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General introduction

Parts of this introduction will be published in  

Minerva Pediatrica, special issue on 

Neonatal and Pediatric Nutrition 2012
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GENERAL INTRODUCTION

The esophagus is a hollow tubular organ that connects the mouth to the stomach and 

allows for the passage of ingested material. The esophagus is protected by two sphincters, 

the upper esophageal sphincter and the lower esophageal sphincter (LES). Usually the 

LES is contracted preventing food from flowing back into the esophagus. The LES opens 

during every swallow to facilitate the passage of food into the stomach. When the LES 

opens without a preceding swallow stomach contents may pass into the esophagus.1-4 

This is referred to as gastroesophageal reflux (GER), defined as the involuntary flow of 

stomach contents into the esophagus.

GER is a physiological phenomenon that occurs in infants, children and adults and allows 

depressurization of the stomach. Physiologic al regurgitation occurs regularly in up to 

70% of the 4 month old infants.5 In most infants GER does not cause symptoms. GER 

usually resolves in the first year of life and less than 5% of infants 12 - 14 months of 

age continues to experience GER.5,6 However, when GER causes troublesome symptoms 

or complications it is defined as GER disease (GERD).7,8 Using an administrative claims 

database, the incidence of the diagnosis of GERD in North America increased between 

2000 and 2005 from 3.4% to 12.3% in infants and from 0.9% to 1.3% in older age 

groups.9 GER has a great impact on families and causes distress amongst parents.10 It 

is one of the most common problems for which parents consult first line health care. 

Undiagnosed GERD in infants increases the risk of developing feeding difficulties later in 

life6 and adult GERD has been associated with childhood GERD.11 Furthermore, the burden 

on the healthcare system has been estimated to be 2386 US dollar per patient every 6 

months in pediatric patients (0-18 years of age).12 This illustrates the great range of GER 

and its presentation, from GER being a benign phenomenon that resolves spontaneously 

to GER having a great and increasing impact on society. 

Children with certain underlying disorders have a higher risk to develop severe GERD. 

Although the studies in this thesis do not focus on those subgroups, these patients 

are frequently seen in clinical practice and are therefore briefly mentioned. Patients 

with neurological impairment, particular cerebral palsy, anatomical disorders such as 

esophageal atresia and achalasia and chronic respiratory disorders such as cystic fibrosis 

are at high risk to develop GERD. Clinicians should be aware of the high incidence of GERD 

and complications of GERD in these patients. 

In this thesis on new insights in diagnostics and treatment of GER and the underlying 

mechanisms of new treatment options are presented. A basic understanding of the 

physiology of GER, diagnosis of GERD and treatment of GERD is required and is discussed 

below. 
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Physiology of the esophagus and the esophago-
gastric junction

Gastric contents are prevented from moving into the esophagus by a sphincter complex 

consisting of the lower esophageal sphincter (LES) and the crural diaphragm (CD), 

referred to as the esophago-gastric junction (EGJ). The basal pressure is maintained 

by tonic contraction of the LES and extrinsic pressure from the CD. The EGJ regulates 

the exchange of contents between the stomach and the esophagus, facilitating food 

progression into the stomach and gas venting, whilst minimizing liquid GER. The EGJ is 

located between the thoracic and abdominal cavity, both with different pressures in the 

cavity. The pressures are differently influenced by inspiration with a decrease in thoracic 

pressure and an increase in abdominal pressure at every inhalation. The resulting pressure 

gradient could easily promote GER. This is prevented by a simultaneous contraction of the 

CD.13 Moreover, the CD prevents GER during straining14 and during periods of absent LES 

pressure.15,16 

GER – mechanism and influencing factors

Sometimes the EGJ opens spontaneously without a preceding swallow when both the 

LES and the CD relax. This is referred to as a transient relaxation of the lower esophageal 

sphincter (TLESR). TLESR is a physiological mechanism to allow air to vent from the 

stomach and is the main underlying mechanism allowing GER to occur in all infants, 

children and adults, in healthy people and in patients with GERD.3,17-20 TLESRs are thought 

to be mediated through a vago-vagal reflex.21-24 Vagal afferents from the gastric cardia, 

pharynx an esophageal body synapse in the brainstem (nucleus tractus solitarius) and 

activate motor neurons in the dorsal motor nucleus of the vagus nerve.25-27 Simultaneously 

peristalsis is inhibited through suppression of excitatory vagal output to the esophageal 

body19 and the CD is inhibited.28 It is believed that the inhibition of the esophageal body 

and the CD are mediated by a pattern generator that projects to the dorsal nucleus of the 

vagal nerve and the nucleus of the phrenic nerve in the cervical spinal cord.29

Neural control of the LES and TLESRs is complex and has been studied particularly in relation 

to potential therapeutic targets. Potential inhibitors of TLESRs and their working mechanism 

are discussed more detail elsewhere.30 In short, the most important neurotransmitters that 

may have therapeutic potential are GABAB agonist (e.g. Baclofen)31-33 and metabotropic 

glutamate receptors (mGluRs).34 

Several factors are known to trigger TLESRs.35 The predominant trigger for TLESRs is 

activation of tension receptors located in the proximal stomach trough gastric distension 

and gastric accommodation after a meal.22,36,37 The presence of a nasogastric tube is also 

known to increase the rate of TLESRs. It has been suggested that this is due to pharyngeal 

stimulation38 and/or stimulation of the LES,39-41 suggesting that catheter placement in 

itself may cause TLESRs. 
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Furthermore, cholecystokinin (CCK) decreases LES pressure and causes fundic 

relaxation.42,43 CCK is released when food enters the duodenum. It is unknown if this 

is the mechanism whereby CCK results in more TLESRs or alternatively if CCK interacts 

directly with the vagal afferent system.

Position has been shown to influence TLESRs as well, with TLESRs occurring less frequently 

in supine position in patients with GERD.44 Furthermore, it has been shown that lateral 

positioning affects TLESR triggering, although not significantly in all studies.45-48 In GERD 

patients and healthy adults, TLESRs and GER have been shown to occur more frequently 

in right lateral position (RLP) compared to left lateral position (LLP).46,48 Recently, our 

group showed in healthy premature infants that TLESRs occurred more frequently in 

RLP and were more likely to cause liquid GER, despite more rapid gastric emptying.49,50 

Additionally, small volumes of a liquid meal caused a significantly faster onset of TLESR 

triggering after the start of a meal infusion in RLP compared to LLP.51 

TLESRs do not occur during stable sleep18 nor do they occur during anesthesia in dogs.52 

Factors associated with GERD

Although the emphasis lies on TLESRs as the main underlying mechanism allowing GER, 

other mechanism may contribute to the occurrence of GER such as a hypotonic LES,19 

delayed gastric emptying and hiatus hernia (HH). HH refers to the condition in which the 

LES and CD are separated, allowing the proximal stomach to move into the thoracic cavity 

and preventing the CD from enforcing the LES. In adults HH is strongly associated with 

GERD with and without esophagitis.53,54 The prevalence in children of HH is unknown. 

Hiatus hernia may nevertheless play a role in children as patients who develop Barrett’s 

esophagus more often have a HH and 39% of children receiving long term (median 3 

years) anti reflux treatment had a HH.55,56 

When the LES is continuously hypotonic the EGJ barrier function fails allowing GER to 

occur more frequently. This can be caused by several factors such as respiration, gastric 

activity, hormones, foods and medications.57,58 In children an hypotonic LES can be 

caused by multiple swallowing, a condition that is associated with an increase in GER.2

During opening of the EGJ, a positive pressure gradient over the EGJ and distal longitudinal 

contraction with esophageal shortening is needed to allow GER to occur.59 Obesity is a 

risk factor for GERD in children and in adults.60,61 Increased abdominal pressure, resulting 

in a greater positive pressure gradient over the EGJ, due to central obesity is likely to be 

the contributing factor.62 

Despite numerous studies, the role of gastric emptying in GER (disease) is still controversial.63 

It seems logical to relate more rapid gastric emptying to a decrease in GER as there is 

less distension of the stomach and less gastric content to flow back into the esophagus. 

Nevertheless, a convincing relation between delayed gastric emptying and GERD has 

not been proven. Promotility agents are widely prescribed to enhance gastric emptying. 
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Cisapride has been shown to reduce esophageal acid exposure, however no promotility 

agent has been proven to reduce bolus GER.63 In the light of the controversies in the 

literature it can be stated that gastric emptying and the manipulation thereof is either not 

a major contributing factor to GER or it is more complex than we currently understand. 

Esophageal factors in GERD

The esophagus is actively involved in the defense against GER through the rapid clearance 

of contents from the esophageal lumen.18 Esophageal motility fully functions in infants 

as young as 31 weeks of age.3 Delayed esophageal clearance has been observed in GERD 

patients64 and has been identified as a risk factor for GERD in adults.65,66 However, it is 

unknown whether deteriorated motility is a cause or a consequence of acid exposure.67

In adults a small proportion of patients experience symptoms of GER despite any evidence 

of GERD, suggesting esophageal hypersensitivity.68,69 It has been suggested that 

esophageal hypersensitivity plays an important role in patients without esophagitis, as 

patients with symptoms of GER but without esophagitis have shown to be more sensitive 

to acid perfusion than patients with esophagitis.70 The cause of esophageal (hyper) 

sensitivity is unclear but a relation with impaired mucosal defense, visceral neural pathway 

dysfunction and sustained esophageal contractions has been suggested. 

Difference between patients and healthy controls

Although TLESRs were originally described as inappropriate LES relaxations in early 

literature, current literature suggests that there is no clear difference in the number 

of TLESRs in GERD patients and healthy controls, in adults and in infants.20,71-73 The 

difference between GERD patients and healthy controls lies in the type of GER, which is 

more likely to be liquid and acidic in patients as opposed to gaseous and weakly acidic in 

healthy controls.72-75 The underlying mechanism of this phenomenon is as yet unknown. 

Several contributing factors have been suggested such as the acid pocket,76-79 the 

compliance of the EGJ80 and enhanced acid secretion.65 However none of these factors 

seem to solely provide the conclusive answer to the question of what causes the selectivity 

in type of GER in GERD patients versus healthy controls.

Diagnosing GERD

Clinical history 

Infants and children with suspected GERD may present with a wide range of symptoms. 

Esophagitis as assessed by endoscopy confirms the diagnosis of GERD, however in most 

infants and children GERD is diagnosed based on clinical history. Symptoms suggestive of 

GER are different in infants and children and are therefore discussed separately.7,81 
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Infants
In infants, symptoms most indicative of GERD are regurgitation, vomiting and irritability 

after feeds. However, these symptoms are not specific in infants and poorly correlate 

with GERD. Moreover, no combination of symptoms is conclusive for the diagnosis of 

GERD. For instance, the combination of regurgitation and irritability around feeds is also 

suggestive for cow’s milk protein (CMP) allergy (although CMP allergy usually presents 

with other symptoms such as eczema or atopic dermatitis as well).82,83 Other symptoms 

suggestive of GER in infants are presented in Table 1. GERD may cause complications such 

as hematemesis, failure to thrive, apneas or apparent life threatening events (ALTE). These 

complications require immediate adequate intervention.

GER symptoms in infants GER symptoms in children

Regurgitation Heartburn (most specific symptom)

Vomiting Epigastric pain (stomach ache above belly)

Excessive crying / irritability around feeds

Associated conditions in infants and children 

Desaturation*

Bradycardia*

Failure to thrive*

Hematemesis / melena*

Anemia

Apnea spells*

ALTE*

SIDS*

Recurrent pneumonia

Dysphagia

Cough

Hoarseness

Wheezing

Stridor

Laryngitis

Ear infection

Foetor ex ore

Dental erosions**

Feed refusal

Sandifer syndrome**

Table 1. Symptoms of GER (disease) and conditions associated with GER. Alarm symptoms requiring 
immediate intervention are marked with *. Conditions marked with ** are convincingly shown to be related to 
GER.
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In an effort to create an objective clinical tool to diagnose and monitor GERD in infants 

a questionnaire (I-GERQ-R) has been designed and validated,84 however it has been 

suggested to have more utility in the follow up of patients than for diagnosing GERD. 

In the diagnostic workup lifestyle should be assessed as it is known that overfeeding and 

exposure to cigarette smoke are common causes of GER like symptoms that can easily be 

altered with adequate education of caregivers (further discussed in Treatment).

Symptoms Consider other underlying causes such as

Bilious vomiting* Pancreas annulare
Anorexia nervosa*

Gastrointestinal bleeding* Gastric/duodenal ulcer

Consistent projectile vomiting Pyloric hypertrophy/stenosis
Duodenal web/stenosis
Malrotation
Achalasia (older children)

Onset of vomiting after 6 months of life* Immunological cause (Celiac disease after introduction of gluten)

Failure to thrive* Many causes possible – Is intake sufficient?

Diarrhea* Allergy, infections (gastroenteritis)

Constipation* Hirschsprung’s disease (infants)
Severe functional constipation

Fever* Infectious causes such as but not limited to meningitis, 
gastroenteritis, pneumonia

Lethargy* Severely ill child, find underlying disease!

Hepatosplenomegaly* Metabolic diseases

Bulging fontanel Meningitis, central nervous system tumor

Macro/microcephaly Underlying syndrome?

Seizures* Cerebral process

Epilepsy

Abdominal tenderness/swelling* Abdominal infection

Gastrointestinal atresia

Suspected genetic/metabolic syndrome* Genetic/ metabolic syndromes

Table 2. Warning signals requiring further investigation in infants presenting with regurgitation and 
vomiting. Symptoms with an * may present in older children as well as infants. The second column is not a 
differential diagnosis, it indicates possible causes for the symptoms in the left column.

An extensive differential diagnosis should be considered in infants presenting with 

regurgitation and vomiting. In the diagnostic process anatomical/obstructive, infectious, 

immunologic, neurologic, metabolic and pharmacological causes for vomiting should be 

ruled out. When warning signals are present (Table 2) additional information should be 

acquired, GERD is less likely to be the underlying disease and alternative diagnoses should 

be considered. A practical guide for the diagnostic workup of a vomiting infant has been 

described by Van Wijk et al. and is presented in Figure 1 (reproduced from Praktische 

Pediatrie with permission).85 
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It has become popular to give infants an empirical trial of PPI medication as a diagnostic 

trial; if parents report improvement on PPIs, the infant is deemed to have GERD and will 

be given PPIs for a long period of time. This approach may seem practical but has major 

drawbacks making this ‘PPI test’ unreliable. Firstly, PPI’s have not been shown to reduce 

symptoms of GER in infants.86 In a double blind placebo controlled trial in infants, 54% of 

the patients improved on lansoprazole, however 54% improved in the placebo group as 

well.87 Moreover, side effects such as lower respiratory tract infections were significantly 

higher in the lansoprazole group. This study also demonstrated that the placebo effect 

in irritable infants is high, the second drawback for the use of an empirical PPI trial as a 

diagnostic test. Thirdly, a strong acid rebound effect occurs after the cessation of PPI, 

causing healthy adult volunteers to experience symptoms of GERD and dysphagia after 

ceasing PPI treatment.88,89 This effect has not been investigated in infants or children but 

they are likely to experience a rebound effect similar to adults. 

Alarm symptoms ?

Physiological GER
“Happy spitter”

•No additional tests 
•Reassurance
•Education:
•Alarm symptoms
•Resolves with age
•Avoid tabacco smoke

•Conservative treatment:
•Feeding advice
•Postural advice *

•
•
•
•
•
•

•
•
• *

Education / follow up
History /physical exam

no

GER disease
Continue medication: 

re evaluate in 3 months

yes

Improvement ?

•Growth retardation
•Failure to thrive

no

Sufficient intake?

yes

no

•Haematemesis
•Choking accidents
•Sleep distrubances
•Apnea
•Recurrent respiratory infection

Cow milk free diet
(2 weeks) #

Cow’s milk protein allergy 
likely**

Improvement

Start

Additional tests ##

(to exclude most common other 
causes of regurgitation/vomiting):
•Barium contrast radiography
•Blood tests
•Other tests based on history 
and physical exam

no

Abnormal?
yes

•Start PPI therapy (1mg/kg)
•Cow’s milk free diet
•Non pharmalogical conservative 

treatment

•
•
•

yes

Consider pH/impance 
monitoring (on medication)
with symprom association

no

No evidence for 
GER disease

Indicative for 
GER disease

GER disease
consider:
•Endoscopy with biopsy ###

•Raise PPI dose
• Baclofen 

No improvement

Improvement?

Symptoms
return

Consider other diagnoses
based on history, physical
exam and additional tests

  

Figure 1. Diagnosis and treatment of infants with typical symptoms of GER (regurgitation and/or 
vomiting). Approach towards diagnosis and treatment of infants with typical symptoms of GER. This flow chart 
can be followed according to the outcome of history and physical exam. * also refer to non-pharmacological 
teatment in text. #Note that true monosymptomatic presentation of cow’s milk allergy is rare. However 
gastrointestinal complaints are often the only symptom reported. ** Diagnosis can only be confirmed after 
double blind provocation/elimination diet. This is seldom necessary for symptom relieve.  ## Additional tests 
should be tailored for the differential diagnosis of the specific patient, bas on history and physiocal exam. 
The tests presented here can be considered to exclude some of the more common causes of regurgitation 
and/or vomiting. ### To confirm/reject (marcoscopic/microscopic/eosinophilic) esophagitis. Reproduced with 
permission form ‘Praktische Pediatrie’. 
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When serious underlying pathology is ruled out it is important to reassure parents that 

symptoms of GERD usually disappear within the first year of life, with less than 5% of the 

13 to 14 months old infants experiencing daily regurgitation.5,6,90,91 Nevertheless, infants 

with GERD are a great burden for the family and every attempt to settle the infant and 

the family situation should be made. 

Older children
GERD in older children is different compared to infantile reflux in terms of type of symptoms, 

incidence and prognosis. Typical GER symptoms in older children are heartburn, epigastric 

pain and regurgitation. Other, less specific symptoms of GER, are presented in Table 1. 

As in infants, no cluster of symptoms has been shown to predict complication of GER or 

response to therapy.8 Furthermore, the severity of symptoms does not seem to correlate 

well with esophagitis found on endoscopy.92 

GER symptoms occur less frequently in older children compared to infants. In a community 

based study symptoms of heartburn, epigastric pain and regurgitation were reported 

up to 5.2%, 5.0%, and 8.2% of the time respectively, in children aged 3 to 17 years.93 

Although occurring less frequently, GERD is less likely to resolve spontaneously in children 

who develop GER after the age of three years.94 It has been suggested that infants with 

frequent spilling are more likely to experience symptoms of GERD as older children90 and 

that children with GERD are more likely to have GERD as adults.95

In older children other conditions should be ruled out comparable to infants (marked 

with * in Table 2). Furthermore lifestyle should be explored as heartburn has been 

associated with reported cigarette use in adolescants.93 In the same cohort no relation 

between GER symptoms and use of alcohol, caffeine or passive smoking was observed. 

Although the percentage of self reported symptoms is up to 8.2% of time in the 

adolescent age group, the use of anti reflux medication was low.93 

In adults an empirical trial of PPIs as a diagnostic test is often performed. A meta analysis 

showed a reasonable pooled sensitivity of 78%, and a poor specificity of 54% with 24 

h ambulatory pH as a gold standard.96 The ‘PPI test’ cannot be advocated in infants 

because of the lack of efficacy of PPI to reduce GER symptoms, the high placebo effect 

and the acid rebound effect after cessation of PPIs. Evidence for the use of an empirical 

trial of PPIs in older children is lacking. One could argue that a ‘PPI test’ in older children 

who can express their symptoms accurately may be useful although the poor specificity 

in adults should be kept in mind. If the ‘PPI test’ is used, PPIs should be prescribed for 

a short starting period of 2-4 weeks and if effective continued for a maximum of three 

months. Thereafter the PPIs should be weaned and stopped for at least two weeks to 

assess if symptoms recur. If symptoms relapse, further investigations may be considered. 

In younger children who are unable to express their symptoms accurately the ‘PPI test’ is 

probably unreliable and should be used, if at all, with consideration of the above mentions 

drawbacks. 
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Diagnostic tests

pH-monitoring
24 hr pH-monitoring of the distal esophagus is the most widespread used diagnostic 

test in infants, children and adults because it is easy to perform, analysis is automated, 

it is relatively inexpensive and the results can be compared to available normative data. 

However, despite efforts to create normative values,97-99 there is no international 

consensus on the appropriate diagnostic criteria that should be applied in children and 

infants.100 Furthermore, acid exposure poorly correlates with symptomatic or endoscopic 

findings in infants, children and adults.92,101-103 This may not be suprising knowing that 

the cut-off value for acid GER pH<4 was based on the occurence of heartburn in adults. 

Rather than an absolute value of acid exposure, the relation with symptoms may be more 

important in the assessment of the presence or severity of GERD. To this end, symptom 

association indices have been developed. However pH-monitoring is limited by the fact 

that non acid GER cannot be detected. This is particularly important in infants receiving 

frequent milk feedings. Milk is a potent buffer of stomach contents and it is has been 

shown that stomach contents of milkfed infants are non acidic for approximately 2 hours 

after a meal.104 Most GERD episodes occur postprandial and pH-monitoring will fail to 

detect these non acidic episodes. Lastly, pH-monitoring can be influenced by dietary acid 

intake, as the pH sensor is unable to make a distinction between ingested and regurgitated 

acid. Therefore, patients are asked to refrain from eating acidic foods or beverages. This is 

uncontrolled, the restrictions may not be followed and if the restrictions are followed the 

test conditions do not reflect daily routine. 

In the light of the above, a test that allows detection of non acidic GER and discriminates 

between swallowed and regurgitated bolus would be much preferred. Combined 

pH-impedance monitoring is a test that provides this information. 

pH-impedance monitoring
Combined pH multichannel intraluminal impedance (pH-impedance) monitoring is a method 

to measure bolus flow in a lumen in addition to a pH recording of the distal esophagus and 

was first described in 1991.105 Since the first use of pH-impedance in children, described 

by Skopnik et al in 1996,106 it has been used increasingly to measure GER in infants and 

children in clinical and in research settings. It is now recommended to use pH-impedance 

monitoring in children rather than pH-monitoring alone for the detection of GERD by 

the North American Society for Pediatric Gastroenterology, Hepatology and Nutrition 

(NASPGHAN) and the European Society for Pediatric Gastroenterology, Hepatology and 

Nutrition (ESPGHAN).8 Furthermore, impedance has been shown to yield important 

additional diagnostic information in adults, children and infants.107-110 

Impedance is defined as the resistance against an alternating current between two 

electrode pairs. Multiple electrode pairs on a catheter allow assessment of esophageal 
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flow. PH-impedance can detect extremely small bolus volumes111 and the proximal extent 

of the bolus.112 Impedance values, representing changes in conductivity, drop in the 

presence of highly conductive contents, such as saliva or gastric fluids indicating a liquid 

swallow or GER. Less conductive bolus, such as air during a burp, cause an increase in 

the impedance signal. When the bolus moves through the esophagus the bolus is in 

contact with multiple electrode pairs, allowing assessment of antegrade (swallowed) or 

retrograde (regurgitated) movement (Figure 2). Furthermore, effectiveness of esophageal 

motility can be assessed in terms of clearance of a bolus. In combination with the pH 

sensor, different types of GER can be detected; acid or weakly acid, liquid, gas or mixed 

GER (Figure 3). 

pH-impedance analyses

Guidelines for the analysis of 24 hr pH-impedance tracings in adults have been developed.75 

Although these guidelines are rather arbitrary, it is generally accepted to mark liquid GER 

when a retrograde drop in impedance to 50% from baseline in ≥2 channels occurs. Gas 

GER is defined as a simultaneous or retrograde rise in impedance to >3000 Ohm in ≥2 

channels,113 although most software packages use an impedance rise to >5000 Ohm 

as cut off value.114 Mixed GER is defined as a GER episode meeting both liquid and gas 

criteria. GER episodes with a drop to pH<4 and no change in impedance, pH-only GER, 

have been described although their clinical relevance is as yet unclear. 

In infants and children normative data in terms of number of GER episodes have not been 

defined, as it is unethical to perform invasive pH-impedance testing in healthy children. For 

Figure 2. Reflux catheter and gastroesophageal reflux (GER). The pH-impedance catheter is introduced 
through the nose into the esophagus. When liquid stomach contents flow back into the esophagus (reflux) the 
impedance signal will show a decrease from baseline in the consecutive impedance channels (measure between 
electrode pairs). After clearance of the reflux the impedance signal will return to baseline. 
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this reason it is unlikely that truly normative data will ever become available in infants and 

older children, although the title of a recent paper suggests normative data in children.115 

However, due to the inclusion of children presenting with symptoms of GER in the study 

and selection bias the data presented in this study cannot be referred to as normative 

data. In healthy preterm tube fed infants, Lopez-Alonso et al have attempted to define 

normative data in terms of number of GER episodes per 24hr.116 Nevertheless, it should 

be kept in mind that these preterm infants were tube fed and therefore not truly healthy. 

Furthermore, a nasogastric catheter through the LES exacerbates GER,40 so these data 

may be an overestimation of true normative data. 
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Figure 3. Different types of GER as detected by pH-impedance as viewed in line plot (left) or color iso-
contour plot (right). Printed in grey scale, also refer to full color figures p. 201. Low impedance values are 
marked red (dark grey) in the iso-contour color plot, high impedance values are blue (light grey). Panel A: Non 
acid liquid GER. Panel B: Acid liquid GER. Panel C: Acid mixed (containing liquid and gas) GER. Panel D: Non 
acid gas GER (such as a burp).
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Nevertheless, from studies using pH-impedance it has become clear that a substantial 

proportion of GER in infants and children is weakly acidic and that weakly acidic GER 

causes symptoms as well.110,117 

Symptom associations

To assess the relation between GER and symptoms, three symptom association indices 

have been developed. The symptom index (SI) represents the proportion of symptoms 

preceded by GER ((Sxafter GER / All symptoms) * 100%) and is considered positive when 

>50%.118 The symptoms sensitivity index (SSI) is the proportion of GER followed by a 

symptom ((GERwithSX / All GER episodes) * 100%) and is positive when >10%.119 The 

symptom association probability (SAP) is least influenced by the total number of GER or 

the total number of symptoms and is a statistical means, based on the Fisher’s Exact test, 

to calculate the probability that GER and symptoms are unrelated. The SAP is calculated 

as (1 – PFisher’s Exact) * 100% and is considered positive when >95%.120

Traditionally the time window for GER – symptom associations is two minutes. Intuitively a 

2 minute relation between GER and the onset of symptoms is logical and good day to day 

reproducibility has been shown for symptoms of regurgitation and cough.121 However, 

for the evaluation of crying in infants a 5 minute time window increases day to day 

reproducibility.121 Furthermore, a minimum of 20 crying episodes should be recorded 

during a 24hr study to ensure reproducibility.121 

Symptom association is a useful tool to evaluate the temporal relation between symptoms 

such as cough, regurgitation, irritability and GER. However, the relation of other symptoms 

without a clear temporal relation to GER, such as asthma, cannot be assessed. Furthermore, 

symptoms association is highly dependent on the diligence of children and their parent 

to record symptoms accurately during the 24hr pH-impedance study. This is a drawback 

potentially limiting the diagnostic power of pH-impedance symptoms association. 

Other limitations of pH-impedance in children and infants are the lack of normative data, 

the relatively higher cost of consumables and more time consuming analysis compared to 

pH-metry. Analysis of pH-impedance tracings can only be performed by trained analysts 

and takes between 20 minutes to 3 hours to complete depending on the characteristics 

of the tracing. Automated analysis is available in all software packages but it has not been 

validated and tracings should therefore still be analyzed manually. This is not feasible 

for most clinicians and seriously compromises the wide spread use of pH-impedance for 

clinical use. 

Baseline impedance

Until recently, pH-impedance has been used for the detection of GER only whereas the 

intrinsic characteristics of impedance measurement to measure resistance against an 

alternating current may allow assessment of the conductivity of the esophageal wall. When 

the esophagus is at rest and no swallows or GER occur, the impedance signal is measured 

through the esophageal mucosa. This is referred to as the impedance baseline.122,123 Low 

baselines have been observed in patients with esophagitis123 and esophageal motility 
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abnormalities.124 Recently Farré et al demonstrated in vitro and in vivo that impedance is 

a useful tool for the evaluation of mucosal integrity and that patients with GERD and non-

erosive reflux disease (NERD) have lower baselines compared to healthy volunteers.122 

The authors reported that the changes in baseline are not only related to macroscopic 

changes and secretion of inflammatory fluids, as seen in esophagitis, but to more subtle 

changes in the esophageal mucosa such as dilated intracellular spaces (DIS). This new 

way of interpreting impedance baselines have great potential in infants and children in 

whom endoscopy is infrequently performed due to low diagnostic yield and the risk for 

complications. 

Manometry
Esophageal manometry measures upper and lower esophageal sphincter pressures and 

esophageal peristalsis. As in pH-impedance monitoring, data on motility patterns in healthy 

infants and children are scarce as it is unethical to introduce a nasogastric catheter for 

research purposes in healthy children. Motility studies in otherwise healthy preterm tube 

fed children are an exception as manometry catheters that allow tube feeding through a 

central lumen have been developed. These studies have provided important insights in the 

pathophysiology of GERD such as identification of TLESRs, the underlying mechanism of 

GER.2,3,20 Manometry, however cannot detect bolus flow and clearance, and no manometric 

abnormalities have been identified that indicate patients with esophagitis or increased acid 

exposure.125 Therefore, GERD cannot be diagnosed by manometry alone. Nevertheless, 

manometry is part of the diagnostic workup in children with suspected esophageal motility 

disorders as it can confirm those disorders that may present with GERD-like symptoms such 

as achalasia, hypotensive peristalsis and diffuse esophageal spasm. 

High resolution manometry (HRM) is now becoming standard in adults. An HRM catheter 

has an array of closely spaced pressure sensors, usually 22 – 36 sensors spaced 1-3 cm 

apart, in the esophagus. It can be appreciated that this yields more information, which 

has enabled sub categorization of motility disorders such as achalasia, esophageal spasm 

and nutcracker’s esophagus in adults.126-130 The use of HRM in infants and children has 

been hampered by the size and stiffness of HRM catheters. Only recently HRM catheters 

for pediatric use have become available and research with HRM in infants is promising but 

has only just started.131-137 

The concurrent assessment of manometry with pH-impedance (Figure 4) provides a means 

to assess esophageal function. This additional information is important as is has been 

demonstrated that abnormal motility patterns are not always predictive of symptoms 

of GER and vice versa, patients with severe symptoms may have normal motility.138,139 

Furthermore, up to one third of adult patients with manometric abnormalities have normal 

bolus transit.140 Therefore, combined manometry and impedance testing is a rather new 

esophageal function test with great potential.141,142 
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Recently the analysis of concurrent manometry and impedance has been taken to a next 

level in terms of an automated impedance manometry analysis (AIM). AIM analysis is an 

objective, reliable and reproducible method to assess pharyngeal and esophageal function 

in relation to ineffective pharyngeal swallowing, deglutitive aspiration and potentially 

dysphagia. AIM analysis was initially developed for evaluation of pharyngeal swallowing, 

where it has greatly enhanced the clinical utility of impedance-manometry.131-133,143 Using 

pharyngeal AIM, deglutitive function was assessed using the swallow risk index (SRI). The 

SRI is a global measure of swallow effectiveness and aspiration risk derived through the 

combination of AIM variables associated with the occurrence of deglutitive aspiration on 

videofluoroscopy. The SRI has been shown to detecting the presence of aspiration during 

swallows with an almost perfect agreement with expert scoring of videofluoroscopy.131 

This novel method has great potential in other esophageal motor disorders such as 

dysphagia by combining esophageal function parameters with dysphagia scores.

Endoscopy
Upper gastrointestinal endoscopy allows macroscopic evaluation of the esophageal 

mucosa and is the diagnostic test of choice to confirm the presence of esophagitis. Mucosal 

biopsies can be taken to detect histological and cytological changes. Although the finding 

of esophagitis on endoscopy supports the diagnosis of GERD, the absence of mucosal 

abnormalities does not exclude GERD. In addition, esophagitis can be caused by other 

disorders than GERD such as eosinophilic esophagitis, Crohn disease and infections.144 

Because there is insufficient data to support the use of histology for the diagnosis of 

GERD, the primary use of histology is to exclude other conditions.8 

A C

B

M
an

om
et

ry
 (

m
m

H
g)

Im
pe

da
nc

e
(O

hm
)

Figure 4. Combined impedance and manometry. Printed in grey scale, also refer to full color figures p. 
201. A. An example of a swallow where the antegrade pattern in impedance and the simultaneous peristaltic 
wave through the esophagus can be appreciated. B. Transient lower esophageal sphincter relaxation (TLESR) 
with C. liquid GER. 
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One of the complications of GERD that can be diagnosed on endoscopy is Barrett’s 

esophagus (metaplasia of the squamous epithelium in the distal esophagus, a precursor 

of esophageal cancer). In a recent study in 157 children who underwent endoscopy 

for various clinical purposes, only 3 children had a Barrett’s esophagus.125 The children 

that developed Barrett’s esophagus all had psychomotor retardation. Other children at 

risk of developing severe GERD, esophagitis and Barrett’s esophagus are children with 

congenital esophageal abnormalities such as esophageal atresia (EA), chronic lung 

diseases such as cystic fibrosis, hiatal hernia, obesity and with a strong family history 

of GERD, Barrett’s esophagus or adenocarcinoma of the esophagus. These groups of 

children are more likely to require long-term treatment for healing and endoscopic 

screening in these children is advisable.145

In summary, endoscopy is neither specific nor sensitive enough to be the diagnostic test 

of choice for detecting GERD in children, whereas it does play an important role in the 

diagnosis of esophagitis. Endoscopy may have a more important role in children with 

neurological impairment in whom GERD, esophagitis and Barrett’s esophagus are more 

prominent than in normal children. Endoscopy should be considered if esophagitis is 

suspected or when GER related symptoms persist despite adequate therapy. 

Barium contrast
A barium contrast study, for the evaluation of GERD in children is neither specific nor 

sensitive. The short duration of the barium contrast study yields many false negative results, 

whereas the occurrence of physiological GER gives false positive results. Therefore, the 

use of barium contrast studies is not justified for the diagnosis of GERD.146 It is however 

an appropriate test to assess esophageal strictures, malrotation or other anatomical 

abnormalities. 

Nuclear scintigraphy
In gastroesophageal scintigraphy, 99Technetium labeled food is introduced into the 

stomach. During the scanning period the labeled food is visualized on scans, providing 

information on the position of food which may be digested (through gastric emptying), 

regurgitated and possibly aspirated. Sensitivity and specificity of a 1-hr scintigraphy scan 

for the diagnosis of GERD range from 15% - 59% and 83% - 100%, respectively when 

compared to pH monitoring.8 Nuclear scintigraphy may be used to assess gastric emptying 

although this test is compromised by the absence of normative data. Scintigraphy is not 

recommended for the diagnosis of GERD in children.8 

Overall, different diagnostic modalities like clinical symptoms, endoscopic and pH findings 

poorly correlate. Various studies have shown different outcomes when comparing 

endoscopy (macroscopy), biopsies (histology), pH-metry and gastro-esophageal reflux 

symptoms in infants and children.92,102,103,147,148 This compromises the ability to diagnose 

GERD accurately in infants and children. 
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Treating GERD

The management of GERD in infants and children consists of non pharmacological 

interventions such as parental reassurance, different feedings regimes and positioning, 

pharmacological interventions with acid or TLESR suppressive therapies and surgery as a 

last option. A pragmatic approach to therapy is presented in Figure 1.

Non pharmacological interventions

Parental education and reassurance is the first step in the conservative treatment of 

mild infant GERD. Conservative therapy with parental reassurance, feeding advice and 

tobacco avoidance in the environment is effective over a 2 week period with a significant 

decrease in GER symptoms in 59% of infants with GERD based on a validated infant 

questionnaire.149 

Tobacco smoke avoidance in infants and children
Tobacco smoke exposure increases esophagitis and heartburn in children93,150 and GER 

episodes are increased in infants in a tobacco smoke environment.151 For this reason, and 

many others, it is recommended avoid tobacco smoke. 

Positioning strategies in infants
Prone and upright positioning 

Positioning of the body has an impact on the incidence of GER episodes. Positioning in the 

upright, sitting, position (60°) exacerbates GER, while the prone 30° anti-Trendelenburg 

position tends to decrease reflux.152-154 However, the prone position is associated with 

a tenfold increased risk of sudden infant death (SID). Therefore this treatment option 

cannot be justified, unless the infants cardio-respiratory status is monitored continuously 

or when the child outgrows the age of increased risk of SID (>6 months) in unguarded 

infants.155-157 

Side positioning

Left lateral positioning (LLP) significantly reduces GER in both healthy and GERD preterm 

and term infants, while right lateral positioning (RLP) enhances GER.49,100,158-160 In a 

recent study, a strategy of right side positioning for the first postprandial hour with a 

position change to LLP thereafter is effective in reducing symptoms.160 Lateral positioning 

is associated with an increased risk for SIDS157 so LLP and RLP can only be advocated 

in well controlled settings including stabilization and cardio respiratory monitoring. Until 

large randomized controlled trials are performed to assess reduction of GER and symptoms 

of GER with side positioning, LLP positioning therapy cannot be advised. 
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Feeding strategies
Cow’s Milk allergy

Symptoms of cow’s milk allergy (CMA) closely resemble symptoms of GERD.161 CMA 

occurs in 2-3% of unselected children < 1yr of age, and some studies suggest an 

association between GER and CMA in up to half of infants presenting with GERD.162 This 

association is a logic consequence of the fact that symptoms may be identical in both 

entities, rigid diagnostic criteria are lacking and both GERD and CMA tend to disappear 

around 12 months of age. Unifying mechanisms have been suggested such as altered 

motility in CMA resulting in more GER, however the discussion on underlying mechanisms 

is still ongoing. Particularly in infants with atopic families, with a higher risk for developing 

CMA, eliminating cow’s milk and replacing it with hypoallergenic formula, is a potentially 

successful therapy.161

Overfeeding

Although exact numbers are unknown, overfeeding is thought to be a prominent cause 

of GER because the ingested volume is relatively large compared to the size of the 

stomach in infants. Frequent smaller volume feeds decrease acid exposure and might 

reduce symptoms as a subgroup of GERD patients suffer from acid GER.163 This study was 

however performed before pH-impedance measurements were introduced. GER occurs 

more frequently in the post prandial period and it is possible that smaller, more frequent 

feeds indeed reduce acid GER (through more constant buffering of stomach contents) but 

actually cause an increase in the total number of (weakly acid) GER.

Older children with GERD symptoms may benefit from smaller, more frequent meals as 

well. Furthermore, avoidance of spicy foods and late night meals has been reported to 

reduce sympotms.8 

Thickening feeds

Feed thickeners decrease the frequency and volume of regurgitation, but they do not 

reduce acid exposure nor affect the height and frequency of reflux episodes.164 Some 

thickening agents have potential side effects (increased coughing, abdominal pain, 

diarrhea, decreased intestinal absorption of nutrients) and there is a lack of data on 

nutritional and allergic safety.165 Nevertheless thickening of feeds is considered a valuable 

first-line therapy to relieve excessive infant regurgitation most likely because the reduction 

in regurgitation reassuring has a reassuring effect on parents. 

Pharmacological therapy

When conservative therapy fails, pharmacological interventions may be considered. Most 

commonly used pharmacological therapies are discussed below. 
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Antacids and alginates
Antacids neutralize gastric acid and are, partly due to their over-the-counter availability, 

broadly used in the treatment of GERD in adults. Antacids have effect on the short term 

relief of heartburn and the healing of esophagitis. Alginates and antacids components are 

frequently combined in one product, of which Gaviscon preparations are the most well-

known. In contact with the acid environment of the stomach alginates form a viscous gel. 

Combined with an antacid, generally a bicarbonate, the antacid generates carbon dioxide  

after reacting with the acid gastric contents. The carbon dioxide bubbles up and becomes 

entrapped in the viscous gel making the raft float. A special alginate for children, Gaviscon-

Infant, has been developed. This preparation does not contain bicarbonate, hence a ‘raft’ 

is not formed and it acts as a feed thickener instead.166 Strictly speaking, Gaviscon-Infant 

is therefore an alginate only preparation. 

There is little evidence for the use of antacids in infants and children. Two randomized 

controlled trials have been performed, one of them suggesting efficacy of antacids167 and 

one of them failed to show a treatment effect.168 

The effect of alginates in infants and children has been studied to a greater extent. A 

randomized, placebo controlled, double blind study using combined pH and impedance 

measurement in 20 infants and children with gastro-esophageal reflux showed no 

differences in the number of (acid) GER episodes, distal or proximal pH and acid clearance 

between Gaviscon Infant (alginate only preparation) and placebo. Only, a minimal but 

significant difference in average reflux height was found.169 

Another, double-blind, randomized, parallel-group study in 90 infants with GERD 

showed that alginate was superior to placebo in terms of number of reducing vomiting/

regurgitation episodes.170 The safety profile of alginate was similar to that of placebo.170 

Two older studies both using pH monitoring described conflicting results.171,172 Long-

standing utilization of antacids should not be advocated because the risk of possible 

adverse effects such as increased serum levels of aluminum, magnesium or calcium.

Histamine-2 receptor antagonists
Histamine stimulates the H2 receptors (located in parietal cells in the stomach wall) and 

plays a key role in the mechanism of gastric acid production. The histamine-2 receptor 

antagonists (H2RAs) have affinity for the H2 receptors and inhibit the interaction of 

histamine in the parietal cell and thus decrease gastric acid production. Although 

in pediatric patients much of the data is based on small studies, ranitidine173-176 and 

cimitidine177,178 are well characterized.

Two recent review articles8,166 described the use of ranitidine for GERD in children. In 

these reviews, ranitidine is reported to be a safe and effective therapy (min. 8-12 weeks) 

for infant GERD. The authors conclude that ranitidine provides symptomatic relief, reduces 

acid exposure and promotes endoscopic and histological healing of esophagitis, although 

mild degrees of esophagitis are more likely to improve on ranitidine. No double blind 

randomized, placebo controlled trials to assess the effectiveness of ranitidine have been 
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performed. Therefore these results should be interpreted with caution. Intermittent use 

of ranitidine suppressed the gastric acid production for about 5-6 hours.176 Cimetidine is 

rarely used in pediatric patients as concerns exist about the effect on cytochrome P450 

and multiple drug interaction as well as the interference with endocrine function. 

Recently, it has been described that any gastric acid inhibitors (H2RA as well as proton 

pump inhibitors) raise the risk of acute gastroenteritis179 and community acquired 

pneumonia in children.180 This increased risk of infection is attributed to the disruption of 

first line defense mechanism by the acidic environment of the stomach. 

Prokinetics
As discussed above, the role of gastric emptying in GER (disease) is still controversial. A 

convincing relation between delayed gastric emptying and GERD has never been found. 

The most well known prokinetic agent is cisapride, a prokinetic that was regarded as the 

‘drug of choice in chronic and persistent GER in infants and children’ by the ESPGHAN181 

until 2000 when it was withdrawn due to cardiac toxicity (prolonged QT interval). Although 

cisapride reduced esophageal acid exposure, it has not been shown to be superior to 

placebo.182,183 Currently, other prokinetics such as domperidone and metoclopramide are 

still commonly prescribed, although a systematic review and the ESPGHAN working group 

on GERD has concluded that available data do not support its use for GERD in infants and 

children.184,185 Furthermore, domperidone has recently been reported to be associated 

with the severe adverse effect of an increased risk for sudden cardiac death in adults.221 

Moreover, recent positioning studies have shown a decrease in GER episodes in the 

presence of delayed gastric emptying in left side position, a paradoxical finding that 

contradicts the hypothesis that more rapid gastric emptying will result in a decrease in 

GER.49 

Proton pump inhibitors
Proton pump inhibitors (PPIs) prevent the release of acid into the stomach by blocking the 

H+/K+ ATPase pump and thereby increase the pH of the stomach. In North America, five 

PPIs have been approved for use in children, omeprazole, esomeprazole, lansoprazole, 

pantoprazole and rabeprazole. None of these have been approved by the Food and Drug 

Administration (FDA) in infants <12 months of age. 

PPIs have been shown to reduce acid secretion in infants and children186-189 and promote 

esophageal healing in patients with esophagitis.166,190 Efficacy and safety have been 

shown for maintenance of remission of chronic, relapsing erosive esophagitis prospectively 

up to 2 years ,145 and retrospectively up to 11 years.56 Therefore a PPI is the first choice 

medication in children with proven GERD with esophagitis. However, side effects include 

headaches, dizziness, nausea, diarrhea and constipation and PPIs have been associated 

with an increased risk for gastroenteritis and lower respiratory tract infections. Furthermore 

a large proportion of adults with GERD is refractory to PPI therapy,191 exact numbers of 
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refractory children is unknown but it is reasonable to assume that adult data can be 

extrapolated to pediatric patients. 

Although PPIs effectively reduce esophagitis, they have not been shown to reduce GER 

symptoms in infants. This was convincingly shown in a recently published systematic 

review showing that PPI treatment is not effective for the reduction of GER symptoms in 

infants.86 Efficacy data on reduction of GER symptoms on PPI treatment in older children 

is less convincing. 

The use of proton pump inhibitors (PPIs) in infants has increased exponentially over the last 

decade.192 This increase is probably largely due to the alleged safety of the drugs and the 

extrapolation of adult data in whom PPIs reduce heartburn. Indeed, some studies suggest 

long term safety.56 On the other hand, data suggesting increased risk for community 

acquired pneumonia and gastroenteritis in PPI treated patients is emerging.87 

In conclusion, PPIs are the best available acid blocking medication for infants and children. 

PPIs cause a reduction in esophageal acid exposure and promote healing of the esophageal 

mucosa, however they have not been shown to reduce symptom of GER in infants or 

children. 

TLESR inhibitors
The above mentioned medical interventions do not alter the underlying mechanism of 

GER, TLESRs. Over the last decades many efforts have been made to create drugs that 

reduce the number of TLESRs. One type of TLESR inhibiting agent that has been tested 

in infants is Baclofen, a GABAB agonist.32,193,194 GABA plays an inhibitory role in the 

TLESR reflex-mediated via GABA(B) receptors both at sites of gastric mechanoreceptor 

transduction and within the central nervous system. The GABAB receptor agonist baclofen 

has been shown to reduce the triggering of TLESR in dogs and ferrets.195-197 In adult the 

rate of TLESR and GER decreased.31,33,198,199 

Two randomized trials have been performed in children.32,193 Baclofen significantly 

reduced the numbers of TLESR and acid GER. Baclofen had no effect on the swallowing 

rate, pattern of esopageal peristalsis, or lower esophageal sphincter pressure.32 Despite 

these encouraging results, Baclofen is seldom used for the treatment of GERD in children 

due to the unfavorable side effects such as but not limited to drowsiness, nausea, 

respiratory depression and muscle weakness.

Recently a promising TLESR inhibitor, Lesogaberan has been developed. Lesogaberan, a 

peripherally active GABAb agonist, was expected to be better tolerated than Baclofen. A 

randomized double-blinded placebo-controlled trial of Lesogaberan as an ad-on therapy in 

addition to PPI theray in adults showed a slight but significant reduction the proportion of 

patients who experienced of heartburn and regurgitation.200 Whilst Lesogaberan would 

have been a promising compound of TLESR inhibition, it has been recently be withdraw 

from the market and therefore Baclofen remains as only GABAb agonist currently available 

for prescription use. 
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Surgery
When patients continue to experience severe symptoms and/or esophagitis despite 

treatment with high doses of PPI, management is a major clinical challenge. In these 

patients anti-reflux surgery may be a treatment of last resort. One such anti reflux operation 

is a gastropexy, a procedure to create a sharper angle of His. The more commonly 

performed fundoplication has been shown to be superior to gastropexy in terms of the 

control of adic GER and is therefore the surgery of choice in most centers.201 However, 

the indications for fundoplication are poorly defined in children8,202,203 and there is no 

uniformity between hospitals in the approach to infants and children with persisting GERD 

despite medical treatment with PPI.204 Nevertheless, fundoplication is among the most 

commonly performed pediatric surgeries. 

The primary goal of anti-reflux surgery is to reduce GER without inhibiting passage into the 

stomach of swallowed substances. Different types of fundoplication have been developed 

according to Nissen (360° fundic wrap around the esophagus), Thal and Toupet (both 

partial wraps). Traditionally these procedures were performed open, however with 

advancing technology laparoscopic fundoplications are now more common. Most 

fundoplication research has been performed in adults because fundoplications are less 

common in children, patient populations are often heterogeneous and ethical restrictions 

apply in terms of measurements for research purposes. In adults is has been established 

that laparoscopic partial fundoplication is effective in terms of reduction of GERD and 

causes less dysphagia, gas bloating and redo surgeries compared to laparoscopic Nissen 

fundoplication.205-207 

In children, fundoplication has been subject to discussion. This discussion is ongoing 

as prospective studies with enough power have not been performed. Laparoscopic 

partial fundoplication has been suggested to have a lower incidence of post operative 

complications compared to open or Nissen fundoplication.208-210 In a recently published 

systematic review on the effects and efficacy of anti-reflux surgery in children with 

GERD, the authors conclude that fundoplication in children shows a good success rate 

in terms of complete relief of symptoms and that post operative dysphagia may occur 

less in partial fundoplications.211 However, other authors have made a case for more 

reluctance in the use of fundoplications.202,203 Di Lorenzo and Orenstein underline the 

complications inherent to fundoplication and advise careful selection of patients and 

thorough explanation of possible adverse outcomes to the families.202 Hassall argues that 

many children undergo surgery without a firm diagnosis of GERD and without having 

failed a thorough trial of optimized medical therapy.203 

The applicability of fundoplication has been hampered by the inability to predict 

which patient may benefit from surgery and which patients are more likely to develop 

complications such as dysphagia. Several adult studies have evaluated esophageal 

manometry and esophago-gastric junction characteristics to determine if pressure 

variables allow prediction of complications.212-216 Rosen et al used impedance to predict 

fundoplication outcome in children and did not observe any predictive variables.217
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The latest international guidelines on the treatment of GERD in the pediatric population 

state that ‘Antireflux sugery may be of benefit in children with confirmed GERD who have 

failed optimal medical therapy, or who are dependent on medical therapy over a long 

period of time, or who are significantly nonadherent with medical therapy, or who have 

life-threatening complications of GERD. Before surgery it is essential to rule out non-GERD 

causes of symptoms, and ensure that the diagnosis of chronic-relapsing GERD is firmly 

established.8 
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