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ABSTRACT

and physiological parameters before the intervention diet.

antral area showed a positive correlation (r = 0-53, P = 0-004).
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Background Young infants are frequently affected by uncomplicated regurgitation that may persist despite
dietetic and conservative interventions. On this basis, we studied the putative effects of probiotics on the
frequency of regurgitation and gastric emptying time in infants with functional gastroesophageal reflux (GER).

Patients and methods Forty-two infants with regurgitation were randomized to assume Lactobacillus reuteri
DSM 17938 at a dose of 1 x 108 CFU per day and placebo for 30 days. The episodes of regurgitation were
recorded by the parents each day. Gastric emptying time was recorded using real-time ultrasound at baseline
and at the end of the study. Twenty-one infants without regurgitation were enroled to compare anthropometric

Results Thirty-four infants completed the study (19 infants receiving probiotics and 15 placebo).At baseline, the
whole group of infants was similar to the control group as regards anthropometric and physiological data. The
median fasting antral area was significantly reduced, (P = 0-01) the delta in gastric emptying rate was signifi-
cantly increased (P = 0-01) and the median episodes per day of regurgitation was reduced (, P < 0-001) in the
probiotic group compared to the placebo group. In the whole group, the frequency of regurgitation and the basal

Conclusions In infants with functional GER, L. reuteriDSM 17938 reduce gastric distension and accelerate
gastric emptying. In addition, this probiotic strain seems to diminish the frequency of regurgitation.

Introduction

Functional gastroesophageal reflux (GER) is very common dur-
ing infancy and most often manifests itself as episodes of regur-
gitation or vomiting [1]. Regurgitation is defined as the passage
of refluxed gastric content into the oral pharynx, whilst vomit-
ing is defined as expulsion of the refluxed gastric content from
the mouth. The frequency of regurgitation may vary consider-
ably in relation to age, and younger infants up to the first
month of age are more frequently affected by regurgitation [2].
Most infants with regurgitation are happy and healthy even if
they frequently spit up or vomit, and babies usually outgrow
GER by their first birthday. The European and American Socie-
ties for Pediatric Gastroenterology, Hepatology and Nutrition
have recommended dietary management for infants with
uncomplicated regurgitation, such as parental reassurance and

thickening of the formula [3,4]. Generally, parental education,
anticipatory guidance and modification of feeding frequency
and volume are sufficient for the management of uncompli-
cated GER [5,6]. Although some authors consider conservative
therapy to be an efficient first choice for improving regurgita-
tion [7], the administration of thickened formulas are consid-
ered a reliable dietary management for decreasing recurrent
regurgitation and/or vomiting in infants with GER. However,
significant regurgitation may persist, despite these interven-
tions increasing parental stress and causing an additional
workload for health care professionals.

During the last few years, the role of the intestinal microflora
in health and disease has gained increasing recognition, and
there are strong indications that diet can influence the relative
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amount of microbial species in the gastrointestinal flora [8].
Consequently, one approach to fortify the biological function of
formula feeds has been to use probiotics as constituents [9]. Bifi-
dobacteria and Lactobacillus spp. are the most popular microor-
ganisms for probiotic applications, and those of human origin
are most effective [10]. Probiotic supplementation of infant
formulas has shown that some strains may persist in the infant
gut [11,12] and lower stool pH [13].

We have recently shown that Lactobacillus reuteri [14] admin-
istered to formula-fed preterm infants results in a significantly
increased gastric emptying rate and in a significant decrease in
regurgitation and mean daily crying compared with those
given placebo. We planned this study to evaluate whether the
effect of L. reuterii on the motor gastric activity was still present
beyond the early neonatal period and whether this may
translate in a clinical application for infants with functional
regurgitation.

Patients and methods

Subjects and protocol

A randomized pilot double-blind, placebo-controlled, parallel-
group trial was conducted in 42 consecutive infants younger
than 4 months referred for uncomplicated regurgitation to the
Gastrointestinal Unit of the Department of Pediatrics at the
University of Bari, Italy from July 2008 to January 2010

(Table 1).

Uncomplicated infant regurgitation was defined according to
the ROME 1III Criteria in presence of all of the following charac-
teristics in otherwise healthy infants of 3 weeks to 12 months of
age: (i) regurgitation 2 or more times per day for 3 or more
weeks and (ii) no retching, hematemesis, aspiration, apnoea,
failure to thrive, feeding or swallowing difficulties, or abnormal

Table 1 Demographic and clinical characteristics at baseline

Normal
Formula + LR  Formula + pacebo control
N=19 N =15 N =21
Age (days) 39 + 82 40 £ 53 47 £ 13
Weight (g) 4990 + 631 5100 + 739 5230 + 139
Length (cm) 513+ 18 524 + 15 531+ 11
Head 398 + 1-3 381 = 11 391+ 03
circumference
Number 5-0 [4-3-7-0] 60 [56-:0-7-0] 11+ 11
regurgitation
per day

Values indicated as mean and SD apart from the number of regurgitation
expressed as medians and 5 and 95 percentiles. P = NS.

posturing [15]. The diagnosis of uncomplicated infant regurgi-
tation was based on a clinical interview performed by the same
expert paediatric gastroenterologist (FI).

To be eligible, infants have to: (i) be fed with the same infant
formula, (ii) have normal growth and development and (iii)
have no underlying predisposing factors or conditions.

Infants were excluded in presence of (i) any chronic/allergic
disease; (ii) previous treatment with antibiotics/probiot-
ics/aspirin/proton pump inhibitors; (iii) growth failure; (iv)
gastrointestinal obstructions/stricture; (v) symptoms related to
GER disease such as arching, irritability and refusal to feed;
and (vi) previous abdominal surgery.

As there are no published normal values for the gastric
emptying (GE) parameters with ultrasound in infants, 21
infants matched for age and weight with no history of regurgi-
tation and fulfilling the inclusion criteria were recruited on
voluntary bases to assess the cut off value of normal range of
GE and referred as control group.

Study design

The 4-week treatment period was preceded by a 2-week run-in
phase. To undergo randomization (end of run-in period),
patients had to have at least 2 or more regurgitation per day in
absence of alarm symptoms for during the run-in phase. Infants
were assigned consecutive numbers, starting with the lowest
number available, and were randomly assigned, with the use of
a computer generated randomization list to receive orally either
probiotic or placebo. The active study product consisted of
freeze-dried L. reuteri DSM 17938 suspended in a mixture of
pharma grade sunflower and medium-chain triglyceride oils
supplied in a dark bottle fitted with a dropper cap. Five drops
of the formulation, delivering a dose of 1 x 10° colony-forming
units (CFU) of L. reuteri, were administered to the children. The
placebo consisted of an identical formulation in all respects
except that the live bacteria were excluded. There were no
differences in smell or taste between the two formulations. Both
the L. reuteri and placebo study products were manufactured
and donated by BioGaia AB (Stockholm, Sweden), which
ensured that the study was blinded for investigators and
patients. Infants were not allowed to consume any probiotic
other than those provided or prebiotics, and they were
instructed to continue their initial infant formula. Concomitant
use of medications affecting gastrointestinal motility was not
allowed, providing parents registered the intake. The institu-
tional review board approved the study. Written informed
consent was obtained from parents of children who were fully
informed of the details of the study.

Symptom evaluation
Before entering the trial, parents were given written informa-
tion about the study and instructed how to compile a structured
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diary to record symptoms. Throughout the study, patients
recorded on daily bases the number of episodes per day of
regurgitation (defined as the passage of refluxed gastric con-
tents into the oral pharynx) or any other symptom they may
relate to the intervention. To ensure compliance, one investiga-
tor (AF) contacted the families every week to monitor the pro-
cess of the study. Adherence was assessed by measuring the
volume of oil returned; children who missed more than 20% of
the medications were considered noncompliant.

Assessment of gastric emptying

GE was recorded at time 0 and at the end of the intervention
period. The ultrasound gastric emptying examinations were
always performed by the same investigator (FI) using a real-
time apparatus (Image Point HX; Hewlett Packard Company,
Palo Alto, CA, USA) equipped with a 3-5 MHz linear probe.
The probe was positioned at the level of the trans-pyloric plane
for simultaneous visualization of the antrum, superior mesen-
teric vein and the aorta. The antral measurements were always
taken from the outer profile of the wall. As the cross-section of
the gastric antrum, corresponding to the sagittal plane passing
through the superior mesenteric vein, is elliptical in shape, its
area can be calculated by measuring the longitudinal (L) and
anteroposterior (AP) diameters and applying the formula for
calculating the ellipse p-Greek L x AP/4'>. Antral measure-
ments were made before and immediately after the end of the
test meal (time 0) and at regular 30-min intervals up to 120 min
after the meal. In each patient, the gastric emptying rate was
expressed as per cent reduction in antral cross-sectional area at
time 0 and 120 min after meal ingestion [16]. The change (delta)
in gastric emptying rate (the difference in the % GE rate values
before and after intervention) was then calculated.

Data analysis

In an intervention diet like this, the evaluation of the physiolog-
ical effects of probiotics can be clearly evaluated considering
only the patients who strictly complied with the trial’s protocol
(per protocol analysis). Compliance covers exposure to treat-
ment, availability of measurements and absence of major proto-
col violations. Besides, with the assumption that an increased
gastric emptying would be expected in 75% of infants receiving
the probiotic and in 15% of those receiving placebo, we calcu-
lated that a minimum of 11 infants per group would be
required for the study to have an alpha error = 0-05 and a beta
error of 0-8. The data were analysed first using simple descrip-
tive statistics of centrality and dispersion. Anthropometric data
were expressed as mean + SD, whilst number of regurgitation
and physiological data were expressed as medians and 5 and
95 percentiles. For clinical parameter (number of regurgitation),
the values per day recorded over the last 7 days of the treat-
ment period were calculated. The differences in anthropomet-

ric, clinical and physiological parameters were determined by
the Mann-Whitney rank sum test, and differences were
considered significant at the 5% level (P < 0-05). The correlation
between GE parameters and frequency of regurgitation was
calculated by means of Spearman correlation test. The software
package used for the statistical analysis was sTATA (sTATA ver 4.0
Statistical Software; Stata Corporation, College Station, TX,
USA).

Results

A total of 42 infants with functional and uncomplicated GER
underwent randomization and took the product (placebo or
probiotics). At the end of the study, 34 infants completed the
trial. Eight infants (three from the probiotic group, five from the
placebo group) were not included in the final analysis for
noncompliance with the protocol or parents’ decision not to
continue the study, in absence of any side effects (see Consort
form). The responses of the 34 infants were retained for the per
protocol analysis: 19 in the probiotic group and 15 in the
placebo group. Anthropometric and clinical parameters at the
beginning of the intervention period are reported in Table 1.
The gastric emptying parameters at baseline are reported in
Table 2.

At the end of the intervention period, the fasting antral area
was significantly reduced and the delta in gastric emptying rate
was significantly increased in infants receiving probiotics
compared to placebo (3-0 [2:0-4-2] cm?® vs. 4-0 [2:4 - 59] cm?,

P =0:01; and +11-7 [-39 to +24-0] % vs. +8-4 [-27-0 to +23-5] %,
P = 0-01, respectively) (Figs 1 and 2). Besides, the formula-fed
infants receiving the probiotic had a significant decrease in the
frequency of regurgitation per day compared to placebo (1-0
[1-0-2-0] vs. 4:0 [3:0-5-0] median episodes per day calculated
over the last 7 day of treatment, P < 0-001).

At the end of the intervention period, we observed that in the
whole group the frequency of regurgitation positively corre-
lated with the basal antral area (r = 0-53, P = 0-004) (Fig. 3).

No difference was seen in body weight and other growth
parameters during and at the end of the trial; no infants had
any reported adverse events related to the trial.

Table 2 Gastric emptying parameters for study group and
control

Study group Control group
N =34 N-=21
Fasting antral 27 [2:0-3:1] 27 [1-4-31]

area (cm?)

Gastric Emptying ~ -549[-756t0 —442]  -55:3 [-852 to —44-3]

rate (%)

Values indicated as medians and 5 and 95 percentiles; P = NS.
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Figure 1 Fasting antral area recorded in infants at the end of
the intervention diet in Lactobacillus reuteri (LR) or placebo (P)-
supplemented formula-fed infants. Statistical analysis using
the Mann-Whitney rank sum test showed significant difference
between the groups (P = 0-01).
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Figure 2 Gastric emptying recorded in infants at the end of
the intervention diet in Lactobacillus reuteri (LR) or placebo
(P)-supplemented formula-fed infants. In each infant, the
gastric emptying rate was expressed as per cent reduction in
antral cross-sectional area from time 0 to 120 min after meal
ingestion. The change (delta) in gastric emptying (GE) rate was
calculated as the difference in the % GE rate values before

and after the intervention. Statistical analysis using the
Mann-Whitney rank sum test showed significant difference
between the groups (P = 0-01).

Discussion

Our study shows that the administration of L. reuteri DSM
17938 significantly accelerates gastric emptying and amelio-

Antral area (cm?)

1 ! ! ) ! ! !
0 1 2 3 4 5 6

Number of regurgitation

Figure 3 The correlation between basal antral area and
frequency of regurgitation recorded from the whole group of
infants is shown. Number of regurgitation corresponds to the
episodes counted the day of gastric emptying examination.
The Spearman correlation test showed a significant positive
correlation (r = 0-53, P = 0-004).

rated regurgitation in infants affected by noncomplicated GER
when used daily for 28 days with a dose of 1 x 10® (CFU).
Reduced episodes of regurgitation, linked with an increased
gastric emptying rate and reduced fasting antral area, were
seen in healthy formula-fed preterm infants supplemented with
L. reuteri ATCC 55730 [14]. The new strain was used because
the parental strain is not more commercially available.

To the best of our knowledge, the effect of probiotic is not
been investigated on functional regurgitation neither on gastric
motility in this kind of infant population.

Our infants had regurgitation but they were otherwise
healthy with satisfactory growth parameters and
neurodevelopment. In such infants, also called ‘happy spitters’,
pharmacological treatment is typically not necessary and a
conservative treatment is suggested as reported in the
ESPGHAN-NASPGHAN guidelines [1]. In some cases, signifi-
cant regurgitation may persist, despite these interventions
increasing parental stress and causing an additional workload
for health care professionals.

The pathophysiology of regurgitation is multifactorial,
involving oesophageal, gastric and enteric nervous system
abnormalities. Gastric distension and impaired fundic
relaxation as a result of disturbed gastric motility might play a
role in acid reflux to the oesophagus. In fact, transient lower
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oesophageal sphincter relaxations, which are one of the main
pathophysiological mechanism of GER, seem to be triggered by
gastric distension via activation of stretch receptors in the
stomach [15-18]. The enlarged fasting antral area and delayed
gastric emptying time could be related with gastric distension
and consequently provoke the regurgitation. This work on
infants confirmed that regurgitation could be related to gastric
emptying and antral dysfunction [19-22].

We also collected the gastric emptying parameter in normal
infant matched for age and sex with the study group. The
comparison with the normal value of gastric emptying in this
age range allows us to define specifically the effect of probiotic
on gastric motility. Actually, these children treated with
L. reuteri had an acceleration of gastric emptying time. An intri-
gue experimental work on colonic motility in rat showed that
L. reuteri ameliorate the rhythmic contraction of the colon [23].
The molecular and physiological pathways via which the
commensal bacteria exert their effect on intestinal motility are
far from being elucidated. Nevertheless, the mechanism of
neuroimmune interaction may play a crucial role also in this
age range infant [24]. It is reasonable to suppose that the
structure responsible of the intestinal motility as enteric
neurons, interstitial cells of Cajal and smooth muscle cells,
could relay some of the actions that probiotic exerts, beyond the
gut, on central and autonomic nervous system [25].

We are aware of the limitations of our study. Given strict
enrolment criteria, a population study is extremely selected,
and it is difficult to extend the conclusion to all infants affected
by noncomplicated regurgitation, but this may be the starting
point for a larger studies. Such studies are greatly warranted as
probiotic are targeted to a specific gastrointestinal disorders,
and the nutritional therapeutic approach remains the favour-
able intervention in small infants.
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