development and modification of the questionnaire 

progressed using the ‘talk-aloud’ technique described by Willis et al. (14). This involved the 

participants talking through their thoughts as they read the questions which allowed us to assess 

their interpretation of the existing symptom questionnaire. For each individual question, it was 

ascertained whether they reflected important and different dimensions of the condition in our 

patient group. Questions were altered based on parent/carer response. Reasons for modifications 

included: questions repeatedly reported as not relevant, questions that were confusing or difficult to 

understand and questions where none of the response choices applied to this group of children. This 

allowed relevant adjustments of the assessment tool to better fit this subgroup of patients 

considering their communication issues and associated pathologies. Modifications continued until 

there were no further issues identified or improvements suggested.  
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Chapter 3: Results 

Article I: Current Pharmacological Management of gastro-oesophageal reflux in children: an 

evidence-based systematic review. 

Tighe MP, Afzal NA, Bevan A and Beattie RM, 2009. Current Pharmacological Management of Gastro-
Esophageal Reflux in Children. Pediatric Drugs, 11 (3), 185-202. https://doi.org/10.2165/00148581-
200911030-00004   
Please see publisher page for information on copyright restrictions associated with this article. 
 

What does this paper achieve? 

In 2009 I designed and ran a systematic review of the paediatric literature assessing the medical 

management of GORD. This included co-ordinating the literature appraisals, and grading the 

evidence adopted by the Oxford Centre for Evidence-based Medicine (CEBM) to form consensus 

guidance to improve decision-making around prescribing and flow-charts to help clinicians managing 

babies and children with GOR. It has been cited 62 times in other publications (as of September 

2023). 

How does it contribute to the evidence-base? 

This provided the first summary of all available evidence, both RCT-based and non-RCT studies, and 

tried to draw out specific conclusions and next steps, including consensus guidance for clinicians. It 

articulated a stepwise approach to treatment, highlighted the importance of differentiating between 

infants with functional GOR, who are likely to grow out of their symptoms, and older children who 

are likely to have symptoms and sequelae similar to adults, but are also more likely to benefit from 

treatment. All the studies were graded according to CEBM methodology and provided the clinicians 

with an evaluation regarding the strength of evidence for each medical intervention. 

What were the next steps? 

There were some weaknesses in this approach, as it became evident that many of the studies had 

potentially significant biases related to pharmaceutical support, with significant evidence of 

manuscript writing, and in some cases, post-hoc outcome assessment, and Cochrane methodology 

(Article III) would better be able to articulate the biases and modify the strength of evidence 

assessment accordingly. Also, by only including RCTs, the quality of the evidence assessed, and 

derived conclusions was likely to be more robust. The software, RevMan 5.1, would be specifically 

designed for this analysis. I also needed to understand the role and evidence for the ‘gold-standard’ 

investigation (24hr pH-impedance monitoring) which is explored in Article II. 

https://doi.org/10.2165/00148581-200911030-00004
https://doi.org/10.2165/00148581-200911030-00004
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Article II: How to use: a pH study.  

Tighe MP, Cullen M, Beattie RM, 2009. How to use: a pH study. Archives of Disease in Childhood -- 
Education & Practice Edition, 94 (1), 18-23. https://doi.org/10.1136/adc.2008.145169   
Please see publisher page for information on copyright restrictions associated with this article. 

 
What does this paper achieve? 

In this study: I outlined the evidence-base for 24hr pH-impedance monitoring: the gold-

standard test for acid reflux. I subsequently set up a service at Poole Hospital using the information 

from this article: which has assessed over 50 children and made concrete recommendations guiding 

treatment. This article has been downloaded over 8000 times. 

The pH probe is designed to measure acidity (i.e., acid reflux) in the lower oesophagus. 

The pH probe is a microelectrode passed through the nose and down the back of the throat 

to sit above the lower oesophageal sphincter. The probe was first used in 1969 in adults, with an 

acid reflux episode defined as an oesophageal pH of less than 4 for a specified minimum duration, 

usually 15–30 s. A set period, usually 24 hr, is recorded, with note made of the number of episodes, 

frequency of episodes, and the relationship of reflux to eating, position, sleeping or activity, and, 

especially, symptoms. The most sensitive marker of acid reflux on pH study is the reflux index. This is 

defined as the percentage of time that oesophageal pH is <4. This has been validated in several 

studies. The correct positioning of the probe should be confirmed at T9 using a chest x ray (CXR) or 

screening, due to the risk of malposition in the tracheobronchial tree or coiling in the oesophagus. 

More recently the addition of impedance channels to the probe helps to identify non-acid reflux and 

further articles identify clearly whether pH or pH/impedance monitoring is used as an objective 

outcome.  

How does it contribute to the evidence-base? 

Key clinical points include that the pH probe is a generally safe, reliable test of acid reflux in 

children and infants, and the more recent addition of impedance monitoring improves the utility of 

the test to pick up non-acid or alkaline reflux (pH/impedance monitoring) which is additionally useful 

in babies drinking milk. This test is a useful part of the diagnostic work up of gastro-oesophageal 

reflux disease, and the article highlights important considerations. Results must be interpreted in the 

context of clinical signs, but oesophageal pH monitoring is highly reliable for detecting acid reflux in 

oesophagitis. The 24-hr pH/impedance study is useful in recurrent pneumonia and children with 

https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1136%2Fadc.2008.145169&data=05%7C02%7CMark.Tighe%40uhd.nhs.uk%7Cb2e313f1bb9348d678ae08dcbb8ad55e%7Cffd041eb8ec54f3295b2b27b1e116c5d%7C0%7C0%7C638591452232094611%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=5CgbHrZeX3iy%2F4I4CmuCLYJ%2FyBUbT1mCcot6qmqE1ck%3D&reserved=0
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neurodisability but remains a poor discriminator in babies with apnoea or children with persistent 

cough. The period when a child’s medication has been stopped for 24-hr pH/impedance monitoring 

can provide useful additional clinical data and providing objective evidence of resolution of acid 

reflux (so medication can be stopped). 

There are several limitations to 24-hr pH and pH/impedance monitoring including that 24-hr 

pH and pH/impedance monitoring is unable to detect anatomical abnormalities (e.g. stricture, hiatus 

hernia or malrotation) or aspiration. The changes in environment, diet and behaviour as a result of 

investigation and admission to hospital may impact on results. 

There is potential for technical difficulties, such as misplacement or displacement. Both 24-hr pH and 

pH/impedance monitoring provide no objective measures of inflammation, and so are less useful 

than endoscopy and biopsies for the diagnosis and grading of oesophagitis. 

What were the next steps? 

Having better understood the evidence-base for the gold-standard test, I was then in a better place 

to undertake the Cochrane review (article III) to distinguish between GOR and GORD and understand 

the practical limitations of the results. I set up 24hr pH testing in 2010 then switched to 24hr pH-

impedance monitoring in University Hospitals Dorset in 2016, undertaking this procedure in over 100 

infants and children, with meaningful results that influence parents’ understanding of the severity of 

the condition and facilitated stopping of treatment where no longer necessary. 
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Article III: Cochrane review (2014): Pharmacological treatment of children with gastro-

oesophageal reflux 

Tighe MP, Afzal NA, Bevan A, Hayen A, Munro A, Beattie RM, 2014. Pharmacological treatment of 
children with gastro‐oesophageal reflux. Cochrane Database of Systematic Reviews, (11), 
CD008550. https://doi.org/10.1002/14651858.CD008550.pub2  
Please see publisher page for information on copyright restrictions associated with this article. 

 
What does this paper achieve? 

This review was performed using Cochrane methodology so only assessed RCTs of 

pharmacological treatments (not including thickened feeds or metoclopramide). I led the review, 

which used RevMan 5.1 and assessed the evidence-base to make robust recommendations 

regarding the likely treatment-effect, as well as assessing risk of bias (using RevMan). It has been 

well-cited (104 times) elsewhere in other related publications.  

Implications for practice 

The evidence base of therapies for infants is mixed. In terms of pharmacological strategies, a 

clear distinction was drawn between the treatment of infants with GOR and those with gastro-

oesophageal reflux disease (those with sequelae of GOR, or failure to thrive). In the subgroup of 

infants with diagnosed GOR, the main problem appeared to be caused by the milk bolus, although 

acid reflux undoubtedly occurs. Underlying transient gut dysmotility, with dysfunction of the lower 

oesophageal sphincter, a short oesophagus, high volumes of liquid feeds and a significant proportion 

of time lying flat are important predisposing factors that improve with time. In such a large group, 

the evidence also highlighted significant discrepancies between reported symptom severity scores 

and endoscopic/histological findings, which are potentially affected by the numbers of children with 

distressing symptoms but GOR. 

In terms of efficacious treatments in infants, the best evidence for treatment of diagnosed 

GOR appeared to relate to Gaviscon Infant®, with short-term studies with small numbers of 

participants. One study demonstrated lack of symptomatic benefit from PPIs in infants with 

diagnosed GOR. For infants with evidence of GORD on investigation (endoscopic changes or 

abnormal reflux index on pH or pH/impedance testing), evidence of benefit from any medical 

treatment is weak. Further studies would help to confirm whether PPIs or H₂ antagonists are 

superior in the group, and whether individual drugs offer superior efficacy. Weak evidence was 

found for acid suppression with PPIs/ H₂-receptor antagonists, with consequent decreased gastric 

enzyme activity helping healing of oesophagitis, and symptomatic improvement. The paper was 

https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1002%2F14651858.CD008550.pub2&data=05%7C02%7CMark.Tighe%40uhd.nhs.uk%7Cb2e313f1bb9348d678ae08dcbb8ad55e%7Cffd041eb8ec54f3295b2b27b1e116c5d%7C0%7C0%7C638591452232122258%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=blv%2FJ7wMX0IIIAAizqaSII0tXyKvths3qINndL8euZk%3D&reserved=0
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unable to comment as to whether H₂ antagonists are superior to PPIs, but no evidence supports 

concurrent use. No consistent evidence for prokinetics (such as domperidone) was found and one 

conclusion was that it is currently difficult to justify continuing prescriptions of domperidone in 

infants for whom no benefit from empirical use has been reported and the current MHRA (Centre of 

the Medicines and Healthcare Products Regulatory Agency) alert recommends restricting empirical 

prescriptions to two weeks and avoiding them in infants and children with co-existing cardiac 

disease and in those receiving treatment with CYP3A4 inhibitors (EMA 2014). 

Among older children with GORD, moderate evidence of benefit from PPIs has been found, 

along with weak evidence of benefit from H₂ antagonists, in providing symptomatic relief and in 

improving endoscopic/histological appearances and pH/impedance indices. No consistent evidence 

has been found for prokinetics (such as domperidone) and as above, it is currently difficult to justify 

prescriptions for domperidone among children for whom no benefit from empirical use is apparent.  

Implications for research 

Undoubtedly the burden of GOR and GORD on primary and secondary care is large, and 

further research is essential to clarify the role of medications in treating particular aspects of GOR. 

This review demonstrated the benefit of the Pediatric Written Request (PWR) made by the FDA in 

improving our knowledge of PPIs, including an incentivising 6-month period of marketing exclusivity. 

This review called for this process to be extended to the remainder of the medications used to treat 

GOR (e.g. H₂ antagonists/Gaviscon Infant®). The review also called for comparisons that include a 

placebo or different drug arm, as well as/rather than comparisons between same-drug different 

dosing. It was evident that significant confounding interventions that would be likely to provide 

significant improvements as interventions in their own right (e.g. thickened or hydrolysed feeds to 

infants) were often given within trials to participants. Separate funding to support these calls would 

be a major step forward, and at least separating more clearly industry funding for the trial from 

manuscript preparation would reduce risk of bias. Several of the recent PPI trials carried out under 

the PWR have declared support in manuscript writing from pharmaceutical manufacturers, and this 

carries inherent risks. 

The need for specific RCTs into children with underlying oesophageal dysmotility was 

highlighted (e.g. children with cerebral palsy), who often have difficult and protracted reflux, as most 

of these trials specifically excluded this subgroup. Premature babies are often also treated 

empirically for gastro-oesophageal reflux, for example, causing apnoea; further RCTs in this age 

group, using consistent outcomes, are also recommended. 
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How does it contribute to the evidence-base? 

Using Cochrane methodology, this review provides a better perspective on the current 

evidence-base, allowing the strength of recommendations to be adjusted according to the risk of 

bias. The review highlighted the paucity of longer-term data, the evidence of absence of effect of 

domperidone and erythromycin, and the impact of the pharmaceutical industry on trial design and 

manuscript-writing.  

What were the next steps? 

Following this publication, and contemporaneous publication of NICE guidance (Article IV), I 

identified children with neurodisability (Articles VII and VIII) as being particularly vulnerable to the 

effects of GORD and thus a particular area needing further research. I had intended to undertake a 

comparative head-to-head trial of effective treatments in children with neurodisability, and in order 

to undertake this I needed to ascertain current prescribing practices in children with neurodisability 

(Article VII), and to develop a robust outcome measure. A symptom questionnaire such as I-GERQ or 

P-GSQ would need to be significantly altered and validated for use in any subsequent trial for this 

subgroup (Article VIII). 
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Article IV: NICE guidance (NG1) leading to NICE audit tool and NICE Quality standards (QS112)  

National Institute for Health and Care Excellence, 2015. Gastro-oesophageal reflux disease: 
recognition, diagnosis and management in children and young people. London: NICE. 
NG1. https://www.nice.org.uk/guidance/ng1 

National Institute for Health and Care Excellence, 2016. Quality Standard 112: Gastro-oesophageal 
reflux in children and young people: London: NICE. https://www.nice.org.uk/guidance/QS112 

Please see publisher page for information on copyright restrictions associated with this article. 

What does this group of publications achieve? 

NICE guidance aims to integrate the existing evidence-base to form evidence-based 

recommendations involving invited experts, statisticians and health economists and lay 

representatives. The guidance comes with a suite of supporting materials including patient/parent 

information, economic evaluation of recommendations, and an audit tool to assess compliance, and 

is followed 2-3 years later by supporting Quality Standards. The initial scoping and subsequent 

guidance was commissioned by NICE and created by the NCC-Women and Children’s group. I joined 

the Guideline Development Group (GDG) at the scoping stage as an invited expert given articles I, II 

and III. The GDG defined the title and key clinical areas of work (see scope below) and participated in 

stakeholder work as part of the assurance process. The full Guideline Development Group (see 

Appendix 1) also comprised two paediatric gastroenterologists (including the chair); a neonatologist; 

a consultant in paediatric neurodisability; a paediatric surgeon; two general practitioners; an 

advanced paediatric nurse practitioner; a paediatric dietitian; a pharmacist, a health visitor; lay 

members with experience of caring for such infants, children, or young people; and experts in 

guideline methodology. As well as monthly meetings over a 4-year period, I led sub-groups focusing 

on topic areas, supported detailed communication between meetings to evaluate papers, and 

discussed wording of recommendations based on the evidence graded according to GRADE criteria. 

While the data were sourced and analysed by the NCC statisticians and economists, as part of the 

GDG, I helped appraise and provide clinical context to the evidence and learnt a lot through this 

process. 

The NICE guidance (NG1) was published in January 2015, and I received a detailed letter of 

thanks highlighting my degree of contribution to the guideline, and I helped draft and develop the 

nationally-used patient information, costing statement and NICE-adopted clinical audit tool (leading 

to Article V), as well as research recommendations including highlighting the need for an evidence-

https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nice.org.uk%2Fguidance%2Fng1&data=05%7C02%7CMark.Tighe%40uhd.nhs.uk%7Cb2e313f1bb9348d678ae08dcbb8ad55e%7Cffd041eb8ec54f3295b2b27b1e116c5d%7C0%7C0%7C638591452232137199%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=dNXoKXqO1ApoqX3WAwbmrlQygESOSScxJAQOYkos2w0%3D&reserved=0
https://www.nice.org.uk/guidance/QS112
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base in children with neurodisability and GORD (Articles VII and VIII). This summary of NICE 

guidance, using wording agreed by the GDG, was also published in the BMJ (Davies et al 2014).  

I then participated in the development of the NICE quality standard (QS112) which has helped 

benchmark care for infants and children with reflux. The development of the quality standards took 

place in 2015, following the publication of NICE guidelines (NG1) in 2014. Over 2 meetings and 

during subsequent edits, I was one of 3 invited experts participating in the discussion and creation of 

NICE guidance to form 9 quality standards that clinicians must deliver (and NHS funding should be 

made available to enable implementation of the quality standards).  

How does it contribute to the evidence-base? 

The NICE guidance enabled evidence-based recommendations which integrated the views of 

a wide range of health professionals and, significantly, parental views and health economic data. In 

September 2023, NG1 is being viewed 4000 times per month and being downloaded 65 times per 

month. QS112 is being viewed 400 times per month (information kindly provided by NICE). The 

process led to a more systematic approach to care of children with reflux which had been highly 

individualised until that point. Many families found the linked patient information useful, and these 

children are also being managed with less investigations and less off-license medications, as 

recommended by QS112. Based on the National Patient Dose Database: the number of barium 

swallows performed in children dropped from 594 in 2005 to 190 in 2010 (the year following the 

release of the guidance) (Hart 2007, 2010). One audit estimated the empirical prescribing of 

domperidone for GORD prior to NICE guidance accounted for 64% of overall prescribing of 

domperidone in infants and children, and that prescribing for this indication had dropped five-fold in 

one hospital (17 prescriptions to 3 prescriptions) by 2015 (Williams 2018).  

What were the next steps? 

I then audited the Red Flags table of concerning symptoms (in Article V), using the NICE 

audit tool. I also participated in the NICE surveillance report appraising the new evidence in 2018. 

I was also able to take the experience gained from working as part of such a widely skilled team into 

the Cochrane re-review (Article VI) including developing familiarity with GRADE recommendations, 

and minimal clinically important differences. The research recommendation derived from NG1 

directly led to article VII and VIII, as well as listening to the experiences of the parent representatives 

and their children’s treatment journeys.  

I also developed publications to raise awareness of the issue and evidence-base in primary 

care (Tighe et al, Pulse, 2014). I also evaluated the NICE audit tool and presented this at the RCPCH 

meeting, then published this, as well as an evaluation of treatment of GORD in children with 

neurodisability in 2017 (article VII). 
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Initial NICE scoping guidance for NG1: (published 2015)
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NICE guidance (NG1) is available at https://www.nice.org.uk/guidance/ng1 

https://www.nice.org.uk/guidance/ng1
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NICE Quality standards: QS112 (published in 2022) 

Statement 1 Parents and carers attending postnatal appointments are given information about 
gastro-oesophageal reflux (GOR) in infants. 

Statement 2 Breast-fed infants with frequent regurgitation associated with marked distress have 
their feeding assessed. 

Statement 3 Formula-fed infants with frequent regurgitation associated with marked distress have 
their symptoms managed using a stepped-care approach. 

Statement 4 Infants with frequent regurgitation associated with marked distress have a trial of 
alginate therapy if first-line management is unsuccessful.  

Statement 5 Infants and children are not investigated or treated for gastro-oesophageal reflux 
disease (GORD) if they have no visible regurgitation and only 1 associated symptom. 

Statement 6 Infants and children are not prescribed acid-suppressing drugs if visible regurgitation is 
an isolated symptom.  

Statement 7 Infants, children and young people do not have an upper gastrointestinal (GI) contrast 
study to diagnose or assess the severity of gastro-oesophageal reflux disease (GORD). 

Statement 8 Infants, children and young people are not prescribed domperidone, metoclopramide 
or erythromycin to manage gastro-oesophageal reflux (GOR) or gastro-oesophageal reflux disease 
(GORD) without specialist paediatric advice. 

Statement 9 Infants, children and young people with vomiting or regurgitation and any 'red flag' 
symptoms are referred to specialist care with investigations as appropriate. 

https://www.nice.org.uk/guidance/qs112/chapter/quality-statement-1-information-about-gastrooesophageal-reflux-gor-in-infants#quality-statement-1-information-about-gastrooesophageal-reflux-gor-in-infants
https://www.nice.org.uk/guidance/qs112/chapter/quality-statement-2-breastfed-infants-feeding-assessment#quality-statement-2-breastfed-infants-feeding-assessment
https://www.nice.org.uk/guidance/qs112/chapter/quality-statement-3-formulafed-infants-steppedcare-approach#quality-statement-3-formulafed-infants-steppedcare-approach
https://www.nice.org.uk/guidance/qs112/chapter/quality-statement-4-alginate-therapy#quality-statement-4-alginate-therapy
https://www.nice.org.uk/guidance/qs112/chapter/quality-statement-5-symptoms-that-do-not-need-investigation-or-treatment#quality-statement-5-symptoms-that-do-not-need-investigation-or-treatment
https://www.nice.org.uk/guidance/qs112/chapter/quality-statement-6-acidsuppressing-drugs#quality-statement-6-acidsuppressing-drugs
https://www.nice.org.uk/guidance/qs112/chapter/quality-statement-7-upper-gastrointestinal-gi-contrast-study#quality-statement-7-upper-gastrointestinal-gi-contrast-study
https://www.nice.org.uk/guidance/qs112/chapter/quality-statement-8-domperidone-metoclopramide-and-erythromycin#quality-statement-8-domperidone-metoclopramide-and-erythromycin
https://www.nice.org.uk/guidance/qs112/chapter/quality-statement-9-red-flag-symptoms-and-suggested-actions#quality-statement-9-red-flag-symptoms-and-suggested-actions
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NICE Quality standards (QS112): statement 9 leading to article V.
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Article V: Red Flags Audit using the NICE audit tool (NG1: Gastro-oesophageal reflux in children)  

Greig RJE, Tighe MP, 2017. G188(P) Gastro-oesophageal reflux disease in children: ‘Red flags’ clinical 
audit. Archives of Disease in Childhood, 102 (Suppl 1), A75. https://doi.org/10.1136/archdischild-
2017-313087.186   
Please see publisher page for information on copyright restrictions associated with this article. 
 

What does this paper achieve? 

Having participated in the design of the NICE audit tool in Article IV, I undertook this study of UHD 

patients to ascertain whether the NICE audit tool was suitable in evaluating a paediatric service and 

helped to improve the robustness of assessment of vomiting children, which may have causes other 

than GOR. Our cohort included a random sample of 30 paediatric inpatients aged <1 year with a new 

diagnosis of GORD (April 2015 to April 2016) presenting to a moderate sized DGH (6000 paediatric 

admissions per annum). The paper and computer notes were reviewed, and the NICE audit tool 

completed. 

The NICE audit tool for GORD was easy to use and helpful in analysing results. Generally, there was 

good documentation of red flags for GORD: recommendations for change included checking head 

circumference routinely. There were differing managements in the assessment of projectile vomiting 

and dysuria in infants: including variable use of routine urine dips and head circumferences in 

vomiting babies. This was the first published audit using the NICE audit tool for GORD, and first 

assessment of how a moderate-sized DGH assesses for red-flags in GORD. This was presented at the 

RCPCH annual meeting (2017) The posters received feedback from a panel of 3 consultant 

paediatricians and paediatric gastroenterologists and was highly commended. Additional data was 

presented at the regional paediatric gastroenterology conference (WESPGHAN): in figure 5.3. 

How does it contribute to the evidence-base? 

On a local level, this audit allowed us to make practical improvements to patient care and was the 

first to evaluate the NICE audit tool, which was found to be usable and practical. Recommendations 

included improvements regarding the frequency of head circumference management and testing for 

UTIs. On a national level, the NICE audit tool allowed the demonstration of implementation of 

quality standards and also ensured that many babies with conditions other than GOR had 

appropriate assessments, and were identified early. As part of NICE surveillance, paediatric 

departments including UHD had to demonstrate compliance with QS112, and so this audit helps 

validate clinical care, as well as assessing the utility of the audit tool. 

What were the next steps? 

This work was useful to translate national work to improve care of infants and children with GOR at 

a local level. I was then able to progress with the Cochrane re-review (Article VI). 

https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1136%2Farchdischild-2017-313087.186&data=05%7C02%7CMark.Tighe%40uhd.nhs.uk%7Cb2e313f1bb9348d678ae08dcbb8ad55e%7Cffd041eb8ec54f3295b2b27b1e116c5d%7C0%7C0%7C638591452232155114%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=zCdtFGtakI5tOFKui0JMvAeHXr7wEd06rOpmQUqjzRM%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1136%2Farchdischild-2017-313087.186&data=05%7C02%7CMark.Tighe%40uhd.nhs.uk%7Cb2e313f1bb9348d678ae08dcbb8ad55e%7Cffd041eb8ec54f3295b2b27b1e116c5d%7C0%7C0%7C638591452232155114%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=zCdtFGtakI5tOFKui0JMvAeHXr7wEd06rOpmQUqjzRM%3D&reserved=0
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Figure 5.2:  NICE Audit tool: editable and freely downloadable Excel spreadsheet: 
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a) Gastrointestinal red flags (screenshot) 

 

b) Systemic red flags (screenshot) 
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c) Audit report (autopopulates: screenshot) 

 
 

d) Action plan (screenshot) 
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Figure 5.3: NICE audit results presented to WESPGHAN as Powerpoint. 
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Article VI: Cochrane review (2023): Pharmacological treatment of children with gastro-

oesophageal reflux 

Tighe MP, Andrews E, Liddicoat I, Afzal NA, Hayen A, Beattie RM, 2023. Pharmacological treatment 
of gastro-oesophageal reflux in children. Cochrane Database of Systematic Reviews, 8 (8), 
CD008550. https://doi.org/10.1002/14651858.CD008550.pub3 
Please see publisher page for information on copyright restrictions associated with this article. 

 
What does this paper achieve? 

This article allowed newer papers to be evaluated, as well as the newer Cochrane processes to be 

integrated (e.g. GRADE criteria, MECIR recommendations and independent data extraction). This 

allowed a broader evidence-base to be considered, in the light of a slight shift in the diagnostic 

definition of GORD vs GOR, and a more robust appraisal of the evidence.  

How did this differ from Article III?  

This review was separated by 6 years from the previous Cochrane review and was significantly 

different, with different software platforms, independent extraction of relevant data, use of GRADE 

criteria to assess the quality of evidence, and adoption of MECIR recommendations. More detailed 

methodology is contained within the article. New evidence on other medicines were included, such 

as quince syrup, which is thought to have ulcer-healing properties and increase the tone of the lower 

oesophageal sphincter (reducing GORD) as well as new alginate formulations such as Refluxsan Nipio 

and Gastrotuss. This review was more precise regarding the age cut-offs for subgroup analysis. As 

infants (defined as children under the age of 12months) have a trend towards symptom 

improvement after the age of 12 months, I focused more in Article VI data extraction on only 

including data on infants, rather than allowing some data using children between 12-18months in 

this subgroup analysis by considering them as part of an infant GOR continuum or spectrum, as the 

Cochrane editorial team was clear regarding the importance of this cut-off, which may however 

mean that the evidence-base for 1-2year olds is affected. 

Differences between the Article VI protocol and previous review protocol included: 

The data collection and analysis: Review Manager 5.4 and RevMan Web was used for 

data collection and analysis, updated from RevMan 5.1. GRADEPro was a new software package to 

evaluate the certainty of evidence. 

For the selection of studies: Reprints of articles were added to the reference list of included 

studies but not separately considered if they contained no new data. In the previous review articles 

https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1002%2F14651858.CD008550.pub3&data=05%7C02%7CMark.Tighe%40uhd.nhs.uk%7Cb2e313f1bb9348d678ae08dcbb8ad55e%7Cffd041eb8ec54f3295b2b27b1e116c5d%7C0%7C0%7C638591452232167132%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=V%2BUDcyXMpwRUQRIV1U9zMaXeFl%2BcqNF4ugOIipLb1eE%3D&reserved=0
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reprints were discounted. Studies that are only in abstract form, or were only identified in the 

ISRCTN register were entered into ‘Characteristics of studies awaiting classification’. 

The participants were slightly altered compared to the previous review as the definition of 

GORD changed in 2018 to 'GOR associated with bothersome symptoms or 

complications' NASPGHAN-ESPGHAN guidelines 2018.  

For outcomes: The outcome of 'pH/impedance studies' to 'pH/impedance indices' was 

redesignated to account for the range of pH/impedance measurements described in the available 

literature. 

For data extraction and management: Three review authors, led by myself independently 

extracted study data using a robust data extraction form and checked and entered the data into 

RevMan 5.4/RevMan Web; the data was analysed and any discrepancies highlighted. In the previous 

review two review authors extracted and entered study data onto RevMan 5.1. 

For measures of treatment effect: Continuous data (e.g. reflux index) were extracted for 

summary data: means and standard deviations were used to derive a standardised mean difference 

(SMD) with a 95% confidence interval using a fixed-effect model. The latest NASPGHAN/ESPGHAN 

guidelines (NASPGHAN-ESPGHAN guidelines 2018) do not define normal values for pH-metry and 

pH-impedance and the values of reflux index mentioned in the previous review (>10% in infants and 

>4% in children >12 months) have been modified here with a judgement regarding 

improvement/non-improvement. Dichotomous data such as improvement/non-improvement in 

endoscopic appearance produced outcome data that is presented as a risk ratio, and from which 

'numbers needed to treat for an additional beneficial outcome' data were derived. In the previous 

review, reported data rather than extracting summary data were used. 

Unit of analysis issues were considered related to multiple observations for the same 

outcome (e.g. repeated pH/impedance measurements); and would consult the Cochrane Gut group 

if clarification was required. If multi-arm studies are included, multiple intervention groups were 

analysed in an appropriate way to prevent arbitrary omission of relevant groups or double-counting 

of participants. In the previous review: there was some overlap in reported data e.g. according to 

age criteria: corrected in this review. 

In dealing with missing data, trial authors or sponsors of studies published from 2014 to 

2021 were contacted to provide missing data, or clarification, where there was uncertainty about 

the specifics of a trial that are pertinent to analysis, could not be resolved. In the previous review: 

contacting authors was limited to studies less than ten years old. 

https://revman.cochrane.org/#/739207100720020298/dashboard/htmlView/4.33?revertEnabled=false&versionWithProductionChanges=false#REF-NASPGHAN_x002d_ESPGHAN-guidelines-2018
https://revman.cochrane.org/#/739207100720020298/dashboard/htmlView/4.33?revertEnabled=false&versionWithProductionChanges=false#REF-NASPGHAN_x002d_ESPGHAN-guidelines-2018
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Data synthesis: Studies were unable to be combined meaningfully, due to heterogeneity of 

studies in terms of outcomes, comparisons, and populations. For continuous measurements, 

weighted mean differences were intended for pooled results from studies where a common 

measurement scale was used, and where different measurement scales have been employed, 

standardised mean differences would be pooled. Instead, difference in means and 95% confidence 

intervals for individual agents and summary effects are presented in order: Population > Comparison 

> Outcome following updated guidance in the current Cochrane review, and guidance provided 

based on individual treatments to give better focus for decision-makers, and given the individual 

study differences and heterogeneity in study design.  This differs from the previous review. 

Had a meta-analysis been performed, a sensitivity analysis using RevMan Web was intended to 

ascertain whether any decisions regarding thresholds influence result reporting (e.g. choosing age 

thresholds at 12months influencing meta-analysis robustness) and integrate the findings into the 

results and conclusions. This was not considered in the previous review. However, a meta-analysis 

was not possible and sensitivity analysis not required.  

In the summary of findings and assessment of the certainty of the evidence: two authors led 

by myself used the five GRADE considerations (risk of bias, consistency of effect, imprecision, 

indirectness and publication bias) to assess the certainty of the body of evidence for each outcome, 

and to draw conclusions about the certainty of evidence within the text of the review independently 

and disagreements reconciled by discussion, with all authors involved if a disagreement could not be 

reconciled. Two authors then reviewed the GRADE considerations in assessing the certainty of 

evidence and integrated this into the SoF tables using GRADEPro. The summary of findings tables 

distinguish results by age (infants and children aged 1-16), then comparison, and the evidence 

is  presented by outcome measures (symptoms, adverse events, pH/impedance indices and 

endoscopic findings) (MECIR PR40) with clear rationales given where evidence was down or 

upgraded according to GRADE criteria including if the risk of bias was so great the evidence needed 

downgrading by two steps.  

Differences in the literature search in this update version: the CRG Specialised Register was 

not searched as it was not updated since the previous version and the included RCTs are included in 

Cochrane CENTRAL that was also searched. The Centralised Information Service for Complementary 

Medicine (CISCOM) was not searched again. This database did not yield additional eligible studies for 

our review in the previous version, and it was not available to reviewers for this update. In the 

previous version, I handsearched published abstracts from conference proceedings. For this update, 

handsearching proceedings from conferences that took place after 2014 was not needed, because 
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EMBASE now includes proceedings from these conferences (2000 onwards); these abstracts were 

searched electronically through our main electronic search. In the previous version, the clinical trial 

register mRCT was searched. In this updated version, WHO ITCPR and clinicaltrials.gov were 

searched, as suggested by MECIR. The search strategies were revisited with Cochrane guidance and 

some new terms to reflect the current practice of treatment were added in the updated search. 

Search methods: For the previous version of this review, up to May 2014 was searched. In 

this update, relevant published trials were identified in the Cochrane Central Register of Controlled 

Trials (CENTRAL), MEDLINE, Embase and Web of Science up to 17 September 2022, as well as 

ongoing trials in the clinical trial registries. I also contacted experts in the field and searched 

references of trials and reviews for any additional trials. 

Selection criteria: I was one of two review authors who reviewed abstracts and selected 

relevant RCTs for all participants (birth-16 years) receiving pharmacological treatment for GOR. 

Analyses in children by age were grouped: aged less than 12 months (infants), in children aged 12 

months to 16 years, as well as subgroups: premature infants and children with neurological 

impairment. 

Data collection and analysis: Four review authors critically appraised the trials and data 

collected, including summary statistics and risk of bias. Suitable outcome data were analysed using 

RevMan 5.4, GRADEPro and RevMan Web, according to GRADE criteria.  

 

How does it contribute to the evidence-base? 

107 papers were identified that met our inclusion criteria and assessed them in full-text 

form, with 36 suitable RCTs assessing 2251 patients (12 new included studies, and 24 from the first 

review) suitable for inclusion. 2 studies are awaiting classification. Summary data was extracted from 

14 RCTs, with the remaining studies having insufficient data for extraction. The results are presented 

by patient age then comparison (class of medication) then outcome and contained within the article. 

A high proportion of infants were found to have physiological GOR, with very low-certainty evidence 

about treatment efficacy regarding symptom improvements, changes in pH/impedance indices and 

no summary data for endoscopic changes. Medications may or may not provide additional benefit 

(based on very low-certainty evidence), for infants whose symptoms remain bothersome despite 

non-medical interventions or parental reassurance. The evidence-base includes treatments for 

breast- and formula-fed infants with GOR/GORD but this was not assessed as a subgroup for 

analysis. If a medication is required, there is no clear evidence based on summary data for 
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omeprazole, esomeprazole (in neonates), H₂ antagonists and alginates for symptom improvements 

(very low-certainty evidence); and further studies with longer follow-ups are needed.  

In older children with GORD, in studies with summary data extracted, there is very low-

certainty evidence that PPIs (rabeprazole and pantoprazole), may or may not improve GORD 

outcomes. No robust data exists for H₂ antagonists, domperidone or erythromycin. 

Further evidence in all areas, including subgroups (preterm babies, and children with 

neurodisabilities) is required. 
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Article VI: Pharmacological treatment of gastro-oesophageal reflux in children (2022) 
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Article VII: A Service Evaluation Of The Pharmacological Management Of Gastro-Oesophageal 

Reflux Disease (GORD) In Children With Cerebral Palsy (CP), And Their Communicative Ability 

Britton F, Keast J, Tighe MP, 2017. G196(P) A service evaluation of the pharmacological management 
of gastro-oesophageal reflux disease (GORD) in children with cerebral palsy (CP), and their 
communicative ability. Archives of Disease in Childhood, 102 (Suppl 1), A78 
https://doi.org/10.1136/archdischild-2017-313087.193   
Please see publisher page for information on copyright restrictions associated with this article. 

 
What does this paper achieve? 

Having demonstrated above the absence of evidence in the treatment of GORD in children with 

neurodisability, I then looked to further understand the issues regarding prevalence and length of 

treatment, to understand if there were prescribing patterns, and use this to plan further research 

such as developing an appropriate outcome measure or head-to-head RCTs. 

How does it contribute to the evidence-base? 

This was the first study to explore the prescribing practices and communicative ability for children 

with cerebral palsy and GORD. This did not look for the co-existence of H. pylori. It was designed to 

enable future study design and provides information on how long children were receiving treatment 

for, the likely combinations, and what proportion of children would be able to converse and 

articulate symptoms, indicate symptoms in non-verbal ways (IPad, Picture exchange communication) 

or express pain. As a poster, it received peer feedback at the RCPCH conference (2017) in the British 

Society of Paediatric Gastroenterology, Hepatology and Nutrition section, and was published in 

Archives of Disease in Childhood. The poster received feedback from a panel of 3 consultant 

paediatricians and paediatric gastroenterologists and was commended, with no specific concerns 

raised. 

What were the next steps? 

This information was built in towards a RfPB bid comparing omeprazole and ranitidine in children 

with cerebral palsy and GORD. Further feedback highlighted the need to develop a useful outcome 

measure in this population group.  

https://doi.org/10.1136/archdischild-2017-313087.193
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Figure 7.2: Range of communicative 

abilities (included patients) 

Figure 7.1 : PRISMA diagram of the 

patients identified with cerebral palsy 

and GOR. Data collection over Jan 2005-2015 

27 patients included in the search 
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Figure 7.3 Data collection tool 
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Article VIII: Adaptation of the P-GSQ for children with neurodisability and symptoms of GOR 

Mills S, Tuffrey C, Tbaily L, Tighe MP Modification of the Paediatric Gastro-oesophageal Reflux 
Disease Symptom and Quality of Life Questionnaire (PGSQ) for children with cerebral palsy: a 
preliminary study. BMJ Paediatrics Open 2024;8:e002256. doi: 10.1136/bmjpo-2023-002256 
Published under gold open access: please see publisher page for information. 

What does this paper achieve?  

Following article VII, as well as VI and V, I successfully bid for £5000 to support this 

modification of the P-GSQ for children with neurodisability following an RfPB design. As part of the 

patient-public involvement, we had offered parents example questionnaires such as the P-GSQ, 

PEDS-QL, KIDSCREEN and the I-GERQ, and families felt the design and shorter nature of the P-GSQ 

was more suited, given how time-pressured they were in looking after their children. However, 

families felt that the nature of the questions needed more adaptation, given the significant 

disabilities their children faced. The P-GSQ has already been validated for use in otherwise well 

children with GORD (Nelson 2008, Kleinman 2011). Nelson 2008 assessed internal consistency (using 

Cronbach's alpha), construct validity (by comparing the PGSQ to global symptom questions and the 

Pediatric Quality of Life subscales) and discriminant validity (by comparing scores between children 

with and without GORD) in 231 children (aged 2-17years old) and parents. The same group 

(Kleinman 2011) assessed the responsiveness of the questionnaire subsets to symptom changes for 

caregivers and adolescents over a 3-week period in 11 clinical sites, and both studies found that the 

questionnaires correlated well with symptom severity and that the questionnaires were suitable for 

clinical studies. Following patient-public involvement, we undertook the iterative modification of this 

symptom questionnaire to develop this symptom outcome measure with 6 parents and 

benchmarking against the FACES pain score. Cognitive interviews were conducted by the research 

team with 6 parents/carers of children (aged 3-15) with CP (GMFCS level III-V) who have current or 

past symptoms of reflux following the work in Article VII. They were asked to interpret the 

questionnaire using a ‘think-aloud technique,’ and offer suggestions on alterations to questions. 

Reasons for changing questions included confusing/difficult to understand questions, differing 

interpretations of questions and response choices not applying to the patient group. 

 

How does it contribute to the evidence-base? 

The P-GSQ questionnaire was modified iteratively following each interview. Overall, 

parents/carers reported that it was an acceptable expectation to recall information over the past 7 

days. They felt the questions were relevant, useful, and related to symptoms that they observe. It 

https://pubmed.ncbi.nlm.nih.gov/38378669/
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was easy to comprehend with no uncomfortable questions. Some felt it was difficult to comment on 

questions surrounding school as they were not with their child during the school day. Suggestions for 

future work included a section specifically focusing on school staff and carers who assist them in the 

home.  

The P-GSQ has now been adapted to improve face validity for families/carers of children 

with symptoms of GORD and neuro-disability. This outcome questionnaire is now more relevant for 

this patient population that is quick, acceptable and needs further evaluation and implementation to 

assess whether it is fit for purpose and will help benchmark any symptom change with treatments or 

through further studies. As a poster, it received peer feedback at the conference, and was published 

in a peer-reviewed journal (Frontline Gastroenterology) and the article is now published in BMJ 

Paediatrics Open. 

 

What were the next steps? 

I am now assessing the acceptability and test-retest reliability with 20 parents in further work. I have 

recruited 16 of the 20 parents needed to assess this questionnaire. They undertake the test-retest 2 

weeks apart, supported by a visual assessment score (FACES scale). I look forward to completing this 

in 2023 and publishing this in 2024.  
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Chapter 4: Discussion 

GOR and GORD affect over 50% of babies under 3 months, and current prescribing rates for 

PPIs in infants is approximately 4-4.5% in the US and Ireland, which has increased from 1.5% in 2003 

(Illueca 2014). In older children the prevalence of GORD is estimated at 2-4.5% (Okimoto 2015). GOR 

in infants and children remains an important issue, and this body of work has helped improve the 

management and treatment of children with GOR/GORD, with appropriate evidence helping the 

investigation, explanation and prescribing and helping clinicians, patients and families to understand 

the natural progression of the condition.  

This body of work has the strength of using mixed methodologies comprising secondary 

analysis (Articles I, II and III) and primary data collection (Articles IV-VIII) to provide overlapping data 

and develop the knowledge-base in the area of GOR/GORD in infants and children. Firstly, 

considering the evidence-base for the management of GOR in infants and children using the most 

robust tools available: initially using CEBM levels of evidence, and grades of recommendations then 

Cochrane criteria, and NICE processes (to formulate NG1 and QS112), with the support of 

statisticians, health economists and lay representatives. The guidance and recommendations have 

also had the benefit of 10-12 years of being used in the field and have helped other clinicians in their 

research. The reviews have also helped to disseminate and highlight the utility of testing (such as 

pH/impedance monitoring) and management strategies for diagnosed GOR in infants. This work also 

lays the groundwork for identifying further challenges such as managing reflux in children with 

cerebral palsy, and developing an outcome measure (the modified P-GSQ) for further testing and 

validation. 

 

Comparison of different approaches of the systematic reviews: 

This thesis highlights three different ways of assessing available evidence. Article I uses Oxford CEBM 

criteria to appraise all trials assessing pharmacological treatments of GOR/GORD in children, and 

allows for some downgrading of evidence certainty if there are concerns about methods. Articles IV 

and VI use Cochrane methodology (only including RCTs) and GRADE criteria to assess the certainty of 

evidence, and NICE use GRADE criteria as well as health economic data and patient/public 

involvement in the Guideline Development Group to generate robust conclusions. This allows the 

downgrading or upgrading of the certainty of evidence for each risk of bias domain, so large RCTs 

with three or more serious concerns using GRADE criteria would be downgraded to very-low quality 

evidence. While article I draws on a wider evidence-base, the number of industry-funded trials and 

cohort studies affected the certainty of evidence, and confidence in the recommendations. Article 
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IV, and subsequently VI focused on RCTs, though due to heterogeneity of the data, meta-analysis 

was not possible, and industry-funded influence was lessened by separation extraction of data, and 

use of GRADE criteria. Article VI was rearranged to focus on Population>Intervention>Outcome to 

try to produce a clearer message, and the use of MECIR aimed to make the paper more robust. As an 

author, the Cochrane editorial guidance on phrasing had significantly changed between article IV 

and VI, with set MECIR phrases such as ‘X may or may not offer greater benefit than Y’ that I felt may 

leave clinicians and parents uncertain how to proceed, although the quantification of the certainty 

of evidence and utility of recommendations was more accurately conveyed.  Evaluation of NICE 

compared to Cochrane processes for systematic reviews has been undertaken, with one review 

finding that NICE provides greater methodology checklists (7): systematic review and meta-analysis, 

RCT, cohort study, case-control study, economic evaluation, qualitative study, and prognostic study; 

and recommends QUADAS-2 tool for diagnostic testing. However, they also found that ‘The 

Cochrane Collaboration’s tool for assessing risk of bias is the best available tool for assessing RCTs’ 

(Zeng 2015). NICE has also undertaken surveillance of Cochrane reviews to identify low-value 

interventions to improve healthcare efficiencies (Garner 2013). It should be emphasized that the 

rigorous process of systematic reviews has significant clinical utility in improving guideline quality, 

with another recent review finding that over 50% of clinical guidelines assessed did not utilise a 

systematic review in generating recommendations for care (Lunny 2021). Each process (Oxford 

CEBM/Cochrane/NICE) should be strengthened by additional supports such as PRISMA diagrams and 

prospective registration through PROSPERO. Overall, appraisal and utilisation of the evidence in a 

clinical context was best done through the NICE process; though resource-heavy, the consideration 

of the certainty of evidence using GRADE criteria improves clinical care, with a robust process of 

deriving recommendations that clinicians (including nurses and allied health professionals across 

primary, secondary and tertiary care), patients/parents and commissioners agreed on, leading to 

Quality Standards that are implemented across healthcare settings. Research recommendations also 

lead to the next generation of research studies in GOR/GORD in children. 

 

For infants, this body of work has confirmed that there is a high proportion of diagnosed 

GOR. In older children, GORD rather than diagnosed GOR is more likely, and treatment is more likely 

to be effective. Using different techniques regarding evidence synthesis (Articles I, II, III, IV, VI), the 

analysis of evidence using initially Oxford CEBM criteria, then Cochrane RevMan, then GRADE 

highlighted which treatments were likely to be effective, and how investigations such as pH studies 

and now pH/impedance monitoring (Article II, IV) can be best used to answer specific clinical 

questions, and how some investigations (such as barium swallows: Article V) may only be useful in 
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very limited indications, saving children unnecessary radiation. In Article III, the robust Cochrane 

methodology led to a clear analysis of benefit, with independently extracted data, and a detailed 

assessment of risk of bias and downgrading of recommendations based on the strength of evidence. 

Articles IV and V have been useful nationally to improve the care of children with GOR, and 

specifically the audit tool, and evaluation helped improve the identification of children with 

conditions other than GOR, and improve services’ awareness of the potential for other conditions to 

mimic GOR. NICE express their strength of recommendations with phrasing from ‘Do not use’ when 

there is moderate or high-quality evidence of absence of efficacy, or harm, through to ‘Consider’ 

when the certainty of evidence is weak or very weak, or ‘Offer' when the certainty of evidence is 

moderate or high-quality. In Article VI: as outlined above, the changes in methodology, independent 

data extraction and the inclusion of MECIR criteria and robust summary of finding tables, as well as a 

stronger focus on the quality of evidence using GRADE helped this review be more systematic. A 

change from p values to standardised mean difference and 95% confidence intervals help the reader 

better understand the significance of the findings. Those studies in which summary data could not 

be extracted were not considered further regarding the certainty of evidence. The body of work also 

highlighted specific high-risk groups, such as children with neurodisability, and sought to establish 

their communication needs and current range of medication therapy and modify a symptom 

questionnaire in Articles VII and VIII to help further research in these children. 

The findings of articles I, III, IV, V and VI agreed in many areas, though the focus on RCTs 

through the Cochrane and NICE processes, and evolution towards using GRADE criteria has provided 

a better quantification of risk of bias regarding study findings, and through extraction of original 

data, a more robust estimation of the size of effect and strength of evidence. This foundation then 

led to articles VII and VIII and the iterative redesign of the symptom questionnaire will be of use in 

future studies for this patient group. Specific areas including the patient group, investigations and 

treatment efficacy are considered below, as well as further work in children with neurodisability. 

Regarding the patient group: Overall Article I, III, IV and VI found that the evidence base of 

efficacy of pharmacological therapies for infants is mixed, with mostly low- and very-low quality 

certainty of evidence, reflecting the lived experience of many families, where many babies continue 

to have persistent symptoms and distress and find significant improvement between the ages of 1-2 

years old. In terms of pharmacological strategies, a clear distinction should be drawn between the 

treatment of infants with diagnosed GOR and those with gastro-oesophageal reflux disease (those 

with sequelae of GOR, or failure to thrive). In the subgroup of infants with diagnosed GOR, the main 

problem appears to be caused by the milk bolus, although acid reflux undoubtedly occurs. 

Underlying transient gut dysmotility, with dysfunction of the lower oesophageal sphincter, a short 
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oesophagus, high volumes of liquid feeds and a significant proportion of time lying flat are important 

predisposing factors that improve with time. However, the certainty of evidence is stronger 

regarding PPIs and H2 antagonists in children with GORD, although this certainty was lessened in 

Article VI. 

Regarding investigations: Article I noted that differentiating GOR from GORD based on 

observer-reported symptoms alone appeared to be problematic, and the need to understand the 

pros and cons of a gold-standard investigation (24hr pH-probe monitoring) was identified. Article II 

observed that 24-hour pH-impedance monitoring has been identified as safe, reproducible, and 

particularly useful when a patient has a symptom of concern (e.g. posturing or distress) that is 

contemporaneously linked to an episode of reflux.   Article III and VI highlighted that the evidence 

also highlights significant discrepancies between reported symptom severity scores and 

endoscopic/histological findings, which are potentially affected by the numbers of children with 

distressing symptoms but diagnosed GOR. Article VI additionally observed that a high proportion of 

infants have physiological GOR, with very low-certainty evidence about symptom improvements, 

changes in pH/impedance indices and no summary data for endoscopic changes. Article V confirmed 

the utility of the NICE audit tool for GORD for clinicians evaluating their service, and improved our 

service in Dorset, as although there were good assessments and documentation of red flags for 

causes other than GORD: recommendations for change included checking head circumference 

routinely and routine urine dips. This was the first published audit using the NICE audit tool for 

GORD, and first assessment of how a moderate-sized DGH looks for red-flags in GORD. 

In terms of efficacy of medications: for infants: Article I found that Gaviscon Infant® 

(sachets) are safe and can improve symptoms of GOR (Grade D). For GORD ranitidine (Grade B) and 

omeprazole and probably lansoprazole (Grade B) are safe and effective medications, which should 

provide symptomatic relief, and endoscopic and histological healing of oesophagitis. There is less 

evidence to support the use of domperidone, and metoclopramide has an adverse side-effect 

profile. More evidence is needed before other H2-receptor antagonists/PPIs or other anti-reflux 

medications can be recommended. Article III considered that the certainty of evidence for efficacy of 

Gaviscon Infant® in symptomatic relief of GOR was moderate, but these are short-term studies with 

small numbers of participants, and evidence for strategies such as reassurance, positioning and use 

of thickened formula milk in appropriate volumes and frequencies is summarised within the article. 

For infants with evidence of GORD on investigation (endoscopic changes or abnormal reflux index on 

pH/impedance probe), evidence of benefit from any medical treatment is weak. Further studies are 

needed to confirm whether PPIs or H₂ antagonists are superior in the group, and whether individual 

drugs offer superior efficacy. Weak evidence has been found for acid suppression (PPIs/H2-receptor 
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antagonists), with consequent decreased gastric enzyme activity, allowing for healing of 

oesophagitis, and symptomatic improvement. As a result of the factors previously discussed, I was 

unable to comment as to whether H₂ antagonists are superior to PPIs, but no evidence supports 

concurrent use. No consistent evidence for prokinetics (such as domperidone) has been found. It is 

currently difficult to justify continuing prescriptions of domperidone in infants for whom no benefit 

from empirical use has been reported. The current MHRA alert recommends restricting empirical 

prescriptions to two weeks and avoiding them in children with co-existing cardiac disease and in 

those receiving treatment with CYP3A4 inhibitors (EMA 2014), which has led to a marked reduction 

in prescribing frequency. Article IV (NICE guidance) conclusions included ‘Do not offer 

acid‑suppressing drugs, such as proton pump inhibitors (PPIs) or H2 receptor antagonists (H2RAs), to 

treat overt regurgitation in infants and children occurring as an isolated symptom. Consider a 

4‑week trial of a PPI or H2RA for infants who have overt regurgitation with 1 or more [additional 

symptoms]: Offer PPI or H2RA treatment to infants with endoscopy‑proven reflux oesophagitis; and 

(with a few caveats) do not offer metoclopramide, domperidone or erythromycin to treat GOR or 

GORD. Article VI noted that medications may provide additional benefit (based on very low-certainty 

evidence), for infants whose symptoms remain bothersome despite non-medical interventions or 

parental reassurance. If a medication is required, there is no clear evidence based on summary data 

for omeprazole, esomeprazole (in neonates), H₂ antagonists and alginates for symptom 

improvements (very low-certainty evidence); and further studies with longer follow-ups are needed.  

There was low-quality evidence of absence of efficacy from prokinetics in neonates, infants 

and children, and no evidence regarding treatment efficacy in children with neurodisability.   

Premature babies are often also treated empirically for gastro-oesophageal reflux, for 

example, causing apnoea; and further RCTs in this age group, using consistent outcomes, were also 

recommended in articles I, III, IV and VI. 

In older children, Article I considered that acid suppression is the mainstay of treatment, and 

the largest evidence-base supports the initial use of H2-receptor antagonists or PPIs (Grade B). 

Significant issues with study design were identified, but limited adjustment for risk of bias was 

allowable using CEBM methodology. In article III PPIs (including omeprazole and lansoprazole) had 

moderate quality evidence for reducing symptoms and improving erosive oesophagitis, with some 

evidence for H2 antagonists such as ranitidine and famotidine. Article III noted that among older 

children with GORD, moderate evidence of benefit from PPIs has been found, along with weak 

evidence of benefit from H₂ antagonists, in providing symptomatic relief and in improving 

endoscopic/histological appearances and pH/impedance indices. No consistent evidence has been 

found for prokinetics (such as domperidone). It is currently difficult to justify prescriptions for 
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domperidone among children for whom no benefit from empirical use is apparent. The current 

MHRA alert recommends restricting empirical prescriptions to two weeks and avoiding them in 

children with co-existing cardiac disease and in those receiving treatment with CYP3A4 inhibitors 

(EMA 2014). Article IV recommended: Consider a 4‑week trial of a PPI or H2RA for children who are 

unable to tell you about their symptoms (for example those with a neurodisability affecting 

expressive communication) who have overt regurgitation with 1 or more [additional symptoms] OR 

for children and young people with persistent heartburn, retrosternal or epigastric pain: Offer PPI or 

H2RA treatment to children and young people with endoscopy‑proven reflux oesophagitis; and (with 

a few exceptions) do not offer metoclopramide, domperidone or erythromycin to treat GOR or 

GORD. In Article VI, following the independent extraction of summary data, in children, there was 

very low-certainty evidence regarding the impact of PPIs (pantoprazole and rabeprazole) on 

symptom scores, with insufficient summary data to make conclusions regarding other medications. 

No robust data exists for H₂ antagonists, domperidone or erythromycin. 

For children with neurodisability: the specific challenges and paucity of evidence was 

highlighted in Articles I, III, IV and VI. The need for RCTs into children with underlying oesophageal 

dysmotility (e.g. children with cerebral palsy) was highlighted, then progressed in articles VII and VIII. 

These children often have difficult and protracted reflux, as most of these trials specifically excluded 

this subgroup. They often receive maximal medical therapies, including prokinetics, given for 

prolonged time periods, and treatment regimens for these groups are often extrapolated from those 

for other groups of children. In article VII in children with cerebral palsy and GORD, the most 

frequently prescribed anti-reflux medication was omeprazole (70%), with patients remaining on it 

for an average of 35 months (range 2 months–10 years). 30% patients had trialled ranitidine: on 

average for 19 months (4–35 months). Despite the recent MHRA alert of domperidone associated 

with cardiac side effects, and NICE guidance stating ‘Do not Use’: 59% of children were on 

domperidone for a comparatively long time: mean 38 months (range 1–104 months), potentially 

exposing them to risk.  

In terms of improving outcome assessment in children with neurodisability, article VII built 

on the research recommendation of article IV, and assessed communicative ability in children with 

cerebral palsy; 30% of patients assessed could converse, 41% used communication aids (IPads or 

PECS (Picture Exchange Communication System)) and a majority (65%) could indicate pain. This 

helped establish the communication level of children with cerebral palsy and the likely proportions 

on anti-reflux medication and confirmed that many children are on these medications, often in 

combination, for many years, including medications with potentially significant side-effects, such as 

domperidone, that has the potential for therapeutic benefit given the underlying gut dysmotility.  
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In article VIII, I aimed to adapt the existing P-GSQ proxy assessment tool to enable use in 

evaluating children with CP and GORD. Cognitive interviews were conducted with 6 parents/carers 

of children (aged 3-15) with CP (GMFCS level III-V) who have current or past symptoms of reflux. 

They were asked to interpret the questionnaire using a ‘think-aloud technique’. The P-GSQ 

questionnaire was modified iteratively following each interview. Overall, parents/carers felt the 

questions were relevant, useful, and related to symptoms that they observe. It was easy to 

comprehend with no uncomfortable questions. Some felt it was difficult to comment on questions 

surrounding school as they were not with their child during the school day. Suggestions for future 

work included a section specifically focusing on school staff and carers who assist them in the home. 

This will aid in assessing efficacy of pharmacological treatments for GORD in children with cerebral 

palsy and potentially have significant cost saving implications if treatments can be 

initiated/discontinued based on accurate symptom assessment.  

 

Strengths and Limitations: 

This body of work assessing this common and distressing problem is useful for clinicians 

caring for infants and children in primary care (health visitors, GPs and nurse practitioners and 

school nurses) especially when considered with the review of reflux in infancy (Tighe 2010) and 

learning module (Tighe Pulse 2014), and the patient information within NG1. Clinicians in secondary 

care (such as paediatricians and neonatologists) are also finding this body of work useful, and this 

work has been cited internationally (NASPGHAN-ESPGHAN 2018). 

 

Limitations of the existing evidence-base are summarised within articles I, II, III, IV, VI and 

VIII. Although a lot of the recommendations are similar to the existing published work, this thesis 

considers the recommendations together across the mixed methodologies and highlights the paucity 

of evidence in other areas of clinical care, such as neonates and children with other health 

conditions, and in economically deprived healthcare settings. Follow-ups were often short and 

studies of infants studied mixed populations: some of whom may have had diagnosed GOR, and 

some having GORD, and the reviews also describe how the definitions of GOR vs GORD have shifted 

over the 10-12 years encompassed by the publications in this thesis. The issue of pharmaceutical 

support for studies has also been commented upon. The thesis didn’t comment on areas of clinical 

overlap such as other gut disorders, food allergy or co-existing Helicobacter pylori infection.  

Limitations of this thesis include the absence of children involved in developing the 

literature reviews, and the drift in definitions of GOR/GORD over time as the body of work evolved. 

Article VI did evaluate three publications treating children with GORD in resource-limited countries 
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but further evidence from different communities, especially given the different approaches within 

communities in managing distressed infants with functional gut symptoms using non-

pharmacological techniques may improve prescribing practices. Further gaps have been identified, 

and are being addressed in future work, for example, testing the modified P-GSQ through further 

validation, and considering an RCT comparing the most commonly-prescribed PPI (omeprazole) to ta 

commonly-prescribed H2 antagonist (famotidine or nizatidine), though this thesis lays solid 

foundations towards this aim (NHS Business Services Authority prescribing data (2014.  

 

What are the implications of this body of work?  

This body of work has helped to define the existing evidence-base and assign a level of 

quality to the evidence through the systematic review (using CEBM criteria) then Cochrane reviews, 

to make evidence-based recommendations for care and treatment, so that clinicians are better able 

to work out the benefits of treatment and risk of side-effects and complications. Article II formed the 

basis of a new clinical service offered to UHD paediatric patients, which has now been running for 

over 10 years. The knowledge gained, and establishment of expected normal values, helped to 

underpin Articles III and VI and the clinical utility of pH-impedance monitoring in children with CP is 

explored in Article VIII.   

The review of reflux in infancy (Tighe 2010) helps set into context how many babies have 

‘normal’ crying, and so treating these infants for presumed reflux may have little benefit in the 

absence of symptoms and has implications in terms of cost and potential side-effects. Through 

Articles IV and V, the care of infants and children has been improved, with appropriate reduction in 

testing (e.g. reduced barium swallows), and medications (e.g. less domperidone/metoclopramide/ 

erythromycin), and Article V enables better assessment of the quality of assessment for GORD, so 

that children with other conditions are identified earlier. The development of a suitable symptom-

based outcome assessment in Article VII improves care of children with cerebral palsy, with their 

more problematic symptoms and greater implications for their health, such as longer empirical 

treatment, frequent hospitalisation and increased frequency of surgical intervention.  

 

Further work commentary is contained within the articles, however following this body of 

work, further work includes validating the modified P-GSQ outcome measure and considering a 

randomised controlled trial to ascertain if there is an effective medication/combination of 

medications in children with cerebral palsy. Although ranitidine has been discontinued due to 

manufacturing issues, there is evolving evidence that PPIs including omeprazole may cause 
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osteoporosis in adults, which may be accentuated in children with cerebral palsy, who are often non-

weightbearing and have gracile bones with poor levels of mineralisation.  
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Chapter 5: Conclusions 

This expanded literature base has helped clinicians to better understand the treatment 

options and reasonably counsel their patients accordingly. The clinical bottom-line for infants is that 

as 95% of babies grow out of their GORD by the age of 1 year-2 years (Martin 2002), managing 

expectations and considering early weaning may improve parental understanding of the likely timing 

of symptomatic improvement and avoid rapid escalation of medical treatments and over-

investigation in the absence of red flags. The introduction of proton pump inhibitors can improve 

comfort levels in some babies with GORD and may take up to 1 month for healing of mucosal 

inflammation (and relief of discomfort). The clinical bottom-line for older children is that their 

symptoms are likely to be more troublesome, more likely to lead to longer-term issues, and proton 

pump inhibitors are much more effective. This combination of a mainly evidence-based medical 

model, taking account of important psychosocial factors, helps clinicians appropriately tailor 

management approach and explanations. 

Other medications such as domperidone and erythromycin have evidence of absence of 

effect, and the number of prescriptions of these medications has significantly reduced since Articles 

III, IV, and VI. In terms of investigations, 24-hour pH-impedance monitoring has a specific role in 

ascertaining whether GOR is contemporaneously linked with symptoms, and barium swallow is not 

useful in quantifying GOR severity. Introduction of better patient information has helped families, 

and the quality standards and audit tool has helped earlier identification of babies with other 

conditions, as well as benchmarking standards of care.  

 

Overall Recommendations from this body of work: 

1) Validate the P-GSQ in children with GORD and neurodisability. 

2) Consider a head-to-head trial of omeprazole vs famotidine in children with CP and GORD 

using the validated symptom questionnaire. 
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Appendix Ia: NICE NCC-WCH Guideline membership and 1b) QS112 membership 
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Appendix 1b) Quality Standard QS112: GORD in children  

Specialist committee members:  

Karen Blythe: Paediatric Nurse  
Dr Charlie Fairhurst: Consultant Community Paediatrician  
Rebecca Harmston: Patient/ carer member  
Dianne Jones: Health Visitor  
Dr. Samantha Ross: General Practitioner  
Dr Mike Thomson: Consultant Paediatric Gastroenterologist  
Dr Mark Tighe Paediatric Consultant 
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