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ZUSAMMENFASSUNG
Ziel: Kinder mit zerebraler Behinderung leiden häufig an gastroösophagealer
Refluxkrankheit. Es wurde bereits dargestellt, dass diese Patienten besonders von
operativen Refluxbehandlungen profitieren. Während in den meisten Studien die
Fundoplikatio nach Nissen bevorzugt wird, hat eine jüngst veröffentlichte Studie bei
Erwachsenen gezeigt, dass in Hinblick auf das Langzeitergebnis die Fundoplikatio
nach Toupet jener nach Nissen überlegen ist. Das Ziel dieser retrospektiven Studie
war es, den Outcome und die Komplikationen nach Toupet–Fundoplikatio an zerebral
behinderten Kindern zu untersuchen.
Methoden: Daten von Jänner 2000 bis Dezember 2006 wurden von Patienten, die
nach einer Toupet-Fundoplikatio operiert wurden, retrospektiv erfasst. Die prä- und
postoperativen diagnostischen Abklärungen umfassten: die ärztliche Untersuchung,
die radiologische Ösophaguspassage, die Endoskopie, die 24-Stunden-pH-Metrie und
die kombinierte Impedanz-/pH-Messung. P-Werte <0,05 wurden als statistisch
signifikant bewertet.
Ergebnisse: 46 Patienten mit einem Medianalter von 5,5 Jahren wurden in die Studie
aufgenommen. Die Hauptbeschwerden präoperativ waren Erbrechen (60,9%),
Schluckstörungen (34,8%) und Trinkprobleme (28,3%). Pathologischer Reflux wurde
in den meisten diagnostischen Tests vor Operation dokumentiert (75,6% in der
radiologischen Ösophaguspassage, 90% in der 24-Stunden-pH-Metrie und 85,7% in
der kombinierten Impedanz-/pH-Messung). Bei der Fundoplikatio nach Toupet wurden
18 (39,1%) offene und 28 (60,9%) laparoskopische Zugänge durchgeführt; die
mediane Operationszeit betrug 163 Minuten (53-295). Der mediane Zeitraum der
Nachuntersuchungen betrug 24 Monate (ein Monat bis acht Jahre). Nach der
Operation, zeigten die meisten Kinder eine beeindruckende Verbesserung ihrer
Symptome und in den Befunden der diagnostischen Untersuchungen (Refluxgrad
p<0,001,

Reflux-Index

p=0,007,

Gesamtzahl

der

Refluxepisoden

p=0,018).

Relaparotomien waren bei sechs Kindern erforderlich, eine neuerliche Fundoplikation
bei vier (8,7%), eine Laparotomie aufgrund eines Ileus bei einem und eine
Gastropexie wegen Würgens bei einem weiteren Patient.
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Schlussfolgerung: Diese Studie zeigt, dass die Fundoplikatio nach Toupet eine
geringe Komplikationsrate aufweist und als eine zuverlässige und wirksame
Behandlung der gastroösophagealen Refluxkrankheit bei zerebral behinderten
Kindern betrachtet werden kann. Dieser positive Outcome der Toupet-Fundoplikatio
ist bestimmt mit anderen operativen Refluxbehandlungen bei Kindern vergleichbar.
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ABSTRACT
Purpose: Children with severe neurological impairment (NI) frequently suffer from
gastroesophageal reflux disease (GERD). It has been shown that these patients
strongly benefit from antireflux procedures. While most studies prefer Nissen
fundoplication, a recent study in adults has shown that in terms of long-term outcome
Toupet fundoplication is superior to Nissen procedure. The aim of this retrospective
study was to evaluate outcome and complications after Toupet fundoplication in
neurologically impaired children (NIC).
Methods: Data from January 2000 to December 2006 were retrospectively collected
from patients who underwent a Toupet fundoplication. Pre- and postoperative workup
included physical examination, oesophagogram, endoscopy, 24-h pH monitoring and
impedance-pH monitoring. P-values <0,05 were considered statistically significant.
Results: Forty-six patients with a median age of 5,5 years were identified.
Preoperatively, the leading complaints were vomiting (60,9%), dysphagia (34,8%) and
drinking difficulty (28,3%). Pathological reflux was recorded in most of the diagnostic
procedures before surgery (75,6% in oesophagogram, 90% in 24-h pH monitoring,
and 85,7% in impedance-pH monitoring). At Toupet fundoplication, an open procedure
was performed in 18 (39,1%) and a laparoscopic one on 28 (60,9%) cases with a
median duration of 163 minutes (53–295). Median follow up was 24 months (1 month
to 8 years). Postoperatively, most of the children showed an impressive improvement
of symptoms and of results of diagnostic procedures (grade of reflux p<0,001, total
Reflux Index p=0,007, number of all reflux episodes p=0,018). Relaparotomy was
needed in 6 children (13%), redofundoplication in four (8,7%), laparotomy due to ileus
in one, and gastropexy due to retching in an other patient.
Conclusion: This study shows that Toupet fundoplication has a low complication rate
and can be considered as a reliable and effective treatment of NIC with GERD. This
positive outcome of Toupet fundoplication is certainly comparable to other antireflux
procedures in children.
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1 GER / GERD and FUNDOPLICATION
1.1

Introduction
Gastroesophageal reflux (GER) is one of the most common gastrointestinal

problems in children and differs in many ways from that seen in adults, in
presentation, diagnosis, and subsequent management [1, 2]. It produces a wide
variety of symptoms and ranges in severity from physiologic regurgitation in infancy to
a life-threatening disorder [2]. In fact, whether referred to as “spitting up”, possetting,
or regurgitation, gastroesophageal reflux is, to some extent, a normal condition among
infants [1].

1.2

Definitions and Mechanisms
GER is the passage of gastric contents into the esophagus with or without

regurgitation and vomiting, which are common occurrences in childhood [3, 4]. GER is
a normal physiologic process occurring several times per day in healthy infants,
children, and adults. Most episodes of GER in healthy individuals occur in the
postprandial period, and cause few or no symptoms [3]. Seventy percent of 4-monthold infants regurgitate daily but only 25% of their parents consider it a problem [4].
These normal GER episodes must be differentiated from gastroesophageal
reflux disease (GERD), in which GER produces pathologic effects [3]. GERD is
present when the reflux of gastric contents causes troublesome symptoms and/or
complications (Fig. 1) [2]. In pediatric patients esophageal complications of GERD are
esophagitis, hemorrhage, stricture, and Barrett’s esophagus (BE) [4, 5]. Digestive
symptoms include frequent regurgitation with failure to thrive, irritability, food rejection,
heartburn, hematemesis, melena, and dysphagia. Reflux-associated reactive airways
diseases are aspiration, aspiration pneumonia, laryngeal symptoms, and apnea.
Sometimes this apnea is prolonged and even life-threatening. In adults, GERD is
primarily concerned with peptic esophagitis and its complications, including heartburn,
esophageal

stricture,

the

formation

of

Barrett’s

esophagus,

and,

rarely,

adenocarcinoma [4].
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Gastroesophageal reflux is most commonly seen in children with neurologic
dysfunction. Neurologically impaired children (NIC) with GERD often have associated
swallowing disorders, failure to thrive, primary aspiration, spasticity, increased
intraabdominal pressure, and central mechanisms for inducing gagging and retching.
Additionally, they often have associated delayed gastric emptying, dysmotility of the
esophagus and upper gastrointestinal tract, and a hiatal hernia.

GERD is present in pedatric patients when reflux of gastric contents
is the cause of troublesome symptoms and/or complications

Esophageal

Symptoms purported
to be due to GERD*

Symptomatic
syndromes

Infant or younger child
(0-8 years), or older
without cognitive ability
to reliably report
symptoms

Older child or
adolescent with
cognitive ability
to reliably report
symptoms

Excessive regurgitation
Feeding refusal/anorexia
Unexplained crying
Choking/gagging/coughing
Sleep disturbance
Abdominal pain

Extraesophageal

Syndromes with
esophageal injury

Reflux esophagitis
Reflux stricture
Barrett’s esophagus
Adenocarcinoma

Definite
associations

Sandifer’s syndrome
Dental erosion

Typical Reflux
Syndrome

Possible associations

Bronchopulmonary
Asthma
Bronchopulmonary
dysplasia
Laryngotracheal and
pharyngeal
Chronic cough
Chronic laryngitis
Hoarseness
Pharyngitis
Rhinological and
otological
Sinusitis
Serous otitis media
Infants
Pathological apnea
Bradycardia
Apparent lifethreatening events

Fig. 1: Global definition of GERD in the pediatric population. *For cases in which other causes have been ruled out (eg, food
allergy, especially in infants), [5]

Despite the high prevalence of pediatric GER symptoms, the frequency of
GERD diagnosis has not been widely studied. Nelson et al have reported in a study of
children (age 0-18 years), identified from a large US administrative claims database
(from 1999-2005), that the annual incidence of the diagnosis of GERD or acid-related
conditions (ARC) increased between 2000 and 2005 for children of all ages. Infants
(ages 0 and 1) experienced the largest increase (262%) from an annual incidence of
diagnosis of 3,4% in 2000 to 12,3% in 2005. During the same period, the annual
incidence of the diagnosis of GERD / ARC among the other children of different age
groups (eg, 2, 3-5, 6-11 and 12-17) increased by 34% to 50% [6].
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1.3

Anatomy and Physiology
The dynamic of GER can be described in single events occurring in three

distinct areas: the esophagus, the gastroesophageal (GE) junction and the stomach
(Fig. 2, left) [7].

Fig. 2: left: anatomic and physiologic factors that influence gastroesophageal competency, R1 and R2 illustrate the
diameters of the distal esophagus and fundus, respectively; right: schematic representation of the interaction of the
esophagus, GE junction, and stomach, [7]

The esophagus functions as a conduit to transport material from the pharynx to
the stomach. The initial propulsion of food into the esophagus is under skeletal muscle
control. After the bolus begins to descend in the esophagus, propulsion is due to
smooth muscle function from the pharynx in the cricopharyngeus. The propulsion of a
bolus down the length of the esophagus can be considered as a pump function which
allows the bolus to move from a negative to a positive pressure area (Fig. 2, right) [7].
The GE junction is a complex system that effectively separates the abdominal
compartment with its higher pressure from the thoracic compartment with a
significantly lower pressure preventing constant reflux from the stomach to the
esophagus. It consists of several structures such as the crura of the diaphragmatic
hiatus, the angle of His with the mucosal flutter valve inside the stomach (Fig. 2, right),
and the lower esophageal sphincter (LES) [8]. The esophagus is anchored to the
diaphragm by the phrenoesophageal membrane (Fig. 2, left). The mucosal flutter
3

valve is passively pressed against the end of the lower esophagus when the gastric
fundus is filled and the less developed the valve mechanism, the more readily does a
reflux occur. The lower esophageal sphincter pressure (LESP) lies within the
diaphragmatic hiatus. Its relaxation at the GE junction is controlled by several
mechanisms, both neural and hormonal [7].
The stomach acts a reservoir, and the competency of GE junction prevents
pathologic reflux (Fig. 2, right). If there is an obstruction to gastric emptying, either
from a true mechanical problem or a physiologic abnormality, the contents remain in
the stomach, and intragastric pressure increases within the stomach in an attempt to
more forcefully empty the gastric contents into the duodenum. However, this
contraction and its force are not directed solely toward the gastric outlet. If there is
concomitant dysfunction at the GE junction, acid reflux can occur [7].

1.4

Etiology
The

precise

mechanisms

that

predispose

infants

and

children

to

gastroesophageal reflux are unknown. A high-pressure zone in the lower portion of
the esophagus plays an important role in the prevention of gastroesophageal reflux.
Therefore, anatomical defects that affect this high pressure zone of the GE junction
and interfere with rapid clearing of physiologic gastroesophageal reflux are associated
with significant reflux pathology [4].

1.5

Pathophysiology
GERD occurs when refluxed contents produce clinical symptoms or results in

histopathologic alterations. Symptoms of GER can develop when a combination of
dysfunctional

esophageal

peristalsis,

esophageal

clearance,

abnormally

low

esophageal sphincter pressures, the presence of a hiatus hernia, delayed gastric
emptying, increased intraabdominal pressure, and underlying congenital problems
such as esophageal atresia or diaphragmatic hernia impact the mechanisms
responsible for preventing or clearing GER, which neurologically impaired children
have in combination [4].
One of the specific characteristics of the LES is the fact that its tonus, which lies
in the range of 12-15-25 mmHg in adults, but also in neonates and infants, does not
only relax when food enters the esophagus through a propulsive peristaltic wave, but

4

that transient lower esophageal sphincter relaxations (TLESR) of 5 to 30 seconds’
duration occur even in the absence of any other esophageal peristalsis in healthy
individuals, which are the primary pathophysiological mechanism in all individuals with
GERD. In addition, Höllwarth et al have found that the high incidence of GER in
newborns and young infants is not caused by the low tonus of the LES alone, but also
by TLESR. They have further stated that babies with pathological reflux experienced
more prolonged and significantly more often TLESR, but their LES pressure was
normal. As any ingested fluid triggers TLESR by gastric distension, the largely liquid
food (milk) given to infants is another factor that may cause more frequent TLESR. As
already noted, delayed gastric emptying with pathological TLESR is observed in
children with neurological disorders, and may increase the incidence of reflux
episodes after meal. Thus, pathological reflux may be regarded as a sign of delayed
maturation or coordination of control centers in the hind brain, disrupting the function
of esophageal peristalsis, the LES and in some patients also gastric motility [9].
In hiatal hernia (HH), all of the antireflux barriers at the LES (including the crural
support and angle of His) are compromised and TLESR also occur with greater
frequency. HH is prevalent in adults and children with severe reflux complications, and
hernia size is a major determinant of GERD severity. Erosive esophagitis by itself
promotes the frequency of spontaneous sphincter relaxations and consequent hiatal
herniation [2].

1.6

Groups at increased risk for severe, chronic GERD
Several pediatric patient populations appear to be at higher risk for GERD than

healthy infants, children, or adolescents, which include individuals with neurologic
impairment (NI), such as cerebral palsy, certain genetic syndromes, such as Cornelia
de Lange syndrome and Down’s syndrome, repaired esophageal atresia (EA) or
congenital diaphragmatic hernia (CDH), obesity, chronic lung disease, such as cystic
fibrosis, and a family history of GERD (Tab. 1) [2, 5, 10].


Neurologic impairment



Congenital esophageal abnormalities (eg, esophageal atresia, CDH)



Obesity



Cystic fibrosis



Hiatal hernia



Family history of GERD 
Tab. 1: Conditions predisposing to chronic, severe GERD, [5]
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1.6.1 Neurological impairment
Pathological GER in children with neurological impairments is a well described
phenomenon. It is attributed to a motility disturbance affecting the esophagus and the
LES mechanism, and leads to increased frequency of sphincter relaxations and poor
clearance. The clinical symptoms may differ from those of neurologically normal
children with reflux, or may be concealed by more prominent symptoms such as
recurrent respiratory tract infections. It has also been shown that autoagressive
behaviour or considerable agitation of these patients significantly correlate with
severity of reflux [11].
The high incidence of severe, chronic GERD is multifactorial in etiology.
Contributing factors that increase reflux frequency and delay esophageal clearance
are:
-

chronic supine positioning

-

heightened gag reflex

-

delayed gastric emptying

-

constipation

-

obesity

-

abnormal muscle tone

-

medication side effects [2].
The underlying neurological damage may cause delayed gastric emptying and

esophageal dysmotility, while scoliosis, seizures, spasticity of abdominal musculature
or constipation can all cause increased abdominal pressure. Due to their often
profound physical disabilities, many children spend long periods in the supine position,
thus minimising the effect of gravity to aid esophageal clearance [12].
The severity of GERD may result from delayed diagnosis caused by obtaining
an accurate history of symptoms. Making a clinical diagnosis of GERD in children with
NI is hampered by poor communication with the patient and the frequency of atypical
presentations such as anxiety, self-injurious behaviour, apparent seizures, and
dystonia. Therefore, evaluation of the child with NI requires a high index of suspicion
[2].
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1.6.2 Esophageal anatomic disorders
Esophageal atresia has an incidence of 1 in 3000 live births and children with
esophageal atresia are likely to have reflux for several reasons. Because of the
discontinuity of the esophagus, there is a lack of the normal innvervation of the distal
esophagus. If GER is present, its sequelae may be more severe in these patients due
to congenitally esophageal dysmotility causing ineffective acid clearance from the
distal esophagus. Thus, gastric acid contents remain in contact with the esophageal
mucosa for a longer period, which leads to further inflammation. HH is also often
present, especially in long-gap atresia [2, 7].
After repair of a CDH, patients are more likely to have pathologic GER. Closure
of the diaphragmatic defect can place tension on the esophageal crura, pulling the left
crus laterally and altering the anatomy of the GE junction [7].
All of the patients with a history of CDH or a history of EA repair require followup for possible complications of GERD [2].

1.6.3 Obesity
Pediatric data are rare, but in adults, obesity and/or incremental weight gain
have been increasingly shown to be associated with a significantly higher prevalence
and severity of GERD, BE, and esophageal adenocarcinoma [2].

1.6.4 Chronic Respiratory Disorders
A higher prevalence of GERD and its complications has been reported in
patients with a variety of respiratory disorders including bronchopulmonary dysplasia,
idiopathic interstitial fibrosis, and most commonly, cystic fibrosis (CF). Intraesophageal
pH studies in children with CF detect a much higher prevalence of pathologic GE
reflux; often silent in the majority. Some children with CF consider upper
gastrointestinal (GI) symptoms such as heartburn, chest pain, and occasional
vomiting, to be part of CF, and therefore may not report them; this results in delayed
diagnosis and presentation with complications of GERD [2].
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1.7

GERD in infants versus children and adults
Older children and adults manifest GERD similarly but infants exhibit

considerable differences from older children. These differences include both the
temporal course of reflux and its specific manifestations [3].
In infants, in particular, nearly 90% of the reflux events have been reported to be
non-acidic because of the frequent neutralization of the gastric content following milk
or formula feeding. As a consequence, gastric pH may be >4 for prolonged periods,
and reflux of gastric contents might be less acidic or even alkaline [13, 14]. The
characteristic symptoms of pathological reflux in infancy usually disappear at the age
of one or two years, but nevertheless, the disappearance of clinical signs does not
necessarily mean that esophageal function has been normalized [15]. Thus,
symptoms of esophagitis are not the major manifestations of reflux in infants, although
histologic esophagitis is common. Prominent clinical manifestations in infants include
malnutrition due to regurgitation, vomiting, non-specific irritability, crying and apnea [3,
13]. Rumination, stridor, lower respiratory disease, and neurobehavioral symptoms
also may bring infants and young children to medical attention [3].
If reflux disease tends to persist in older children and adults, 50% of whom have
a chronic relapsing course.
Although complications of GERD are more prevalent in adults than in children,
probably because of the longevity of pathologic reflux, they do occur in children [16].

8

1.8

Diagnosis
The diagnosis of GERD is often made clinically based on the bothersome

symptoms of signs that may be associated with GER (Tab. 2) [2].

Symptoms

Recurrent regurgitation with/without vomiting
Weight loss or poor weight gain
Irritability in infants
Ruminative behavior
Heartburn or chest pain
Hematemesis
Dysphagia, odynophagia
Wheezing
Stridor
Cough
Hoarseness
Feeding refusal
Dystonic neck posturing (Sandifer’s syndrome)

Findings

Esophagitis
Esophageal stricture
Barrett's esophagus
Laryngeal/pharyngeal inflammation
Recurrent pneumonia
Anemia
Dental erosion
Apnea spells
Apparent life-threatening events (ALTEs)

Tab. 2: Symptoms and findings that may be associated with GER, [2]

However, symptom descriptions are unreliable in infants and children younger
than 8 to 12 years of age, and many of the expressed symptoms of GERD in infants
and children are non-specific. The diagnosis of GERD is inferred when tests show
excessive frequency or duration of reflux events, esophagitis, or a clear association of
symptoms and signs with reflux events in the absence of alternative diagnoses [2].

9

The diagnostic tests available to assess the patient with suspected GER include
an esophageal pH monitoring, combined multiple intraluminal impedance (MII) and pH
monitoring, esophageal manometry, esophagoscopy, and biopsy, oesophagogram
and scintigraphy. Each test has advantages and disadvantages, and may not be
necessary in every patient [7].

1.8.1 History and physical examination
The history and physical examination are the most important components of
the evaluation of an infant or child with GERD (Tab. 3 and Tab. 4) [4]. The major role
of them is to exclude other more worrisome disorders that present with vomiting and
to identify complications of GERD [2].

Bilious vomiting
Gastrointestinal bleeding
- hematemesis
- hematochezia
Consistently forceful vomiting
Onset of vomiting after 6 months of life
Failure to thrive
Diarrhea
Constipation
Fever
Lethargy
Hepatosplenomegaly
Bulging fontanelle
Macro/microcephaly
Seizures
Abdominal tenderness or distension
Documented or suspected genetic/metabolic syndrome
Tab. 3: Warning signals requiring investigation in infants with regurgitation or vomiting, [2]
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Pulmonary

Asthma (non-seasonal, non-allergic)
Chronic bronchitis
Bronchiectasis
Pulmonary fibrosis
Chronic obstructive pulmonary disease
Pneumonia

Ear, nose & throat

Chronic cough
Laryngitis
Hoarseness
Globus
Pharyngitis
Sinusitis
Vocal cord granuloma
Recurrent otitis media

Others

Dental erosions
Noncardiac chest pain
Sleep apnea

Tab. 4: Potential extra-esophageal manifestations of GER, [12]

Reflux-related symptoms such as failure to thrive, recurrent coughing, reactive
airways disease, stridor, apnea, recurrent aspiration pneumonia, irritability, heartburn,
abdominal pain, and dysphagia are all seen in patients with symptomatic GERD. In
general, infants and children are high volume refluxers. Recurrent vomiting is a
common clinical event reported in these children [4].
Hassall reports that in a study of 76 children with GERD, recurrent abdominal
pain was the most frequently reported symptom (64%), followed by heartburn (34%),
respiratory symptoms (29%), regurgitation (22%), retrosternal pain (18%), and
vomiting (16%). The diagnosis of GERD may be more challenging in children who
present with extra-esophageal or atypical symptoms, such as pulmonary, ear-noseand-throat, or systemic (eg, failure to thrive), than when they present with typical
symptoms [16].
The International Pediatric Endosurgery Group (IPEG) states that the infant
and younger child usually presents with regurgitation, vomiting, and irritability and the

11

older child or adolescent with heartburn, epigastric / substernal pain, and dysphagia
[17].
Based on expert opinion, the suspected diagnosis of GERD can be made in
adolescents presenting with typical heartburn symptoms as in adults. However, a
clinical diagnosis based on a history of heartburn cannot be used in infants, children,
or nonverbal adolescents (eg, those with NI) because these individuals cannot reliably
communicate the quality and quantity of their symptoms. The verbal child can
communicate pain, but descriptions of quality, intensity, location, and severity
generally are unreliable until at least 8 and possibly 12 years of age [2].

1.8.2 24-hour Esophageal pH Monitoring
Esophageal pH monitoring was considered the gold standard for the diagnosis
of GER episodes [17, 18]. It measures the frequency and duration of acid esophageal
reflux episodes. Most commercially available systems include a catheter for nasal
insertion with pH electrodes (antimony, glass, or ion-sensitive field effect) arrayed
along its length and a system for data capture, analysis, and reporting. Esophageal
pH monitoring is insensitive to weakly acid and non-acid reflux events [2]. It should be
used in conjunction with regular daily activities such as eating, sleeping and when the
child is supine sitting, or upright [4, 7]. Next, it should be noted that adult indices are
not applicable to mainly milk-fed infants who have a much higher percentage of total
reflux time than children or adults [4].
In fact, esophageal pH monitoring gives information about the number of
episodes of reflux with a pH less than 4, as well as total time exposure to a pH less
than 4 and the length of the episodes [17]. By convention, a drop in intraesophageal
pH <4.0 is considered an acid reflux episode. This cutoff was initially chosen because
heartburn induced by acid perfusion of the esophagus in adults generally occurs at pH
<4.0 [2].
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Although interpretation of pH monitoring date is simplified by computerized
analysis, visual inspection of the tracing is required to detect artefacts and evaluate
possible clinical correlations [2].
Common parameters obtained from pH monitoring include:
-

the total number of reflux episodes

-

the number of reflux episodes lasting >5 minutes

-

the duration of the longest reflux episode

-

and the reflux index (RI) = percentage of the entire recorded time that
esophageal pH is <4.0 [2].
Several scoring systems for pH-monitoring studies have been developed, but

no system is clearly superior to measuring the RI. In pH studies performed with
antimony electrodes, an RI >7% is considered abnormal, an RI <3% is considered
normal, and an RI between 3% and 7% is indeterminate [2].
Esophageal pH monitoring may be pathological in patients with conditions
other than GERD, such as gastric outlet obstruction, motility disorders, and
esophagitis due to other disorders, including eosinophilic esophagitis (EoE). The RI is
also often abnormal in children with difficult-to-control asthma and in otherwise healthy
infants with daily wheezing [2].
Nevertheless, it has a high specificity for the identification of GER and it is
carried out under normal physiologic conditions (no sedation or anesthesia), over 24
hours, and with the child carrying out normal activities. A disadvantage of esophageal
pH monitoring is that food buffers the gastric pH to a level near that of the esophageal
pH. A false-negative evaluation of GER may be assumed during the postprandial
period. To avoid this problem, feeding times should be recorded. A similar limitation is
its inability to identify intrinsic alkaline reflux (eg, duodenogastric reflux) [7].
All in all, esophageal pH monitoring provides a quantitative measure of
esophageal acid exposure with established normal ranges, but the severity of
pathologic acid reflux does not correlate consistently with symptom severity or
demonstrable complications. It is useful for evaluating the efficacy of antisecretory
therapy and an antireflux procedure [2, 19]. According to Vandenplas et al it may be
useful to correlate symptoms (eg, cough, chest pain) with acid reflux episodes, and to
select those children with wheezing or respiratory symptoms in which acid reflux may
be an aggravating factor [2].
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1.8.3 24-hour Combined Multiple Intraluminal Impedance (MII) and pH Monitoring
Impedance technology detects all types of reflux into the esophagus and is
very important in the workup of children with GER, as more than half of their reflux
episodes are non-acid events [4].
MII measures changes in the electrical impedance (eg, resistance) between
multiple electrodes located along an esophageal catheter. Esophageal impedance
tracings are analyzed for the typical changes in impedance caused by the passage of
liquid, solid, gas, or mixed boluses. If the impedance changes of a liquid bolus appear
first in the distal channels and proceed sequentially to the proximal channels, they
indicate retrograde bolus movement, which is GER [2].
The combined measurement of pH and impedance (pH/MII) on a single
catheter provides additional information as to whether refluxed material is acidic,
weakly acidic, or non-acidic and is now considered to be the best technique to detect
and characterize GER [2, 13, 17, 18, 20]. Francavilla et al have also demonstrated
that the addition of MII to conventional pH monitoring significantly increases the
diagnostic accuracy of the test as first-line assessment in infants or children with
suspected GERD, as esophageal pH monitoring has several limitations, mainly related
to inability to detect non-acidic refluxate and thus, underestimating the amount of
reflux events [14].
The combination of pH/MII with simultaneous monitoring of symptoms using
video-polysomnography or manometry is useful for the evaluation of symptom
correlations between reflux episodes and apnea, cough, other respiratory and
behavioural symptoms [2].

1.8.4 Esophageal Manometry
Esophageal Manometry measures esophageal peristalsis, upper and lower
esophageal sphincter pressures, and the coordinated function of these structures
during swallowing [2, 18]. Normal lower esophageal sphincter pressure (LESP) is
considered to be 15 mmHg [7].
The manometric sign of TLESR is marked by an increase in esophageal
pressure tracings to abdominal pressure and a characteristic reversal to fluctuations in
abdominal pressure that accompany respiration (=common cavity phenomenon
[CCP]) [Fig. 3]. Manometry combined with pH-monitoring shows that the reduced pH
is normalized in a stepwise manner by swallowing saliva.
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The disadvantage of manometry is that it is a motion-dependent investigation
and requires a quiet child. Therefore, it is not suitable as a routine method, but may
well be indispensable for specific questions.

Fig. 3: A TLESR associated with a common cavity phenomenon. The green arrow indicates the onset of the TLESR, and the
space between the red arrows indicates the CCP. The horizontal line on the sleeve recording indicates mean intragastric
pressure., [21]

1.8.5 Endoscopy and Biopsy
Upper GI endoscopy allows direct visual examination of the esophageal
mucosa and mucosal biopsies enable evaluation of the microscopic anatomy.
Macroscopic lesions associated with GERD include esophagitis, erosions, exudates,
ulcers, strictures, HH, areas of possible esophageal metaplasia, and polyps.
Malrotation and achalasia cannot be diagnosed by endoscopy [2].
Histologic assessment of the esophageal lining is much more accurate than the
endoscopic appearance. Pathologists then grade the level of esophagitis and can also
detect the presence of BE, which is a premalignant disorder [4]. The degree of
inflammatory change may not correlate with histologic change, particularly when
comparing acid reflux with duodenal reflux [7].
The diagnostic yield of endoscopy is generally greater if multiple samples of
good size and orientation are obtained from biopsy sites that are identified relative to
major esophageal landmarks. The primary role for esophageal histology is to rule out
other conditions in the differential diagnosis, such as EoE, Crohn disease, BE, and
infection. At endoscopy, accurate documentation of esophagogastric landmarks is
15

necessary for the diagnosis of HH and endoscopically suspected esophageal
metaplasia (ESEM). This is of particular importance in children with severe
esophagitis, in whom landmarks may be obscured by bleeding or exudates, or when
landmarks are displaced by anatomic abnormalities or HH [2].

1.8.6 Barium Contrast Radiography
The upper GI series is neither sensitive nor specific for diagnosing GERD in
children [2, 4]. The brief duration of the upper GI series may result in false-negative
findings, whereas the frequent occurrence of non-pathological reflux during the
examination may cause false-positive results [2]. However, it does show the patient’s
anatomy and is useful to detect anatomic abnormalities such as esophageal stricture,
HH, achalasia, tracheoesophageal fistula, intestinal malrotation, or pyloric stenosis,
which may be considered in the differential diagnosis of infants and children with
symptoms suggesting GERD [2, 4, 18].
Al-Khawari et al have compared 24-h esophageal pH monitoring and barium
examinations in the diagnosis of GER in children in a retrospective study (2002) and
have reported that pH monitoring should be used as an investigation for the diagnosis
of GER in children regardless of the age group. They have also stated that barium
examinations can be reserved for patients below one year of age, those going for
surgery and those with negative esophageal pH monitoring results but strong clinical
suspicion of GER [22].
Our strategy is to perform a Barium oesophagogram in all patients with chronic
reflux not responding to conventional therapy.

1.8.7 Nuclear scintigraphy
In gastroesophageal scintigraphy, food or formula labeled with 99technetium is
introduced into the areas of interest – stomach, esophagus, and lungs – and they are
scanned for evidence of reflux and aspiration. The nuclear scan evaluates only
postprandial reflux and demonstrates reflux independent of the gastric pH; it is
commonly used to detect delayed gastric emptying in children with GER and to
determine reflux associated aspiration. However, the difficulty in standardizing the
technique and the questionable benefit of performing a gastric outlet procedure limit
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the value of this test, and therefore, it is not recommended in the routine diagnosis
and management of GERD in infants and children [2, 4, 18].

1.8.8 Esophageal and Gastric Ultrasonography
Ultrasonography is not recommended as a test for GERD but can provide
information not available through other technology. It can detect fluid movements
through the esophagogastric junction over short periods of time; however, at present,
there is no role for ultrasound as a routine diagnostic tool for GERD in children [2].

In summary, the appropriate steps of the evaluation of a child suspected of having
GER are controversial. The workup must include a careful history and physical
examination. An upper GI study to look for abnormalities, a 24-h pH monitoring or an
impedance study, and in some cases endoscopy with biopsy of the distal esophageal
mucosa are often indicated as parts of the investigation [4].

1.9

Treatment
In contrast to adults and older children, most infants with symptomatic reflux will

be free of pathologic reflux within one or two years. Thus, conservative measures, and
pharmacotherapy when required, will often result in the gratifying resolution of disease
in these younger patients [3]. Symptomatic GER in patients older than five years of
age is usually not associated with the spontaneous improvement seen in infants and
younger children, though. It is likely that reflux has been present, if not obvious, for a
number of years in these children. Therefore, it is reasonable to have an increased
concern regarding reflux complications in these children (eg. stricture formation,
Barrett’s esophagus, chronic pulmonary disease) [7].
Management options for physiologic GER and GERD include:
-

lifestyle changes

-

pharmacologic therapy (agents to buffer gastric contents or suppress acid
secretion)

-

surgery (fundoplication and other procedures to eliminate reflux) [2].
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GERD in NIP can be particularly difficult to treat. The reflux in many of these
patients may be potentiated by hypertonicity, which raises intraabdominal and
intragastric pressures. In addition, many of these patients have behavioural retching.
This is difficult to stop and often contributes to reflux. GERD to the level of the
epiglottis is a particular problem in neurologically impaired children who cannot protect
the airway and thus are at higher risk for aspiration-related problems [7].

1.9.1 Lifestyle changes
Most infants and children who have symptoms of gastroesophageal reflux can
benefit from changes in lifestyle. Smaller, frequent feeding is encouraged in babies
instead of larger feedings at infrequent intervals and thickened feedings may be
helpful, decrease the number of acid-reflux episodes and, furthermore, relieve the
symptoms, whereas this treatment does not decrease the total number of reflux
episodes measured by impedance [4, 17].
Children with poor weight gain can be fed diets with higher caloric density and
hypoallergenic feedings can also be given to infants who may be vomiting due to a
reaction to a particular formula [4].
Although esophageal pH monitoring has demonstrated that infants have
significantly less GER in the prone position than in the supine position, prone
positioning has been associated with a higher rate of sudden infant death syndrome
(SIDS). Therefore, non-prone positioning should be utilized during sleep for small
infants and the prone position may be beneficial in children older than one year of age
with GER or GERD whose risk of SIDS is negligible [2, 4].
In general, weight loss may be helpful in obese children, and the prevention of
exposure to tobacco smoke may also be beneficial. In addition, the avoidance of
caffeine, chocolate, and spicy foods can be efficacious in older children [17].

18

1.9.2 Pharmacologic Therapies
1.9.2.1 Histamine-2 Receptor Antagonists
Histamine-2 receptor antagonists (H2RAs) decrease acid secretion by
inhibiting histamine-2 receptors on gastric parietal cells. Numerous randomized
controlled trials (RCTs) have demonstrated that cimetidine, ranitidine, and famotidine
are superior to placebo for relief of symptoms and healing of esophageal mucosa.
However, the efficacy of H2RAs in achieving mucosal healing is much greater in mild
esophagitis than in severe esophagitis [2].
Extrapolation of the results of a large number of adult studies to older children and
adolescents suggests that H2RAs may be used in these patients for the treatment of
GERD symptoms and for healing esophagitis, although H2RAs are less effective than
proton pump inhibitors (PPIs) for both symptom relief and healing of esophagitis [2,
16].
The fairly rapid tachyphylaxis that develops with H2RAs is a drawback to
chronic use and in some infants H2RAs therapy causes irritability, head banging,
headache, somnolence, liver disease, gynecomastia, and other side effects that, if
interpreted as persistent symptoms of GERD, could result in an inappropriate increase
of dosage [2].

1.9.2.2 Proton Pump Inhibitors
Initiation of prescription therapy with PPIs has become increasingly common
for pediatric GERD or ARC, and is now more common than initiation with H2RAs [6].
PPIs inhibit acid secretion by blocking Na+-K+-ATPase, the final common pathway of
parietal cell acid secretion, often called the proton pump. The superior efficacy of PPIs
is largely because of their ability to maintain intragastric pH at or above 4 for longer
periods and to inhibit meal-induced acid secretion, a characteristic not shared by
H2RAs. In contrast with H2RAs, the effect of PPIs does not diminish with chronic use.
The potent suppression of acid secretion by PPIs also results in decrease of 24-hour
intragastric volumes, thereby facilitating gastric emptying and decreasing volume
reflux [2, 16].
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PPIs currently approved for use in children in Europe are omeprazole and
esomeprazole. No PPI has been approved for use in infants younger than one year of
age [2]. Although the overall pharmacokinetic profiles of these agents are similar to
those in adults, children differ significantly from adults in having an age-related
enhanced metabolic capacity. As such, children one to ten years of age appear to
require a higher dose per kilogram than adolescents and adults [2, 16].
There are potential risks associated with acid suppression resulting from PPI therapy
in infants. The four main categories of adverse effects related to PPIs are:
-

idiosyncratic reactions (headache, diarrhea, constipation, and nausea)

-

drug-drug interactions,

-

drug-induced hypergastrinemia (parietal cell hyperplasia, occasional fund
gland polyps)

-

drug-induced hypochlorhydria [2].

Increasing evidence suggests that hypochlorhydria may increase rates of communityacquired pneumonia in adults and children, gastroenteritis in children, and candidemia
and necrotizing enterocolitis in preterm infants [2].

1.9.2.3 Prokinetic therapy
Prokinetic agents are theoretically able to raise tonic LES pressure, improve
esophageal clearance, and speed gastric emptying. However, all prokinetic agents
have had mixed clinical results, and none decreases the frequency of LES relaxations
[3].
Cisapride, for example, is a mixed serotonergic agent that facilitates the
release of acetylcholine at synapses in the myenteric plexus, thus increasing gastric
peristalsis. It significantly reduces RI but shows less consistent reduction in symptoms
and produces prolongation of QTc interval on electrocardiogram, a finding increasing
the risk of sudden death and therefore, its use was restricted to limited-access
programs supervised by a pediatric gastroenterologist [2].
Domperidone and metoclopramide are antidopaminergic agents that facilitate
gastric emptying. Metoclopramide reduces the RI on pH probe examination but does
not normalize it and produces adverse side effects in infants and children, particularly
lethargy, irritability, gynecomastia, galactorrhea, extrapyramidal reactions and tardive
dyskinesia. Domperidone occasionally causes extrapyramidal central nervous side
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effects. Next, bethanechol, a direct cholinergic agonist, has uncertain efficacy and a
high incidence of side effects in children with GERD.
Currently, there is insufficient evidence to justify the use of cisapride,
metoclopramide, domperidone and bethanechol for GERD [2].
A new and promising therapeutic option is the inhibition of TLESR by gamma
aminobutyric acid (GABA) receptor type B agonists such as baclofen. Recent
experience with baclofen in adults and children with GERD has demonstrated a
significant reduction in TLESR and reflux [23, 24].

1.9.2.4 Other Agents
Antacids, for example, directly buffer gastric contents, thereby reducing
heartburn and healing esophagitis, but they have not been formally studied in children,
and chronic antacid therapy is generally not recommended for patients with GERD [2].
The available data of Sucralfate, a compound of sucrose, sulphate, and
aluminium for mucosal protection, are inadequate to determine the safety or efficacy
in the treatment of GERD in infants and children [2].
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1.9.3 Surgical Therapy
The indications for considering antireflux surgery in children for GERD are
numerous and depend on the patient’s age and clinical scenario [25].
Surgical management is indicated for children in the following circumstances:
-

failure of medical therapy

-

presence of an associated anatomical defect such as a hiatal hernia,
malrotation, or diaphragmatic hernia

-

esophageal stricture secondary to GERD, esophagitis, BE

-

postesophageal atresia repair with a recurrent stricture that does not respond
to medical treatment

-

pulmonary symptoms, specifically asthma with persistent symptoms and reflux
despite medical management and recurrent pneumonia associated with GER

-

NIC who have difficulty feeding and have serious reflux-associated symptoms
[4, 17, 25-29].
Surgical indications are similar for NI and NN children, but should be carefully

applied to the latter (eg, fundoplication does not prevent aspiration from impaired
swallowing and absent gag reflex) [25]. Tovar et al state that surgery should be
offered only after diagnosis has been firmly established, and the indications must
remain identical for open and laparoscopic procedures [29].
The aim of surgery in GER is to prevent episodes of reflux while avoiding
complications such as dysphagia and the inability to belch and vomit [4, 30].

1.9.3.1 Fundoplication
Fundoplication decreases reflux by increasing the LES baseline pressure,
decreasing the number of TLESRs and the nadir pressure during swallow-induced
relaxation, increasing the length of the esophagus that is intraabdominal and by
accentuating the angle of His [2, 29]. If a hiatal hernia is present, the stomach is
reduced from the chest, and mobilization is carried out, so the distal esophagus is
below the diaphragm [7]. It usually eliminates reflux, including physiologic reflux, but
does not correct underlying esophageal clearance, gastric emptying, or other GI
dysmotility disorders [2, 29].
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Next, fundoplication is one of the most common laparoscopic operations in
pediatric surgical units [12, 31], the third most common procedure done by pediatric
surgeons and the most surgical treatment for medically refractory GERD [18, 25, 27,
30, 32, 33]. Fifty percent of the children who receive a fundoplication have
neurological impairment [33].
Several operative techniques have been described for children, which can be
divided into complete wrap procedures (Nissen fundoplication) and partial wrap
procedures (Thal fundoplication, Toupet fundoplication) [4, 18]. All of these techniques
include the principles of creating an intraabdominal segment of esophagus and
attempt to achieve a physiologic high-pressure zone at the distal end of the
esophagus that will prevent reflux (Fig. 3) [3, 4].

Fig. 4: Formation of an antireflux valve around the intraabdominal esophagus, [7]

There are open and laparoscopic procedures possible. However, the laparoscopic
approach has generally replaced the open access and has now become the standard
of care with results equivalent to the open technique [4, 27, 29, 32, 34]. It is probably
cost-effective in comparison with long-duration medical therapy, particularly in children
and NIP [32]. In addition, the laparoscopic approach provides a better exposition of
the hiatal area, especially for NIC with skeletal deformities. Moreover, by permitting a
limited dissection and causing less postoperative pain, the pulmonary morbidity has
also been lessened [18].
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1.9.3.1.1 Nissen fundoplication
The fundus is fitted around the esophagus for 360° for a distance of 1.5-2
cm and the wrap is performed over an appropriate-sized bougie to prevent the
creation of a tight wrap (Fig. 4) [4, 17, 26].

Fig. 5: Schematic drawing of Nissen fundoplication. The dilated esophagus must be pulled down into the abdominal cavity,
[4].

1.9.3.1.2 Thal fundoplication
The Thal fundoplication is a 180-270° anterior wrap of the fundus around the
distal esophagus. It is performed by approximation of the hiatus posterior to the
esophagus, followed by a suture to fix the esophagus at that level posteriorly. The
fundus is then sutured anteriorly with fixation to the esophagus and the diaphragm
(Fig. 5) [4,17].

Fig. 6: The Thal procedure consists of a 270° wrap of the fundus ventral to the esophagus, [4].
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1.9.3.1.3 Toupet fundoplication
The Toupet fundoplication is a 270° posterior partial wrap. It is performed by
closing the posterior hiatal opening, then suturing the fundus to the right crus and the
right side of the esophagus, and finally, suturing the left side of the fundus to the
esophagophrenic ligament (Fig. 6) [4,17].

Fig. 7: The Toupet technique is characterized by a 270° wrap of the fundus dorsal of the esophagus, [4].

Montupet has stated in a study of laparoscopic Toupet fundoplication in
children that this antireflux procedure is convenient and independent of the age or
status of the child, it requires a lesser degree of fundus mobilization than total Nissen
fundoplication and that it is even more reliable in the neurologically impaired patient
due to the absence of tension on the wrap. Furthermore, the risk of an anterior vagus
nerve lesion is also reduced by using a posterior wrap, as the wrap is not sutured to
the anterior part of the esophagus [35].

1.9.3.1.4 Outcome and Complications:
The outcomes of laparoscopic antireflux procedures for adults have been
reported extensively. Although no randomized control trials with children exist to date,
many retrospective studies have been published [32, 36, 37]. Esposito et al, for
example, have found in a study of 300 NN patients in three European centers with a
large experience in laparoscopic antireflux procedures (LARP) that all laparoscopic
Nissen, Thal, and Toupet antireflux procedures yielded satisfactory results and
considered the three procedures extremely effective for the treatment of children with
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GERD [36]. In addition, Kane states that it may not matter which laparoscopic
antireflux procedure is performed if it is done by an experienced surgeon and that the
procedural choice is based more upon surgeon preference and experience than any
other factors [25, 27].
Results in NN patients are completely different from those in NIC and should
be analyzed separately [34, 36]. Morbidity and mortality are higher in NIC, but death is
mostly due to the underlying condition rather than the operation [25, 29, 38]. Next,
they are more susceptible to postoperative complications, especially pulmonary
infections, which is mostly the result of poor oropharyngeal handling of their saliva
with aspiration [17, 18, 26, 27, 39]. Mathei et al have also found that performing
Nissen fundoplication in NIC is often more difficult because of a preoperatively placed
gastrostomy tube and other comorbidities like extreme scoliosis [39].
As fundoplication permanently alters the gastroesophageal anatomy and
function, complications may ensue from these changes which may be classified
according to their occurrence – early or late after surgery [4, 12]:
Early complications include:
-

dysphagia – usually resolves within a few weeks.

-

serious difficulty swallowing – a nasogastric tube can be passed and removed
after two weeks followed by normal feeding

-

wound infections

-

herniation through abdominal incisions [4, 12, 26, 29].

Long-term dysphagia is more commonly caused by overzealous tightening of the
hiatus during the fundoplication procedure [4].
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Late complications:
Recurrent reflux is also a common complication after a fundoplication in
children. It is most often related to postoperative retching and gagging and can also
be caused by overzealous feeding through a gastrostomy tube [4, 12, 26, 40].
Srivastava et al examined reflux related hospital admissions after
fundoplication in children with neurological impairment and showed that NIC with
GERD after a fundoplication had reduced hospital admissions for aspiration
pneumonia, GERD, and mechanical ventilation. However, admissions for pneumonia
remained constant and those for asthma even increased after fundoplication [30].
Other less common complications include:
-

gas-bloat – can be managed by removing the air in the stomach prior to
feedings through the gastrostomy button

-

postoperative dumping – can be treated by smaller, more frequent feedings or
drip feedings [4, 12, 29].

Redo surgery is indicated only in specific cases, since the majority of complication can
be managed pharmacologically [34].
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1.9.3.2 Total esophagogastric dissociation
Total esophagogastric dissociation is an operative procedure that is rarely
necessary in children with NI or other conditions causing life-threatening aspiration
during oral feedings and has been used either after failed fundoplication or as a
primary procedure. The esophagogastric disconnection eliminates all of the reflux
while allowing tube feedings or oral supplementation up to the patient’s tolerance [2].
The stomach and esophagus are mobilized as per fundoplication and assessed; then,
a 30-cm Roux-en-Y loop is constructed, the stomach is disconnected from the
esophagus and the Roux-loop is finally anastomosed to the lower end of the
esophagus (Fig. 7) [41].
In a study of twenty patients (mean age 5,5 years) who were nonverbal,
nonambulatory, unable to feed orally and who had an esophagogastric dissociation,
Goyal et al stated that this operative procedure was an safe and effective alternative
to fundoplication and had a lower failure rate [29, 41].

Fig. 8: Esophagogastric dissociation, [41]

1.9.3.3 Endoluminal endoscopic gastroplication
Endoluminal endoscopic gastroplication has also been described in children
as an alternative to surgical fundoplication [2]. Thomson et al have reported in a study
of 16 children with GERD refractory to or dependent on medical therapy that four
patients had recurrent symptoms after an endoluminal gastroplication and required a
repeat procedure, and nine were taking no antireflux medication three years after
surgery [42].
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1.9.3.4 Gastrostomy
Gastrostomy is often performed in children with swallowing disorders, food
refusal, and the chronic failure to thrive. Children with a short-term need for enteral
feeding are benefited by nasogastric or nasojejunal tubes. However, patients with a
longer-term need for enteric feeding are best served by gastrostomy or jejunostomy
[4].
It is controversial whether patients who need gastrostomy placement should
undergo a workup for GER. Some authors contend that no workup is needed as most
patients with a gastrostomy will tolerate feedings without significant reflux, whereas,
other pediatric surgeons strongly recommend a workup for GER before gastrostomy
tube is placed and those children identified with significant reflux should have a
fundoplication in addition to the gastrostomy [4]. Novotny et al, for example, tried to
better elucidate preoperative factors that may require eventual fundoplication in 863
patients, who were proposed undergoing PEG placement, and, as already mentioned,
also state that standardized preoperative evaluation is essential to improve the value
of clinical assessment to identify concomitant GER. They have found out that only the
diagnosis of cerebral palsy was a risk factor for the eventual need of an antireflux
procedure [43].
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In summary, antireflux surgery is of benefit in children with confirmed GERD who have
failed optimal medical therapy, who are dependent on medical therapy over a longer
period of time, who are significantly non-adherent with medical therapy, or who have
life-threatening complications of GERD; children with respiratory aspiration related to
GERD are generally considered most likely to benefit from antireflux surgery when
medical therapy fails and children with underlying disorders predisposing to the most
severe GERD are at the highest risk for operative morbidity and operative failure. For
this reason, it is essential to rule out non-GERD causes of symptoms before surgery,
and ensure that the diagnosis of chronic-relapsing GERD is firmly established [2].

The development of new prokinetics and new refinements of PPIs or other antiacid
drugs may change pediatric attitudes toward reflux, but chronic use of these
medications cannot be transposed from the adult practice to children with much longer
life expectancies. The problems of cost, compliance, and long-term side effects may
redirect a number of these patients toward surgery [29, 44].
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2 PATIENTS and METHODS
2.1

Patients
In a seven year period from January 2000 to December 2007 46 NIC underwent

a Toupet fundoplication as an antireflux procedure at the Department of Pediatric and
Adolescent Surgery at the Medical University of Graz, Austria.
Twenty-five (54,3%) males and 21 (45,7%) females with a median age of 5,5
(from 3 months to 42 years) (Tab. 5, Fig. 8) at the time of surgery were included in this
retrospective study. Six patients (13%, 4 males and 2 females), treated at this
department, were older than 18 years of age at the time of fundoplication.

age distribution
type of surgery

age at surgery Toupet

Statistic

Mean

Std. Error

9,72

95% Confidence Interval for
Mean

Lower Bound

6,49

Upper Bound

12,94

5% Trimmed Mean

8,57

Median

5,50

Variance
Std. Deviation

118,074
10,866

Minimum (months)

3

Maximum (years)

42

Range

42

Interquartile Range

1,602

16

Tab. 5: Age distribution (1)
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Fig. 9: Age distribution (2)

Inclusion criterion was an ICD-10-CM (International Classification of Diseases, 10 th
revision, clinical modification) diagnostic code for neurological impairment. Then the
cohort was followed and patients who had at least one Toupet fundoplication between
2000 and 2007 were included.
Neurological impairment:
Neurological impairment was defined as static or progressive, central and/or
peripheral neurological diagnosis associated with chronic functional and/or intellectual
impairment. It included diagnoses such as cerebral palsy, hydrocephalus, and
epilepsy (Tab. 6) [30].
Complex chronic conditions:
Complex chronic conditions were defined as respiratory, renal, gastro-intestinal,
metabolic, congenital or genetic defects and cardiovascular diagnoses. They involved
either several different organ systems or one organ system severely enough to need
specialty pediatric care and admission to hospital and were ICD-10-CM based (Tab.
7).
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(n)

(%)

Arnold Chiari

1

2,2

Asphyxia (peripartal)

1

2,2

Asphyxia (postpartal)

5

10,9

Cerebral palsy

6

13

Dandy-Walker-Syndrome

1

2,2

Diplegia

1

2,2

Epilepsy

23

50

Galactosemia

1

2,2

Holoprosencephaly

1

2,2

Hydrocephalus

3

6,5

Maple syrup urine disease

1

2,2

Mental deficiency

11

23,9

Microcephaly

2

4,3

Pierre-Robin-Syndrome

1

2,2

Porencephaly

1

2,2

Psychomotor retardation

24

52,2

s/p MMC

1

2,2

s/p tethered spinal cord syndrome

1

2,2

Spastic tetraplegia

18

39,1

Thalamic syndrome

1

2,2

Trisomy 13 (Patau syndrome)

1

2,2

Trisomy 21 (Down syndrome)

1

2,2

Tab. 6: Neurologically impaired group characteristics

(n)

(%)

Aortic insufficiency

1

2,2

ASD

3

6,5

Auricular malformations

3

6,5

Bronchial asthma

1

2,2

CDH

2

4,3

CHARGE Syndrome

1

2,2

Chilaiditi-Syndrome

2

4,3

Dystrophy

11

23,9

Esophageal atresia (IIIb)

1

2,2

Gastric volvulus

1

2,2

Renal malformations

1

2,2

Sandifer syndrome

1

2,2

Scoliosis

22

47,8

Tracheomalacia

3

6,5

Tab. 7: Comorbidities
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2.2

Methods
Clinical records were reviewed retrospectively to evaluate and compare the

preoperative and postoperative reflux-associated symptoms and the results of
diagnostic procedures. Postoperative complications and the time of recurrence after
Toupet fundoplication were recorded [37].
All children underwent a pre- and postoperative workup which included one or
several of the following procedures: physical examination, 24-h pH monitoring,
impedance-pH monitoring, oesophagogram and endoscopy.
Manometry was performed on nine (19,6%) children preoperatively, but the results
were not used for this retrospective study, and, therefore, are not shown.
The median duration of postoperative observation was 24 months (one
month/8 years and six months).

2.2.1 Physical examination
All NIC, analyzed in this study, underwent a physical examination before and
after surgery. The following complaints, assessed symptoms of GER, were recorded
and evaluated depending on how often they occurred and they impacted the quality of
life (rarely, occasionally, frequently and unbearably): spitting, singultus, regurgitation,
vomiting, cough, agitation, nausea, heartburn, drinking difficulty, refusal to eat,
halitosis, pain (abdominal, restrosternal, epigastric), dysphagia, retching and
obstipation. In addition, weight, height, circumference of the head and the BMI were
also captured and any relevant explanatory remarks were added.
Postoperatively, parents or caregivers were also interviewed regarding their
view of the outcome of the fundoplication, with emphasis to the symptoms presented
in the preoperative period [30].

2.2.2 24-h pH monitoring
Position of the Antimon 3 point pH-catheters (Synectics) – with the lowest point
in the stomach at 3-5 cm below the cardia – was checked radiologically by an APchest X-ray and results of pH monitoring were documented over 24 h. Abnormal 24 h
acid exposure was assumed to be present if the pH-metric time of reflux in percent
(Reflux Index, RI) was higher than 4% of the investigated period of time measured at
3-5 cm proximal of the esophagogastric junction (mild 4-7%, moderate 8-10%, severe
>10%) [37].
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2.2.3 Impedance-pH monitoring
After a 4h-fasting time the ComforTec Multi-use/Single-use impedance-probe
(Sandhill Scientific) was located in the esophagus (depending on the age with or
without sedation) and its position was verified either radiologically by an X-ray or by
esophagus manometry if the child was at the age of six to ten. The probe differed in
the length: probes by a length below 15 cm were used for babies, between 15 cm and
18 cm for infants and above 18 cm for children to the age of ten years.
Results of impedance monitoring were documented over 24 h and then
evaluated.

2.2.4 Oesophagogram
An adequate amount of contrast medium-added fluid was administered either
orally or intra-esophageally. The investigation was performed in a horizontal, AP,
oblique and side position. While changing to the upright position eventual occurring
reflux of air was recorded. Spontaneous occurring reflux was observed in the rightside position. Finally, reflux was provoked by the water siphon provocation test.
The gastric emptying time as well as the existence of a hiatal hernia or stenosis were
recorded.
The results were analysed as described by Fotter (Tab. 8) [37, 45].

Radiologic grading of GER
GER while changing to the upright position Positive for air or contrast medium
Spontaneous occurring GER

GER provocated by the water siphonic test

2 points

Connected to the test

1 point

Independently of the test

2 points

Before the test

3 points

Up to the tracheal bifurcation

1 point

Above bifurcation or
up to bifurcation during the first test

2 points

Above bifurcation during the first test

3 points

Tab. 8: Radiologic grading of GER in oesophagogram: low-grade 1-2 points, moderate 3-5 points, severe 6-8 points
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2.2.5 Endoscopy
Esophagogastroscopy was performed under general anaesthesia using flexible
endoscopes. Esophagitis was analysed macroscopically using modified criteria as
introduced by Savary U. Miller and results were evaluated from Grade 0 to Grade IV
(Tab. 9).
Mostly, three biopsies were taken 1, 3 and 5 cm proximal of the Z-line
routinely, additionally biopsies of mucosal changes were taken if necessary [30]. All
were analysed histologically according to Leape et al as low-grade, moderate and
high-grade esophagitis [46].

Endoscopy –
macroscopical grading
grade

pathological signs
0

normal

I

erythema

II

erosion - superficial, isolated

III

erosion - confluent

IV

III + ulcer, hemorrhage, stenosis

Tab. 9: macroscopical grading in endoscopy

2.2.6 Surgery / Toupet fundoplication
With a few exceptions, surgery was never indicated as a first-line therapy.
Before surgery patients were given medical treatment with proton pump inhibitors and
indications for surgery were a GERD, proven by diagnostic procedures, either with a
resistance to medical treatment or with a life-threatening complication, symptomatic
reflux presented by upper gastrointestinal symptoms, pulmonary symptoms or a
combination of both [29, 39, 47].
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2.2.7 Statistical analysis
At first, all results of the physical examinations and diagnostic procedures were
entered in a database (ArchiMed 2000 version 4.62) and then transferred into a
computer programme used for statistical analyses (SPSS version 17.0 and 18.0). The
main outcome measure was the incidence of recurrent GERD or any of its
complications.
Preoperative and postoperative results of the physical examinations and
diagnostic

procedures

were

compared

and

data

are

shown

as

Median

(Minimum/Maximum), Mean or number of cases (%). Results of BMI, 24-h pH
monitoring and impedance-pH monitoring were analysed by using the Wilcoxon
Signed Ranks Test. Pre- and postoperative grades of reflux, recorded by the
oesophagram, were analysed by the McNemar-Bowker test of symmetry. P-values
<0,05 were considered statistically significant.
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3 RESULTS
3.1

Preoperative results

3.1.1 Physical examination
In most children pathologic GER led to gastrointestinal complaints and pain,
respiratory problems (difficulty breathing, aspiration, infection, bronchitis), failure to
thrive and feeding problems or a combination of these. The results of preoperative
physical examinations of all 46 children were analyzed. The leading complaint was
vomiting which occurred in 28 (60,9%) patients, 16 (34,8%) children had dysphagia,
13 (28,3%) drinking difficulty, 13 (28,3%) presented with pain (abdominal, epigastric)
and spitting was also reported in 13 (28,3%) patients (Tab. 10). Median of total
preoperative BMI was 14,69 (9,60/21,48) [14,69 = underweight, normal: 20-25].

complaints, preoperatively
(assessed symptoms of GER)
unbearably
often (%)

frequently (%)

occasionally (%)

rarely (%)

spitting

2 (4,4)

8 (17,4)

3 (6,5)

0

singultus

2 (4,4)

5 (10,9)

1 (2,2)

2 (4,4)

regurgitation

2 (4,4)

8 (17,4)

0

0

vomiting

5 (10,9)

20 (43,5)

2 (4,4)

1 (2,2)

cough

2 (4,4)

5 (10,9)

2 (4,4)

0

agitation

4 (8,7)

4 (8,7)

3 (6,5)

1 (2,2)

drinking difficulty

4 (8,7)

7 (15,2)

1 (2,2)

1 (2,2)

refusal to eat

2 (4,4)

4 (8,7)

0

0

halitosis

0

4 (8,7)

2 (4,4)

0

pain

1 (2,2)

2 (4,4)

6 (13,0)

4 (8,7)

dysphagia

8 (17,4)

6 (13,0)

0

2 (4,4)

retching

0

3 (6,5)

0

1 (2,2)

obstipation

1 (2,2)

1 (2,2)

0

1 (2,2)

Tab. 10: Table of complaints, collected in physical examinations, preoperatively
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Preoperatively, an oesophagogram was performed on all children, an
endoscopy with or without biopsies on 27 (58,7%), a 24-h pH monitoring on 30
(65,2%), and an impedance-pH monitoring on 14 (30,4%) patients.

3.1.2 Oesophagogram
An oesophagogram was performed on all 46 (100%) children preoperatively
and the results of 45 (97,8%) patients are shown, as one patient had an
oesophagogram done at an outside hospital before coming to this department which
showed pathological reflux.
Out of these 45 children, severe and moderate reflux was documented in 34
(75,6%) patients (Tab. 11). Hiatal herniae were found in 26 (57,8%) children (Tab. 12)
– a sliding hernia in 24 (53,3%) and a paraoesophageal hernia in two (4,4%) patients,
respectively. Relevant motoric dysfunction of the esophagus (high-grade, moderate)
was recorded in seven (15,6%) (Tab. 13) and delayed gastric emptying in five (11,1%)
NIC.

reflux
Frequency

Percent

severe

21

46,7

moderate

13

28,9

low-grade

4

8,9

normal

5

11,1

(not recorded)

2

4,4

45

100,0

Total

Tab. 11: reflux in oesophagogram, preoperative
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hiatal hernia
Frequency

sliding

Percent

24

53,3

2

4,4

normal

19

42,2

Total

45

100,0

paraesophageal

Tab. 12: hiatal hernia in oesophagogram, preoperative

motoric dysfunction
Frequency

Percent

high-grade

5

11,1

moderate

2

4,4

low-grade

9

20,0

normal

29

64,4

Total

45

100,0

Tab. 13: motoric dysfunction in oesophagogram, preoperative
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3.1.3 Endoscopy, Histology
Preoperatively, endoscopies with biopsies were performed on 27 (58,7%) NIC.
Results macroscopically found in the distal, middle and upper third of the esophagus
were evaluated as shown in Tab. 9 (Patients and Methods). Superficial and isolated
erosions (grade II) were seen in five (6,2%) and erosions with ulcera, hemorrhage and
stenosis (grade IV) in four (4,9%) investigations of the esophagus (Tab. 14-16, Fig.
10).
74 biopsies were analysed (according to Leape et al [38]) and showed lowgrade esophagitis in 34 (46%), moderate esophagitis in eleven (14,9%) cases,
respectively, and high-grade esophagitis in one (1,4%) child (Tab. 17-29, Fig. 11).

Macroscopic results of endoscopies, preoperative:

distal third of esophagus
Frequency Percent

grade 0

16

59,3

grade I:

7

25,9

grade II

2

7,4

grade IV

2

7,4

27

100,0

Total

Tab. 14: macroscopic grading in endoscopy, distal third of esophagus, preoperative

middle third of esophagus
Frequency Percent

grade 0

22

81,5

grade I:

2

7,4

grade II

2

7,4

grade IV

1

3,7

27

100,0

Total

Tab. 15: macroscopic grading in endoscopy, middle third of esophagus, preoperative
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upper third of esophagus
Frequency Percent

grade 0

23

85,2

grade I:

2

7,4

grade II

1

3,7

grade IV

1

3,7

27

100,0

Total

Tab. 16: macroscopic grading in endoscopy, upper third of esophagus, preoperative

Macroscopic results of endoscopies
30
25
20

23

22

grade 0

16

grade I

15
10
5

grade II
grade IV

7
2

2

2

2

1

2

1

1

0

distal third

middle third

upper third

Fig. 10: macroscopic grading in endoscopies, distal, middle and upper third of esophagus, preoperative
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Histologic results of endoscopies, preoperative:
1 cm proximal of the Z-line
Frequency Percent

normal

9

33,3

low-grade

13

48,1

moderate

4

14,8

high-grade

1

3,7

27

100,0

Total

Tab. 17: 1 cm proximal of the Z-line in histology, preoperative

3 cm proximal of the Z-line
Frequency Percent

normal

9

33,3

low-grade

13

48,1

moderate

3

11,1

(not investigated)

2

7,4

27

100,0

Total

Tab. 18: 3 cm proximal of the Z-line in histology, preoperative

5 cm proximal of the Z-line
Frequency Percent

normal

10

37,0

low-grade

8

29,6

moderate

4

14,8

(not investigated)

5

18,5

27

100,0

Total

Tab. 19: 5 cm proximal of the Z-line in histology, preoperative
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Histologic results of biopsies
16
13

14

13

12
10

9

10

9

normal
8

low -grade

8
6

moderate
4

4

3

4

high-grade

1

2
0

1 cm

3 cm

5 cm

Fig. 11: results of biopsies in histology, preoperative
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3.1.4 24-h pH monitoring
Results in regard to the reflux index (RI = pH-metric time of reflux in percent of
total investigation time), duration of the longest reflux in minutes, number of refluxes
and esophageal clearance time in minutes were documented in 30 (65,2%) patients
preoperatively.
Five (16,7%) children were under PPI therapy (Losec ®) during the procedure
to assess if antireflux medication improved their symptoms, but just one of those did
not show pathological GER.
The results of the remaining 25 (83,3%) patients are presented (Tab. 20-24,
Fig. 12-15) and pathologic results were recorded in 23 (92%) children; the remainder
of these children showed moderate reflux in the oesophagram and GER-symptoms in
the physical examinations.

24-h pH monitoring
N

Minimum

Maximum

Mean

Std. Deviation

RI (%pH < 4 total)

25

0,3

55,1

18,756

12,7687

longest reflux in min.

25

1

209

36,92

43,726

number of refluxes

25

8

480

137,80

130,713

25

0,5

5,7

1,924

1,4712

esophageal clearance time in min.

Tab. 20: results, 24-h pH monitoring, preoperative
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Reflux Index
type

RI (%pH < 4 total)

Statistic

preoperative Mean
95% Confidence Interval for
Mean

18,756
Lower Bound

13,485

Upper Bound

24,027

5% Trimmed Mean

17,868

Median

17,700

Variance

163,040

Std. Deviation

12,7687

Minimum

0,3

Maximum

55,1

Range

54,8

Interquartile Range

14,4

Std. Error
2,5537

Tab. 21: RI in 24-h pH monitoring, preoperative

Fig. 12: RI in 24-h pH monitoring, preoperative
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duration of longest reflux in min.
type

duration of
longest reflux

Statistic

preoperative Mean

Std. Error

36,92

95% Confidence Interval for
Mean

Lower Bound

18,87

Upper Bound

54,97

5% Trimmed Mean

30,38

Median

27,00

Variance

8,745

1911,993

Std. Deviation

43,726

Minimum

1

Maximum

209

Range

208

Interquartile Range

32

Tab. 22: duration of longest reflux in 24-h pH monitoring, preoperative

Fig. 13: duration of longest reflux in 24-h pH monitoring, preoperative
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number of refluxes
type

number of
refluxes

Statistic

preoperative Mean
95% Confidence Interval for
Mean

Std. Error

137,80
Lower Bound

83,84

Upper Bound

191,76

5% Trimmed Mean
Median
Variance
Std. Deviation

26,143

125,98
76,00
17086,000
130,713

Minimum

8

Maximum

480

Range

472

Interquartile Range

116

Tab. 23: number of refluxes in 24-h pH monitoring, preoperative

Fig. 14: number of refluxes in 24-h pH monitoring, preoperative

48

esophageal clearance time in min.
type

esophageal
clearance time

Statistic

preoperative Mean

1,924

95% Confidence Interval for
Mean

Lower Bound

1,317

Upper Bound

2,531

5% Trimmed Mean

1,793

Median

1,600

Variance

2,164

Std. Deviation

Std. Error
0,2942

1,4712

Minimum

0,5

Maximum

5,7

Range

5,2

Interquartile Range

1,2

Tab. 24 esophageal clearance time in 24-h pH monitoring, preoperative

Fig. 15: esophageal clearance time in 24-h pH monitoring, preoperative
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3.1.5 Impedance-pH monitoring
Impedance-pH

monitoring

was

performed

on

14

(30,4%)

children

preoperatively and results of Acid bolus exposure time (Tab. 25), Non-acid bolus
exposure time (Tab. 26) and Total bolus exposure time in percent (%) (Tab. 27) are
shown. Next, Number of reflux episodes (acid, non-acid, total) (Tab. 28-30) were also
recorded.
Median of total acid bolus exposure time was 1,15% (0/16,6%) (Tab. 25, Fig.
16), median of total non-acid bolus exposure time was 1,05% (0/14,1%) (Tab. 26, Fig.
17) and median of total bolus exposure time was 2,3% (0,6%/27,4%) (Tab. 27, Fig.
18), respectively.
Mean of total number of acid reflux episodes was 29,14 (0/108) (Tab. 28, Fig.
19) and of total number of non-acid reflux episodes 23,50 (0/85) (Tab. 29, Fig. 19).
Furthermore, mean of all reflux episodes was 42,64 (4/103) in upright position and 10
(0/65) during sleeping with a mean of all reflux episodes of 52,79 (4/129) (Tab. 30,
Fig. 20).
Twelve (85,7%) children showed severe pathologic GER, one child distinctive
pathologic acid exposition and one child did not present with pathologic GER, but
severe motility disorder was recorded, though. In addition, four (8,7%) patients were
under PPI-therapy (Losec®) during investigation; nevertheless, all of them had severe
pathologic GER.

ACID BOLUS EXPOSURE TIME in % (I)
type

UPRIGHT

Statistic

preoperative Mean
95% Confidence Interval for
Mean

Std. Error

2,871
Lower Bound

0,436

Upper Bound

5,307

5% Trimmed Mean

2,268

Median

1,950

Variance

17,795

Std. Deviation

4,2184

Minimum

0

Maximum

16,6

Range

16,6

Interquartile Range

1,1274

2,6
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RECUMBENT

preoperative Mean

2,21

95% Confidence Interval for

Lower Bound

-2,19

Mean

Upper Bound

6,62

5% Trimmed Mean

0,87

Median

0

Variance

58,251

Std. Deviation

7,632

Minimum

0

Maximum

29

Range

29

Interquartile Range

TOTAL

0

preoperative Mean

2,964

95% Confidence Interval for

Lower Bound

-0,010

Mean

Upper Bound

5,938

5% Trimmed Mean

2,371

Median

1,150

Variance

26,535

Std. Deviation

5,1512

Minimum

0

Maximum

16,6

Range

16,6

Interquartile Range

2,040

1,3767

1,3

Tab. 25: Acid bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, preoperative
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ACID BOLUS EXPOSURE TIME in % (II)

Fig. 16: Acid bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, preoperative

Non-ACID BOLUS EXPOSURE TIME in % (I)
type

UPRIGHT

Statistic

preoperative Mean
95% Confidence Interval for
Mean

Std. Error

2,69
Lower Bound

1,20

Upper Bound

4,19

5% Trimmed Mean

2,55

Median

1,80

Variance

6,707

Std. Deviation

2,590

Minimum

0

Maximum

8

Range

8

Interquartile Range

4

0,692
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RECUMBENT

preoperative Mean

2,24

95% Confidence Interval for

Lower Bound

-2,19

Mean

Upper Bound

6,68

5% Trimmed Mean

0,89

Median

0

Variance

58,983

Std. Deviation

7,680

Minimum

0

Maximum

29

Range

29

Interquartile Range

TOTAL

0

preoperative Mean

2,53

95% Confidence Interval for

Lower Bound

0,26

Mean

Upper Bound

4,79

5% Trimmed Mean

2,03

Median

1,05

Variance
Std. Deviation

3,924
0

Maximum

14,1

Interquartile Range

1,049

15,395

Minimum

Range

2,053

14
3

Tab. 26: Non-acid bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, preoperative
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Non-ACID BOLUS EXPOSURE TIME in % (II)

Fig. 17: Non-acid bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, preoperative

TOTAL BOLUS EXPOSURE TIME in % (I)
type

UPRIGHT

Statistic

preoperative Mean
95% Confidence Interval for
Mean

5,586
Lower Bound

2,052

Upper Bound

9,120

5% Trimmed Mean

4,773

Median

3,450

Variance

37,460

Std. Deviation

6,1204

Minimum

1,3

Maximum

24,5

Range

23,2

Interquartile Range

Std. Error
1,6358

4,1
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RECUMBENT

preoperative Mean

4,46

95% Confidence Interval for

Lower Bound

-4,38

Mean

Upper Bound

13,30

5% Trimmed Mean

1,75

Median

0,15

Variance

234,384

Std. Deviation

15,310

Minimum

0

Maximum

58

Range

58

Interquartile Range

TOTAL

1

preoperative Mean

5,500

95% Confidence Interval for

Lower Bound

0,450

Mean

Upper Bound

10,550

5% Trimmed Mean

4,556

Median

2,300

Variance

76,509

Std. Deviation

8,7470

Minimum

0,6

Maximum

27,4

Range

26,8

Interquartile Range

4,092

2,3377

2,3

Tab. 27: Total bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, preoperative
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TOTAL BOLUS EXPOSURE TIME in % (II)

Fig. 18: Total bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, preoperative

56

NUMBER OF REFLUX EPISODES
Number of Acid reflux episodes
N

Minimum Maximum Mean Std. Deviation

UPRIGHT

14

0

66 22,29

22,015

RECUMBENT

14

0

62

6,86

16,285

TOTAL

14

0

108 29,14

30,493

Valid N

14

Tab. 28: Number of Acid reflux episodes in Impedance-pH monitoring_upright, recumbent, total, preoperative

Number of Non-acid reflux episodes
N

Minimum Maximum Mean Std. Deviation

UPRIGHT

14

0

81 20,36

RECUMBENT

14

0

23

3,14

6,286

TOTAL

14

0

85 23,50

23,415

Valid N

14

22,221

Tab. 29: Number of Non-acid reflux episodes in Impedance-pH monitoring_upright, recumbent, total, preoperative

Fig. 19: Number of Acid and Non-acid Reflux episodes in Impedance-pH monitoring_upright, recumbent, total, preoperative
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Number of ALL reflux episodes
N

Minimum Maximum Mean

Std. Deviation

UPRIGHT

14

4

103 42,64

30,193

RECUMBENT

14

0

65 10,00

18,004

TOTAL

14

4

129 52,79

35,818

Valid N

14

Tab. 30: Number of all reflux episodes in Impedance-pH monitoring_upright, recumbent, total, preoperative

Fig. 20: Number of all reflux episodes in Impedance-pH monitoring_upright, recumbent, total, preoperative
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3.2

Surgery
Toupet fundoplication
Dorsal semifundoplication according to Toupet was performed on all 46

patients; 18 (39,1%) children had an open procedure and 28 (60,9%) a laparoscopic
one. An additional gastropexy was done in three (6,5%) NIC, hiatal hernia repair in
eleven (23,9%), a gastrostomy in 18 (39,1%) children and a jejunal probe was
inserted in two (4,3%) patients concomitantly to the surgical procedure. Two children
got a PEG and one child had a surgical correction of a CDH with an appendectomy
before the surgery.
Median duration of the Toupet fundoplication was 163 minutes (53 min./295
min.).

3.3

Postoperative results
After Toupet fundoplication all children got PPI (Losec ®) for six weeks. If one

patient presented with any complaints after surgery, the earliest possible diagnostic
procedure was done after three months.
Postoperatively, 35 (76,1%) children had an oesophagram, 13 (28,3%) an
endoscopy with or without biopsies, twelve (26,1%) a 24-h pH monitoring, and twelve
(26,1%) patients an impedance-pH monitoring.
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3.3.1 Oesophagogram
Postoperatively, a great improvement regarding grade of reflux was recorded in
35 (76,1%) NIC compared to their preoperative oesophagram (p<0,001); pathologic
reflux (severe, moderate) was only found in three (8,6%) (Tab. 31) and hiatal herniae
in seven (20%) (four sliding, three paraesophageal) of these patients (Tab. 32). Six
(17,1%) children still presented with motoric dysfunction of the esophagus (two highgrade and four moderate dysfunction) (Tab. 33), but two of those six patients
improved in a further postoperative investigation and one child had a normal motoric
function four years after the first postoperative oesophagram. Delayed gastric
emptying was documented in two patients (5,7%).

reflux
Frequency

Percent

severe

1

2,9

moderate

2

5,7

low-grade

3

8,6

normal

29

82,9

Total

35

100,0

Tab. 31: reflux in oesophagogram, postoperative

hiatal hernia
Frequency

Percent

sliding

4

11,4

paraesophageal

3

8,6

normal

28

80,0

Total

35

100,0

Tab. 32: hiatal hernia in oesophagogram, postoperative
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motoric dysfunction
Frequency

Percent

high-grade

2

5,7

moderate

4

11,4

low-grade

8

22,9

normal

21

60,0

Total

35

100,0

Tab. 33: motoric dysfunction in oesophagogram, postoperative
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3.3.2 Endoscopy, Histology
Gastrointestinal

endoscopy

was

performed

in

13

(28,3%)

children

postoperatively.
Superficial erosions (grade II) were only seen in one (7,7%) child in the distal
third of the esophagus.
In the 19 postoperative biopsies 1, 3 and 5 cm proximal of the Z-line (Tab. 3436, Fig. 21), low-grade esophagitis was diagnosed in five (26,3%) and moderate
esophagitis in four (21,1%) biopsy samples - in one patient at 1 cm and in one in all
three parts (1, 3 and 5 cm) proximal of the Z-line. The latter one got a PPI-therapy,
which led to a satisfying regress of symptoms and two children (the one patient with
moderate esophagitis at 1 cm and one child with low-grade inflammation at 1 and 5
cm) had a second gastrointestinal endoscopy and showed a normal and healthy
mucosa then.

Histologic results of endoscopies, postoperative:
1 cm proximal of the Z-line
Frequency Percent

normal

4

30,8

low-grade

3

23,1

moderate

2

15,4

(not investigated)

4

30,8

13

100,0

Total

Tab. 34: 1 cm proximal of the Z-line in histology, postoperative

3 cm proximal of the Z-line
Frequency Percent

normal

4

30,8

low-grade

2

15,4

moderate

1

7,7

(not investigated)

6

46,2

13

100,0

Total

Tab. 35: 3 cm proximal of the Z-line in histology, postoperative
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5 cm proximal of the Z-line
Frequency Percent

normal

2

15,4

moderate

1

7,7

(not investigated)

10

76,9

Total

13

100,0

Tab. 36: 5 cm proximal of the Z-line in histology, postoperative

Histologic results of biopsies
5
4

4

4
3

normal

3
2

low -grade

2

2

moderate
1

1

1

1

1
0

1 cm

3 cm

5 cm

Fig. 21: results of biopsies in histology, postoperative
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3.3.3 24-h pH monitoring
24-h pH monitoring was performed on twelve (26,1%) children postoperatively
(4 to 19 months after surgery). The results of eleven patients are demonstrated (Tab.
37-41, Fig. 22-25) and showed slightly elevated values in two patients, according to
low-grade GER; the remaining child presented with pathologic results after the
consumption of acid food, but an actual pathological GER was not verified, though. All
children, but one, were not under PPI therapy (Losec ®) during investigation.
Those ten patients who had a 24-h pH monitoring pre- and postoperatively
showed an impressive and significant improvement regarding Total Reflux Index
(p=0,007), number of refluxes (p=0,007) and refluxes longer than five minutes
(p=0,009).

24-h pH monitoring
N

Minimum

Maximum

Mean

Std. Deviation

RI (%pH < 4 total)

11

0,2

7,9

2,882

2,6423

longest reflux in min.

11

0

19

7,18

5,776

number of refluxes

11

4

128

46,91

42,456

11

0,3

1,8

0,918

0,5056

esophageal clearance time in min.

Tab. 37: results, 24-h pH monitoring, postoperative
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Reflux Index
type

RI (%pH < 4 total)

Statistic

postoperative Mean
95% Confidence Interval for
Mean

2,882
Lower Bound

1,107

Upper Bound

4,657

5% Trimmed Mean

2,752

Median

2,100

Variance

6,982

Std. Deviation

Std. Error
0,7967

2,6423

Minimum

0,2

Maximum

7,9

Range

7,7

Interquartile Range

5,0

Tab. 38: RI in 24-h pH monitoring, postoperative

Fig. 22: RI in 24-h pH monitoring, postoperative
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duration of longest reflux in min.
type

duration of
longest reflux

Statistic

postoperative Mean

7,18

95% Confidence Interval for
Mean

Lower Bound

3,30

Upper Bound

11,06

5% Trimmed Mean

6,92

Median

6,00

Variance

Std. Error
1,742

33,364

Std. Deviation

5,776

Minimum

0

Maximum

19

Range

19

Interquartile Range

8

Tab. 39: duration of longest reflux in 24-h pH monitoring, postoperative

Fig. 23: duration of longest reflux in 24-h pH monitoring, postoperative
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number of refluxes
type

number of
refluxes

Statistic

postoperative

Mean
95% Confidence Interval for
Mean

Std. Error

46,91
Lower Bound

18,39

Upper Bound

75,43

5% Trimmed Mean

44,79

Median

21,00

Variance

12,801

1802,491

Std. Deviation

42,456

Minimum

4

Maximum

128

Range

124

Interquartile Range
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Tab. 40: number of refluxes in 24-h pH monitoring, postoperative

Fig. 24: number of refluxes in 24-h pH monitoring, postoperative
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esophageal clearance time in min.
type

esophageal
clearance time

Statistic

postoperative Mean

0,918

95% Confidence Interval for
Mean

Lower Bound

0,579

Upper Bound

1,258

5% Trimmed Mean

0,904

Median

0,800

Variance

0,256

Std. Deviation

Std. Error
0,1524

0,5056

Minimum

0,3

Maximum

1,8

Range

1,5

Interquartile Range

0,7

Tab. 41 esophageal clearance time in 24-h pH monitoring, postoperative

Fig. 25: esophageal clearance time in 24-h pH monitoring, postoperative
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3.3.4 Impedance-pH monitoring
Results of postoperative (5 months to 5 years and 10 months after surgery)
impedance-pH monitoring of twelve (26,1%) children were registered and showed
decreased values in all analyses. Pathological GER was not diagnosed in any
investigation.
Median of total acid bolus exposure time was 0 (0/1) (Tab. 42, Fig. 26), median
of total non-acid bolus exposure time was 0,1 (0/1,1) (Tab. 43, Fig. 27) and median of
total bolus exposure time was 0,2 (0/1,1) (Tab. 44, Fig. 28).
Mean of total number of acid reflux episodes was 3,92 (0/33) (Tab. 45, Fig. 29)
and of total number of non-acid reflux episodes 7,33 (0/24) (Tab. 46, Fig. 29). All in all,
mean of all reflux episodes was 9,92 (1/32) in upright position and 1,33 (0/10) during
sleeping with a mean of all reflux episodes of 11,25 (1/35) (Tab. 47, Fig. 30).
Three (6,5%) children were under PPI-therapy (Losec ®) during investigation
and one (2,2%) patient showed massive acid exposure, but a pathological GER was
not confirmed and no complaints were recorded in a physical examination six month
after the impedance-pH monitoring.
Seven (15,2%) children

had an

impedance-pH monitoring pre-

and

postoperatively and showed significant improvement regarding Total bolus exposure
time in percent (%) and number of all reflux episodes (p=0,018 in both).

ACID BOLUS EXPOSURE TIME in % (I)
type

UPRIGHT

Statistic

postoperative Mean
95% Confidence Interval for
Mean
5% Trimmed Mean
Median
Variance
Std. Deviation

Std. Error

0,200
Lower Bound

-0,096

Upper Bound

0,496

0,1343

0,133
0
0,216
0,4651

Minimum

0

Maximum

1,6

Range

1,6

Interquartile Range

0,2
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RECUMBENT

TOTAL

postoperative Mean

0,01

95% Confidence Interval for

Lower Bound

-0,01

Mean

Upper Bound

0,03

5% Trimmed Mean

0

Median

0

Variance

0,001

Std. Deviation

0,029

Minimum

0

Maximum

0

Range

0

Interquartile Range

0

postoperative Mean

0,11

95% Confidence Interval for

Lower Bound

-0,05

Mean

Upper Bound

0,27

5% Trimmed Mean
Median

0,008

0,071

0,08
0

Variance

0,061

Std. Deviation

0,247

Minimum

0

Maximum

1

Range

1

Interquartile Range

0

Tab. 42: Acid bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, postoperative
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ACID BOLUS EXPOSURE TIME in % (II)

Fig. 26: Acid bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, postoperative

Non-ACID BOLUS EXPOSURE TIME in % (I)
type

UPRIGHT

Statistic

postoperative Mean
95% Confidence Interval for
Mean

Std. Error

0,358
Lower Bound

0,036

Upper Bound

0,681

5% Trimmed Mean

0,315

Median

0,200

Variance

0,257

Std. Deviation

0,1464

0,5071

Minimum

0

Maximum

1,5

Range

1,5

Interquartile Range

0,4
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RECUMBENT

postoperative Mean

0,08

95% Confidence Interval for

Lower Bound

-0,09

Mean

Upper Bound

0,24

5% Trimmed Mean

0,03

Median

TOTAL

0

Variance

0,068

Std. Deviation

0,260

Minimum

0

Maximum

1

Range

1

Interquartile Range

0

postoperative Mean

0,250

95% Confidence Interval for

Lower Bound

0,013

Mean

Upper Bound

0,487

5% Trimmed Mean

0,217

Median

0,100

Variance

0,139

Std. Deviation

,075

0,1077

0,3729

Minimum

0

Maximum

1,1

Range

1,1

Interquartile Range

0,4

Tab. 43: Non-acid bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, postoperative
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Non-ACID BOLUS EXPOSURE TIME in % (II)

Fig. 27: Non-acid bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, postoperative

TOTAL BOLUS EXPOSURE TIME in % (I)
type

UPRIGHT

Statistic

postoperative Mean
95% Confidence Interval for
Mean

Std. Error

0,558
Lower Bound

0,178

Upper Bound

0,939

5% Trimmed Mean

0,526

Median

0,400

Variance

0,359

Std. Deviation

0,1730

0,5992

Minimum

0

Maximum

1,7

Range

1,7

Interquartile Range

1,1
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RECUMBENT

postoperative Mean

0,08

95% Confidence Interval for

Lower Bound

-0,08

Mean

Upper Bound

0,25

5% Trimmed Mean

0,04

Median

TOTAL

0

Variance

0,067

Std. Deviation

0,259

Minimum

0

Maximum

1

Range

1

Interquartile Range

0

postoperative Mean

0,358

95% Confidence Interval for

Lower Bound

0,118

Mean

Upper Bound

0,598

5% Trimmed Mean

0,337

Median

0,200

Variance

0,143

Std. Deviation

0,075

0,1090

0,3777

Minimum

0

Maximum

1,1

Range

1,1

Interquartile Range

0,7

Tab. 44: Total bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, postoperative
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TOTAL BOLUS EXPOSURE TIME in % (II)

Fig. 28: Total bolus exposure time in %, Impedance-pH monitoring_upright, recumbent, total, postoperative
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NUMBER OF REFLUX EPISODES
Number of Acid reflux episodes
N

Minimum Maximum Mean Std. Deviation

UPRIGHT

12

0

30

3,67

8,856

RECUMBENT

12

0

3

0,25

0,866

TOTAL

12

0

33

3,92

9,671

Valid N

12

Tab. 45: Number of Acid reflux episodes in Impedance-pH monitoring_upright, recumbent, total, postoperative

Number of Non-Acid reflux episodes
N

Minimum Maximum Mean Std. Deviation

UPRIGHT

12

0

21

6,25

6,497

RECUMBENT

12

0

10

1,08

2,875

TOTAL

12

0

24

7,33

8,283

Valid N

12

Tab. 46: Number of Non-acid reflux episodes in Impedance-pH monitoring_upright, recumbent, total, postoperative

Fig. 29: Number of Acid and Non-acid Reflux episodes in Impedance-pH monitoring_upright, recumbent, total, postoperative
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Number of ALL reflux episodes
N

Minimum

Maximum Mean Std. Deviation

UPRIGHT

12

1

32

9,92

9,170

RECUMBENT

12

0

10

1,33

2,902

TOTAL

12

1

35 11,25

10,695

Valid N

12

Tab. 47: Number of all reflux episodes in Impedance-pH monitoring_upright, recumbent, total, postoperative

Fig. 30: Number of all reflux episodes in Impedance-pH monitoring_upright, recumbent, total, postoperative
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3.3.5 Postoperative investigations and Outcome of Toupet fundoplication
An improvement in symptomatic GER was defined as complete alleviation of
symptoms or a decrease in the frequency with which the symptoms occurred [48]. In a
postoperative evaluation (physical examination) most of the children showed an
impressive improvement of symptoms in comparison to their status prior to surgery.
Median of total postoperative BMI was 14,95 (10,9/31,0) (p<0,001) [14,95 =
underweight, normal: 20-25].
Altogether a redo fundoplication was necessary in four (8,7%) children. One
child of those four patients suffered from frequent vomiting, drinking problems and
dysphagia after an open Toupet fundoplication with gastropexy. A 24-h pH monitoring
after eight months was normal, but an oesophagram showed a paraesophageal
hernia, which was already present preoperatively, and did reveal a stenosis at the
gastroesophageal junction. The child completely recovered from the symptoms after a
second open Toupet fundoplication. The second patient had problems with agitation
and frequent vomiting postoperatively (open Toupet fundoplication with gastropexy
and hiatal

hernia repair),

both

complaints resolved

after

a

further

open

semifundoplication according to Thal and an impedance-pH monitoring, which was
done five years after the second surgical procedure, was also completely normal. The
third patient had severe feeding problems due to a “slipped” fundoplication and had an
open Toupet redo-fundoplication with hiatal hernia repair two weeks after the first
antireflux procedure; five days later the nutrition could already be increased and the
further postoperative course was without any complications. The fourth child also
suffered from feeding difficulty and frequent vomiting after the first surgery
(laparoscopic Toupet fundoplication) and an oesophagram demonstrated a sten osis at
the gastroesophageal junction and an impaired esophageal clearance. The patient
improved after a ventral fundoplication with hiatal hernia repair and gastropexy one
month after the first antireflux procedure, and an oesophagram, an endoscopy and a
seven months later following 24-h pH monitoring were normal as well.
Three (6,5%) children with laparoscopic Toupet fundoplication had other
procedures apart from a redo antireflux surgery. One infant who had problems with
frequent retching, feeding and strong agitation got a PEG tube after an oesophagram
showed an impaired esophageal clearance and a low-grade motoric dysfunction five
months later; the condition improved and the complaints resolved. A laparotomy and
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an adhesiolysis were performed in the second child as a postoperative ileus was
diagnosed three weeks subsequent to the Toupet fundoplication. However, the patient
developed a sliding hiatal hernia and a moderate reflux, moderate motoric dysfunction
and a delayed gastric emptying were also found in an oesophagram six months
afterwards. The last patient of those three children suffered from vomiting and retching
postoperatively and had a gastropexy six months after Toupet fundoplication, which
led to a healthy and satisfying condition and an impedance-pH monitoring, which was
done after 19 months, was also unremarkable.
Two (4,3%) children did still vomit frequently and suffered from retching. One
patient could not be followed up for further physical examinations; however, a 24-h pH
monitoring seven months after the fundoplication was normal and did not show any
recurrent GER. The second child regained a normal general condition after a
medication of PPI for several weeks; medical therapy could be stopped then and all
diagnostic procedures did not show any pathological results.
One (2,2%) child with a PEG tube had severe drinking difficulty and developed
a sliding hiatal hernia three months after surgery, but the medical condition entirely
improved in the following examinations six and 22 months afterwards.
Slight pain was recorded in two patients postoperatively, but only persisted in
the first investigation after surgery. In addition, unbearable pain, increased salivation
and dysphagia were recorded in one patient in the second month of observation; after
a duration with PPI medication all complaints resolved and an oesophagram, an
esophagogastroscopy and an impedance-pH monitoring were all normal.
Further, one child presented with recurrent feeding problems five years after
the Toupet fundoplication and an oesophagram revealed high-grade reflux, low-grade
motoric dysfunction and a GI endoscopy showed moderate esophagitis. Nevertheless,
medical therapy with PPI led to a satisfying regress of symptoms.
An alleviation of symptoms was reported in all patients who were older than 18
years of age at time of surgery. Only one patient had frequent and unbearable
retching after surgery, but improved four months after Toupet fundoplication.
Increased mucus congestion was recorded in one patient in an examination three
years after surgery; whereas an oesophagram was normal, though.
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4 DISCUSSION
Gastroesophageal reflux (GER) is a common problem in infants and children and
it is a well described phenomenon in children with neurological impairments [12, 17].
Chronic supine positioning, heightened gag reflex, delayed gastric emptying,
constipation, obesity, abnormal muscle tone, and medication side effects increase
reflux frequency and delay esophageal clearance [2]. Gastroesophageal reflux
disease (GERD) is described as the clinical symptoms of GER and is defined as the
pathologic consequences of the involuntary passage of gastric contents into the
esophagus [4, 17]. When it persists, it can cause complications like esophagitis,
Barrett’s esophagus, stricture, chronic respiratory symptoms, failure to thrive, and
even sudden infant death syndrome [17, 18, 39].
Antacid medication is indicated as the first line-therapy for cases with GERD, and
only a minority of them require ultimately surgical treatment, which consists generally
of one of the varieties of fundoplication. However, the chronic use of antireflux
medication cannot be transposed from the adult practice to children and problems of
cost, compliance, and long-term side effects may redirect a number of these patients
toward surgery [29].
While most studies prefer fundoplication according to Nissen, we explicitly
analysed the outcome of Toupet fundoplication in neurologically impaired patients with
GERD, who were operated at the Department of Pediatric and Adolescent Surgery at
the Medical University of Graz. The results of our evaluations showed that this kind of
antireflux surgery leads to an impressive reduction in GERD-related symptoms and
signs and, thus, to a striking improvement in the children’s general health conditions in
comparison to their state prior to surgery.
Only four (8,7%) patients required a redo fundoplication due to severity of
postoperative symptoms, stenosis at the gastroesophageal junction and “slipped”
fundoplication, respectively. These findings are comparable to a study of Goessler et
al [30], which was carried out at the same institution in 2007 and described recurrent
GER in NIP after fundoplication (Nissen, Thal, Toupet), whereas, only four Toupet
procedures were performed in that study. Montupet has even reported a recurrence
rate of 1% over 574 cases of which 17 patients were neurologically impaired [35].
Next, 18 (39,1%) had an open and 28 (60,9%) children a laparoscopic surgical
procedure with relatively equivalent results; a consequence, which has also been
reported by other authors [4, 26, 27, 29, 32, 34, 47]. Of those four NIC with a second
fundoplication, two were primarily operated openly and two laparoscopically. However,
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three (6,5%) patients required other procedures after a laparoscopic Toupet
fundoplication, as percutaneous endoscopic gastrostomy tube, laparotomy and
gastropexy.
Regarding surgical procedure, 18 (39,1%) children had a gastrostomy
concomitantly to the fundoplication. Gastrostomy can help solve sever al problems (eg,
swallowing disorders, food refusal, failure to thrive, inability to attain adequate enteral
nutrition), but if it is not well managed by the patients’ parents, it can lead to further
complications [4, 48, 49]. Nevertheless, parents and caregivers were supported in
handling with nutritional support and we noticed an impressive improvement in BMI
(p<0,001), which can be compared to other studies [32, 37].
Pacilli et al have concluded in a study of laparoscopic Nissen fundoplication
that gastric emptying for liquids is accelerated following surgery. Procedures aimed at
improving gastric emptying time such as pyloroplasty or pyloromyotomy might no be
justified at the time of Nissen fundoplication, however [50]. None of our 46 patients
had a pyloroplasty or pyloromyotomy in addition to the Toupet fundoplication, and
postoperatively, delayed gastric emptying was just recorded in two (4,3%) children
without any symptoms.
Additionally, the Toupet procedure is the better operation compared to Nissen
fundoplication as it has a lower rate of dysphagia as reported in a study of 200 adults
by Strate et al in 2008 [51]. Applied to our study, we also recorded only two (4,3%)
children who suffered from dysphagia in the first postoperative investigations.
Kubiak et al have reviewed the effectiveness of fundoplication in 66 patients
less than four months old in 1999, 26 of those children had neurological disorders,
and they stated that fundoplication in early infancy is unsuccessful in a high proportion
of patients [52]. In our study eight (17,4%) children were less than twelve months old
at time of surgery and only one (2,2%) infant with CHARGE association, esophageal
atresia (IIIb), tracheomalacia and epilepsy presented with frequent vomiting, drinking
problems and dysphagia after an open antireflux procedure and required a second
dorsal semifundoplication.
Herniation as a complication after fundoplication has also been reported [49,
53]. Two (4,3%) of our patients developed a sliding and three (6,5%) a
paraesophageal hernia postoperatively. One child of those five children also had
drinking difficulty, but medical condition improved, and one child with symptoms
required a redo fundoplication; the remaining three patients were asymptomatic.
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In addition, we did not specifically determine the impact of epilepsy on the
outcome of dorsal semifundoplication, as done by Goessler et al in 2006 [54], but we
can state that 57,1% of patients with postoperative complications were recorded
having cerebral seizures.
Furthermore, we particularly want to emphasize the importance of a careful
preoperative evaluation [16, 25, 29] to establish a firm diagnosis of GERD as objective
as possible and to carefully select patients who would benefit from antireflux surgery.
All children in this study underwent a pre- and postoperative workup which included
one or several of the following procedures: physical examination, 24-h pH monitoring,
impedance-pH monitoring, oesophagram and endoscopy. Each test for GERD has
advantages and disadvantages [5] and therefore diagnostic procedures are
individually useful in documenting different aspects of GER and are valuable only
when used in an appropriate clinical context [4].
We do also consider an esophageal impedance as a very valuable diagnostic
procedure to detect and characterize GER, as it identifies all kinds of reflux (acid,
weakly-acidic and non-acidic) and increases the detection of an association between
symptoms and reflux events in a pediatric population [14, 20]. Moreover, emptying
disorders which can lead to pathological results in 24-h pH monitoring are better
clarified, and therefore, a diagnosis of recurrent reflux after surgery as well as a redo
fundoplication can sometimes be avoided. Unfortunately, we only just used
esophageal impedance measuring at the beginning of 2006 as a routine diagnostic
procedure in the pre- and postoperative workup for children with GERD.
Finally, we do agree that a long-term follow up is very important [35, 37, 55], as
one patient presented with high-grade reflux in an oesophagram five years after
Toupet fundoplication, but medical therapy with PPI led to a satisfying regress of
symptoms.
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5 CONCLUSION
In conclusion, our study of 46 neurologically impaired children with GERD on
whom a Toupet fundoplication was performed shows an impressive improvement in
the children’s general health conditions. Although these children are more susceptible
to postoperative complications, a redo fundoplication was only done in four (8,7%)
patients; hence, we can state that the Toupet fundoplication is a very reliable and
effective treatment of children with GERD, especially those with neurological
impairments. In addition, the positive outcome of this surgical method is certainly
comparable to other antireflux procedures analyzed and discussed in various studies
[29-32, 36, 39, 44, 49, 56, 57, 58].
We do also stress the importance of a precise pre- and postoperative workup and
regard impedance-pH monitoring as very advantageous in this matter as all kinds of
reflux are identified and the association between symptoms and reflux events can be
better evaluated as well.
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APPENDIX A: diagnostic procedures (preoperative, 46 patients)
diagnostic procedures (/p=pathological GER), preoperative
Pat.
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APPENDIX B: diagnostic procedures (postoperative, 46 patients)
diagnostic procedures (/p=pathological GER), postoperative
Pat.
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APPENDIX C: pathological GER in diagnostic procedures (preand postoperative)
46 patients
diagnostic procedure preoperative
oesophagogram
endoscopy / biopsy
24-h pH monitoring
impedance-pH
monitoring

pathological
pathological
postoperative
GER
GER

45 (97,8%)
27 (58,7%)
30 (65,2%)

34 (75,6%)
27 (90%)

35 (76,1%)
13 (28,3%)
12 (26,1%)

14 (30,4%)

3 (8,6%)
2 (16,7%)

12 (85,7%)

12 (26,1%)

0
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