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Gastroesophageal reflux disease in children
CME|

Reflux of gastric contents is common in young infants but usually self-limiting and not
pathological. Gastroesophageal reflux disease refers to persistent reflux due to pathological
factors that results in significant symptoms. Patients may exhibit oesophagitis, bleeding,
nutritional failure, or respiratory problems. A high index of suspicion must thus be maintained
for all patients. The aim of this article was to provide a concise review of the understanding
of this disease, and also to discuss current diagnosis and management strategies for children
with gastroesophageal reflux disease.

Introduction

Gastroesophageal reflux (GER) is a common physiological process in young infants, which
is characterised by the involuntary passage of gastric contents into the lower oesophagus.’
In neonates, physiological GER is often noted due to the immaturity of lower oesophageal
sphincter (LOS). Previous studies have indicated that ‘physiological reflux’ occurs in
up to 85% of infants with a male-to-female preponderance of 1.6:1.>* The features of
physiological GER in infants are that the reflux usually begins at the age of 2 to 3 months,
mostly occurring post-prandially, and entails regurgitation of milk. There are no known
predisposing factors for physiological GER, which improves with age (47% at the age of
2 months and 4% at 6 months).* As this is a self-limiting event with very little impact on
development and growth, usually no medical or surgical intervention is needed.

Persistent reflux due to various pathological factors often results in overt clinical
symptoms and signs, which are then termed gastroesophageal reflux disease (GERD).
Affected children may present with failure to thrive, recurrent pneumonia, or apnoea.
Overall, children who are at high risk of having GERD are those who are neurologically
impaired. Indeed, up to 70% of these children are said to have GERD, of whom 44 to
67% benefit from anti-reflux surgery.® In addition, children with chronic lung disease, as
well as those who have had corrective surgery for oesophageal atresia with anatomical
transformation at the oesophago-gastric junction, and hiatus hernia, are more likely to be
at risk. Typically, in children GERD presents with frequent emesis or feeding intolerance.
Symptoms are usually aggravated at night, especially when patients are supine. In infants,
long-standing GERD causes failure to thrive due to calorie deprivation. Furthermore, once
gastric contents reflux into the airways, symptoms such as coughing and choking ensue.
Chronic aspiration may cause apnoeic and bradycardic spells, stridor, or pneumonia.’
Recent studies suggest that GERD might be related to recurrent pneumonia, asthmatic
bronchitis, or even sudden infant death syndrome.” As GERD has a serious negative impact
on development, growth, and the physical and mental health of children, early diagnosis
and effective treatment can significantly reduce morbidity and mortality. The present
review aimed to summarise the pathogenesis, clinical features, diagnostic approaches,
and treatment of GERD in children.

Anti-reflux mechanism of the lower oesophageal sphincter

The pressure on the LOS acts as a barrier to acid reflux from the stomach. The sphincter
is not a simple anatomical valve at a single point, but a physiological sphincter ranging
in length from 3 to 7 cm. The length of the sphincter can be determined more accurately
using oesophageal manometry.? The control of the LOS is via the coordination of various
closing and opening mechanisms (Fig 1). Several closing mechanisms contribute towards
the proper function of the LOS. First, the crux of the diaphragm creates a pinch cork
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during upper gastro-intestinal endoscopy.’ Second, the intra-abdominal portion of the
oesophagus is a vital aspect of the anti-reflux barrier. The greater the length of this portion,
the more valve-like an effect there is.” Third, the angle between the stomach and the
oesophagus (the angle of His) also helps to prevent reflux.” Conversely, forces that tend to
increase opening pressure mechanisms oppose the closing mechanisms. Increased intra-
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abdominal pressure (eg from abdominal tumours,
coughing, and constipation) increases intra-gastric
pressure and thus potentiates the risk of GERD."*"

Pathogenesis and risk factors of
gastroesophageal reflux disease in
children

Once there is an imbalance between the opening
and closing pressures, GERD will occur. Factors that
have been proven to alter the pressure balance and
lead to GERD are: (1) poor function of LOS which is
more likely to be seen in children who suffer from
neuronal/muscular dysfunction™"; (2) oesophageal
dysmotility resulting in reduced clearance—due
to drugs (eg antihistamines) and hormones, as well
as the neuronal disability can weaken oesophageal
motility. Wenzl et al'® reported that the occurrence
rate of GERD was associated with the duration of
gastric content staying in oesophagus and not the
frequency of reflux; (3) abnormal anatomy—including
congenital malformation (eg short intra-abdominal
oesophagus) or acquired diseases (eg oesophageal
atresia repair); and (4) higher intra-gastric pressure
and delayed gastric emptying.

Overall, children who are at risk of GERD are
those who are neurologically impaired (eg with
cerebral palsy), and those who have undergone
corrective surgery for oesophageal atresia which
leads to altered anatomy of the oesophago-gastric
junction. For those who suffer from chronic lung
disease and are known to have hiatus hernia are also
at risk.” In this regard, up to 15% of neurologically
impaired children have GERD symptoms. The
underlying neurological impairment could be part of
a global neurological disease burden, which results in
oesophageal and gastroduodenal dysmotility, leading
to LOS dysfunction.” Furthermore, these children
often have physical deformities like scoliosis that
affect the anatomy of the gastroesophageal junction
and oesophagus. In children, seizures also increase
intra-abdominal pressure and thereby reinforce the
opening mechanisms of the LOS."

Clinical symptoms and signs in children
with gastroesophageal reflux disease

Clinical features of GERD vary in children of different
ages. In infants, emesis and aspiration are the most
common; emesis ensues in 90% of those afflicted.
Frequent emesis may give rise to malnutrition and
failure to thrive in this age-group. In older children,
the commonest symptoms are acid regurgitation
(especially  post-prandially), and retrosternal
discomfort (oesophagitis). Acid-suppressing drugs
can reduce these symptoms.” However, once
inflammatory oesophageal stricture occurs they
may have dysphagia. Furthermore, GERD has been
reported to induce asthma, recurrent pneumonia,
and chronic cough.?

Stomach

Closing
mechanisms

FIG I. A schematic diagram showing opposing opening and closing mechanisms in maintaining the physiological lower oesophageal

sphincter (LOS)
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Diagnosis of gastroesophageal reflux
disease in children

Diagnosing GERD is similar to the diagnosing of any
other diseases. A carefully taken history is paramount
to discern the nature and frequency of emesis,
any evidence of predisposing conditions, and the
presence of complications. The most important goal
is to ensure that normal infants are not subjected to
unnecessary treatments and operations. In patients
with clinically suspected GERD, further investigations
can be conducted to confirm the diagnosis.

Contrast meal

A contrast meal can be used to demonstrate the
functional status of the oesophagus, as well as its
anatomical morphology, such as the angle of His
between the stomach and oesophagus, oesophageal
dysmotility, —mucosal irregularity  (suggesting
inflammation), stricture, and hiatus hernia.”? However,
contrast studies are relatively insensitive and give rise
to many false positives and negatives. They are most
useful in ruling out underlying obstruction such as
that due to achalasia.

Scintiscan

Nuclear imaging can be a useful tool in the evaluation
of delayed gastric emptying. Furthermore, if the
radioactive tracer can be found in the lung, silent
aspiration can be confirmed.® If delayed gastric
emptying is evident, pyloroplasty may be needed at
the time of fundoplication.

Oesophagogastroduodenoscopy

Oesophagogastroduodenoscopy is ideal for
assessing the status of the oesophagus, especially
in persons with symptoms of dysphagia.® Hiatus
hernia can also be identified at the same time. Direct
visualisation of the oesophagus can also accurately
assess the degree of oesophagitis.

24-Hour oesophageal pH study

In the past, the clinical investigation and diagnosis
of GERD was hindered due to the lack of a widely
accepted and accurate definition. In this regard,
a simple investigation relying on assessing the
‘refluxed” hydrogen ions into the oesophagus
formed the basis of the pH study. Indeed, a 24-hour
pH study has now become the gold standard for
the diagnosis of GERD, with both the sensitivity and
specificity values of more than 90%.% This technique
measures the duration and frequency of episodes
in which the pH falls below 4 and data are collected
and analysed using computer software. A portable
pH and pressure meter can also be used to examine
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various physical conditions in oesophagus, involving
parameter variation in the day or at night and before
or after meals. Meanwhile, it can help to distinguish
false reflux, caused by oral or oesophageal
secretions.” A reflux episode is defined as the
oesophageal pH dropping below 4. Oesophageal pH
monitoring is performed for 24 or 48 hours and at
the end of recording, the patient’s tracing is analysed
and the results are expressed using six standard
components:

= Percent total time with a pH <4.0

= Percent upright time with a pH<4.0

= Percent supine time with a pH <4.0

=  Number of reflux episodes

= Number of reflux episodes lasting =5 minutes
= Longest reflux episode (mins)

From these six parameters an eventual
DeMeester score is calculated, and constitutes a
global measure of oesophageal acid exposure.?3°
The scoring system was originally derived from
24-hour pH studies in 50 normal subjects in which
the standard deviation of the mean of each of the six
components was measured. An artificial 0 point was
established 2 standard deviations below the mean
value of the normal subjects for each component.
The resulting scoring system was built around the
standard deviation as a weighting unit. Any measured
value from a given patient could be referenced to
this 0 point and be awarded points based on dividing
the measured value by the standard deviation of the
mean of the normal value.

The threshold for diagnosing reflux is thus
defined by either of the following:

(1) DeMeester score >14.72;

(2) (a) pH <4.0 for more than 5.5% of the total
time;
(b) pH <4.0 for more than 8.3% of all the time
spent in an upright position; or

(c) pH <4.0 for more than 3% of all the time
spent in a supine position.

However, the DeMeester score is not the only
parameter for deciding whether a patient should
undertake a surgical operation. Other factors,
including the effectiveness of medical management,
associated diseases, and abnormal anatomy also have
to be considered.

The 24-hour oesophageal pH monitoring is
the most important way to predict abnormal acid
exposure, and to rule out the primary motility
disorder in patients presenting with dysphagia. It
can be utilised to monitor the efficacy of medical
treatment, and provide detailed clinical information
to assess LOS function. Furthermore, it particularly
contributes to the evaluation of patients with
recurrent symptoms after fundoplication.
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Multi-channel intraluminal impedance study

Multi-channel intraluminal  impedance  (MII)
has been recently introduced to study electrical
impedance when substances pass through the
oesophagus. Using a series of impedance sensors
lying 1 cm apart on a probe, the direction of
substance flow in the oesophagus can be measured
(Fig 2). The main advantage of MIl over conventional
24-hour pH monitoring is that an impedance probe
can simultaneously detect both acid and non-acid
GERD and to discern between liquid and gas.’' In
contrast, a 24-hour pH study can only identify acid
reflux with a pH lower than 4.0, but can give false-
negative results in patients who suffer non-acid
reflux. This limitation of traditional pH monitoring
has become even more important as primary care
doctors routinely prescribe H, antagonists or proton
pump inhibitors on an empirical basis. Thus, the use
of MII represented a paradigm shift in the GERD
diagnosis. Combined impedance-pH testing thus
provides essential information about the acidity of a
reflux event that can be gathered and categorised.’
Furthermore, through the combination of MIl with
manometry, thorough oesophageal function through
evaluation of oesophageal pressures and acid flow
can also be studied. Indeed, a prospective study
published in 1999 combining a pH probe and MII
probe in infants concluded that impedance was a
sensitive procedure for detection of acid and non-
acid GER, which provided important information in
the evaluation of reflux.® Findings of this initial study
were further corroborated by another study.'

As in adults, the most important parameter in
interpreting the results of multi-channel impedance/
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FIG 2. A representative recording from multi-channel intraluminal impedance study on
a child with non-acid reflux
The arrow shows the direction of the gastric liquid from distal (Z6) to proximal

oesophagus (Z1)
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pH monitoring in children was in the evaluation of
the relationship between symptoms and acid versus
non-acid reflux.3*% In this population, MII recording
along with pH monitoring doubled the probability
of documenting an association between symptoms
and reflux as compared to pH monitoring alone.*®
Despite the increase in diagnostic sensitivity, the
drawback of the MIl probe was the lack of normative
values in children, which still need to be worked.
Since last year, our unit has also been able to provide
impedance monitoring in addition to traditional
24-hour pH studies.

Treatment of Fastroesophageal reflux
disease in children

The aim of GERD treatment lies in improving anti-
reflux function of the oesophagus and reducing
gastric  reflux, relieving symptoms, treating
the complications, and preventing recurrence.
Early accurate diagnosis and treatment achieves
satisfactory improvement in symptoms and a good
prognosis. Indeed, it was reported that symptoms
would vanish in 50 to 90% of GERD children after
receiving treatment for a period of months.?® The
treatment algorithm was a stepwise process. For small
babies with physiological reflux only, conservative
management needs to be considered. The
regurgitation of milk after feed is due to immature
development of the oesophageal sphincter, which
disappears with time. Lifestyle modifications such
as frequent small meals, minimising air swallowing
during feeding, and propping up the baby after
food, can all help alleviate reflux. For older children,
modifications include weight loss, adjustment of the
sleeping position, smoking cessation, and avoidance
of caffeine and spicy foods.

Medical therapy

Various drugs can be used to reduce acidity,
stimulate the oesophageal peristalsis, and preserve
the oesophageal mucosa®”:

(1) Anti-acid drugs: these can neutralise gastric
acid, relieve the heart-burn feeling, and reduce
the secretion of gastrin from pylorus, through
which the oesophageal mucosa is well-

preserved, and LOS pressure is increased.

(2) H, receptor antagonists and proton pump
inhibitors can inhibit gastric acid secretion,
and reduce the sensitivity of the oesophageal
mucosa to acid, through which the symptoms of
GERD and reflux oesophagitis can be relieved.

(3)  Prokinetic agents such as domperidone can
promote the peristalsis of smooth muscle in
oesophagus and increase the LOS pressure.
Thus gastric content reflux is prevented and

gastric emptying is enhanced.



Regarding GERD patients with severe
symptoms, comprehensive and frequent drug review
is needed. If the symptoms continue after maximal
medical therapy, surgical management should be
adopted.®®

Surgical intervention of gastroesophageal reflux
disease in children

The aim of surgery is to construct a competent LOS by
creating a valve between the lower oesophagus and
the stomach and to correct any abnormal anatomy,
such as hiatus hernia.®® The indications for surgery
include (1) poor response to medical therapy; (2)
GERD associated with oesophagitis or severe
oesophageal stricture®*'; (3) GERD associated with
hiatus hernia; and (4) GERD associated with failure to
thrive and persistent emesis.

Various surgical techniques for fundoplication
(referred to as wrap) have been described. These
include Nissen (total wrap), Thal (partial anterior
wrap) and Toupet (partial posterior wrap) procedures.
Regarding the surgical approach, laparoscopic
fundoplication has been preferred to the traditional
open approach.®?% This was due to the minimally
invasive nature of the procedure which results in
significantly less surgical trauma to patients. The
underlying surgical principles remain the same: to
repair the hiatal defect and perform anti-reflux wrap.
Indeed, many studies found that the laparoscopic
approach surpassed open anti-reflux surgery as the
gold standard of surgical GERD management.**0
Hui et al’' found that laparoscopic fundoplication
was effective in eliminating nausea associated with
GERD. Thatch et al** also compared laparoscopic and
open fundoplication efficacy, by targeting patients in
the neonatal intensive care unit. This study indicated
that laparoscopic fundoplication with gastrostomy
was safe and comparable to the open technique.*
Furthermore, Rothenberg and Bratton®* showed
that laparoscopic fundoplication helped enhance
pulmonary function in GERD children with severe
asthma. Iwanaka et al** also reviewed anti-reflux
surgery for infants and children in Japan, and felt that
laparoscopic fundoplication had become a standard
procedure, even for children with neurological
impairment. The potential advantages were many,
and included providing a clearer, magnified view of
the anatomy, minimising surgical trauma, enabling
more rapid patient recovery, and better cosmetic
outcomes.

Laparoscopic Nissen fundoplication is the
most popular. Although performing a total wrap may
give rise to postoperative dysphagia, this is rarely
encountered if done by experienced surgeons. The
main difference between Nissen and Thal/Toupet
procedures lies in the way that fundoplication is
fashioned. Regarding Nissen fundoplication, a 360°
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floppy wrap is created using sutures (fundus to
fundus) [Fig 3al. While for the Thal fundoplication,
the fundus is sutured anteriorly to the oesophagus
in an inverted U-pattern, using sutures to create a
270° anterior wrap (Fig 3b). The Toupet procedure is
performed by fashioning a posterior 270° wrap (Fig
3c). Usually the right side of wrap is first fixed to the
right crura with two to three sutures. Then the right
side of the wrap is fixed to the oesophagus using two
to three sutures. The left part of wrap is sutured to
the anterior side of oesophagus that further fixes the
upper side of the wrap to the upper edge of the left
crura. All three procedures have been shown to be
extremely effective for the treatment of GERD; the
choice is usually based on the surgeon’s preference.

For children with neurological impairment,
indications for anti-reflux surgery are: (1) presence
of apnoeic episodes, bradycardia, recurrent
pneumonia or life-threatening apnoea®™; (2)
Barrett's oesophagus; (3) prophylaxis in a patient with
a feeding tube placement. A significant relationship
between pulmonary disease and the severity of
GERD has been reported, whilst silent aspiration
can be sufficient to aggravate lung disease and its
symptoms >8>

In terms of postoperative complications, they
can be divided into those related to surgery in general,
those related specifically to fundoplication, and those
related to the laparoscopic technique. Those related
to surgery include bleeding, infection, adhesions,
and relapse. Gas bloating, dumping, dysphagia, and
vagus nerve palsy are the potential complications
of fundoplication. Those related to the laparoscopic
technique vary, and include pneumoperitoneum,
increased intra-abdominal pressure, and increased
systemic absorption of carbon dioxide. All of these
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FIG 3. Diagrammatic drawings for three surgical techniques of fundoplication
(a) Nissen (total wrap); (b) Thal (partial anterior wrap); (c) Toupet (partial posterior
wrap)
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may compromise both the respiratory and cardiac
status of the patient.

Regarding the outcome of these patients after
laparoscopic Nissen’s procedure, Turnage et al®
targeted 46 infants and children with GER symptoms
(57% had significant neurological impairment, and
80% had at least one serious additional medical
problem) with a follow-up of at least 5 years later.
They concluded that in their study, mortality was
related primarily to associated diseases rather than
to GER. Nissen’s procedure provided efficacious,
long-term treatment in infants and children, with
acceptable morbidity.®® Inge et al®" also reviewed the
outcomes of 62 consecutive Nissen’s procedure—
treated children retrospectively, using intra-operative
manometry to standardise the tightness of wrap
to prevent complications such as dysphagia, and
recurrent post-surgery emesis. Long-term outcomes
using this technique were deemed very good based
on caregivers’ responses.” Furthermore, through
long-term follow-up, Goessler et al®?® concluded
that GER symptoms improved significantly after
fundoplication in mentally retarded children. The
frequency of recurrent reflux was not related to the
type of surgery, and late complications as well as
recurrent reflux were significantly associated with
preoperative dystrophy.®

Regarding the choice of different laparoscopic
techniques, reports are sparse. Steyaert et al®
compared the long-term efficacy between the Nissen
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Conclusion

Gastroesophageal reflux disease in children can
cause failure to thrive and other significant symptoms.
Clinicians treating children should be aware of
the possibility of GERD and refer them for further
evaluation early. A combined approach by paediatric
gastroenterologists and paediatric surgeons can
improve outcomes for both normal children with
GERD, and those who are also neurologically
impaired.
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