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Abstract

Background Gastroesophageal reflux frequently occurs in infants from birth to 2 years and is characterised by reflux and
regurgitation often occurring during or immediately after feeds. These reflux events can range in both frequency and severity,
and as the reflux events increase, they become increasingly distressing for both the infant and the parent. The study aimed
to characterise the properties of a new infant liquid alginate product, determining the optimum gastric pH and dose volume
for maximum reflux suppressant activity.

Methods An in vitro infant stomach model was designed and developed that allowed products to be assessed for their reflux
suppression activity. The validation of the model was completed by three independent operators comparing a milk control
with infant Gaviscon to evaluate the models’ robustness, reproducibility, and ease of use. The model was used to establish
reflux suppression activity of a new liquid alginate infant formulation in comparison with a milk control. Suppression activ-
ity was assessed at varying doses and pH within a physiological range.

Results The validation study demonstrated no significant difference in refluxate volumes for the milk control within each
reflux event when comparing across the three individual operators. Similarly, no statistical differences were seen during the
infant Gaviscon experiments, confirming the robustness and reproducibility of the model. Significant reflux suppression was
seen across the pH range (except at pH 5.75); the pH most advantageous for reflux suppression was pH 5.25. The optimum
dose volume for consistently suppressing reflux was shown to be 5 ml. An infant stomach model was designed for evaluating
reflux suppression activity of a formulation of liquid alginate. The optimum gastric pH and dose volume for demonstrating
significant reflux suppression and the thickening of formula milk by the infant liquid alginate formulation were established.
Conclusion This study confirms the mode of action of the alginate formula, demonstrating a superior reduction in the retro-
grade movement of in vitro gastric contents and volume of regurgitation. The study also demonstrates that optimal perfor-
mance occurs in conditions that are in line physiologically with the target patient. Both actions compliment and support the
efficacy of the alginate formulation as a reflux therapy agent.

1 Introduction resulting in episodes of transient lower esophageal sphinc-
ter relaxation [3-5]. A second mechanism known to initi-
Gastresophageal reflux (GER) is a common presentation  ate reflux is increased abdominal pressure overcoming the

in babies and infants and is caused by the involuntary ret-  esophageal sphincter pressure, which is low in early birth
rograde movement of gastric contents into the es()phagus7 infants [1, 3, 5, 6]. Further infant anatomical characteristics
resulting in reflux and regurgitation, especially during and  including a short and narrow esophagus, use of high-calorie
following feeds [1, 2]. It is primarily related to the devel- liquid diet, and a recumbent position increase the occurrence

opmental immaturity of the lower esophageal sphincter,  of reflux and regurgitation of feeds [7]. It is important to
note that paediatric reflux is distinct from acid reflux dis-
orders in adults, where the acid pocket, rather than a near
54 Peter W. Dettmar neutral pH milk feed, plays a vital role in the initiation of
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With increased frequency and severity, GER can become
pathological and develop into gastroesophageal reflux dis-
ease (GERD), especially in cases of prematurity, decreased
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Development and validation of a robust and reproducible
infant reflux suppression model.

Demonstrated significant reflux suppression with a
newly developed liquid infant product.

Dose volume of liquid alginate infant and optimum pH
for reflux suppression determined.

neural protective reflexes, and pulmonary problems [8].
These patients often present with troublesome symptoms
arising from the passage of gastric contents into the esopha-
gus and, with increased severity, can be accompanied by
failure to thrive and respiratory problems [4, 8].

Considering the same symptoms are exhibited for GER
and GERD, those being recurrent reflux, regurgitation,
excessive crying, and irritability [9], it is recognised that
a continuum exists between physiological GER and GERD
[9] and that the conditions should not be viewed as two
distinct forms requiring individual treatment approaches,
but rather as a disease spectrum, where infants can present
with symptoms ranging in severity, which should be treated
accordingly.

Regurgitation is a dominant symptom of infant reflux.
The average worldwide prevalence is estimated to be 30%,
when using Rome III criteria (two or more regurgitation
episodes per day for more than 3 weeks) or North Ameri-
can Society for Pediatric Gastroenterology, Hepatology, and
Nutrition (NASPGHAN)/European Society for Paediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN)
guidelines [10].

Persistent and frequent regurgitation can be distressing
for the baby/infant and highly distressing for the parent/carer
[11-13]. Worrisome infant reflux can lead to prolonged sleep
deprivation, stress, anxiety, and frustration, all of which can
negatively affect the bond between parent and child [14].

Treatment options for infant reflux currently include
non-pharmacological interventions (NPIs) such as parental
advice (avoid over-feeding), thickened feeds, protein hydro-
lysate or amino acid-based formula, or elimination of cow’s
milk in maternal diet if infants are being breastfed. NPIs are
typically used as first-line treatment in infants and children
who do not have features requiring early referral [15].

Feed thickeners are a common treatment of GER in
infants [16, 17] and are thought to contribute to the reduction
of reflux of gastric content into the esophagus by increasing
the density and viscosity of the liquid.

These approaches are usually followed by pharmacolog-
ical acid suppression with histamine receptor antagonists
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and/or proton pump inhibitors (PPIs) [8]. Unlike adults,
acid is not seen to play a major role in infant reflux, apart
from in those with demonstrable esophagitis. Therefore, acid
suppression is not considered appropriate for most infants,
where the pathophysiology pertains to an immature lower
esophageal sphincter. Nonetheless, the prescriptions issued
for PPIs for infants suffering from troublesome reflux have
increased significantly over recent years [4, 18], and acid-
suppressant therapies have become the mainstay of reflux
management, despite reports of a lack of efficacy in this age
group [19, 20].

In some markets, alginates are also recommended on the
patient pathway, as a step up from feed thickeners and before
acid suppression medication, a recommendation endorsed by
the British National Institute for Health and Care Excellence
(NICE) [15]. Alginate preparations have proven efficacy in
the treatment of GERD in adults [21] and regurgitation in
babies and infants [5, 22-25]. There are, however, marked
differences in the mode of action between the adult and the
infant alginate products. In the adult product, the alginate
reacts with gastric acid to produce alginic acid and forms
a floating raft on top of the stomach contents, suppressing
reflux into the esophagus, whereas the mode of action of the
infant alginate product is by the promotion of cross-link-
ing by calcium ions and milk proteins present in the feed,
increasing viscosity, which adds to gelling and thickening
of the feed, limiting the retrograde movement from stomach
into the oesophagus and beyond. This is especially impor-
tant post feeding, which is the time when babies and infants
present with maximum symptoms.

As with all clinical investigations, but perhaps more so
in infants, due to the vulnerability of the population, ethical
factors need to be considered. It is, therefore, valuable to
conduct initial research in the laboratory setting. A novel
in vitro infant stomach model has recently been developed
and validated for characterising a new feed-thickening prod-
uct for suppressing reflux in neonates and infants. This newly
developed model contains an artificial stomach, which will
stimulate internal reflux and measure the height and amount
of reflux travelling up the infant oesophagus.

Using the newly developed model, the aim of the study
was to characterise the properties of a new liquid alginate
infant product, determining the optimum gastric pH and
dose volume for maximum reflux suppression activity.

2 Materials and Methods
2.1 Materials
Infant Gaviscon, the new alginate reflux suppressant formu-

lation (the liquid alginate infant formulation), and the milk
control (Infant Formula Milk, SMA Pro) used throughout
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the study were provided by Reckitt (Dansom Lane, Hull,
East Yorkshire, UK). The analytical grade 1 M hydrochloric
acid (HCI) used throughout the study was purchased from
Fisher Scientific. The infant stomach model was designed,
developed, and validated by Technostics Limited (Castle Hill
Hospital, Cottingham, East Yorkshire, UK). The model used
a urinary drainage bag purchased from Great Bear Health-
care and was used as an artificial stomach.

2.2 Method: Validation of the Infant Stomach
Model

The infant stomach model was developed to evaluate and
identify new products in the treatment of GER in neonates
and infants (Fig. 1). As far as we are aware, this is the first
in vitro model developed to screen and evaluate new prod-
ucts in this area. The model was validated by carrying out
experiments comparing the refluxate volumes of a milk
control and infant Gaviscon. Three operators who were not
blinded conducted the experiments to demonstrate the mod-
el’s robustness, ease of use, and reproducibility.

The infant stomach model includes a piece of tubing 12
cm in length, to mimic an infant esophagus [26], marked
with 1-cm increments to allow for measurements of any
reflux activity. The total volume of the artificial stomach
was 85 ml (Fig. 2). By applying a measured volume of air
and using the force provided by a 0.3-kg weight, a level of
refluxate was achieved for the milk control in comparison
to infant Gaviscon. The optimum dose response curves at

Fig. 1 Infant stomach model capable of simulating internal reflux. A.
Heated (37 °C) incubation unit. B. Infant artificial stomach (85 ml).
C. Infant esophagus (12 cm) marked with 1-cm increments. Reflux
height recorded. D. Reflux collection vessel. Volume measured. E.
Air via 100-ml syringe. F. Force provided by 0.3 kg weight. G. Crea-
tion of reflux event connected to bottom of stomach by one way value

Fig.2 85-ml stomach volume

a weight of 0.3 kg and at a range of internal pressures are
shown in Fig. 3, and as would be expected, compared to the
milk control, the level of refluxate was suppressed to a far
greater extent by infant Gaviscon.

Each operator carried out 24 experiments including
milk control (Infant Formula Milk, SMA Pro) X 12 and the
Infant Formula Milk (milk formulation) with addition of
infant Gaviscon X 12 (five reflux events per experiment).
Experiments were carried out in a randomised order. The
milk control formulation was prepared by adding 12.9 g
(three scoops) of SMA Pro to 90 ml of H,0 at 37 °C and
shaking well for 1 min. 1 M HCI was used to adjust the
pH to the optimum pH for product efficacy, with the tem-
perature maintained at 37 °C. Experiments using the milk
control began with adding 35 ml of milk control to the
urinary drainage bag used as the infant stomach; next, 15
ml of H,0 at 37 °C was added to the artificial stomach then
an additional 35 ml of milk control was added to the artifi-
cial stomach, totalling 85 ml (Fig. 2). After 5 min, a reflux
event was created by applying 100 ml of air via a syringe
and using the force provided by dropping a 0.3-kg weight,
which produced a reflux event that was both measurable
and collectable (g), and the height the reflux event trav-
elled (mm) within the model was also recorded, as illus-
trated in Fig. 1. Any refluxed milk control was replenished.
The experiment was repeated until five reflux events had
been conducted. Reflux events were carried out at 5-min
intervals. Experiments using infant Gaviscon began with
the addition of 35 ml of milk formulation to the artificial
stomach then the addition of a dose of the infant Gaviscon
(each sachet [0.65 g] was mixed with 5 ml of H,0 until
a paste was formed [approximately 1 min], then 10 ml
of H,0 was added and mixed (approximately 30 s); the
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Fig.3 The level of refluxate using a 0.3-kg weight and at varying pressures (volume of air) with a stomach volume of 85 ml (n = 3 + SEM)

15-ml mixture was then added to the artificial stomach
via a syringe). The additional 35 ml of milk formulation
was added to the artificial stomach. After 5 min, a reflux
event was created as previously described. The experiment
was repeated until five reflux events had been conducted.
Reflux events were carried out at 5-min intervals. The arti-
ficial stomach and its contents were housed in a heated
incubation unit to maintain a temperature of 37 + 0.5 °C
for the duration of the experiments.

2.3 Method: Infant Stomach Model

The infant stomach model was utilised to establish any
reflux suppression properties of the liquid alginate infant
formulation in contrast to milk control. Varying dose
volumes of the liquid alginate infant formulation were
investigated at a range of pH levels (2.5 ml at pH 5.25,
5 ml at pH 4.5, 5.0, 5.25, 5.50, and 5.75, and 10 ml at
pH 5.25). Experiments for each dose volume were per-
formed, including the milk control X six (five reflux events
per experiment). Experiments were carried out in a ran-
domised order. The milk control formulation was prepared
by adding 12.9 g (three scoops) of SMA Pro to 90 ml of
H,0 at 37 °C and shaking well for 1 min. 1 M HCI was
used to adjust to the required pH. Temperature was main-
tained at 37 °C. Experiments using milk control began
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with adding 40 ml of milk control to the urinary drainage
bag used as the infant stomach; next, 5 ml of H,0 at 37 °C
was added to the artificial stomach, then a further 40 ml
of milk control was added to the artificial stomach, total-
ling 85 ml (Fig. 2). After 5 min, a reflux event was cre-
ated as previously described. The experiment was repeated
until five reflux events had been conducted. Reflux events
were carried out at 5-min intervals. Experiments using the
liquid alginate infant formulation began with addition of
half of the milk formulation volume (at the specified pH
range), followed by addition of the required dose of the
liquid alginate infant formulation and then the remaining
milk formulation, to reach a total volume of 85 ml within
the artificial stomach. After 5 min, a reflux event was cre-
ated as previously described. The experiment was repeated
until five reflux events had been conducted. Reflux events
were carried out at 5-min intervals. The artificial stomach
and its contents were housed in a heated incubation unit
to maintain a temperature of 37 + 0.5 °C for the duration
of the experiments.

2.4 Statistical Analysis
All analysis was performed using analysis of variance

(ANOVA), and ¢ test analysis was conducted using Graph-
Pad Prism 8.3.0.
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3 Results
3.1 Validation Study

The validation study used three trained operators to inves-
tigate the difference in response between milk control
and infant Gaviscon using the infant stomach model. The
study demonstrated no significant difference in refluxate
volumes for the milk control within each reflux event and
when comparing the three individual operators, a total of
72 experiments. This demonstrated the model’s robustness
and reproducibility. The validation and reproducibility of the
model was first described by Fisher et al. [27]. No statistical
differences were seen between operators within each reflux
event during the infant Gaviscon experiments, which again
highlighted the model’s reproducibility. Figure 4 illustrates
the reflux suppression properties of infant Gaviscon, with
all three operators reporting a significant difference in reflux
measured when compared to the milk control. The infant
stomach model offered a reliable in vitro method to differ-
entiate between milk control and various products that could
be used to treat infant reflux.

3.2 Characterisation of New Liquid Alginate Infant
Formulation

Figure 5 illustrates the total reflux collected (weight, g) for
the milk control at each of the five pH levels evaluated (pH
4.5,5.0,5.25, 5.5, and 5.75). Based on the mean +1 SD

Fig.4 The mean amount of
refluxate collected (n = 12, +
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Fig.5 The total mean amount of refluxate collected with a 5-ml dose
of the liquid alginate infant formulation (n = 6, +1 SD)

of six reflux events, there was no significant difference in
the milk control refluxate amount at the varying pH lev-
els evaluated. When the milk control refluxate levels were
compared with the refluxate levels post liquid alginate infant
formulation, a significant difference (p < 0.05) in the amount
of refluxate collected was observed. This was significant at
each pH, with the exception of pH 5.75. Following the use of
the liquid alginate infant formulation, there was an increase
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Total reflux collected at pH 5-25 at varying doses of
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Fig.6 The total mean amount of refluxate collected (n = 6, +1 SD)

in the amount of refluxate collected as the pH increased,
which was significantly (p < 0.05) different between pH
4.5 (1.42 g of refluxate collected) and pH 5.75 (22.20 g of
refluxate collected).

The pH selected for further studies evaluating dose vol-
umes of the liquid alginate infant formulation was pH 5.25.
Figure 6 illustrates the total mean + 1 SD (n = 6) volume of
refluxate collected at a range of dose volumes for the liquid
alginate infant formulation at pH 5.25. There was no signifi-
cant difference between the milk control and the liquid algi-
nate infant formulation at a dose volume of 2.5 ml (29.36 g of
refluxate collected). However, there was a significant differ-
ence (p < 0.0001) between the milk control when compared
to the liquid alginate infant formulation with a 5-ml and 10-ml
dose. The 5-ml dose (3.37 g of refluxate collected) and the
10-ml dose (1.12 g of refluxate collected) significantly (p <
0.0001) suppressed refluxate compared to the 2.5-ml dose.

Accounting for all the dose volumes (2.5 ml, 5 ml, and
10 ml) of the liquid alginate infant formulation evaluated,
the 5-ml dose was the optimum dose volume for consistently
demonstrating significant reflux suppression properties.

4 Discussion

The management of infant reflux has persistently presented
challenges, likely due to the difficulty of diagnosing GER
and GERD, a lack of effective medications, and the ethical
considerations about performing clinical studies in babies
and infants.

It may be that considering GER and GERD as two sepa-
rate conditions has hindered effective treatment. May well
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lead to over medication with acid suppression in some
infants even when acid is not a contributing factor or can
lead to a failure to step up from NPIs, resulting in severe
distress and impaired quality of life for infants and parents or
carers. When considering infant reflux as a disease spectrum,
it seems logical to focus on and treat the individual present-
ing symptoms. For example, management of regurgitation,
a primary symptom on the GER/GERD disease spectrum,
should include effective parental reassurance supplemented
with symptom relief methods like thickeners [28].

Alginates are high-potency, low-volume thickening
agents, intended to thicken the contents within the stomach
during feeding by increasing viscosity, ultimately increasing
the density and weight of the liquid, helping to retain the
contents in the stomach and, thus, reduces the likelihood of
regurgitation.

This has been demonstrated clinically [22, 23], where a
significant reduction in the number and severity of reflux
episodes was observed. As mentioned previously, clinical
evidence has led NICE to issue guidelines supporting the use
of alginate as an appropriate treatment option in infants with
frequent regurgitation and signs of distress or irritability not
improving with dietary management [29].

Consistent with the NICE guidelines, the Cochrane
review of 2014 supported alginate formulations, namely
Gaviscon Infant, stating that it improved symptoms in
infants, including those with regurgitation and functional
reflux [30].

There is the possibility that because alginate-based treat-
ments for babies and infants are not available in Northern
America and in many European countries, NASPGHAN and
ESPGHAN considered the evidence regarding efficacy to be
insufficient to recommend alginates in the guidelines pub-
lished in 2018 [8]. The NASPGHAN/ESPGHAN guidelines
report the data on alginates to be insufficient and incon-
clusive. This could be attributed to the lack of distinction
between antacids and alginates by the reviewers and/or the
issue that regurgitation is largely not an acid-related con-
dition. It follows from this that antacids would have little
efficacy and alginates, by acting as feed-thickening agents,
would.

The current Gaviscon Infant formulation is a powder and
contains two alginates, sodium alginate and magnesium
alginate (225 mg and 87.5 mg per 10 ml, respectively), and
when the formulation is taken in conjunction with milk
feeds, it thickens the contents of the infant’s stomach. The
aim of the current study was to characterise the properties of
a new liquid alginate infant product formulated as a suspen-
sion with an equivalent alginate concentration and to deter-
mine the optimum gastric pH and dose volume for maxi-
mum reflux suppression activity. To do this, validation of the
infant stomach model was required to ensure it effectively
measured regurgitation episodes. The model was designed to
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simulate internal reflux and allowed for the measurement of
the height and the amount of reflux travelling up the artificial
esophagus. The model was housed in a 37 °C temperature-
controlled environment. Having a working model enabled
the primary aim of this study to be met, the endpoint being
to fully characterise a newly developed liquid alginate infant
suspension formulation prior to clinical evaluation.

Looking in more detail at the experimental data, the
results clearly show that both infant Gaviscon (powder) in
the validation study and the liquid alginate infant formula-
tion (suspension) in the main infant stomach model evalu-
ation study suppressed reflux. The water content of both
formulation types was similar, with 85 ml of each added to
the artificial stomach model. In all experiments, the liquid
alginate infant formulation was compared directly with a
milk control. All experiments were repeated until five reflux
events had been conducted at 5-min intervals and each
experiment repeated six times.

The first step to characterising the properties of the liquid
alginate product was assessment of performance across a
range of pHs. This pH range tested was that shown to be
the intragastric pH of healthy infants [31]. Significant dif-
ferences were seen between the milk control and the liquid
alginate infant formulation at each pH point tested except
for pH 5.75, providing evidence for the suppression of reflux
and the thickening activity of the new formulation within
applicable physiological conditions.

The strength of the new infant stomach model was that it
could differentiate between pH levels and the lowest reflux
amounts, and the greatest reflux suppression was observed
atpH 4.5, 5.0, and 5.25. The pH selected for testing the opti-
mum dose volume was pH 5.25; not only was this pH most
advantageous for reflux suppression, it was a representation
of typical physiological conditions [32].

There was no difference between the milk control and
low dose volumes of the liquid alginate infant formulation,
indicating that this concentration of alginate did not exert a
significant thickening action. It was the high dose volumes
(5 ml and 10 ml) that demonstrated thickening activity and
greater viscosity as well as a reduction in the volume of
refluxate collected, significantly suppressing reflux (p <
0.0001). Given there was little difference seen between the
suppressive action of these higher dose volumes, the 5-ml
dose can be considered the minimally effective dose and as
such was the optimum dose volume of the liquid alginate
infant formulation selected for reflux suppression and the
thickening of formula milk for the stomach volume tested.

The model used an 85-ml stomach volume and is, there-
fore, in line with the recommended volume of milk given
to small infants (approximately 3—4 kg) [33, 34], and it is
also in line with the current Gaviscon Infant dosage rec-
ommendations for an infant of this weight [35]. As infants

mature and develop, the stomach and feed volume increase;
therefore, it is expected that a larger dose of liquid alginate
will be required to achieve a reduction in reflux. At present,
the in vitro model is not equipped to assess this hypothesis;
however, it is a natural next step in this area of research.

Every study has limitations, and in the present study,
evaluating different concentrations of alginate could be con-
sidered. The pH levels were well controlled and reported on
throughout the study, with five pH levels evaluated from pH
4.5 to pH 5.75. However, future studies should account for
the formulation viscosity at the various pH points and dose
volumes evaluated. All formulations contained alginate, and
future studies will report on osmolarity between formula-
tions. This is a new developmental model, and the observa-
tions and experimental findings need to be evaluated with
respect to clinical treatment in neonates and infants.

A further but non-significant observation made was
that the refluxate collected decreased as the reflux events
increased. This suggests that the reflux suppression proper-
ties of the liquid alginate infant formulation improved over-
time; this could be attributed to the alginate product mixing
with the stomach contents.

5 Conclusion

A new infant stomach model was validated to simulate inter-
nal reflux and measure the height and the amount of gastric
refluxate travelling up an artificial esophagus. The model
enabled the primary aim of the study to be investigated and
determined. A new liquid alginate infant product was suc-
cessfully evaluated, demonstrating a significant thickening
action across a range of physiological pHs and confirming
the optimum dose volume to significantly suppress reflux
and to thicken formula milk.
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