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Prescription of acid inhibitors in infants: an addiction hard to break
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O'Reilly et al. report in this issue of the European Journal of
Pediatrics an increase in prescriptions of proton pump inhib-
itors (PPIs) in infants [1] and confirm thereby an ongoing
worldwide trend despite the guidelines not recommending
the usage of this group of drugs beyond the indication of
erosive oesophagitis or evidence of acid reflux symptom as-
sociation demonstrated by pH-impedance monitoring [2, 3].

According to epidemiologic data, around 20–30% of par-
ents consulting health care providers are concerned because
their infant presents with frequent regurgitation, vomiting,
and/or distress or crying [4–6]. Moreover, a recent French
report showed that up to 75 % of these infants present with a
combination of symptoms [7]. Particularly, colicky infants
present other gastro-intestinal functional disorders two to four
times more frequent than those who do not have colic [8]. For
unclear reasons, because it is not supported by evidence, the
concept that acid gastro-oesophageal reflux (GOR) predomi-
nantly causes infant distress has been and remains very pop-
ular among health care providers. It is hypothesized that this
concept is derived from the feeling of heartburn or pyrosis in
adults, as a consequence of acid GOR: the so-called “occult”
GOR. Although infant colic occurs in up to 20% of all babies,
it resolves spontaneously when the infant reaches the age of
10 weeks [9]. However, the oesophagus of an infant is shorter
than 10 cm and can contain a volume of fewer than 10 ml. As
a consequence, given that the oesophagus is so short and can

contain only so small volumes, it seems very unlikely that
GOR can be so severe to cause so much pain without ever
resulting in reflux coming out of the mouth of the baby. PPIs
are frequently prescribed as a treatment for infant distress,
despite the lack of clinical efficacy, endorsed by the absence
of correlation between infant crying and oesophageal acid
exposure measured by pH monitoring [10–12]. But the num-
ber of prescriptions of PPIs continues to increase as shown in
the paper by O’Reilly in this issue of European Journal of
Pediatrics. Similar figures have been reported in many other
countries, such as Australia, New Zealand, Belgium,
Denmark, and the USA [13–18]. Although at the time of the
study, in 2014, no PPI was approved by the FDA for patients
aged <1 year old, results indicate that PPIs were commonly
prescribed for newborns and infants, mostly in the hospital,
but also in outpatient settings [14]. In Denmark, the proportion
of prevalent users increased from 0.1 in 2000 to 3.1 per 1000
children in 2015, while the rate of new users increased from
1.2 to 8.0 per 1000 child years [15]. According to the 2012
data fromNew Zealand, 71.6% of infants dispensed a PPI by 3
months of age, and 8.7% received a PPI within the first month
of life [18]. Before starting PPI, only 7.0% of infants had a
hospital-based diagnosis of GOR-disease (GORD), with or
without oesophagitis, and only 4.7% of infants presented
one or more known or suspected GORD risk factors [18].
Similarly, in a substantial cohort of American newborns,
24% of infants were treated with acid-suppressive drugs and
more than 10%with PPI, with the median onset of treatment at
ten days of life (25th–75th percentiles: 3–28 days) [19].

In the last decades, not one study could show a decreasing
trend in the prescription rate of PPIs, despite guidelines dis-
couraging the use of PPIs in infants. A Cochrane review [20],
the NICE guideline[3], the ESPGHAN/NASPGHAN guide-
line [2], and numerous consensus papers by key opinion
leaders all recommend reassurance, anticipatory guidance
and nutritional treatment, and first-line intervention.
However, it is understandable why health care providers pre-
scribe acid-blocking medications. It is hard in the daily prac-
tice to resist the desperate “scream for help” of parents for
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their inconsolable infant. Moreover, while the ESPGHAN/
NASPGHAN guidelines do not recommend PPIs without an
objective diagnosis, the NICE guidelines propose a blind PPI-
trial [3]. In 2015, the majority of the Italian general paediatri-
cians was not aware of the 2009 ESPGHAN/NASPGHAN
guidelines and often prescribes PPIs despite a lack of efficacy
for the symptoms being treated [21]. The many adverse effects

of PPI have been highlighted in recent reviews [22–24]; none
of these mentions the association of PPI and microscopic co-
litis [25]. Since PPIs cause dysbiosis already within 1 week of
usage, they are likely to harm the developing immune system
of the infant. They should be considered as a risk factor for
developing later allergy and auto-immune disease [23].
Chronic PPI use may also have a negative nutritional impact,
as it increases the risk to develop iron and vitamin B12 defi-
ciency [22–24]. The absorption of magnesium and calcium is
also challenged, resulting in an increased risk for bone frac-
tures [22–24].

PPIs inhibit acid secretion and are therefore recommended
in the management of acid GORD, causing erosive
oesophagitis. However, PPIs do not decrease GOR incidence:
they change acid GOR to non-acid GOR [26]. Our group
recently showed that non-acid GOR causes more distress
and crying than acid GOR in infants [27]. This explains why
many infants with frequent regurgitation also suffer distress
and crying and did not benefit from acid-suppressive treat-
ment. From the pharmacological point of view, PPIs are best
administered 30–60 min before a feeding, which is not realis-
tic in young infants considering their feed and sleep cycle
[23]. Further, the dose-related effects of PPIs in newborns
have not been validated yet and the enzymes like cytochrome
P450 2C19, P3A4 that clear PPIs, have only a mature activity
about the age of 5 to 6 months of life [28]. In summary, the
acid-blocking medication should be prescribed and should
only be prescribed, when acid GORD has been diagnosed [2].

Fig. 1 Algorithm for the management of GORD in infants (adapted from O’Reilly et al. [1]). Legend: AR, anti-regurgitation; eHF, extensively
hydrolysed formula; ped GI, pediatric gastroenterologist; CMA, cow milk allergy

Table 1 Examples of
warning signals
requiring investigation in
infants with regurgitation
or vomiting (adapted
from Rosen et al. [2])

Bilious vomiting

GI bleeding

Hematemesis

Hematochezia

Consistently forceful vomiting

Onset of vomiting after 6 months of life

Failure to thrive

Diarrhea

Constipation

Fever

Lethargy

Bulging fontanelle

Hepatosplenomegaly

Macro/microcephaly

Seizures

Abdominal tenderness or distension

Documented or suspected
genetic/metabolic syndrome
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Although less effective in acid-blocking power compared
to PPI, histamine-2-receptor antagonists (H2RAs) have repre-
sented for many years a popular alternative to PPIs, mainly
because H2RAs were commercially available as a syrup.
H2RAS also cause dysbiosis [29]. Moreover, ranitidine syrup
was withdrawn from the market in Europe and the USA in
April 2020 due to a carcinogen component, nitrosamines.
Further, the syrup did also contain alcohol at 7.5%, or
405 mg per 5 ml syrup. At a recommended dosage of 10
mg/kg/day and a concentration of 150 mg/10 ml, a 10-kg
weighing infant received daily an equivalent amount of alco-
hol per day of around 6 ml wine.

Prokinetic drugs such as domperidone and metoclopramide
are not recommended because of the lack of demonstrated
efficacy [2]. However, concerning cisapride, the European
Agency for the Evaluation of Medicinal Products concluded
that it might have a beneficial effect on children with reflux
[30]. Domperidone and cisapride have also been taken out of
the market because of cardiac adverse effects. Other drugs
such as baclofen and erythromycin are as well not recom-
mended in the first-line management of GORD in infants [2].

Regarding the use of alginate, the recommendations of
ESPGHAN/NASPGHAN [2] differ from those of the NICE
[3] guidelines and the Cochrane analysis [20]. While the
ESPGHAN/NASPGHAN [2] guidelines do not recommend
alginates for usage because of their lack of evidence, NICE [3]
and Cochrane do recommend to give this drug an empirical try
during 2 weeks. Data supporting the efficacy of this drug is
obtained from two studies without showing long-term out-
comes [31, 32]. Further, two other studies were published after
the guideline release favouring alginates [33–34]. However, a
major shortcoming of alginate is the recommendation—
according to the information provided by the company—to
not combine alginate with thickened feedings to avoid bezoar
formation [35] and obstruction [36, 37]. This dietary advice
has received limited attention and is not considered in any of
the guidelines. However, data are restricted to less than 10
cases reported in the literature, and all are dating from before
2000 with the threshold of a thickening agent in the milk
formula yet not well defined. Nevertheless, because of the
warning by the company, the combination with thickened
feeds should be discouraged.

Nutritional treatment with thickened milk formulas [16, 20,
26] at normal volume and normal frequency according to the
weight and age of the infant is recommended in the manage-
ment of troublesome GORD during infancy [26]. Up to now,
there is insufficient evidence from comparative trials to rec-
ommend one type of thickened commercial formula or thick-
eners over another. Other components such as kind of protein
source, intact of hydrolysed prebiotics, or probiotics may also
influence the clinical effect. Evidence from literature shows
that thickened formula decreases regurgitation and infant dis-
tress caused by GOR [38, 39]. Data suggest that improvement

occurs with a couple of days [38–40]. In case of failure, (non-
IgE-mediated) cow’s milk protein allergy should be consid-
ered [2], and management should be adapted accordingly.

The algorithm proposed (Fig. 1) attempts to consider the
arguments as mentioned earlier. The health care provider
should knowwarning signs in infants presented by the parents
because of frequent regurgitation and vomiting and/or distress
and crying (Table 1). If frequent regurgitation in infants starts
before the age of 2 weeks or after the age of 6 months, the
health care provider should first consider other diagnoses.
Failure to thrive, neurological abnormalities, and hematemesis
are other warning signs. Infection is another frequent cause of
vomiting and distress in infants and should be promptly rec-
ognized. In the absence of warning signs, management should
start with reassurance and dietary advice. If dietary treatment
fails, the infant should be referred for appropriate investiga-
tions, and in the meantime, alginate can be given a chance.
The over-diagnosis of GORD places undue burden on both
families and national health system despite the publication of
international guidelines [21].

In summary:

& Acid inhibitors keep on being over-prescribed in infants
& Occult GOR(D) is seldom in infants.
& The majority of GOR episodes in infants are non-acid.
& Non-acid reflux may cause more distress in infants than

acid reflux
& Therefore, nutritional management should be used more

often because of demonstrated efficacy and safety.
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