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Acid Suppression in Neonates: Friend or Foe?
PRASHANTH MURTHY1, ALIYAH DOSANI2,3 AND ABHAY LODHA1, 2

From Departments of 1Pediatrics and 2Community Health Sciences, University of Calgary; and  3School of Nursing and Midwifery,
Mount Royal University; Calgary, Canada.
Correspondence to: Dr Abhay Lodha, Associate Professor, Department of Pediatrics, and Community Health Sciences, Foothills
Medical Centre, C211, 29th Street NW Calgary, Alberta, Canada, T2N 2T9. aklodha@ucalgary.ca

P E R S P E C T I V EP E R S P E C T I V EP E R S P E C T I V EP E R S P E C T I V EP E R S P E C T I V E

Medications that reduce gastric acid secretion are commonly prescribed for treating gastroesophageal reflux disease. However,
several studies have shown that these medications are not very effective, and are associated with adverse effects. This article
discusses the physiology of gastric acid secretion, clinical indications and pharmacology of acid suppressing medications, and
possible adverse effects of these medications.
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Gastroesophageal reflux (GER) is defined as the
retrograde flow of gastric contents into
esophagus. GER is difficult to define and
diagnose in newborns [1]. GER is a

physiological event that occurs in all infants. Studies on
healthy infants demonstrated episodes of reflux as high
as 73 times per day [2]. Reflux of gastric contents into the
esophagus in infants may result in various symptoms
such as irritability and crying with regurgitation, oxygen
desaturation, or bradycardia. These infants are
diagnosed as having gastroesophageal reflux disease
(GERD) after other potential causes have been ruled out
[1]. GERD can lead to esophagitis and vomiting, and has
been attributed to other symptoms like apnea, aspiration,
poor feeding, and failure to thrive, resulting in longer
hospital stays. In infants, reflux of acidic contents is likely
to be the main pathophysiological influence for
symptoms associated with GERD. Clinicians struggle to
manage this condition in daily practice in the absence of
definitive diagnostic tests and medications. Treatment of
GERD in neonates can include both non-pharmacological
and pharmacological approaches [1]. Pharmacological
approaches to GERD include acid suppression and
prokinetic agents. Acid suppressant medications are
among the most commonly prescribed medications in
neonatal intensive care units (NICUs) [3]. However
emerging evidence casts doubts regarding the safety of
these medications [1]. This write-up is based on the
following question: In premature neonates (Population),
are acid inhibitors (Intervention) compared to no acid
inhibitors (Comparisons) useful and safe for the
treatment of GERD (Outcome)?

PHYSIOLOGY AND SYMPTOMS OF GERD

The lower esophageal sphincter (LES) and crural
diaphragm play a major role in GER. A ring of thickened
and tonically contracted smooth muscle that generates
high pressure constitutes the LES. Additionally, the right
crus of the diaphragm circumscribes the LES and
provides extra muscular support. The LES in conjunction
with the diaphragm creates a high-pressure zone in the
distal esophagus that prevents reflux of gastric contents
into the esophagus. Fig. 1 shows physiological
reasoning of GERD in neonates. Presence of an
indwelling feeding tube across the LES increases GER.
This effect is most prominent during the first post
prandial hour. Feeding tubes may impair competence of
LES, thereby causing reflux [4]. Mechanical and chemical
stimulation of acid production accounts for the majority
of acid production. This begins with distension of the
stomach that follows ingestion of food, which stimulates
the stretch receptors, resulting in gastrin release by G
cells [5].

Symptoms of GERD occur due to regurgitation of acid
and related esophagitis. The most common clinical
manifestation of GERD is related to regurgitation ranging
from drooling and spitting to overt projectile vomiting.
Regurgitation and vomiting can lead to loss of nutrients
and calories, and, subsequently lead to inadequate
weight gain, weight loss, and failure to thrive [6].
Symptoms like aspiration, apnea, and bradycardia are a
result of the physical presence of refluxate, and vary with
the nature of reflux contents. The presence of acid in
combination with pepsin is most likely to result in
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mucosal injury. Prolonged exposure of acidic gastric
contents can lead to mucosal inflammation, excoriation
and ulceration leading to painful esophagitis. Symptoms
of esophagitis include increased crying and irritability,
feeding difficulties, hematemesis, and failure to thrive
[1,7]. Sleep disturbance and swallowing dysfunction also
occur more frequently in infants with GERD [8,9].

DIAGNOSIS OF GERD

There is no gold standard investigation for diagnosing
GERD in infants. Often the diagnosis is inferred from a
positive response to a therapeutic trial in children, but the
same is not true for infants or neonates. In neonates,
detailed history and examination are useful tools in
diagnosing GERD. There are several methods to diagnose
GER in the preterm infants: contrast fluoroscopy, pH
monitoring and multi-channel intra-esophageal
impedance (MII) monitoring [1]. However, none of these
diagnostic tools are routinely used in clinical practice.
Contrast fluoroscopy can be used to detect GER, but has
a poor sensitivity, and pH probe monitoring will calculate
the reflux index (RI) determining abnormal versus normal
reflux. Reflux index is defined as percent of time the gastric
pH is <4.0 for more than 10% of time in infants <1 year of
age [10]. However, measurement of pH is not an accurate
method to diagnose GER in premature infants because
their stomach pH is rarely below 4.0 owing to frequent
milk feedings and higher baseline pH [1]. Presently,
combining MII with the pH probe method has a better

accuracy to detect GER. MII can be used to estimate the
movement of fluids, solids and air in the esophagus by
alterations in electric impedance between multiple
electrodes [1].

THERAPEUTIC APPROACH

The diagnostic approach and treatment of GERD should
be based on evidence-informed guidelines such as those
developed by the North American Society of Pediatric
Gastroenterology, Hepatology and Nutrition
(NASPGHAN) [11]. Infants with uncomplicated GER do
not require any treatment. Management of GERD should
include non-pharmacological approaches aimed to
prevent and alleviate symptoms, promote normal growth,
and resolve inflammatory changes in the esophagus [12].
A stepwise approach to treatment is used. Firstly, non-
pharmacological therapies such as post-feeding
positioning and dietary modifications, including feed
thickeners and a trial of hypoallergenic formula are used.
Pharmacological management is attempted only after
non-pharmacological therapies fail (Fig. 2). Finally
surgical intervention is reserved for severe cases of
proven and severe GERD not responding to medical
therapies [13,14].

Non-Pharmacological Management

Non-pharmacological management mainly involves
infant positioning, feed thickeners, altering feed volumes
and feed duration, and avoidance of cow’s milk protein

FIG. 1 Mechanism of Gastroesophageal Reflux.
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based feeding formulas. Reduction of feeding volume is
often employed for symptomatic relief of reflux; however,
there is no evidence in the literature to support this
intervention. Hydrolyzed milk formulas have been
reported to reduce GER by reducing gastric transit time
[15]. Non-pharmacological strategies for GERD are often
the first line of management in the treatment of reflux.

Pharmacological Management

The main focus of the pharmacotherapy of GERD is
reducing the esophageal exposure to gastric acid. This is
achieved either by buffering secreted acid or reducing
acid production. Oral antacids are effective in neutralizing
gastric acid, but their use is poorly studied in preterm

FIG. 2 Approach to treatment of gastroesophageal reflux disease in infants.

History and Physical ExaminationGastro-Esophageal Reflux
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infants. The drawback to using antacids is that they
contain heavy metals like aluminum, which can lead to
encephalopathy, anemia, and osteomalacia [13].
Therefore, antacid use in preterm infants is not
recommended [12]. Prokinetics agents – metoclopramide,
domperidone, and erythromycin – also have a limited role
in the treatment of GERD in infants. These drugs appear
to increase gastric emptying, reduces the regurgitation
episodes, and increase the LES tone. There is little
evidence to support the use of metoclopramide and other
prokinetics agents [1,7]. Using either domperidone or
cisapride is not recommended due to various cardiac side
effects, especially prolonged QTc and arrhythmia.
Erythromycin increases antral contractility, and is used in
preterm infants for gastric emptying. However, its use is
associated with hypertrophic pyloric stenosis and
cardiac arrhythmias [16]. In a recent randomized
controlled trial, erythromycin did not decrease GER
events in 24 hours pH-MII, and its role remained
ineffective in the treatment of GERD in premature
neonates [17]. Baclofen, a GABA agonist, reduces the
frequency of lower esophageal sphincter relaxation,
decreases acid reflux, and accelerates gastric emptying.
However, its use is associated with significant central
nervous system adverse effects [1,7]. Therefore, the
mainstay of treatment for GERD has remained acid
suppression.

Acid suppressant medications

These medications are rampantly used in the newborn
population, often without much efficacy in controlling
reflux symptoms in neonates. Their use may be effective
only in infants with erosive esophagitis. Indiscriminate

use of these medications in all cases of GERD is
unwarranted and could be harmful to infants. The primary
action of these medications is acid reduction and thereby
symptomatic relief from esophageal inflammation. There
are two class of medications, histamine (H2) receptors
antagonists and proton pump inhibitors (PPIs). Table I
compares H2 blockers with proton pump inhibitors.

Compared to placebo, H2 receptors inhibitors are
effective in reducing symptoms [18]. However, available
evidence does not demonstrate any advantage of H2
blockers over PPIs [3]. PPIs are more potent than H2
blockers in increasing gastric pH and can also reduce
gastric secretory volumes. Esophagitis not responding to
H2 receptor antagonists has been shown to respond to
omeprazole therapy. In a double-blinded randomized
controlled trial (RCT) of patients with age range of 6
months to 13.4 years, omeprazole was shown to be
effective in reducing clinical symptoms of GERD
refractory to ranitidine, reduce acid exposure as noted on
pH probe, and improve esophagitis  [19]. However, the
evidence in favor of PPIs is inconsistent. Two RCTs of
omeprazole in preterm and term infants failed to
demonstrate improvement in GERD symptoms despite
showing reduced esophageal acidity [20,21]. In contrast,
a systematic review on effectiveness of PPI concluded
that they were effective in reducing gastric acidity or acid
reflux but not in relieving GERD symptoms [3]. There is no
evidence supporting use of PPIs in functional reflux [3].

There is a lack of evidence supporting efficacy of
acid-reducing drugs for GERD symptoms in the neonatal
population. Currently there are no established guidelines
for using acid reducing drugs in neonates. Despite the

TABLE I A COMPARISON BETWEEN H2 BLOCKERS AND PROTON PUMP INHIBITORS

H2 Blockers Proton Pump Inhibitors

Mechanism of action Selectively and reversibly inhibit Block the final common pathway of acid secretion in parietal
histamine-2 receptor in the gastric cells by blocking Na+ K + ATPase, often referred to as the
parietal cell, resulting in decreased proton pump Gastric acid production is blocked despite
production of gastric acid and pepsin parietal cell stimulation.

Onset of action Rapid onset of action acting within 30 Onset of action varying from 1 hour to 90 min and a half-life
min and reach peak levels in 1 to 3 h of 0.5 to 2 h. The time taken to reach the maximum
with a duration of action varying concentration for omeprazole is 2 hours. In spite of a
between 4 to 12 h. relatively quick onset of action, PPIs take time to reach their

maximum effect taking up to 4 d.
Acid suppression Incomplete with approximately 70% Nearly complete (80-95%).

of acid being suppressed.
Metabolism Metabolized in the liver by the Metabolized in the liver by cytochrome enzymes CYP2C19

cytochrome P450 system. Elimination and CYP3A4. Hepatic insufficiency significantly prolongs
is mainly attributable to renal excretion, plasma clearance and increases plasma concentrations

Common medications Ranitidine and Famotidine Omeprazole, Lansoprazole and Pantoprazole
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fact that none of the currently available PPIs are approved
for use in children less than 1 year of age, they continue to
be used in the treatment of GERD [22]. Efficacy, dosing,
and duration of PPI in infants is not well studied and
unclear [7]. The duration of the treatment must be
between 4 and 6 weeks following which a trial off
medications must be undertaken. Since these medications
reach maximal effect close to 4 days after initiation, PPIs
must be tried for a longer duration (at least 1 week) before
being deemed ineffective. We recommend that utmost
caution be exercised when using these medications to
suppress acid production, because they are not always
effective and they are associated with several adverse
effects.

Adverse effects of acid suppression

There are some potential adverse effects associated with
these medications. Exposure to ranitidine was associated
with a seven-fold increase in late-onset sepsis in infants,
especially from gram-negative infections, and included
death [1,3,7]. The proposed mechanism is loss of gastric
acidity leading to increased gastrointestinal colonization.
A retrospective study linked ranitidine use to a 6.6-fold
increase in necrotizing enterocolitis and a higher mortality
rate [1,3,7]. Acid suppression has been associated with
increased risk of acute gastroenteritis, community-
acquired pneumonia, and Clostridium difficile, Salmonella
and Campylobacter infections [1,3,7]. There are no
studies that have looked at long-term effects, especially
with respect to calcium turnover and bone loss in
neonates.

CONCLUSIONS

Acid suppression, in general, has little or no beneficial
effects on functional reflux when considering the risk of
possible adverse effects. Acid-suppression medications
provide symptomatic relief only in a subset of neonates,
especially those with erosive esophagitis. Thus, the use
of acid suppression medication in neonates is neither
friend nor foe. Indiscriminate use of acid suppressant
agents for all neonates with GERD symptoms is
dangerous, having the potential for serious side effects.
Occasionally, PPIs must be considered as a first line of
therapy for a small subset of infants with erosive
esophagitis. Emerging evidence of harmful effects of acid
suppression is a reminder for all clinicians to exercise
utmost caution when using these medications. Even
when H2 blockers or PPIs are used, they should be used
for a limited duration with constant vigilance for potential
adverse effects. We suggest that discontinuing treatment
with acid suppressing medication be considered between
4-6 weeks, even in infants where they have been shown to
be effective.
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