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ABSTRACT
Background/aims Investigation of gastro- oesophageal 
reflux disease is usually performed off proton pump 
inhibitors (PPIs). This can exacerbate symptoms, 
potentially impacting investigation accuracy if patients 
circumvent the preinvestigation instructions. There are 
no standard recommendations on how to manage PPI 
withdrawal. We aimed to assess the impact of structured 
alginate use on symptom burden.
Methods Participants were already established on ≥4 
weeks of PPI therapy and being referred for manometry 
and 24- hour pH/impedance testing. Preinvestigation 
instructions involved stopping PPIs and H2 receptor 
antagonists for 1 week, but antacids and alginates 
were allowed until the night before. Participants were 
randomised to follow these standard instructions (control 
group), or the same instructions with the provision of 
Gaviscon Advance to be taken four times daily (treatment 
group). The primary outcome assessed change in Gastro- 
Oesophageal Reflux Disease Health- Related Quality of Life 
Score.
Key results Data for 48 patients were available for 
primary outcome assessment. While patients in the control 
group had a significant increase in symptoms (median 
difference 6.5, 95% CI (1 to 7), p=0.04), no change 
occurred in the treatment arm (median difference -1.5, 
95% CI (- 2, 3.5), p=0.54). There were no serious adverse 
events.
Conclusions Structured alginate use prevents symptom 
exacerbation during preinvestigation PPI wash- out. These 
findings are limited to the 1- week wash- out period but 
can benefit thousands of patients undergoing investigation 
for gastro- oesophageal reflux each year. Further research 
is required to assess this effect in other settings, such 
as sustained PPI deprescription. The trial was funded by 
Reckitt Benckiser.
Trial registration number EudraCT registration 
2019- 004561- 41

INTRODUCTION
Gastro- oesophageal reflux disease (GORD) 
affects 10%–30% of the world population.1 

Proton pump inhibitors (PPIs) are effec-
tive at reducing gastric acid secretion and 
improving symptoms but contribute to signif-
icant healthcare costs. US$10–US$20 billion 
is spent on GORD per year in the USA2 and 
in 2018 over 60 million PPI prescriptions 
were written in England costing nearly £90 
million.3 The National Institute for Health 
and Care Excellence guidelines on reflux 
therapy advocate PPI use without further 
investigation;4 however, they have only 
moderate sensitivity (78%) and specificity 
(54%) for the diagnosis of GORD.5

Attempts at PPI cessation frequently fail 
due to exacerbation of symptoms.6 This can 
be due to resumption of acid reflux, but in 
other patients the symptom exacerbation 
occurs even in the absence of pathological 
exposure.7 It has even been shown that, after 
a 4–8 weeks course of PPIs, abrupt cessation 
can result in reflux symptoms in healthy 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Proton pump inhibitor (PPI) cessation is difficult due 
to symptom exacerbation.

 ⇒ There are no randomised controlled trials to assess 
if alginates can reduce rebound symptoms during 
PPI cessation.

WHAT THIS STUDY ADDS
 ⇒ Regular alginate use can maintain reflux symptom 
suppression during preinvestigation PPI wash- out.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This improves the quality of life of the many thou-
sands of patients that stop PPIs before upper gas-
trointestinal investigation each year.

 ⇒ Further research is required to assess if this benefit 
can help in PPI deprescription.
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individuals.8 9 Consequently, many patients may take PPIs 
unnecessarily.10

Cessation difficulty can be observed in patients stop-
ping PPIs before undergoing upper gastrointestinal 
investigations. In one study, 80% of patients attending 
for reflux studies suffered worse symptoms in the PPI- 
free week preceding the test. When asked anonymously, 
15% admitted to surreptitiously taking PPIs during the 
abstinent period, potentially impacting test accuracy.7

Reducing this difficulty would improve the patient 
experience before testing. Alginate preparations, such as 
Gaviscon Advance (Reckitt Benckiser, Slough, UK) may 
help achieve this given their raft- forming properties11 
and topical protectant effects,12 13 which reduce reflux 
symptoms.14 15 Furthermore, alginate and antacid use 
does not reduce the sensitivity or specificity of Helicobacter 
pylori testing or gastroscopy.16 Research on whether algi-
nates can reduce rebound symptoms during PPI cessa-
tion is scant. Some studies used alginates as part of PPI 
deprescription initiatives, but none were randomised 
control trials.17–19

We; therefore, decided to assess whether structured 
alginate use during the preinvestigation PPI wash- out 
period reduces symptom burden.

METHODS
Patients
The study proposal can be found as online supplemental 
file 1 submitted with this article. Participants ≥18 years 
old were selected from those referred for oesophageal 
manometry and 24- hour pH/impedance monitoring at 
The Functional Gut Clinic which is a tertiary healthcare, 
outpatients’ clinic in central London. Typically reflux 
monitoring is performed having stopped PPIs for 1 
week20 to allow for parietal cell turnover.

When booking in, patients already established on the ≥4 
weeks course of standard or double dose PPI therapy were 
given information about the study. Prospective partici-
pants were screened over the phone and those with red 
flag symptoms, known Barrett’s oesophagus, grade C/D 
oesophagitis, peptic ulcer disease, upper gastrointestinal 
malignancy or those with previous oesophageal or gastric 
surgery were excluded. Those with allergies to alginates/
antacids or on a low salt diet were also excluded.

Study design
This was a single- centre, randomised, open- label study to 
assess the effects of Gaviscon Advance on patients stop-
ping their PPIs before reflux testing. Registration was 
made with EudraCT number 2019- 004561- 41 and recruit-
ment occurred between August 2020 and June 2021.

Participants were randomly assigned using Sealed 
Envelope to one of two parallel groups in a 1:1 fashion. 
Randomisation occurred in randomly permuted blocks of 
sizes 2, 4 or 6. Participants were asked to complete ques-
tionnaires the day before stopping their PPIs. Everyone 
was given the usual information regarding the wash- out 

period, namely stopping PPIs and H2 Receptor Antag-
onists (H2RAs) for 7 days and advised that antacids/
alginates could be taken up to the night before the test. 
The treatment group only were given a bottle of Gaviscon 
Advance (oral suspension, containing 1000 mg sodium 
alginate and 200 mg potassium bicarbonate per 10 mL 
dose). They were asked to take 10 mL of suspension, four 
times a day (after breakfast, lunch, dinner and before 
bed) from when PPIs were stopped until the night before 
testing. Participants attended 1 week later and completed 
repeat questionnaires before their manometry and 
24- hour pH/impedance test.

Study measurements
The primary outcome was change in Gastro- Oesophageal 
Reflux Disease Health- Related Quality of Life (GERD- 
HRQL) questionnaire score.21 This validated question-
naire assesses reflux symptoms using 10 questions on a 
0–5 scale giving a maximum score of 50 which indicates 
the worst possible symptoms.

A secondary outcome was change in Gastrointestinal 
Symptom Rating Scale (GSRS) score22 consisting of 15 
gastrointestinal questions each scored 0–6 with higher 
scores indicating worse symptoms. Additional measure-
ments were the Mean Nocturnal Baseline Impedance 
(MNBI) on 24- hour pH/impedance testing23 and an 
anonymous end of study questionnaire asking partici-
pants if they surreptitiously took any restricted medica-
tions (ie, PPIs or H2RAs).

The investigation involved high- resolution manom-
etry and 24- hour ambulatory pH/impedance studies 
(both Diversatek Healthcare, Highlands Ranch, Colo-
rado, USA). The manometry was used to detect the lower 
oesophageal sphincter (LOS) position and assess any 
hiatus hernia. The pH/impedance catheter (six imped-
ance, two pH sensors) was placed with the oesophageal 
pH sensor 5 cm above the proximal margin of the LOS. 
MNBI was calculated using the method reported by Marti-
nucci et al.23 Diagnoses of pathological GORD, functional 
heartburn and hypersensitive oesophagus were given 
based on definitions from the Lyon Consensus24 and 
Rome IV criteria.25

Statistics
We could find no study designed similarly to ours, 
however, a previous study adding Gaviscon Advance to 
participants already taking PPIs showed a reduction in 
symptoms of approximately half.26 We assumed a similar 
medium effect size of 0.5, which meant 23 participants in 
each arm would identify a difference in symptoms with 
an 80% power. Assuming a 30% drop- out rate, we aimed 
to recruit 30 participants in each arm.

Disruption from COVID- 19 meant participants could 
not be assessed face to face initially and were asked to 
complete the baseline questionnaires online before 
commencing the wash- out period. This led to some partic-
ipants forgetting to complete the questionnaire before 
the day of stopping their PPIs. The date of completion 

https://dx.doi.org/10.1136/bmjgast-2022-001026
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of the questionnaires was tracked by computer time-
stamp and those missing the baseline date by more than 
1 day (n=4) were removed from the per- protocol anal-
ysis. However, the only participants excluded from the 
intention- to- treat (ITT) analysis were those who did not 
complete the questionnaires (n=12) such that there was 
no data available.

Statistical analysis was performed using IBM SPSS Statis-
tics V.26. Continuous data are described as mean±SD or 
median and IQR as appropriate. Categorical data are 
described as numbers and percentages. Changes from 
the baseline measurements were assessed using Wilcoxon 
signed- rank tests for paired samples, and Mann- Whitney 
U or χ2 tests for independent samples. Statistical signifi-
cance was defined as a p≤0.05 and were presented along 
with 95% CIs.

RESULTS
The study flow chart is displayed in figure 1. Sixty patients 
met the screening criteria and agreed to participate in 
the study. The median age of all participants enrolled was 
48 (range 18–76) and 29 (48.3%) were female.

Twelve participants were removed from analysis for the 
primary outcome due to a lack of questionnaire data. 
Therefore, 48 were included in the final ITT analysis and 
were randomised to either follow the usual information 
(n=26) or to take Gaviscon Advance (n=22). Participant 
baseline demographics and clinical data are shown in 
table 1.

Efficacy analysis
The change in overall GERD- HRQL scores before and 
after the PPI wash- out are shown in figure 2. There was 
no overall reduction in score on stopping PPIs in the 
treatment group (median difference −1.5, 95% CI (−2 
to 3.5), p=0.54). Conversely, the control group showed 
a significant increase in symptoms after stopping PPIs 
(median difference 6.5, 95% CI (1 to 7), p=0.04).

The GSRS score reduced for the treatment group 
however the difference was not significant (median 
difference −3, 95% CI (−7 to 1), p=0.10). The control 
group showed an increase in GSRS- recorded symptoms 
but again the difference was not significant (median 
difference 1, 95% CI (−3 to 4), p=0.84).

Only 2/48 (4.2%) participants admitted to surrepti-
tiously taking restricted medicines during the wash- out 
period. One participant from the treatment group took 
PPIs on 3 days of the wash- out period and one participant 
from the control group took H2RAs on 2 days. There 
were 14/26 (53.8%) participants in the control group 
who took antacids/alginates during the study. Five of 
those said they used them on all 7 days, four used them 
on at least four or more days, the remainder took them 
on only 1 or 2 days.

For the 24- hour pH/impedance test, from the 60 
patients initially randomised, 5 (8.3%) cancelled their 
appointment and 3 (5%) did not tolerate intubation. 

Figure 1 Flow of participants through the study for the 
primary outcome of Gastro- Oesophageal Reflux Disease 
Health- Related Quality of Life score. Participants were 
selected from those established on the ≥4 weeks course of 
proton pump inhibitors who then had to stop them before 
attending for reflux investigation. ITT, intention to treat; PP, 
per protocol.

Table 1 Demographics and baseline clinical data (intention 
to treat population)

Treatment
Group, n=22

Control
Group, n=26

Female 9 (40.9) 15 (57.7)

Age in years, median (IQR) 46 (18) 52 (13)

Heartburn 22 (100) 24 (92.3)

Regurgitation 20 (90.9) 22 (84.6)

Chest pain 6 (27.3) 4 (15.4)

LPR symptoms 8 (36.4) 14 (53.8)

Dysphagia 15 (68.2) 15 (57.7)

PPI standard dose/once 
daily

6 (27.3) 4 (15.4)

PPI standard dose/twice 
daily

3 (13.6) 2 (7.7)

PPI max dose/once daily 8 (36.4) 12 (46.2)

PPI max dose/twice daily 5 (22.7) 8 (30.8)

PPI response—good 10 (45.5) 6 (23.1)

PPI response—partial 7 (31.8) 11 (42.3)

PPI response—poor 5 (22.7) 9 (34.6)

Manometric hiatus hernia 8 (36.4) 7 (26.9)

Oesophagitis grade A/B 5 (22.7) 7 (26.9)

Values are expressed as numbers (percentages) unless stated 
otherwise.
LPR, laryngopharyngeal reflux; PPI, proton pump inhibitor.
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Therefore 52 completed the reflux investigation, of 
which n=24 were in the treatment group and n=28 in the 
control group. The only significant difference in the pH/
impedance study data was with hypersensitive oesoph-
agus, where all five patients identified were in the control 
group, p=0.029 (table 2).

Safety
There were no serious adverse events reported. Minor 
events were reported in keeping with reflux- type rebound 
symptoms. One participant decided to stop taking 
Gaviscon after only a few doses due to a severe dislike of 
the taste, however, they confirmed that this was not an 

adverse reaction but personal preference. They adhered 
to the remaining study criteria and were kept in the ITT 
analysis.

DISCUSSION
This study shows that structured alginate use significantly 
reduces reflux symptom deterioration in the week after 
stopping long- term PPIs. No change in the GERD- HRQL 
score was seen when regular alginate was given after stop-
ping PPIs. Conversely, the control group saw a significant 
increase in symptoms.

The GSRS is a more generalised gastrointestinal 
questionnaire, our intention being to assess if Gaviscon 
Advance would cause irritable bowel type symptoms. 
Instead there was a slight improvement in GSRS score 
for the treatment group, however, the change was not 
significant.

MNBI, percentage acid exposure time and reflux events 
all showed a tendency towards worse values in the treat-
ment group, although the changes were not significant. 
There were a greater number of participants diagnosed 
with GORD in the treatment group, which was close to 
significance (p=0.06).

A previous study showed that 15% of patients surrep-
titiously took restricted medications before attending 
investigation, however, only 4.2% did this in ours. This 
may be due to the information given or patient selection.

These findings can benefit other investigations. The 
sensitivity and specificity of H. pylori stool antigen or 
carbon- 13 breath testing when off PPI are excellent (both 
over 95%).27 However, if performed on PPI therapy, sensi-
tivity is significantly reduced, with over 30% false negative 
results.16 28

During gastroscopy, diagnosis of H. pylori using the 
rapid urease test has a sensitivity of 90%–95%. Again, 
the use of PPIs results in a significant false negative 
rate29 such that immunohistochemical assessment of 
gastric biopsies is required, at significant time and finan-
cial expense. When investigating GORD, up to 40% of 
patients have erosive oesophagitis.30 PPIs are effective 

Figure 2 Box plot of Gastro- Oesophageal Reflux Disease 
Health- Related Quality of Life scores before and after the 
PPI wash- out period (intention to treat population). No 
change was seen in the treatment group, but the control 
group experienced worse symptoms 1 week later. Data are 
expressed as median (IQR). PPI, proton pump inhibitor.

Table 2 24 hour pH/impedance data between groups

Treatment 
n=24 Control n=28

P 
value

MNBI, Ω, mean (SD) 1751 (1104) 2131 (1095) 0.219

AET, %, mean (SD) 8.7 (10) 4 (4.1) 0.108

RE, median (IQR) 64 (33.5) 55 (32.5) 0.373

Pathological GORD 13 (54.2) 8 (28.6) 0.061

FH 3 (12.5) 2 (7.1) 0.514

HO 0 5 (17.9) 0.029

Values are expressed as numbers (percentages) unless stated 
otherwise.
AET, acid exposure time; FH, functional heartburn; GORD, gastro- 
oesophageal reflux disease; HO, hypersensitive oesophagus; 
MNBI, mean nocturnal baseline impedance; RE, reflux events.
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in healing oesophagitis (~90% healing at 8 weeks)31 
such that an on PPI gastroscopy is likely to reduce the 
diagnostic yield. It also may prevent identification of 
patients with more severe oesophagitis who will need 
long- term reflux management rather than ‘as- required’ 
therapy. For the diagnosis of eosinophilic oesophagitis, 
PPIs have been shown to supress eosinophilia such 
that recent consensus guidelines recommend stopping 
PPIs for at least 3 weeks prior to biopsy to ensure accu-
rate diagnosis.32 Finally, although unusual, there are 
reports of PPIs masking early gastric and oesophageal 
adenocarcinoma.33

Census data showed that over 800 000 gastroscopies 
were performed in 2019 in England.34 Instructions for 
stopping medications for gastroscopy are usually very 
similar such that the findings of our study could poten-
tially improve outcomes for many patients nationwide.

The main limitation of our study is that, despite rando-
misation, the GERD- HRQL scores between the groups 
differ at baseline. After investigation, a subversion of the 
allocation procedure could not be found. Possible causes 
could be the small sample size, the use of a single centre, 
or a lack of diversity in the group. It may also reflect the 
trend towards higher oesophageal acid exposure seen 
in the treatment arm. Nevertheless, the differences in 
change from baseline were clear, with significant deterio-
ration seen in the control group that was not seen in the 
treatment arm.

Despite the treatment group having a higher baseline, 
measurement of deterioration remained possible. The 
GERD- HRQL score has a maximum value of 50, such that 
the score could have increased were the trend to have 
been in that direction.

More patients were found with true GORD in the 
treatment arm with a trend towards lower MNBI and 
increased acid exposure. This may be due to chance, or 
that better control of symptoms from Gaviscon use allows 
for a behaviourally more ‘normal’” day, making the reflux 
study more reflective of their natural GORD severity. 
Conversely, if patients do not take Gaviscon proactively 
during the wash- out period, worsening symptoms may 
restrict their activities during the reflux study, leading to 
a higher false negative rate through inactivity. Ultimately, 
the difference in 24- hour reflux data in our study was not 
significant, however, this hypothesis could be a target for 
further research.

The fact that more GORD patients (and higher mean 
acid exposure) were found in the treatment group adds 
to the validity of our findings. Patients with true GORD 
are more likely to become symptomatic during PPI with-
drawal, yet the symptom deterioration was seen in the 
control group (where more patients had physiological 
acid exposure).

Other limitations were that H2RAs were restricted 
throughout the wash- out period, where some centres 
allow them until 48 hours before investigation. This 
was primarily so the focus of the study could be on algi-
nate use. Given the current recall of ranitidine,35 and 

remaining H2RAs being in short supply, we believe this 
to have a limited effect on our findings.

In a previous study, we used an anonymised question-
naire to assess PPI cessation compliance, however, it 
appears the same method was not effective during this 
trial. Further thought will be made on how to better 
capture this issue in future.

Finally, the open- label nature of the study may 
contribute bias, however, many patients can identify 
Gaviscon Advance by taste. This effect is lessened since 
the control group were allowed to take antacids/algi-
nates and in fact over half of the control group took them 
ad hoc during the wash- out period. Thus, this represents 
a real- world comparator group and is a main strength of 
the study. The difference for the treatment group is they 
were given specific instructions on how and when to use 
them.

CONCLUSION
This study supports the use of regular alginate use (in a 
proactive rather than reactive fashion) to ease symptoms 
during PPIs cessation before diagnostic testing such as 
reflux studies, H. pylori testing or gastroscopy.

This finding could be beneficial when PPIs are stopped 
in other situations. Previous uncontrolled studies suggest 
a role of alginates in PPI deprescribing. This would be 
of great benefit considering the volume of PPI prescrip-
tions globally and is especially true with the current 
global recall of ranitidine, as well as growing patient 
reticence about taking long- term PPI therapy. A future 
randomised, controlled study to assess the effectiveness 
of alginates in this setting is required.
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