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15.1 Introduction
Gastroesophageal reflux (GER) is a frequent phe-
nomenon consisting of the retrograde passage of
the gastric juice into the esophagus and, occasion-
ally, its expulsion through the mouth. The main
harmful consequences of GER are the loss of
nutritional intake and the damage to the esopha-
geal mucosa. The larynx, the tracheobronchial
tree, and the lung can also be affected, and other
complications may arise. However, although GER
is extremely frequent, particularly in young
babies, most of them do not suffer from any of
these complications. Therefore, to a certain extent,
GER is “normal” in them, and only when such
harmful effects arise the phenomenon is desig-
nated gastroesophageal reflux disease (GERD).
In the present chapter, the causes and mecha-
nisms of GERD during the period of life between
birth and the end of the first year are addressed
together with the sequence of diagnostic proce-
dures and the rationale of the currently recom-
mended therapeutic measures. A particular
analysis of the comorbidities that accompany
GERD at this age will be made.
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15.2 Why GERIs So Frequent
in Newborns and Young

Babies

The stomach is located in the abdomen where
positive pressures are permanent and reinforced
by gastric peristalsis. In contrast, the esophagus
is mostly into the thorax where negative pres-
sures are present during each inspiratory move-
ment. As a consequence of this, a GER-driving
pressure gradient from the stomach to the esoph-
agus exists in normal individuals, and only the
presence of an efficient anti-reflux barrier fights
this phenomenon. The barrier has two main com-
ponents: The first is the “lower esophageal
sphincter” (LES) resulting from the permanent
contraction of the distal smooth muscle fibers of
the esophagus at the gastroesophageal junction.
The second is a sort of “external sphincter” cre-
ated by the phasic contractions of the striated
muscle of the crural sling of the diaphragm
formed by the pillars of the hiatus. These contract
during inspiration and lengthen the intra-
abdominal segment of the esophagus while
accentuating the angle of His. The synergic play
of these two components closes the distal esopha-
gus, particularly when the GER-driving forces
are stronger. Swallowing is possible because the
barrier opens at this moment during which inspi-
ration ceases and the LES relaxes allowing the
passage of the bolus into the stomach. Esophageal
peristalsis is regulated by intrinsic and extrinsic
innervations  that  coordinate  propulsive
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contractions with simultaneous relaxations of the
sphincter. Peristalsis itself constitutes the second
anti-reflux barrier because it is able to clear
refluxed material form the esophagus.

However, the barrier function is not 100% effec-
tive, and GER occurs rather frequently, specially
after meals, even in normal individuals. Some GER
is therefore “normally” possible at different times
of the day particularly in newborns and young
babies who often spit or vomit. They spend long
time lying flat and receive large-volume feeds. A
certain immaturity of the LES mechanism was pro-
posed as the main mechanism for the failure of the
barrier and the frequent occurrence of GER in
young babies [1]. However, modern manometric
methods demonstrated that the barrier is efficient
[2] even in the premature [3]. When sophisticated
miniaturized manometric probes became available,
it was understood that rather than decreased or
abolished LES pressure, which only happens
rarely, the main mechanism of these episodes of
GER at all ages [4], including young children [5,
6], was the occurrence of non-deglutitory transient
lower esophageal sphincter relaxations (TLESR).
In some cases the anatomy of the gastroesophageal
junction and its relationship with the hiatus are
abnormal, mainly by ascent of the junction and part
of the stomach into the thorax and then it is appro-
priate to diagnose hiatal hernia.

If GER is frequent in infants and less frequent
in grown-up children, a spontaneous tendency to
improvement at this age should be acknowledged.
Since “maturation” of the anti-reflux barrier has
not been demonstrated, other explanations should
be sought. The main one is the acquisition of the
standing position, and it is generally admitted that
babies who spit or vomit improve progressively
during infancy and get rid of these symptoms
when they are able to stand up most of the day.

15.3 GERD in Newborns
and Toddlers Without
Concurrent Diseases
(Comorbidities)

If GER is “normal” to a certain extent in new-
borns and young babies, when should we suspect
GERD and start diagnostic tests and treatment? It

is obvious that a spitting, well-nourished, and
happy baby is normal and does not need investi-
gations or treatments. However, when some
digestive or respiratory symptoms occur, the sus-
picion of GERD is reasonable, and some action
should be undertaken. GERD induces several
symptoms that can manifest themselves simulta-
neously or not in the same individual:

1. Vomiting: Babies with GERD, in contrast
with adults, usually vomit and/or spit. This
vomiting is more often post-prandial, but it
may occur at any time. Its content is gastric
juice with remains of feedings and very rarely
with coffee ground staining or bile. In contrast
with that of pyloric stenosis, vomiting tends
not to be projective and total.

2. Failure to thrive: The loss of nutritional intake
due to repeated vomiting may impair weight
gain and development. Vomiting and stunting
may be the first signs of GERD requiring
attention by the pediatrician who should rule
out other multiple causes.

3. Irritation, discomfort, and “abdominal pain’:
Repeated exposure of the esophageal mucosa to
refluxed gastric juice leads to esophagitis. A
baby with heartburn, dysphagia, or pain can
only demonstrate his symptoms indirectly by
crying and/or being irritated, unhappy, and
unfriendly [7]. Of course, these symptoms can
be related to many other conditions, but they
should arise the suspicion of reflux esophagitis.

4. Anemia and iron deficiency: Macroscopic
bleeding due to esophagitis is rare at this age,
but microscopic blood loss may lead to micro-
cytic anemia and low iron levels. Again, other
diseases may cause this, but GERD should be
actively sought after in these cases.

5. Repeated respiratory tract infection, bronchial
reactivity, and pneumonia may be related to
micro-aspiration or massive aspiration in
children with GER. GERD should be investi-
gated in them in the absence of other reason-
able explanations like cystic fibrosis or
immune deficiencies.

Most of these symptoms are caused by a
variety of pediatric conditions, and pediatri-
cians should rule these out before investigating
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GERD [8]. However, given the prevalence of
GER in infancy, a high index of suspicion is jus-
tified. Fortunately, peptic ulcers, stenosis, or
major hemorrhages are not seen anymore, or
very seldom, in refluxing infants. Many years
ago, Carre pointed out the naturally benign clini-
cal course of what was known at that time as
“minor” hiatal hernia during infancy [9].
According to him, two thirds of patients would
be asymptomatic (even without specific treat-
ment) after the first 18 months of life, but the
remaining third will remain symptomatic or may
eventually have serious complications. These are
the patients that require active treatment.

15.4 GERD in Newborns
and Toddlers with
Concurrent Conditions
(Comorbidities)

Pediatricians and pediatric gastroenterologists
are mainly concerned with children belonging to
the above-discussed category of refluxers.
Pediatric surgeons, however, have to deal more
often with patients in which congenital or
acquired concurrent diseases cause or facilitate
GERD. Herewith we discuss these conditions
and how they impact on the pathogenesis of
GERD and its natural course:

1. Brain damage: Congenital or acquired dis-
eases of the central nervous system and par-
ticularly cerebral palsy are frequently
accompanied by GERD. There are many rea-
sons for this: neurologic impairment may trig-
ger the vomiting center and damages the
coordination of digestive motility, both at the
sphincter and peristalsis levels causing failure
of the barrier [10, 11] and defective clearance.
TLESRs seems to have less importance in the
pathogenesis of GER in these children than in
regular refluxers [11, 12] who, on top of this,
are often recumbent, scoliotic, spastic, consti-
pated, and affected by frequent respiratory
tract infections. GER is facilitated by all these
circumstances, and it may be occasionally
aggravated by alkaline duodeno-gastric reflux
[13] and salivary loss by drooling. These

babies are often difficult to feed because of
deglutition disorders, choking, or bottle
refusal. The irreversibility of these circum-
stances in brain-damaged children makes
spontaneous improvement of GERD over
time unrealistic and the benefits of medica-
tions limited.

. Patients with respiratory tract disease.

There are several circumstances that facilitate
GER in patients with respiratory tract disease
that is particularly frequent during the first
months of life: This may either enhance posi-
tive intra-abdominal pressures or accentuate
negative thoracic pressures (or both) thus rein-
forcing GER driving forces. Premature and
newborn babies with bronchopulmonary con-
ditions are particularly prone to undergo
GERD. Upper airway obstruction, positive
airway pressure ventilation [14, 15], medica-
tion with xanthines [16], nasogastric tubes
[17], and other reasons account for this as well
as micro-aspiration or esophago-bronchial
reflexes [18]. Weaning off ventilator may be
impossible until GER ceases [19]. At this age
it is particularly difficult to determine whether
respiratory tract disease causes GER or con-
versely, if GER (aspiration, bronchoconstric-
tive reflexes, reflux laryngitis or sensitization
to allergens after aspiration) accounts for the
respiratory disease.

A particular case is that of babies with
apparent life-threatening events (ALTE),
(pauses of apnea or cardiorespiratory arrests)
that might be related to GER. Whether these
episodes are caused by GER or not is an open
issue. pH tracings, polysomnographic record-
ings [20, 21], and pH-MII recordings [22, 23]
clarified only in part this issue. ALTE could be
related to both acidic and non-acidic reflux
episodes [24], but a clear link between both
phenomena is not convincingly demonstrated
[25, 26].

. Patients previously treated for esophageal

atresia (EA) with or without tracheoesoph-
ageal fistula (TEF): This is a rare malforma-
tion (1:3500 newborns) consisting in the
majority of cases of the interruption of the
upper esophagus behind the trachea and
the presence of a fistula connecting the
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trachea with the lower end of the esophagus.
This is the more common type, but about 10%
of the patients have no fistula, and the two ends
of the interrupted organ are quite far apart
(long-gap cases). Smaller proportions have
other uncommon varieties of the malforma-
tion. Current overall survival of about 90%
[27, 28] makes lifelong follow-up and quality
of life important issues for these patients and
GERD a problem since 25-60% of survivors
suffer it [29, 30] with increasing prevalence
with time [31]. Swallowing difficulties may be
related to the structural anomaly of the esopha-
gus itself, but reflux esophagitis is found upon
endoscopic and biopsy assessments in high
proportions ranging between 20% [32] and
53% [33], and postoperative anastomotic ste-
noses refractory to dilation are in part related
to the repeated exposure to gastric juices [34].
Barrett esophagus is diagnosed in a growing
number of these patients during adolescence
and adulthood [35], and the risk of esophageal
cancer in the long run is considered manyfolds
higher than in the regular population [36].
Vomiting, heartburn, apneic spells, and respi-
ratory tract disease may be related to GER in
these children and deserve attention and treat-
ment during the first year.

There are several explanations for the high
incidence of GER in survivors of EA/TEF
repair: the muscle and mucosal layers of the
reconstructed esophagus are definitely abnor-
mal. The esophagus is shortened because
anastomosis always involves some tension
[37] and the extrinsic and intrinsic innerva-
tions that regulate motility are defective [38—
40]. The LES is often ascended and
functionally poor [41, 42], and, in addition,
gastric motility may be abnormal as well, and
duodenal emptying may be slow in cases with
associated malformations or malrotation. All
these dysfunctions are more relevant in long-
gap cases and particularly in those without
fistula in which the anastomosis is always
under important tension and GER is practi-
cally constant [35, 43—45].

4. Patients previously treated for congenital

diaphragmatic hernia (CDH): This is
another rare condition (1:3500 newborns)
consisting of a posterolateral defect of either
side of the diaphragm allowing the passage of
intra-abdominal viscera into the thorax. The
lungs are more or less hypoplastic, and persis-
tent pulmonary hypertension threatens sur-
vival even with the best prenatal and neonatal
care. In addition, these babies may bear other
malformations or malrotation due to the dis-
torted anatomy of the fetal abdominal organs.
Ultrasonography allows prenatal diagnosis
and in some cases treatment. The more sophis-
ticated support measures (vasoactive drugs,
nitric oxide, oscillatory ventilation, ECMO,
etc.) are necessary after birth in order to keep
these babies alive. Survivals close to 70-80%
can be expected in high volume centers if hid-
den mortality (prenatal deaths, terminations,
etc.) is excluded. Long-term follow-up and
quality of life became also a priority in this
condition [46]. That GERD was associated
with CDH was pointed out long ago [47] after
a dilated esophagus was found in babies with
CDH [48]. GERD is more frequent in those
with large hernias [49] and in those who
require ECMO [50, 51]. It causes problems in
up to 54% of cases [31, 52] and produces
esophagitis in about 50% and Barrett’s esoph-
agus in some of them [53].

In these babies, the play of pressures
between the abdomen and the thorax is abnor-
mal due to lung hypoplasia and tight abdomi-
nal closure [54, 55]. The hiatus is under tension
due to surgical repair or to replacement of one
of its rims by a synthetic patch. The esophagus
has poor motility as a result of abnormal inner-
vation [56], and gastric emptying may be
slowed due to seemingly abnormal innervation
and to malrotation or adhesions [49].

GER is frequent during the first year after
CDH repair [57, 58], and it tends to taper off
in the ensuing years [31]. Apparently, only a
small proportion of patients maintain sphinc-
teric and peristaltic dysfunctions over the
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years [59]. Feeding difficulties, prolonged
respiratory difficulties, and vomiting may
require active treatment of GERD.

5. Patients previously treated for anterior
abdominal wall defects (AAWD). These are
congenital malformations consisting of ante-
rior body wall defects that may be of two
varieties: Omphalocele or exomphalos
(1:4000 newborns) is an embryonic condition
in which a part of the periumbilical wall is
replaced by a gelatinous sac containing the
bowel and the liver. Gastroschisis or laparos-
chisis (1:8000 newborns) is a fetal, acquired
defect in which there is right-sided paraum-
bilical abdominal wall orifice that allows for
the bowel and other organs to eviscerate into
de amniotic fluid. In both cases, surgical
repair involves reintegration of viscera into a
reduced abdominal space and closure of the
wall that to a variable extent causes increased
abdominal pressure [60]. In addition, there is
always non-rotation or malrotation due to the
extra-abdominal position of the bowel during
fetal life, and these, together with deficient
innervation and interstitial Cajal’s cell den-
sity [61, 62], delay intestinal transit postop-
eratively facilitating GER and hiatal hernia.
GER often accompanied by esophagitis has
been demonstrated in 43% of patients with
omphalocele and in 16% of those with gas-
troschisis [63].

How and When to Use
Diagnostic Tests for GERD
in Newborns and Toddlers

15.5

Since GER is to some extent a “normal” phe-
nomenon, diagnosis of too frequent or exces-
sively prolonged episodes becomes a
quantitative issue, and this explains the variety
of the diagnostic procedures applied. Most of
them are relatively invasive and costly, and
therefore, their use is withheld until well-
grounded suspicion of GERD is established.
This is particularly true for young babies who

do not collaborate, require miniaturized equip-
ment, and, above all, might benefit from the
spontaneous tendency to improvement.

ASPGHAN and ESPGHAN recommenda-
tions extensively review the diagnostic methods
used in children [8]. In short, contrast meal is
widely available, but it is irradiating, scarcely
sensitive, and definitely unspecific. However, it
may show stenosis, hiatal hernia, or malrotation
and give some information about gastric empty-
ing. Ultrasonography is too operator-dependent
and is of no common use for this purpose.
Extended pH monitoring is probably the
accepted “gold standard,” but it only informs
about acid reflux and has “normal” values that
vary too much with age. Extended multiple
intraluminal impedance measurements coupled
with pH monitoring (MII-pH) is currently the
more informative tool since it is able to detect
non-acidic or alkaline refluxes as well as acidic
ones. However, the equipment is expensive, the
tracings are difficult to analyze, and computer-
ized measurements may be misleading. Isotopic
studies are more specific and less irradiating
than contrast meal, but they do not provide the
same morphologic information. Manometry in
all its varieties, pull-through sphincteric mea-
surements, micro-catheter-perfused and sleeve
sensor-prolonged sphincteric and esophageal
body measurements, and high-resolution
manometry, is too complicated and expensive
(in terms of equipment and time consumption)
to be routinely used for diagnosis at this age.
Endoscopy and biopsy require sedation or anes-
thesia at this age, and although they inform
about some morphologic features of the esopha-
gus and the stomach, their main focus is the
mucosal consequences of GER that may be
absent in refluxers with apneic spells or respira-
tory symptoms. Finally, laryngoscopy and stud-
ies of lipid-laden macrophages or pepsin in
bronchial aspirate are only used in cases of
respiratory tract disease of highly suspected
GER origin.

A recent review shows clearly the limitations
of diagnostic tests for GER in children [64].
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15.5.1 How to Test Children Below
1 Year Without Comorbidities

Most infants with suspected GER or GERD do
not need any diagnostic procedure and can be
managed expectantly under the more usual
dietary, postural, and eventually antacid mea-
sures (see below). Only those who do not respond
to these simple measures, who keep vomiting,
fail to gain weight, emit blood in their vomit, or
have alarming respiratory symptoms, require
diagnostic tests. Contrast meal is widely avail-
able, but it is doubtful that it should be used at all
in these cases because its “normality” does not
exclude GERD and the presence of GER upon it
is not diagnostic of GERD. pH monitoring is
probably the first line of diagnosis. It is scarcely
invasive, does not require collaboration, and
informs reliably about excessive acid exposure.
However, it has some limitations since babies
fed five or six times per day have the gastric
juice buffered to pH >4 for 2 h after each meal
and this “blinds” the esophageal electrode for
almost half the duration of 24 h. Normal values
of acid exposure (reflux indexes) are set at higher
values than at other ages, but this does not totally
compensate for the insufficiencies of the method.
It is true that the number of episodes and the tim-
ing of acid refluxes are well displayed and can
confirm that GERD is present. Most probably
impedance studies will replace standard pH
metering in the future because the nature of the
information provided by this procedure is much
richer. However, there are still limitations that
have been mentioned already. Endoscopy and
biopsy are probably indicated in babies without
comorbidities that are extremely irritated and in
those with either blood in the gastric content or
with microcytic anemia. Manometric studies are
not routinely used in the clinical setting at this
age. Of course, they may show insufficient LES
pressures, excessive number of TLESR, or dis-
turbed motility, but all these will not impact on
the therapeutic attitudes, and therefore it can be
concluded that it should be reserved for the
investigation of the phenomenon rather than for
its diagnosis. Isotopic GER and gastric emptying
studies are probably not necessary in most of
these patients.

15.5.2 How to Test Children Below
1 Year with Comorbidities

Newborns and small babies with concurrent con-
ditions require a different approach. In many of
them, GER may seriously threaten their health
and even their life. The expectancy of a spontane-
ously favorable outcome is unrealistic in them
due to the persistence of the mechanisms of GER
(posture, spasticity, scoliosis, structural anoma-
lies of the esophagus and/or the hiatus, innerva-
tion defects, malrotation, delayed gastric
emptying or jejunoileal transit difficulties, etc.).
It is therefore reasonable to perform GER diag-
nostic procedures once the suspicion is
reasonable.

Contrast meal is probably the first and more
accessible one in this group. In spite of its scarce
sensitivity and specificity, it depicts the anatomic
distortions caused by the concurrent condition
(hiatal hernia, flattening of the angle of His, mal-
rotation, gastric emptying, etc.) that should be
known in case of surgery. pH monitoring should
probably be performed next, and the use of two
electrodes (one esophageal and other one gastric)
helps to detect alkaline reflux and delayed gastric
emptying [13]. It is generally available and
scarcely invasive. The interpretation should take
into account not only the reflux index but also the
number of episodes of GER and the tracings of
both the esophageal probe and the gastric one (if
available). MII-pH will probably replace pH
metering in the near future, but it is not yet avail-
able everywhere.

Endoscopy-biopsy is the best procedure to
detect esophagitis. It is probably indicated in
cases with blood in the vomit or iron deficiency.

In summary, our approach to diagnosis in chil-
dren with comorbidities should be proactive but
limited to contrast meal, pH monitoring (or
MII-pH), and endoscopy-biopsy in selected cases.

15.6 Tools for the Treatment
of GERD in the First Year of Life

If GER is a consequence of the failure or tran-
sient relaxation of the anti-reflux barrier allowing
acid and/or alkaline exposure of the esophageal
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mucosa, the treatment of GERD should be
directed to one or several of these factors:

Non-operative treatment: This cannot rees-
tablish a failing anti-reflux barrier, and it rather
aims at decreasing the pressure gradients, at lim-
iting the harmful effect of the refluxed juice on
the esophagus, and at facilitating esophageal
clearance. However, all these aims are hard to
reach in young infants.

Lifestyle changes are limited at this age.
Postural treatment pursues reducing GER by
gravity and thus minimizing direct contact of the
esophagus with gastric juices. Maintaining the
baby in an upright position with a chair or crib is
of little help. The prone position that was recom-
mended years ago was abandoned because of the
increased risk of sudden death, and therefore, the
preferred position is supine with the head ele-
vated [8].

Thickening of the feeds with vegetal products
like rice cereal, corn or potato starch, or various
bean gums decreases regurgitation but does not
impact either on the episodes of GER or acid
exposure [8, 65]. AR formulas are based on these
additions, and they are designed to avoid exces-
sive caloric intake. These formulas should be
routinely used as first treatment, together with
some postural help, in babies who regurgitate or
vomit but maintain weight gain.

Helping the esophagus to get rid of the gastric
juice whenever this is refluxed seems a good
idea, and prokinetic drugs were introduced to
enhance clearance and hasten gastric emptying.
However, there is no convincing evidence of the
efficacy of these drugs, and, on top of this, the
more popular of them, Cisapride, had to be with-
drawn from the market because of cardiac risks.
Other drugs like metoclopramide, domperidone,
erythromycin, or bethanechol cannot be recom-
mended at this age because there is no evidence
of their benefits and also because they may have
serious secondary effects [8].

Decreasing the number and duration of
TLESRs was the reason for the introduction of a
new drug, baclofen, that has some success in
adults, but it is not approved for young patients [8].

Finally, neutralizing or decreasing the acid
contained in gastric juice would reduce its harm-
ful action on the esophageal mucosa. Buffering

antacids like magnesium or aluminum hydroxide
may be absorbed and increase aluminum serum
levels. Surface protective medications like algi-
nate or sucralfate are effective for on-demand
decreasing acid exposure, but their prolonged use
may also increase serum aluminum, and there are
no studies on their long-term effects in babies.
Inhibitors of histamine-2 receptors (H2RAS) like
cimetidine, ranitidine, or famotidine are effective
in reducing acid exposure and help to heal esoph-
agitis, but after some time, their effect decreases
(tachyphylaxis). They also have some side
effects, and they are being progressively replaced
for proton pump inhibitors (PPI) like omepra-
zole, lansoprazole, and esomeprazole. These are
definitely more effective for acid suppression,
decrease of acid exposure, and healing of esopha-
gitis. However, they have some side effects at this
age like gastroenteritis, respiratory tract infec-
tions, parietal cell hyperplasia with gastric pol-
yps, enterochromaffin cell hyperplasia, and
others [66]. In addition, they are not approved for
use at this age in which the evidence of their ben-
efits is not fully convincing [8, 67, 68].

Surgical treatment: In turn, surgery that has
no effect on motility, acid secretion, alkaline
exposure, or gastric emptying (except in a few
selected cases) can rebuild the failing anti-reflux
barrier in a quite efficient and permanent way.
The aims of anti-reflux surgery are to relocate the
gastroesophageal junction below the diaphragm
if it is elevated, to lengthen the intra-abdominal
segment of the esophagus to allow the positive
abdominal pressures to play on it, to accentuate
the angle of His, and to create a full or a partial
(anterior or posterior) wrap with the gastric fun-
dus able to compress the distal esophagus and act
as a valve when the stomach is full. In some cases
in which feeding problems are predominant, the
procedure may be accompanied by a gastros-
tomy. In rare instances when there are demon-
strated  gastric  emptying  problems, a
pyloromyotomy or pyloroplasty may be a useful
adjunct. All these operations are currently per-
formed by laparoscopy except when local factors
make this approach more difficult.

The gold standard of anti-reflux operations is
the complete fundal wrap-around first described
by Nissen [69]. It decreases acid (and alkaline)
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exposure, reestablishes a pressure barrier, and
reduces the frequency and duration of TLESRs
[70-73]. However, this operation reduces gastric
compliance leading to early fullness and some-
times to “dumping” syndrome; it may cause tran-
sient dysphagia and can have other surgical
complications. Anterior hemi-fundoplications, as
described by Ashcraft [74] or Boix Ochoa [75],
may work well [2, 76, 77] but are less effective in
patients with comorbidities [2, 78]. Posterior fun-
doplication, according to Toupet [79], is quite
similar to an incomplete Nissen wrap-around,
and its results should be more or less similar [80,
81]. It is interesting to notice that the institutions
where Ashcraft’s or Boix-Ochoa’s operations
were developed finally embraced Nissen’s opera-
tion since laparoscopic approach was introduced.
This demonstrated that finally complete wrap-
around was not as bad as pretended by the intro-
ducers of these alternative techniques.

In a few desperate cases (particularly in neuro-
logically impaired children), esophagogastric dis-
connection may be an alternative to repeated
failures of fundoplication [82-84]. However, this
operation is rarely indicated in the first year of life.

15.7 Treatment of GERD
in the First Year of Life

In children without comorbidities, the recom-
mendations of the NASPGHAN-ESPGHAN
[8] are more than well founded and should be
followed. Happy spitters do not need any treat-
ment (except perhaps AR formula if they are
bottle fed). Infants with persisting vomiting
and other symptoms, like insufficient weight
gain, bleeding, or recurrent respiratory tract
disease, in which investigation demonstrated
GER require thickening agents and acid sup-
pression with either H2RAS or PPIs. However,
it should be pointed out that the limitations and
scarce solid evidence of the beneficial effects
of both changes in lifestyles and medications at
this age throw the suspicion that the unques-
tionable success of these recommendations
might be based in most cases on the spontane-
ous favorable course of events during this
period of life.

In cases with comorbidities, proactive treat-
ment should be undertaken once GERD has been
demonstrated. Long-term administration of PPIs,
although with scarce evidence, remains the first
tool. It is recommended in neurologically
impaired patients [85] and in those previously
operated for EA/TEF [86] although their effects
on the latter were not fully conclusive. With the
same lack of evidence, they are used in children
operated upon for CDH [87]. It is certainly more
questionable to rely on acid suppression in cases
with respiratory tract disease although the contri-
bution to this of esophago-bronchial reflexes
could be minimized. There is no room for proki-
netic treatment in these cases with comorbidities
given the structural origin of dysmotility.

The role of surgery is certainly limited in the
first year of life. In fact, the proportion of patients
operated upon for GER below 2 years is small at
least in Europe. American series show that a
more aggressive surgical approach is often
accepted on the other side of the ocean [8§8-92].

In babies without comorbidities, anti-reflux
surgery is indicated when non-operative treat-
ment fails in symptomatic patients (growth fail-
ure, persistent esophagitis, or stenosis) and in
some cases with respiratory manifestations of
GER and particularly in those with recurrent
pneumonia due to aspiration [8]. In exchange,
surgery is frequently used for the treatment of
children with GERD and concurrent conditions.

The most questionable indication for surgery
is the presence of repeated episodes of ALTE that
can be put in relationship with episodes of GER
after profound study with polysomnographic and
pH monitoring or MII-pH monitoring [20-23].
Non-acidic reflux episodes are frequent in young
infants [93], and ALTE could be related to both
acidic and non-acidic ones [24]. However, there
is no agreement on this interpretation [25, 26,
94]. Nevertheless, since the association of GER
and ALTE may be deadly, anti-reflux surgery
might be indicated in a few cases.

Neurologically impaired patients that are
undernourished due to obvious feeding difficul-
ties may certainly benefit from anti-reflux opera-
tions often accompanied by a gastrostomy. In
fact, close to 50% of indications in the USA cor-
respond to this group of patients [95]. The issue
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of whether a Nissen should be added if gastros-
tomy is indicated has not been resolved, but it is
reasonable to accept that gastrostomy alone may
improve the status of the patient if GERD has not
been demonstrated [96—-100]. On the contrary, if
a Nissen is necessary to treat GERD in a neuro-
logic patient, addition of a gastrostomy may be a
useful adjunct.

Babies previously treated for EA/TEF benefit
from anti-reflux surgery when their GERD
remains symptomatic for several months.
Anastomotic stenosis refractory to repeated dila-
tions, recurrent pneumonias, or insufficient
weight gain may improve after surgical creation
of an anti-reflux valve. However, the particular
anatomy of the esophagogastric junction in these
cases (high junction, small stomach, no angle of
His) makes surgery more difficult and less effec-
tive [30, 101].

Up to 15% or 20% of babies operated upon for
CDH may require anti-reflux surgery during the
first year [57, 58, 102, 103] and definitely less in
the ensuing years [31, 59]. Sometimes they can
only be extubated after a fundoplication, and more
often surgery is offered on the basis of unmanage-
able respiratory situations accompanied by diffi-
culties for oral feeding. Also in this case, the local
anatomy (distorted hiatus, patch, etc.) may make
surgery difficult. Preventive fundoplication during
CDH repair has been proposed [104, 105], but its
benefits are not fully proven [106].

The contribution of GERD to the problems of
babies operated at birth for AAWD corresponds
rather to later months of the first year. Difficulties
in transit due to malrotation, adhesions, or mal-
position of the hiatus cause GERD that becomes
bothersome later. Fundoplication in both ompha-
locele and gastroschisis may be indivated in up to
50% of cases, and its performance during abdom-
inal wall closure has been proposed [107].

15.8 Results of the Treatment
of GERD

The main problem with the assessment of the
results of non-operative treatment of GERD in
children is the lack of consistent evidence on the
effects of these measures at an age in which ethi-

cal concerns, lack of collaboration, and age and
size diversity preclude (or make very difficult)
the performance of randomized controlled trials
(RCTs). Not many have been published on the
efficacy of PPIs to treat esophagitis [108] or on
the benefits of prokinetics [109—111]. In fact, the
lack of really “normal” controls at this age is a
barrier difficult to overcome. And thus, as stated
by the ASPGAHN/ESPGAHN recommenda-
tions, no much solid evidence is available about
the benefits of most of the non-operative treat-
ments proposed for individuals this young [8].
Moreover, the evidence is even less solid when
considering the long-term effects of medications
like PPIs or others in infants. The risks of changes
in the microbiota, neoplasia, and others are some-
times discussed but have not been studied.
Nevertheless, the issue is not whether or not these
treatments should be administered or not (proba-
bly they should) but whether or not they add sub-
stantially to the spontaneous improvement of
GERD at that particular age.

For the same reasons, surgical treatment of
GERD should be applied cautiously during the
first year of life. The objective evidence of its ben-
efits is weak, and the few published RCTs about
this matter are restricted to compare two modali-
ties of operation [92, 112, 113] or details of the
same operation [90] but not to clarify the key
issue of whether operation itself is better than no
operation at this age. Of course, it is beyond doubt
that some patients benefit from anti-reflux sur-
gery, but they cannot be compared with similar,
non-operated patients, and this casts doubts about
the appropriateness of such operations.

And surgery has an additional problem that is
easily linked to the operation itself: complica-
tions [91]. If a child treated chronically with PPIs
acquires an infection or a tumor, many explana-
tions can be found for these. However, if a child
having a fundoplication has dumping syndrome,
ascent of the wrap into the thorax, failure of the
new valve or even dysphagia, wound infection, or
adhesive obstruction, the operation itself will be
blamed at once, and this is why pediatricians and
pediatric gastroenterologists are so reluctant to
propose indications for surgery [114, 115].

Even if the surgeon is convinced after
many years of practice and critical observation of
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his/her own results of the benefits of surgery for
treating GERD in children below 1 year with
comorbidities (and a few without them), it is fair
to inform objectively their families about the
potential complications and the expectations of
success than can be summarized as follows.

In children without comorbidities, a good
Nissen holds well in the vast majority of cases,
and a normal life without dysphagia or early sati-
ety after the first weeks following the operation
can be foreseen.

Neurologically impaired children reunite the
conditions for long-term failure of the wrap (not
to talk about the outcome of the primary disease).
A proportion of 25% after the first 12 months
[116] is a reasonable figure. In many cases, the
benefits of the wrap are obvious as demonstrated
by parent satisfaction [117] and reduced readmis-
sions [118]. On these bases, reoperation is accept-
able when necessary. However, more than two or
three failures may indicate other strategies like
chronic PPIs or esophagogastric disconnection.

Children with respiratory symptoms of GERD
respond well after operation when the problem is
repeated aspiration (recurrent pneumonias and
atelectasis) but less well when the respiratory dis-
ease is bronchoconstrictive like asthma or
asthma-like bronchitis. In these cases, the pat-
terns of nocturnal episodes of GER can orient the
prediction of success of the operation [119]. In
general, in the presence of “asthma” and GER,
the surgical indications should be limited to cases
refractory to all medical treatments with long
nocturnal episodes of reflux [8].

The majority of children requiring surgery for
GERD after repair of EA/TEF are improved by
the creation of a new valve. However, in one third
or more of them, the wrap fails after a few months
due to the previously addressed unfavorable local
conditions [116]. The proportion of wrap failures
is particularly high, and this should be discussed
prior to the operation. In this particular group of
patients, however, there is increasing evidence of
chronic esophagitis evolving into Barrett’s
esophagus, including some cases of intestinal
dysplasia and even cancer. This has been observed
even in cases with successful anti-reflux opera-

tions. Endoscopic surveillance for life is proba-
bly warranted in all them.

Babies operated upon for CDH and surgically
treated for GERD have also a considerable pro-
portion of wrap failures but certainly smaller than
the neurologically impaired or EA/TEF ones.
Babies who require fundoplication are usually the
more severe cases in which respiratory, neurocog-
nitive, or nutritional issues are predominant.

The experience with babies operated upon for
AAWD and GER is limited, but it does not seem
for the proportion of failures to be higher than in
regular refluxers.

15.9 Conclusion

GERD is a serious problem during the first year
of life in some patients without concurrent condi-
tions and in many of those who suffer them. It
would be naif to believe that this complex phe-
nomenon can be approached only by suppressing
acid secretion. But it would be as naif to believe
that surgical creation of a new anti-reflux mecha-
nism will suffice in all cases. A balanced approach
is mandatory, and it should be taken into account
that patients without comorbidities tend to
improve during the first year of life. The use of
medication at this particular age lacks evidence
and so does anti-reflux surgery. Every effort
should be made to design RCT to answer these
uncertainties.

References

1. Boix-Ochoa J, Canals J. Maturation of the lower
esophagus. J Pediatr Surg. 1976;11(5):749-56.

2. Subramaniam R, Dickson AP. Long-term outcome
of Boix-Ochoa and Nissen fundoplication in normal
and neurologically impaired children. J Pediatr Surg.
2000;35(8):1214-6.

3. Omari TI, Miki K, Fraser R, Davidson G, Haslam R,
Goldsworthy W, et al. Esophageal body and lower
esophageal sphincter function in healthy premature
infants. Gastroenterology. 1995;109(6):1757-64.

4. Kawahara H, Dent J, Davidson G. Mechanisms
responsible for gastroesophageal reflux in children.
Gastroenterology. 1997;113(2):399—408.



Gastroesophageal Reflux in the First Year of Life

219

10.

1

12.

13.

14.

16.

17.

18.

. Omari TI, Miki K, Davidson G, Fraser R, Haslam R,

Goldsworthy W, et al. Characterisation of relaxation
of the lower oesophageal sphincter in healthy prema-
ture infants. Gut. 1997;40(3):370-5.

. Omari T, Barnett C, Snel A, Davidson G, Haslam R,

Bakewell M, et al. Mechanism of gastroesophageal
reflux in premature infants with chronic lung dis-
ease. J Pediatr Surg. 1999;34(12):1795-8.

. Vandenplas Y, Badriul H, Verghote M, Hauser

B, Kaufman L. Oesophageal pH monitoring and
reflux oesophagitis in irritable infants. Eur J Pediatr.
2004;163(6):300-4.

. Vandenplas Y, Rudolph CD, Di Lorenzo C, Hassall

E, Liptak G, Mazur L, et al. Pediatric gastroesopha-
geal reflux clinical practice guidelines: joint rec-
ommendations of the North American Society
for Pediatric Gastroenterology, Hepatology, and
Nutrition (NASPGHAN) and the European Society
for Pediatric Gastroenterology, Hepatology, and
Nutrition (ESPGHAN). J Pediatr Gastroenterol Nutr.
2009:49(4):498-5417.

. Carre 1J. The natural history of the partial thoracic

stomach (hiatus hernia) in children. Arch Dis Child.
1959;34:344-53.

Shteyer E, Rothman E, Constantini S, Granot
E. Gastroesophageal reflux in infants with hydro-
cephalus before and after ventriculo-peritoneal shunt
operation. Pediatr Neurosurg. 1998;29(3):138-41.

. Pensabene L, Miele E, Del Giudice E, Strisciuglio C,

Staiano A. Mechanisms of gastroesophageal reflux
in children with sequelae of birth asphyxia. Brain
Dev. 2008;30(9):563-71.

Kawahara H, Nakajima K, Yagi M, Okuyama H,
Kubota A, Okada A. Mechanisms responsible
for recurrent gastroesophageal reflux in neuro-
logically impaired children who underwent lapa-
roscopic Nissen fundoplication. Surg Endosc.
2002;16(5):767-71.

Tovar JA, Wang W, Eizaguirre I. Simultaneous gas-
troesophageal pH monitoring and the diagnosis of
alkaline reflux. J Pediatr Surg. 1993;28(10):1386-91.
Wang W, Tovar JA, Eizaguirre I, Aldazabal P. Airway
obstruction and gastroesophageal reflux: an experi-
mental study on the pathogenesis of this association.
J Pediatr Surg. 1993;28(8):995-8.

. Wang W, Tovar JA, Eizaguirre I, Aldazabal

P. Continuous positive airway pressure and gastro-
esophageal reflux: an experimental study. J Pediatr
Surg. 1994;29(6):730-3.

Vandenplas Y, De Wolf D, Sacre L. Influence of
xanthines on gastroesophageal reflux in infants at
risk for sudden infant death syndrome. Pediatrics.
1986;77(6):807-10.

Peter CS, Wiechers C, Bohnhorst B, Silny J, Poets
CF. Influence of nasogastric tubes on gastroesopha-
geal reflux in preterm infants: a multiple intralumi-
nal impedance study. J Pediatr. 2002;141(2):277-9.
See CC, Newman LJ, Berezin S, Glassman MS,
Medow MS, Dozor AJ, et al. Gastroesophageal

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

reflux-induced hypoxemia in infants with appar-
ent life- threatening event(s). Am J Dis Child.
1989;143(8):951-4.

. Hrabovsky EE, Mullett MD. Gastroesophageal

reflux and the premature infant. J Pediatr Surg.
1986;21(7):583-7.

Bhat RY, Rafferty GF, Hannam S, Greenough
A. Acid gastroesophageal reflux in convalescent
preterm infants: effect of posture and relationship to
apnea. Pediatr Res. 2007;62(5):620-3.

Paul K, Melichar J, Miletin J, Dittrichova
J. Differential diagnosis of apneas in preterm infants.
Eur J Pediatr. 2009;168(2):195-201.

Lopez-Alonso M, Moya MJ, Cabo JA, Ribas J, del
Carmen Macias M, Silny J, et al. Twenty-four-hour
esophageal impedance-pH monitoring in healthy
preterm neonates: rate and characteristics of acid,
weakly acidic, and weakly alkaline gastroesopha-
geal reflux. Pediatrics. 2006;118(2):e299-308.
Poets CF. Gastroesophageal reflux: a critical
review of its role in preterm infants. Pediatrics.
2004;113(2):e128-32.

Corvaglia L, Zama D, Gualdi S, Ferlini M, Aceti A,
Faldella G. Gastro-oesophageal reflux increases the
number of apnoeas in very preterm infants. Arch Dis
Child Fetal Neonatal Ed. 2009;94(3):F188-92.
Slocum C, Arko M, Di Fiore J, Martin RJ, Hibbs
AM. Apnea, bradycardia and desaturation in pre-
term infants before and after feeding. J Perinatol.
2009:29(3):209-12.

Di Fiore J, Arko M, Herynk B, Martin R, Hibbs
AM. Characterization of cardiorespiratory events
following gastroesophageal reflux in preterm infants.
J Perinatol. 2010;30(10):683-7.

Koivusalo Al, Pakarinen MP, Rintala RJ. Modern
outcomes of oesophageal atresia: single centre expe-
rience over the last twenty years. J Pediatr Surg.
2013;48(2):297-303.

Schneider A, Blanc S, Bonnard A, Khen-Dunlop N,
Auber F, Breton A, et al. Results from the French
National Esophageal Atresia register: one-year out-
come. Orphanet J Rare Dis. 2014;9:206.

Koivusalo A, Pakarinen MP, Rintala RJ. The cumu-
lative incidence of significant gastrooesophageal
reflux in patients with oesophageal atresia with a
distal fistula — a systematic clinical, pH-metric,
and endoscopic follow-up study. J Pediatr Surg.
2007;42(2):370-4.

Tovar JA, Fragoso AC. Gastroesophageal reflux
after repair of esophageal atresia. Eur J Pediatr Surg.
2013;23(3):175-81.

Koivusalo Al, Pakarinen MP, Lindahl HG, Rintala
RJ. The cumulative incidence of significant gastro-
esophageal reflux in patients with congenital dia-
phragmatic hernia-a systematic clinical, pH-metric,
and endoscopic follow-up study. J Pediatr Surg.
2008;43(2):279-82.

Tomaselli V, Volpi ML, Dell’Agnola CA, Bini M,
Rossi A, Indriolo A. Long-term evaluation of esoph-



220

J. A. Tovar

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44,

45

ageal function in patients treated at birth for esopha-
geal atresia. Pediatr Surg Int. 2003;19(1-2):40-3.
Koivusalo AI, Pakarinen MP, Lindahl HG, Rintala
RJ. Endoscopic surveillance after repair of oesopha-
geal atresia: longitudinal study in 209 patients. J
Pediatr Gastroenterol Nutr. 2016;62(4):562-6.
Pieretti R, Shandling B, Stephens CA. Resistant
esophageal stenosis associated with reflux after
repair of esophageal atresia: a therapeutic approach.
J Pediatr Surg. 1974;9:355-7.

Schneider A, Gottrand F, Bellaiche M, Becmeur F,
Lachaux A, Bridoux-Henno L, et al. Prevalence of
Barrett esophagus in adolescents and young adults with
esophageal atresia. Ann Surg. 2016;264(6):1004-8.
Jayasekera CS, Desmond PV, Holmes JA, Kitson M,
Taylor AC. Cluster of 4 cases of esophageal squa-
mous cell cancer developing in adults with surgically
corrected esophageal atresia — time for screening to
start. J Pediatr Surg. 2012;47(4):646-51.
Montedonico S, Diez-Pardo JA, Possogel AK, Tovar
JA. Effects of esophageal shortening on the gastro-
esophageal barrier: an experimental study on the
causes of reflux in esophageal atresia. J Pediatr Surg.
1999:34(2):300-3.

Davies M. Anatomy of the extrinsic nerve supply
in oesophageal atresia of the common type. Pediatr
Surg Int. 1996;11:230-3.

Qi BQ, Uemura S, Farmer P, Myers NA, Hutson
JM. Intrinsic innervation of the oesophagus in fetal
rats with oesophageal atresia. Pediatr Surg Int.
1999;15(1):2-7.

Pederiva F, Burgos E, Francica 1, Zuccarello B,
Martinez L, Tovar JA. Intrinsic esophageal inner-
vation in esophageal atresia without fistula. Pediatr
Surg Int. 2008;24(1):95-100.

. Tovar JA, Diez Pardo JA, Murcia J, Prieto G, Molina

M, Polanco I. Ambulatory 24-hour manometric and
pH metric evidence of permanent impairment of
clearance capacity in patients with esophageal atre-
sia. J Pediatr Surg. 1995;30(8):1224-31.

Kawahara H, Kubota A, Hasegawa T, Okuyama H,
Ueno T, Watanabe T, et al. Lack of distal esophageal
contractions is a key determinant of gastroesopha-
geal reflux disease after repair of esophageal atresia.
J Pediatr Surg. 2007;42(12):2017-21.

Puri P, Ninan GK, Blake NS, Fitzgerald RJ, Guiney
EJ, O’Donnell B. Delayed primary anastomosis for
esophageal atresia: 18 months’ to 11 years’ follow-
up. J Pediatr Surg. 1992;27(8):1127-30.

Bagolan P, lacobelli BD, De Angelis P, di Abriola
GF, Laviani R, Trucchi A, et al. Long gap esophageal
atresia and esophageal replacement: moving toward
a separation? J Pediatr Surg. 2004;39(7):1084-90.

. Foker JE, Kendall Krosch TC, Catton K, Munro

F, Khan KM. Long-gap esophageal atresia treated
by growth induction: the biological potential
and early follow-up results. Semin Pediatr Surg.
2009;18(1):23-9.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Tovar JA. Congenital diaphragmatic hernia.
Orphanet J Rare Dis. 2012;7:1.

Koot VC, Bergmeijer JH, Bos AP, Molenaar
JC. Incidence and management of gastroesophageal
reflux after repair of congenital diaphragmatic her-
nia. J Pediatr Surg. 1993;28(1):48-52.

Stolar CJ, Levy JP, Dillon PW, Reyes C, Belamarich
P, Berdon WE. Anatomic and functional abnor-
malities of the esophagus in infants surviving
congenital diaphragmatic hernia. Am J Surg.
1990;159(2):204-7.

Sigalet DL, Nguyen LT, Adolph V, Laberge JM,
Hong AR, Guttman FM. Gastroesophageal reflux
associated with large diaphragmatic hernias. J
Pediatr Surg. 1994;29(9):1262-5.

Lally KP, Paranka MS, Roden J, Georgeson KE,
Wilson JM, Lillehei CW, et al. Congenital dia-
phragmatic hernia. Stabilization and repair on
ECMO. Ann Surg. 1992;216(5):569-73.

Van Meurs KP, Robbins ST, Reed VL, Karr SS,
Wagner AE, Glass P, et al. Congenital diaphragmatic
hernia: long-term outcome in neonates treated with
extracorporeal membrane oxygenation. J Pediatr.
1993;122(6):893-9.

Su W, Berry M, Puligandla PS, Aspirot A, Flageole
H, Laberge JM. Predictors of gastroesophageal
reflux in neonates with congenital diaphragmatic
hernia. J Pediatr Surg. 2007;42(10):1639-43.
Vanamo K, Rintala RJ, Lindahl H, Louhimo I. Long-
term gastrointestinal morbidity in patients with
congenital diaphragmatic defects. J Pediatr Surg.
1996;31(4):5514.

Fasching G, Huber A, Uray E, Sorantin E,
Lindbichler F, Mayr J. Gastroesophageal reflux
and diaphragmatic motility after repair of con-
genital diaphragmatic hernia. Eur J Pediatr Surg.
2000;10(6):360—4.

Qi B, Soto C, Diez-Pardo JA, Tovar JA. An experi-
mental study on the pathogenesis of gastroesopha-
geal reflux after repair of diaphragmatic hernia. J
Pediatr Surg. 1997;32(9):1310-3.

Pederiva F, Rodriguez JI, Ruiz-Bravo E, Martinez
L, Tovar JA. Abnormal intrinsic esophageal inner-
vation in congenital diaphragmatic hernia: a
likely cause of motor dysfunction. J Pediatr Surg.
2009;44(3):496-9.

Kamiyama M, Kawahara H, Okuyama H, Oue T,
Kuroda S, Kubota A, et al. Gastroesophageal reflux
after repair of congenital diaphragmatic hernia. J
Pediatr Surg. 2002;37(12):1681-4.

Lally KP, Engle W. Postdischarge follow-up of
infants with congenital diaphragmatic hernia.
Pediatrics. 2008;121(3):627-32.

Kawahara H, Okuyama H, Nose K, Nakai H, Yoneda
A, Kubota A, et al. Physiological and clinical char-
acteristics of gastroesophageal reflux after con-
genital diaphragmatic hernia repair. J Pediatr Surg.
2010:45(12):2346-50.



Gastroesophageal Reflux in the First Year of Life

221

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Qi B, Diez-Pardo JA, Soto C, Tovar
JA. Transdiaphragmatic pressure gradients and the
lower esophageal sphincter after tight abdominal wall
plication in the rat. J Pediatr Surg. 1996;31(12):1666-9.
Midrio P, Vannucchi MG, Pieri L, Alaggio R,
Faussone-Pellegrini MS. Delayed development of
interstitial cells of Cajal in the ileum of a human case
of gastroschisis. J Cell Mol Med. 2008;12(2):471-8.
Zani-Ruttenstock E, Zani A, Paul A, Diaz-Cano S,
Ade-Ajayi N. Interstitial cells of Cajal are decreased
in patients with gastroschisis associated intestinal
dysmotility. J Pediatr Surg. 2015;50(5):750—4.
Koivusalo A, Rintala R, Lindahl
H. Gastroesophageal reflux in children with a
congenital abdominal wall defect. J Pediatr Surg.
1999;34(7):1127-9.

van der Pol RJ, Smits MJ, Venmans L, Boluyt N,
Benninga MA, Tabbers MM. Diagnostic accuracy of
tests in pediatric gastroesophageal reflux disease. J
Pediatr. 2013;162(5):983-7 el-4.

Horvath A, Dziechciarz P, Szajewska H. The effect
of thickened-feed interventions on gastroesopha-
geal reflux in infants: systematic review and meta-
analysis of randomized, controlled trials. Pediatrics.
2008;122(6):e1268-77.

Vandenplas Y. Management of paediatric
GERD. Nat Rev Gastroenterol Hepatol. 2014;
11(3):147-57.

Lightdale JR, Gremse DA. Section on gastroenter-
ology H, nutrition. Gastroesophageal reflux: man-
agement guidance for the pediatrician. Pediatrics.
2013;131(5):e1684-95.

Tighe M, Afzal NA, Bevan A, Hayen A, Munro A,
Beattie RM. Pharmacological treatment of children
with gastro-oesophageal reflux. Cochrane Database
Syst Rev. 2014;(11):Cd008550.

Nissen R. Eine einfache Operation zur Beeinflussung
der Refluxoesophagitis. Schweiz Med Wochenschr.
1956;86(Suppl 20):590-2.

Euler AR, Fonkalsrud EW, Ament ME. Effect of
Nissen fundoplication on the lower esophageal
sphincter pressure of children with gastroesophageal
reflux. Gastroenterology. 1977;72(2):260-2.
Berquist WE, Fonkalsrud EW, Ament
ME. Effectiveness of Nissen fundoplication for
gastroesophageal reflux in children as measured by
24-hour intraesophageal pH monitoring. J Pediatr
Surg. 1981;16(6):872-5.

Jolley SG, Tunell WP, Hoelzer DJ, Smith
EL Intraoperative esophageal manometry and early
postoperative esophageal pH monitoring in children.
J Pediatr Surg. 1989;24(4):336-40.

Kawahara H, Imura K, Yagi M, Yoneda A, Soh H,
Tazuke Y, et al. Mechanisms underlying the antire-
flux effect of Nissen fundoplication in children. J
Pediatr Surg. 1998;33(11):1618-22.

Ashcraft KW, Goodwin CD, Amoury RW, McGill
CW, Holder TM. Thal fundoplication: a simple and

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

safe operative treatment for gastroesophageal reflux.
J Pediatr Surg. 1978;13(6d):643-7.

Boix-Ochoa J. The physiologic approach to the man-
agement of gastric esophageal reflux. J Pediatr Surg.
1986;21(12):1032-9.

Cohen Z, Fishman S, Yulevich A, Kurtzbart E, Mares
AJ. Nissen fundoplication and Boix-Ochoa antireflux
procedure: comparison between two surgical tech-
niques in the treatment of gastroesophageal reflux in
children. Eur J Pediatr Surg. 1999;9(5):289-93.
Guner YS, Elliott S, Marr CC, Greenholz
SK. Anterior fundoplication at the time of congeni-
tal diaphragmatic hernia repair. Pediatr Surg Int.
2009;25(8):715-8.

Mauritz FA, van Herwaarden-Lindeboom MY,
Zwaveling S, Houwen RH, Siersema PD, van der
Zee DC. Laparoscopic Thal fundoplication in chil-
dren: a prospective 10- to 15-year follow-up study.
Ann Surg. 2014;259(2):388-93.

Toupet A. [Technic of esophago-gastroplasty with
phrenogastropexy used in radical treatment of
hiatal hernias as a supplement to Heller’s opera-
tion in cardiospasms]. Mem Acad Chir (Paris).
1963;89:384-9.

Montupet P. Laparoscopic Toupet’s fundoplication
in children. Semin Laparosc Surg. 2002;9(3):163-7.
Miyano G, Yamoto M, Morita K, Kaneshiro M,
Miyake H, Nouso H, et al. Laparoscopic Toupet
fundoplication for gastroesophageal reflux: a series
of 131 neurologically impaired pediatric cases
at a single children’s hospital. Pediatr Surg Int.
2015;31(10):925-9.

Bianchi A. Total esophagogastric dissocia-
tion: an alternative approach. J Pediatr Surg.
1997;32(9):1291-4.

Gatti C, di Abriola GF, Villa M, De Angelis P,
Laviani R, La Sala E, et al. Esophagogastric dis-
sociation versus fundoplication: which is best for
severely neurologically impaired children? J Pediatr
Surg. 2001;36(5):677-80.

Lall A, Morabito A, Dall’Oglio L, di Abriola F, De
Angelis P, Aloi I, et al. Total oesophagogastric dis-
sociation: experience in 2 centres. J Pediatr Surg.
2006:41(2):342-6.

Vernon-Roberts A, Sullivan PB. Fundoplication ver-
sus postoperative medication for gastro-oesophageal
reflux in children with neurological impairment
undergoing gastrostomy. Cochrane Database Syst
Rev. 2013;(8):Cd006151.

Bergmeijer JH, Hazebroek FW. Prospective medi-
cal and surgical treatment of gastroesophageal
reflux in esophageal atresia. J Am Coll Surg.
1998;187(2):153-7.

Wongsawasdi L, Ukarapol N, Chotinaruemol
S. Severe upper gastrointestinal hemorrhage in the
newborn. J] Med Assoc Thail. 2002;85(1):114-9.
Fonkalsrud EW, Bustorff-Silva J, Perez CA,
Quintero R, Martin L, Atkinson JB. Antireflux



222

J. A. Tovar

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

surgery in children under 3 months of age. J Pediatr
Surg. 1999;34(4):527-31.

St Peter SD, Valusek PA, Calkins CM, Shew SB,
Ostlie DJ, Holcomb GW 3rd. Use of esophagocrural
sutures and minimal esophageal dissection reduces
the incidence of postoperative transmigration of
laparoscopic Nissen fundoplication wrap. J Pediatr
Surg. 2007;42(1):25-9.

St Peter SD, Barnhart DC, Ostlie DJ, Tsao K, Leys
CM, Sharp SW, et al. Minimal vs extensive esopha-
geal mobilization during laparoscopic fundoplica-
tion: a prospective randomized trial. J Pediatr Surg.
2011;46(1):163-8.

Rothenberg SS. Two decades of experience with
laparoscopic Nissen fundoplication in infants and
children: a critical evaluation of indications, tech-
nique, and results. J Laparoendosc Adv Surg Tech A.
2013;23(9):791-4.

Desai AA, Alemayehu H, Holcomb GW 3rd, St Peter
SD. Minimal vs. maximal esophageal dissection and
mobilization during laparoscopic fundoplication:
long-term follow-up from a prospective, randomized
trial. J Pediatr Surg. 2015;50(1):111-4.

Trachterna M, Wenzl TG, Silny J, Rau G, Heimann
G. Procedure for the semi-automatic detection of
gastro-oesophageal reflux patterns in intraluminal
impedance measurements in infants. Med Eng Phys.
1999;21(3):195-201.

Di Fiore JM, Arko M, Churbock K, Hibbs AM,
Martin RJ. Technical limitations in detection of
gastroesophageal reflux in neonates. J Pediatr
Gastroenterol Nutr. 2009;49(2):177-82.

Goldin AB, Garrison M, Christakis D. Variations
between hospitals in antireflux procedures in chil-
dren. Arch Pediatr Adolesc Med. 2009;163(7):
658-63.

Langer JC, Wesson DE, Ein SH, Filler RM,
Shandling B, Superina RA, et al. Feeding gastros-
tomy in neurologically impaired children: is an anti-
reflux procedure necessary? J Pediatr Gastroenterol
Nutr. 1988;7(6):837—41.

Lewis D, Khoshoo V, Pencharz PB, Golladay
ES. Impact of nutritional rehabilitation on gastro-
esophageal reflux in neurologically impaired chil-
dren. J Pediatr Surg. 1994;29(2):167-9.

Puntis JW, Thwaites R, Abel G, Stringer
MD. Children with neurological disorders do not
always need fundoplication concomitant with per-
cutaneous endoscopic gastrostomy. Dev Med Child
Neurol. 2000;42(2):97-9.

Burd RS, Price MR, Whalen TV. The role of protec-
tive antireflux procedures in neurologically impaired
children: a decision analysis. J Pediatr Surg.
2002;37(3):500-6.

Kawahara H, Tazuke Y, Soh H, Yoneda A, Fukuzawa
M. Does laparoscopy-aided gastrostomy place-
ment improve or worsen gastroesophageal reflux

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

in patients with neurological impairment? J Pediatr
Surg. 2014;49(12):1742-5.

Tovar JA, Fragoso AC. Anti-reflux surgery for
patients with esophageal atresia. Dis Esophagus.
2013;26(4):401-4.

Abdullah F, Zhang Y, Sciortino C, Camp M, Gabre-
Kidan A, Price MR, et al. Congenital diaphragmatic
hernia: outcome review of 2,173 surgical repairs in
US infants. Pediatr Surg Int. 2009;25(12):1059-64.
Verbelen T, Lerut T, Coosemans W, De Leyn P,
Nafteux P, Van Raemdonck D, et al. Antireflux sur-
gery after congenital diaphragmatic hernia repair:
a plea for a tailored approach. Eur J Cardiothorac
Surg. 2013;44(2):263-7.

Chamond C, Morineau M, Gouizi G, Bargy F,
Beaudoin S. Preventive antireflux surgery in patients
with congenital diaphragmatic hernia. World J Surg.
2008;32(11):2454-8.

Dariel A, Roze JC, Piloquet H, Podevin G. Impact
of prophylactic fundoplication on survival with-
out growth disorder in left congenital diaphrag-
matic hernia requiring a patch repair. J Pediatr.
2010;157(4):688-90, 90 el.

Maier S, Zahn K, Wessel LM, Schaible T, Brade
J, Reinshagen K. Preventive antireflux surgery in
neonates with congenital diaphragmatic hernia: a
single-blinded prospective study. J Pediatr Surg.
2011;46(8):1510-5.

Beaudoin S, Kieffer G, Sapin E, Bargy F, Helardot
PG. Gastroesophageal reflux in neonates with con-
genital abdominal wall defect. Eur J Pediatr Surg.
1995;5(6):323-6.

Rudolph CD. Are proton pump inhibitors indicated
for the treatment of gastroesophageal reflux in
infants and children? J Pediatr Gastroenterol Nutr.
2003;37(Suppl 1):S60-4.

Dalby-Payne JR, Morris AM, Craig JC. Meta-
analysis of randomized controlled trials on the ben-
efits and risks of using cisapride for the treatment of
gastroesophageal reflux in children. J Gastroenterol
Hepatol. 2003;18(2):196-202.

Hegar B, Alatas S, Advani N, Firmansyah A,
Vandenplas Y. Domperidone versus cisapride in
the treatment of infant regurgitation and increased
acid gastro-oesophageal reflux: a pilot study. Acta
Paediatr. 2009;98(4):750-5.

Maclennan S, Augood C, Cash-Gibson L, Logan
S, Gilbert RE. Cisapride treatment for gastro-
oesophageal reflux in children. Cochrane Database
Syst Rev. 2010;(4):Cd002300.

Fyhn TJ, Knatten CK, Edwin B, Schistad O,
Aabakken L, Kjosbakken H, et al. Randomized con-
trolled trial of laparoscopic and open Nissen fundo-
plication in children. Ann Surg. 2015;261(6):1061-7.
Papandria D, Goldstein SD, Salazar JH, Cox JT,
Mclltrot K, Stewart FD, et al. A randomized trial
of laparoscopic versus open Nissen fundoplication



Gastroesophageal Reflux in the First Year of Life

223

114.

115.

116.

in children under two years of age. J Pediatr Surg.
2015;50(2):267-71.

Hassall E. Wrap session: is the Nissen slipping?
Can medical treatment replace surgery for severe
gastroesophageal reflux disease in children? Am J
Gastroenterol. 1995;90(8):1212-20.

Hassall E. Antireflux surgery in children: time
for a harder look. Pediatrics. 1998;101(3 Pt 1):
467-8.

Lopez-Fernandez S, Hernandez F, Hernandez-
Martin S, Dominguez E, Ortiz R, De La Torre C,
etal. Failed Nissen fundoplication in children: causes
and management. Eur J Pediatr Surg. 2014;24(1):
79-82.

117.

118.

119.

Knatten CK, Kvello M, Fyhn TJ, Edwin B, Schistad
O, Aabakken L, et al. Nissen fundoplication in
children with and without neurological impair-
ment: a prospective cohort study. J Pediatr Surg.
2016;51(7):1115-21.

Srivastava R, Berry JG, Hall M, Downey EC,
O’Gorman M, Dean JM, et al. Reflux related hospi-
tal admissions after fundoplication in children with
neurological impairment: retrospective cohort study.
BMJ. 2009;339:b4411.

Eizaguirre 1, Tovar JA. Predicting preopera-
tively the outcome of respiratory symptoms of
gastroesophageal reflux. J Pediatr Surg. 1992;
27:848-51.



	15: Gastroesophageal Reflux in the First Year of Life
	15.1	 Introduction
	15.2	 Why GER Is So Frequent in Newborns and Young Babies
	15.3	 GERD in Newborns and Toddlers Without Concurrent Diseases (Comorbidities)
	15.4	 GERD in Newborns and Toddlers with Concurrent Conditions (Comorbidities)
	15.5	 How and When to Use Diagnostic Tests for GERD in Newborns and Toddlers
	15.5.1	 How to Test Children Below 1 Year Without Comorbidities
	15.5.2	 How to Test Children Below 1 Year with Comorbidities

	15.6	 Tools for the Treatment of GERD in the First Year of Life
	15.7	 Treatment of GERD in the First Year of Life
	15.8	 Results of the Treatment of GERD
	15.9	 Conclusion
	References




