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ABSTRACT

Introduction: Gastroesophageal reflux (GER) is reduced in left lateral position (LLP) 

compared to right lateral position (RLP) in infants. LLP reduces all types of reflux over 

the entire post-prandial period but does not alter the proportion of reflux episodes that 

are acidic (pH<4). The current study evaluated the effect of left lateral positioning in 

combination with acid suppressive therapy on GER related symptoms in infants 0-6 

months of age.

Methods: Infants 0-6 months with symptoms suggestive of infantile GERD were 

investigated using 8 hour pH-impedance, gastric emptying breath test and the I-GERQ-R 

parental questionnaire. Using a parallel group design, infants demonstrating a positive 

relationship between GER and symptom episodes such as crying, coughing or regurgitation 

(symptom association probability>95%) were randomized to one of four therapeutic 

arms; 1. LLP+PPI (1mg/kg omeprazole o.d.) 2. HE+PPI 3. LLP+AA (Mylanta o.d.) 4. HE+AA. 

For the purposes of this trial HE and AA were considered ‘sham’ therapies. PPI/AA was 

administered double blind. LLP/HE were performed for 2 hours following feeding. After 

14 days the 8 hr studies were repeated on therapy. 

Results: Fifty-one patients were included in the study (27 males, mean age 13.6 (range2-

26) weeks).  Combination of PPI+LLP is most effective in reducing the number of GER and 

esophageal acid exposure. Despite the reduction in GER and acid exposure, none of the 

treatment groups showed a symptomatic improvement in crying or irritability although 

vomiting was reduced in LLP. Comparing the influence of posture regardless of medical 

intervention, LLP produced a greater reduction in total GER compared to HE (-21 (4) 

vs -10 (4), p=0.056). PPI therapy regardless of position produced a greater reduction in 

reflux index compared to AA (-6.8(2.1) vs -0.9(1.4) p=0.043. The change in number of 

symptoms did not correlate with improvement in any of the GER parameters. In contrast, 

we observed a relationship between symptom improvement and a slowing of the gastric 

emptying rate.

Conclusions: A reduction in total reflux and/or esophageal acid exposure did not result 

in a significant reduction of crying and irritability. These findings suggest that typical 

‘symptomatic GERD’ in the crying infant may not be due to reflux and casts doubt on the 

use of SAP as a predictor of symptom response to anti-reflux therapies. 
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INTRODUCTION 

Gastro-esophageal reflux (GER) is the retrograde flow of gastric contents into the 

esophagus. Gastro-esophageal reflux (GER) is a physiological mechanism allowing for 

depressurization of the stomach and occurs in all infants.1 Post-prandial regurgitation 

(GER exiting the mouth) is quite common, however for some infants regurgitation is more 

frequent and therefore becomes problematic. In some infants troublesome symptoms, 

such as irritability and crying, occur with or without excessive regurgitation. These infants 

are often diagnosed with GER disease (GERD). GERD is defined as GER that causes 

troublesome symptoms or complications. Overall, GERD and affects 3-5% of newborns.2 

It has been well established that the underlying mechanism of nearly all GER episodes 

in infants is transient lower esophageal sphincter relaxation (TLESR).3-8 TLESRs lead to  

gas, liquid or mixed GER episodes which can be acidic (<pH4) or non acidic. Most of the 

symptoms and complications caused by GER in older children and adults are commonly 

thought to be the result of excessive acid liquid GER. However, infants are regularly 

fed with breast milk or formula, very potent buffers of the gastric contents. Although 

frequently non acidic, GER episodes in infants project more proximally and  the available 

evidence suggests that such GER episodes may cause symptoms.9-11

The diagnosis and treatment of GERD in infants is fraught with difficulty due to the wide 

range of clinical presentations and the lack of diagnostic modalities and appropriate 

diagnostic criteria. These issues may lead to failure to accurately diagnose GERD, allowing 

more severe problems to manifest, or alternatively, the over-diagnosis of GERD leading 

to the prescription of unnecessary and costly therapies and even surgical interventions. 

Parent reassurance and conservative non-pharmacological measures are usually the first 

step in the therapeutic process. Due to the difficulties of diagnosing GERD in infants, 

infants presenting with putative GER-related symptoms not responsive to conservative 

therapy, are empirically prescribed drugs that suppress gastric acid production (H2 receptor 

antagonists (H2A) and proton pump inhibitors (PPI)). Despite  widespread use,12 there is a 

paucity of evidence-based guidance on appropriate dosing levels and the efficacy of these 

therapies to reduce reflux-related symptoms.13-15 

Although the therapeutic efficacy of PPI in controlling symptoms has not been 

demonstrated, the pharmacodynamic effect of PPI on intra-gastric pH and acid GER has 

now been well characterized.16,17 PPIs effectively reduce the proportion of reflux episodes 

that are acidic however they do not decrease the overall number of GER episodes16,18 and 

this may explain their lack of symptom efficacy. Currently there are no safe pharmacological 

approaches to reduce TLESRs and GER in children. We have recently shown that TLESRs 

and GER are significantly reduced in left lateral position (LLP) compared to right lateral 

position (RLP) in infants.19-21 LLP has the ability to reduce all types of reflux over the entire 

post-prandial period but does not alter the proportion of reflux episodes that are acidic 

(pH<4). This suggests that LLP and PPI used in combination may have a more powerful 

effect on reducing the overall burden of reflux than a LLP or PPI alone.22
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The current study evaluated a left lateral positioning regime as a simple, non-pharmacological 

approach to the treatment of GER related symptoms in infants, as a concept test for the 

efficacy of therapies that reduce reflux triggering. We hypothesize that LLP would reduce 

GER and symptoms, in infants with a proven symptom association to GER. 

METHODS

Infants referred for evaluation of typical symptoms of GERD such as excessive vomiting, 

crying, irritability, feeding difficulties, failure to thrive and sleep disturbance were assessed 

for eligibility to participate in the study. Patients were referred to the Department of 

Gastroenterology of the Women’s and Children’s Health Network (WCHN) in Adelaide, 

Australia; the Royal Children’s Hospital in Brisbane, Australia and the Emma Children 

Hospital, Academic Medical Centre in Amsterdam, The Netherlands. Parents/guardians 

provided written consent before study procedures were started. Ethical approval was 

provided by the ethical committees of all participating hospitals. 

Inclusion and exclusion criteria

Term and preterm infants between 0 and 6 months of age were enrolled in the study if 

the following inclusion criteria were met: parental/guardian written informed consent; 

patients had an observed clinical manifestation any two of (1) apnea / bradycardia / 

oxygen desaturations, (2) vomiting/gagging, (3) irritability/pain at least every second feed 

or at least twice every 8 hrs which is suspected to be GER related; clinical symptoms 

had to be present for at least five days or increasing in frequency or severity over three 

days. Patients with a history of acute life threatening events, environmental exposure to 

cigarette smoke, a history or a current need for resection or reconstructive surgery of the 

G.I. tract or with any condition that may require surgery during the course of the study, 

any condition that would make performance of the study procedures unsafe, or which 

would make it unlikely that the patient would complete the study procedures to the final 

day were excluded. 

Study Protocol

Having satisfied inclusion criteria, infants underwent a baseline assessment with combined 

pH-impedance, physiological monitoring, a video study and a gastric emptying breath test. 

The primary caregiver and/or physician completed a validated infant GERD questionnaire 

(I-GERQ-R questionnaire).23 At baseline, all infants were required to stop all medication 

known to affect acid secretion or gastric motility for at least three days. Infants were 

studied in the supine non elevated position. The occurrence of symptoms was recorded on 

the tracing in real time. Infants who demonstrated a positive GER – symptom association 

(SAP>95% to any symptom) were randomized to undergo 14 days of treatment. Infants 

were randomized to LLP or sham position (i.e. supine positioning, with the head of the 
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bed elevated <30 degrees, HE) in combination with PPI (1mg/kg/day omeprazole once 

daily) or sham medication, antacid (AA)( 1.5, 3 or 5ml Mylanta™ once daily in infants 0-2, 

2-4 and 4-6months of age) therapy. Patients were therefore randomized to one of four 

treatment groups 1. PPI+LLP 2.PPI+HE 3. AA+LLP 4. AA+HE. PPI or AA was administered 

double blind. Body positioning interventions (LLP and HE) were performed for 2 hours 

following feeding. After two weeks the I-GERQ-R questionnaire, combined pH-impedance, 

physiological monitoring, a video study and a gastric emptying breath test were all 

repeated. Adverse events were identified by asking parents/caretakers/hospital staff an 

open question about any health issues during the study. 

Measurement Methods

GER monitoring
GER episodes were recorded using single use infant pH-impedance catheters with a pH 

sensor an six impedance channels. The pH sensor was placed at the third vertebrae above 

the diaphragm, this was confirmed by a thoracic X-ray. Depending on site preference, the 

recording system used was either the ComforTec MII/pH probe, Sleuth system, Sandhill 

Scientific (Highlands Ranch, CO, USA) or the Unisensor pH-MII infant catheter 634, Omega 

ambulatory system, Medical Measurement Systems (MMS, Enschede, The Netherlands). 

Studies were manually analyzed for the occurrence of liquid and mixed GER according 

to accepted standard24 by two investigators. Acid exposure time in the distal esophagus 

(reflux index;% time pH <4) was determined using automated software (GERD Check 

(Sandhill Scientific) and Omega analysis software (MMS)).

For the purpose of accurate GER - symptom association, symptoms suggestive of GER such 

as crying, irritability, fussing, vomiting, burping, regurgitation, cough, sneeze, grimacing 

and back arching were continually scored by trained hospital staff during the eight hour 

study. A two minute time window was used for GER – symptoms association. To assess 

GER – symptom association, the symptom association probability (SAP) was calculated. 

The SAP is based on a Fisher’s exact test calculation assessing the probability that GER and 

the symptoms are unrelated. The SAP is calculated as (1 – p(Fisher’s exact)) x 100%. A 

positive symptom association is defined by a SAP ≥95% to any symptom.25 

Figure 1. Study protocol

8 hr study
•pH-impedance
•Cardio-resp

monitoring
•Sx monitored
•Video
•GE Breath test
•I-GERQ-R

Randomization
Positive symptom 
association (SAP>95%) 
to symptoms of crying, 
coughing or 
regurgitation

Tx 2 weeks
Gr Med Pos

1 PPI LLP
2 PPI HE
3 AA LLP
4 AA HE

Eligibility 
•GERD Symptoms
•informed consent
Exclusion
•ALTE
•Cigarette smoke
•Surgery
•Unsafe to enroll

8 hr study
•pH-impedance
•Cardio-resp

monitoring
•Sx monitored
•Video
•GE Breath test
•I-GERQ-R
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Physiological monitoring 
One of two cardio- respiratory and video data acquiring systems was used depending on 

site preference. In the patients recruited in Adelaide and Brisbane cardio- respiratory and 

video data were acquired simultaneously with GER monitoring on an Alice V sleep system 

computer. Data was merged with GER data and analyzed in Bioview, Sandhill Scientific 

(Highlands Ranch, CO, USA). In the patients recruited in Amsterdam cardio-respiratory 

and video data was acquired on the Remlogic PSG system, Embla (Broomfield, CO, USA). 

PH-impedance tracings were recorded on ambulatory Omega system and simultaneously 

on the Remlogic system to ensure synchronization (GER analysis was performed using the 

Omega Software (MMS)).

Cardio-respiratory tracings were analyzed for episodes of bradycardia (HR <100 beat per 

minute), desaturation (SaO2<80%) and apnea (>20 sec absence nasal flow and concurrent 

desaturation). Videos were also manually reviewed to verify correct positioning throughout 

the study (i.e. infant kept in randomized position for at least 50% of total time, and at 

least 1 hour post prandially) and for the total time of irritability, crying and fussing (ICF 

time) to create an retrospectively assessed measure of behavioral symptom severity. 

Gastric Emptying Breath Test 
Gastric half emptying time was measured with the 13C Na-octanoate (a stable isotope) 

breath test. 13C labeled Na-octanoate (50mg) was added to the infants’ feed and breath 

samples were taken before and for 4 hours after feeding. The samples were analyzed for 
13CO2 content using an isotope ratio mass spectrometer. The 13CO2 excretion rate was 

used to calculate gastric emptying (GE half time, Tmax and gastric emptying constant 

(GEC)) using an established non-linear regression model.

GER questionnaire
A validated infant gastro-esophageal reflux questionnaire (I-GERQ-R) was used to rate the 

global disease severity and change in overall GERD symptoms.23 The questionnaire was 

completed by the primary caregiver.

Sudden infant death syndrome (SIDS)

Side positioning (side unspecified) has been associated with and increased SIDS risk,26 

probably due to the side position being relatively unstable, resulting in infants turning to 

the prone position.27 Therefore, in addition to the exclusion of infants who were exposed 

to smoke, we incorporated the following precautionary measures into this study; parents 

were instructed how to side position their infant to stabilize LLP using a purpose designed 

pillow to reduce the chance of accidental prone positioning. Furthermore, parents 

received instruction on SIDS-safe infant dressing and arrangement of bedding. Patients 

were screened for plagiocephaly and brachycephaly and neck muscle dysfunction at the 

time of enrolment and at the completion of the trial. Side positioning was strictly limited 

to the first 2h post-feed and only implemented when the infant could be observed in 
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case of accidentally turning to the prone position. O2 saturation was also continuously 

monitored with a portable SaO2 monitor. 

Analysis and outcome measures

Investigators performing the impedance analyses were blinded to the treatment of 

the infants. The number of GER episodes, total number of symptoms recorded, total 

irritability, crying and fussing (ICF) time, number of vomiting episodes (if present before 

treatment), I-GERD-Q scores, gastric emptying and cardio-respiratory events were 

quantified and compared between baseline and day 14. The relative effects of therapy on 

these parameters was then compared amongst the treatment groups.

Statistical analysis

Most variables were normally distributed and are presented as mean (SEM) unless 

otherwise stated. Primary parameters at baseline were not significantly different (student 

t-test) therefore a paired t-test was used to calculate the difference between baseline and 

therapy per treatment group. The change between baseline and therapy was compared 

amongst the 4 treatment groups and for positioning intervention and medication 

separately using an ANCOVA with the number of events after treatment as the dependent 

and the number of events at baseline as a covariate. 

Pearson’s correlation was used to investigate treatment effects in relation to GER change 

or GE change across all individual patients. 

RESULTS

Sixty-six infants were enrolled in the study between September 2008 and May 2011 (16 

patients in Amsterdam, 46 patients in Adelaide and 4 patients in Brisbane). Fifty-one 

66 Patients eligable

57 Patients randomized

9 Patients not randomized

6 Patients withdrawn *

51 Patients included for 
analysis

Group 1
PPI and LLP

N=12 (4 male)

Group 2
PPI and HE

N=14 (9 male)

Group 3
Antacid and LLP
N=13 (7 male)

Group 1
Antacid and HE
N=12 (7 male)

Figure 2. Patient inclusion flow chart. 
* Withdrawn patients; Before start therapy (N=3), no compliance (N=1, PPI+LLP), parents did not wish to 
proceed after 9 days on therapy (N=1,  Antacid+HE), reduced oral intake and hospital admission (N=1, PPI+HE)
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patients were included in the study (27 males, mean age 13.6 (range2-26) weeks). Figure 2 

represents the patient inclusion flowchart. After randomization, 6 patients withdrew from 

the study, 3 patients were withdrawn without further specification of motive before the 

start of therapy by the parents, one patient (randomized to Antacid+HE) was withdrawn 

by the parents after 9 days on therapy. Two patients were withdrawn by the investigators. 

One patient (randomized to PPI+LLP), was withdrawn due to non compliance. One patient 

had reduced oral intake, was admitted to hospital, randomization code (PPI+HE) was 

broken and medication was changed by the treating pediatrician. Baseline characteristics 

per group are shown in Table 1. 

GER Variables Pre Post Difference

Total No. GER

PPI + LLP 69 (13) 46 (10)***  - 23 (5)

PPI + HE 50 (6) 41 (6)*  - 9 (3)

AA + LLP 47 (6) 29 (3)*  -18 (6)

AA + HE 55 (9) 44 (7)  -11 (8)

No. Acid GER

PPI + LLP 23 (6) 9 (5)*  - 15 (5)

PPI + HE 13 (3) 4 (1)*  - 9 (3)

AA + LLP 15 (4) 10 (3)  -5 (3)

AA + HE 18 (6) 10 (3)  -8 (5)

No. WA GER

PPI + LLP 43 (8) 35 (7)  - 9 (5)

PPI + HE 34 (5) 35 (6) 1 (4)

AA + LLP 32 (4) 18 (3)*  -13 (5)

AA + HE 34 (6) 33 (7)  -1 (8)

Reflux index (%)

PPI + LLP 8,9 [3,1-18,1] 1,1 [0-4,4]*  -4 (-12,9 - -0,2)

PPI + HE 6,9 (2,1-21,8) 0,5 (0,1-2,2)*  -5,1 (-21,2 - 0,1)

AA + LLP 2,9 (0,6-6,9) 4,8 (0,8-9,0)  -0,9 (-2,0 - 2,8)

AA + HE 5,8 (2,8-12,6) 1,1(0,2-9,9)(0.066)  -2,2 (-8,9 - -0,2)

Table 2. The effect of different treatments upon GER variables. 
Mean (SEM) or median [IQR] and mean difference shown for each treatment group. *Pre treatment was 
significantly different to post treatment using paired-t test or signed rank test (p-values 0.05-0.10 shown in 
parentheses, *p<0.05, **p<0.01, ***p<0.001). P-values for ANOVA across the four treatment groups for pre/
post treatment and difference were not significant.

PPI + LLP PPI + HE Antacid + LLP Antacid + HE

Number of patients 12 14 13 12

Male:female 4:8 9:5 7:6 7:5

Age in weeks 12(3) 12(2) 14(2) 17(2)

Atopy in family (N) 8 5 6 3

Table 1. Patient characteristics before treatment. 
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All patients were monitored for the risk of SIDS. Physiological monitoring for ALTEs, 

recurrent desaturations, brachio/plagiocephaly and neck muscle dysfunction was 

unremarkable and gave no indication that the interventions were unsafe to the infants 

when performed over the study period.

Treatment effects on GER

Primary outcomes are presented in Table 2 for all patients per treatment group. Compared 

to baseline, the combination of PPI+LLP was most effective in reducing the number of 

GER and esophageal acid exposure. Esophageal acid exposure was reduced in all groups 

treated with PPI. 

GE Variables Pre Post Difference

GE t1/2

PPI + LLP 53 (6) 92 (22) 39 (22)

PPI + HE 46 (12) 29 (7)  -16,8 (12)

AA + LLP 57 (10) 96 (39) 39 (31)

AA + HE 62 (11) 61 (14) 8 (11)

GE tmax

PPI + LLP 55 (5) 78 (8) * 22 (7)

PPI + HE 65 (7) 52 (3) (0,051)  -13 (6)

AA + LLP 71 (4) 79 (13) 8 (12)

AA + HE 66 (9) 77 (7) 12 (9)

GE GEC

PPI + LLP 3,4 (0,16) 3,0 (0,14)  -0,28 (0,15)

PPI + HE 3,6 (0,18) 3,7 (0,18)  0,05 (0,22)

AA + LLP 3,4 (0,14) 2,9 (0,27) *  -0,46 (0,15)

AA + HE 3,6 (0,20) 3,4 (0,19)  -0,14 (0,26)

Table 3. The effect of different treatments upon gastric emptying variables. 
Mean (SEM) or median [IQR] and mean difference shown for each treatment group. GEt1/2: gastric emptying 
half time. GEtmax: gastric emptying time to maximum 13C concentration. GEGEC: Gastric emptying constant.  
*Pre treatment was significantly different to post treatment using paired-t test or signed rank test (p-values 0.05-
0.10 shown in parentheses, *p<0.05, **p<0.01, ***p<0.001). P-values for ANOVA across the four treatment 
for the difference in GE tmax was 0.061.

Treatment effects on GE 

Gastric emptying Tmax was significantly slower on therapy in the PPI+LLP group (55 

(5) minutes pre vs 78 (8) minutes post treatment, p=0.015) and GEC was lower after 

treatment in the AA+LLP group, (3.4(0.14) pre, vs 2.9 (0.27) post treatment, p=0.013 

(Table 3). Gastric emptying half time was significantly delayed in patient in LLP compared 

to HE (+39 (19) vs -10(8) minutes, p=0.038).
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Treatment effects on symptoms 

I-GERD-R scores decreased in all groups, reaching statistical significance for the PPI+LLP 

and AA+HE groups (Table 4). In patients who had at least one episode of vomiting before 

treatment, vomiting was reduced in the group treated with AA+LLP (Table 4). Furthermore 

LLP, regardless of medication, significantly reduced vomiting after treatment (from 7 

Symptom Assessments Pre Post Difference

IGERD-Q Score

PPI + LLP 21 (1) 18 (2)*  - 4 (1)

PPI + HE 17 (3) 15 (2)  -3 (2)

AA + LLP 21 (2) 19 (2)  -2 (1)

AA + HE 24 (2) 20 (2)***  -5 (1)

Total No. Sx

PPI + LLP 126 (13) 123 (13)  -3 (11)

PPI + HE 97 (12) 108 (13) 12 (11)

AA + LLP 139 (17) 131 (20)  -16 (15)

AA + HE 124 (14) 120 (20)  -4 (14)

Total ICF time

PPI + LLP 92 (10) 92 (10)  -1 (7)

PPI + HE 71 (11) 81 (10) 9 (9)

AA + LLP 106 (19) 88 (10)  -17 (18)

AA + HE 74 (20) 66 (13)  -8 (13)

No. Cough Sx

PPI + LLP 23 (8) 25 (7) 4 (9)

PPI + HE 23 (6) 25 (6) 2 (6)

AA + LLP 30 (12) 34 (14) 2 (5)

AA + HE 32 (9) 43 (12) (0,09) 11 (6)

No. Vomit Sx

PPI + LLP 7 (2) 6 (2)  -1 (1)

PPI + HE 8 (3) 6 (2)  -2 (3)

AA + LLP 7 (2) 2 (0)*  -3 (1)

AA + HE 3 (1) 3 (1) 0 (0)

No. Cry Sx

PPI + LLP 38 (8) 43 (8) 5 (5)

PPI + HE 29 (8) 45 (8) 17 (10)

AA + LLP 57 (15) 52 (12)  -7 (13)

AA + HE 38 (12) 33 (7)  -5 (10)

Table 4. The effect of different treatments upon symptom assessments. 
Mean (SEM) or median [IQR] and mean difference shown for each treatment group. *Pre treatment was 
significantly different to post treatment using paired-t test or signed rank test (p-values 0.05-0.10 shown in 
parentheses, *p<0.05, **p<0.01, ***p<0.001). P-values for ANOVA across the four treatment groups for pre/
post treatment and difference were not significant.
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(2) to 1 (1) episodes, p=0.042). None of the treatment groups showed a symptomatic 

improvement as measured by a decrease in ICF time or total number of symptoms 

recorded during the study (Table 4). Symptoms of cough and crying were not altered in 

any of the treatment groups either (Table 4). 

LLP vs. HE PPI vs. AA

Difference LLP HE PPI AA

GER Variables

Total No. GER  - 21 (4)  - 10 (4) (0.056)  - 16 (3)  - 15 (5)

No. Acid GER  -10 (3)  - 9 (3)  -12 (3)  -6 (3)

No. WA GER  -11 (3) 0 (4) (0,052)  -4 (3)  -7 (5)

Reflux index (%)  -3,4 (2,1)  -4,5 (1,7)  -6,8 (2,1)  -0,9 (1,4)*

GE Variables

GE 1/2 time 39 (19)  - 10 (8)* 8 (13) 24 (17)

GE tmax 14 (8)  -2 (6) 2 (6) 10 (8)

GEC  -0,38 (0,11)  -0,04 (0,17)  -0,08 (0,15)  -0,3 (0,15)

Sx. Assessments

IGERD_Q Score  -3 (1)  -4 (1  -3 (1)  -3 (1)

Total No. Sx.  -9 (9) 5 (9) 5 (8)  -9 (10)

Total ICF (min)  -8 (9) 1 (8) 4 (6)  -12 (11)

No. Cough Sx 3 (5) 6 (4) 3 (6) 6 (4)

No. Vomit Sx  -2 (1)  -1 (1)  -2 (1)  -2 (1)

No. Cry Sx  -1 (7) 5 (7) 11 (5)  -6 (8) (0,09)

Table 5. Differences in GER, GE and Symptom variables in relation to body positioning or acid 
suppression therapy. 
Data presented as mean(SEM). * Treatments were significantly different using t test (p-values 0.05-0.10 shown 
in parentheses, *p<0.05, **p<0.01, ***p<0.001).

Treatment effect of LLP and PPI therapy compared to their respective 
sham therapies

Comparing the influence of posture regardless of medical intervention, LLP produced a 

greater reduction in total GER compared to HE (-21 (4) vs -10 (4), p=0.056). PPI therapy 

regardless of position produced a greater reduction in reflux index compared to AA 

(-6.8(2.1) vs -0.9(1.4) p=0.043 (Table 5).

Relationships between GER change, gastric emptying change and 
symptom change

Comparing data for all patients independently of treatment arm, an improvement 

in the number of symptoms did not correlate with improvement in any of the GER 

parameters including total number of GER (R=0.13, p=0.4) (Figure 3), acid GER (R=0.18, 
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p=0.26), weakly acid GER (R=0.005, p=0.96) and reflux index (R=-0.006, p=0.972). An 

improvement in these GER parameters did not correlate with specific symptoms types 

of crying, cough and vomit either. In contrast, we observed a relationship between total 

symptom improvement and a slowing of the gastric emptying rate (R=-0.54, p<0.001) 

(Figure 3). ICF time did not however correlate with GE time. 

Sub-selected patient groups

The effect of therapy on symptomatic improvement was further explored within more 

highly selected sub-groups of patients who 1. were SAP positive and positive on I-GERQ-R 

(n=42), 2. had SAP >99% (n=45), 3. were SAP positive to individual symptom types 

including ICF onset SAP>95%. Due to the lower numbers analyses were performed for 

PPI vs. AA and LLP vs. HE. None of the analyses based on highly selected patients yielded 

more insight into what patients may benefit more from therapy.

Adverse events

During the study five patients experienced adverse events, of which two were serious 

adverse events. The adverse events were urinary tract infection, constipation and diarrhea 

and vomiting (after immunization). Of the two patients with serious adverse events, one 

patient (randomized to PPI+HE) was admitted to hospital after 5 days of treatment and 

successfully treated for Rota virus. Another patient (randomized to PPI+HE) was admitted 

due to reduced oral intake and weight loss. This patient was withdrawn from the study to 

prioritize treatment of reduced oral intake. None of the adverse events were judged to be 

related to the study by the treating pediatrician. 

Figure 3. Correlation between gastric emptying half time, the total number of GER and the number of 
symptoms. Mean PPI+ LLP   Mean PPI+HE   Mean AA+LLP   Mean AA+HE . Sx: symptom. 
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DISCUSSION

In this study we assessed the influence of LLP and PPI therapy on GER and GER symptoms in 

patients with symptomatic GERD confirmed by a positive symptom association probability 

on pH-impedance monitoring. Compared to their respective sham therapies, LLP therapy 

reduced the number of impedance-detected GER episodes, and PPI therapy reduced acid 

GER. The combination of the two therapies was the most effective way of reducing total 

numbers of GER and acid exposure. Nevertheless, there was no concomitant reduction 

in troublesome symptoms in this or any other treatment arm. Although vomiting was 

reduced in LLP, across the board, the change in GER did not correlate with a change 

in symptoms of GERD such as irritability and crying. Interestingly, the degree of overall 

symptomatic improvement did appear to occur in relation to a slowing of GE time. 

The purpose of this study was to determine the effect of known reflux-reducing 

interventions on GER, GE and typical symptoms that would, in current clinical practice, 

lead to the prescription of anti-reflux therapies, such as PPI. Despite now overwhelming 

clinical trial evidence that PPIs are ineffective for reducing typical symptoms in the infant 

group, PPIs nevertheless continue to be prescribed. One possible explanation for lack of 

efficacy of PPIs, is that trials performed by our group and others14,16,17,28 have failed to 

demonstrate a link between GER episodes and symptoms which, whilst often considered 

to be due to GER, are non-specific to GERD nevertheless. In this study we addressed this 

limitation by randomizing only infants demonstrating a positive SAP. We also utilized the 

established I-GERD-Q questionnaire and state-of-the art methods to monitor symptom 

episodes. This allowed us to further sub-group patients based on parental reporting of 

symptoms as well as a positive SAP to any of our chosen target symptoms of cough, cry 

and/or vomit. 

The four different interventions were specifically chosen in order to test the hypothesis 

that, in SAP positive infants, a reduction in the frequency of GER would in turn lead to a 

reduction in the frequency of symptom episodes. The available evidence suggests that PPIs 

do not reduce total GER (only acid GER).16,18 In the absence of a safe pharmacological 

treatment to reduce GER episodes, LLP was chosen based on our previous experience19,20 

and assessed with and without PPI. Our study is also the first infantile GERD clinical trial 

to be sham controlled rather than placebo controlled. Head of cot elevation and antacid 

therapies were used as sham therapies and the reasoning behind this was three fold. 

Firstly, there is no evidence that HE and AA actually reduce GER frequency.29,30 Secondly, 

being used widely in the community, parents were usually familiar with them and this 

allowed better concealment of which treatments were hypothesized to be efficacious. 

Finally, by using sham therapies rather than a placebo, parents were reassured that, if 

not the experiment treatment, a standard treatment would be administered nevertheless. 

Symptomatic response was based on the number of cough, crying and vomiting symptoms 

recorded during the 8hour cardio-respiratory and video monitoring study. In addition, 

total ICF time was quantified by review of video recordings. In LLP the number of vomiting 
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episodes was reduced. Nevertheless, despite a diagnosis of symptomatic GERD (i.e. based 

on a SAP postive pH-impedance test) and a reduction in GER episodes and vomiting, we 

were unable to demonstrate a concomitant reduction in troublesome symptoms such as 

irritability and crying. Although we monitored for apnea and bradycardia, no patients 

experienced these symptoms. 

In addition to prospective and retrospective assessments of numbers of symptom 

episodes, we also employed the I-GERQ-R questionnaire as a means of assessing parental 

experience of symptomatic improvement. The I-GERD-Q score has been previously used to 

quantify symptomatic responses of infants to pharmacological and non-pharmacological 

reflux therapies.14,23,31 In this study, I-GERD-Q score appeared inconsistent, showing 

significant improvement in infants randomized to AA+HE (sham+sham group) as well 

as PPI+LLP (active+active group). Hence both the patient groups with the least as well 

as most reduction of GER improved in terms of I-GERD-Q score. As these findings are 

clearly contradictory, they suggest that parental perceptions of the treatments employed 

may have influenced the I-GERD-Q scores. Whilst this most likely renders the I-GERD-Q 

scores meaningless in terms of assessing symptomatic response in the current trial, we 

believe that the I-GERD-Q score may still have utility for assessing therapies to which 

parents can be more easily blinded. Whilst a positive I-GER-Q score (>16 (REF)) was not 

used as a diagnostic criterion in our study, 42 (82%) patients enrolled were nevertheless 

positive. Selecting out these patients as a sub-group did not alter the study findings in any 

meaningful way. 

Our inability to demonstrate symptomatic efficacy may in part be due to lack of statistical 

power. However it should be recognized that we have made every effort to randomize 

only those patients most likely to have GER-related symptoms. For this diagnosis, we 

relied on a positive SAP as recommended by current NASPGHAN/ESPAGHAN guidelines 

for diagnosis of infantile GERD.2 Furthermore we employed state-of-the-art methods to 

quantify reflux and symptom episodes and, whist demonstrating an improvement in GER 

and vomiting with LLP, this was not linked to an improvement in other symptoms that, 

unlike vomiting, are non-specific to GERD. Indeed, across all the SAP positive patients 

randomized to the four different treatment arms, we were unable to demonstrate any 

relationship between reflux change and symptom change. 

One possible explanation for the lack of response of symptoms of crying and irritability 

in this trial is that these symptoms measured were in fact unrelated to GER despite the 

evidence of an SAP positive test. The SAP is recognized to be the best predictor of whether 

GER episodes and symptoms are causally related.9,25,32 However, because all symptoms 

were continually scored by trained hospital staff, the number of symptoms recorded 

per eight hour study was much higher (120 (7) symptoms per patient) than the mean 

number of symptoms of (adult) heartburn, for which the SAP was originally designed.25 

Furthermore, GER occurs approximately 74 times in 24 hours in healthy infants.33 These 

factors potentially increase the chance that a GER episode and a symptom event are 
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recorded in a two-minute time window and therefore the likelihood of finding a positive 

SAP. 

Across all the patients randomized to the four different treatment arms, an inverse 

relationship was demonstrated between gastric emptying rate and symptom change. The 

correlation between slower gastric emptying and improved symptoms overall contradicts 

the unproven, yet clinically widely held, belief that delayed gastric emptying exacerbates 

GER. Whist our observation that slower gastric emptying may improve symptoms seems 

counter intuitive, there is evidence in the literature in support of this concept.34,35 We 

have recently published several papers on the influence of lateral positioning on TLESRs 

and GER showing in LLP that GER is reduced and that gastric emptying is delayed (also 

refer to chapter 8).19-21 Clearly the relationship between gastric emptying and symptoms 

of GERD requires further investigation. 

LLP was employed as a treatment in this current trial based on physiological evidence and in 

light of the fact that there are no existing, safe, pharmacological therapies that can inhibit 

triggering of TLESRs. LLP was therefore used and a ‘concept test’ for pharmacological 

reflux inhibition. As side positioning (any side), increases the risk of sudden infant death 

syndrome (SIDS) and may contribute to plagiocephaly and neck muscle dysfunction we 

undertook several measures to mitigate and monitor for any possibility that such severe 

adverse outcomes would occur during enrollment in the study. These measures included 

the use of a brace pillow to prevent rolling from LLP to prone or supine and the application 

of LLP only during circumstances when the infant could be continuously monitored. As LLP 

was only employed when it was considered safe to do so, it is possible that our inability to 

undertake LLP after every feed contributed the lack of symptom efficacy seen. We consider 

this unlikely however, given the physiological changes in GER and GE produced by LLP.  

Whilst LLP was safely performed in this trial, lack of efficacy on symptoms of irritability 

and crying compounded by the fact that LLP is in direct contravention of established SIDS-

safe guidelines, prohibits the use of this anti-reflux intervention for GERD. In our view LLP 

cannot be recommended for use in the community but could be considered in the context 

of strictly monitored hospital setting for the reduction of vomiting, 

Lack of efficacy of PPIs for the reduction of typical GERD symptoms in infants has been 

demonstrated previously in multiple studies14,16,17,28 and was recently the subject of a 

systematic review.15 Consistent with previous studies, we found that PPI treatment was 

associated with a significant reduction of esophageal acid exposure. We also observed PPI 

therapy reduced the total number of GER episodes, a finding which is inconsistent with 

previous placebo-controlled trials. Nevertheless, despite a PPI induced reduction in GER, 

symptom improvement was not apparent, confirming again that PPI therapy is ineffectual 

for treating typical symptoms in the infant age group. 

In conclusion, we present the first sham controlled trial in GER-symptom positive infants 

which employed therapies designed to reduce GER triggering. A reduction in total GER 

and/or esophageal acid exposure did not however result in a significant improvement 

in symptoms of irritability and crying, although vomiting was reduced in LLP. Of all 
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associations investigated, slower gastric emptying, rather than reduced GER, was the only 

correlate of symptomatic improvement.  These findings suggest that typical ‘symptomatic 

GERD’ in the vomiting and crying infant, may not be due to GER at all and casts doubt on 

the use of SAP as a predictor of symptom response to anti-reflux therapies. 
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