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CONTEXT AND POLICY ISSUES  
 
Proton pump inhibitors (PPIs) are used to treat gastric or peptic ulcer, non-steroidal anti-
inflammatory drug (NSAID) related ulcer, reflux esophagitis, gastroesophageal reflux disease 
(GERD), Zollinger-Ellison syndrome, and Helicobacter pylori infection.1 PPIs are one of the most 
frequently prescribed medications1,2 and the use of this class of drugs continues to grow in 
Canada. Analysis of IMS data revealed that the estimated total number of prescriptions for PPIs 
dispensed by Canadian retail pharmacies increased by 15%, from 10.8 million prescriptions in 
2003 to 12.4 million prescriptions in 2004, with a 10% increase in total drug expenditure.3 
Studies have shown that PPIs are inappropriately prescribed in 50% or more patients 
considering indication, dose or duration.1,4-7 This is of concern because complications such as 
Clostridium difficile infection (CDI), pneumonia, hypomagnesia, and fractures have been 
associated with their use.6  
 
For patients no longer requiring PPI treatment or for whom PPI treatment was not initially 
indicated, decreasing the dose and stopping PPI use altogether could be achieved through 
cessation programs such as education strategies or pharmacists’ interventions. These 
strategies will also need to consider the possible clinical ramifications of discontinuing therapy, 
such as the recurrence of an ulcer or return of gastrointestinal symptoms. Towards this end, 
clinical practice guidelines may assist clinicians in identifying appropriate patients, doses, and 
duration of treatment. 
 
The objectives of this report are to examine the clinical effectiveness and cost-effectiveness of 
programs aimed at reducing or eliminating the use of PPIs, and to review the recommendations 
from clinical practice guidelines on indication, dose and duration of treatment of PPIs in adult 
patients. 
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RESEARCH QUESTIONS  
 
1. What is the clinical effectiveness of programs aimed at reducing or eliminating the use of 

proton pump inhibitors in adult patients? 
 
2. What is the cost-effectiveness of programs aimed at reducing or eliminating the use of 

proton pump inhibitors in adult patients? 
 
3. What are the clinical practice guidelines for the administration of proton pump inhibitors in 

adult patients? 
 
KEY FINDINGS  
 
Educational interventions with patients or clinicians may reduce the use of PPIs as shown in the 
three non-randomized trials. However, these studies were uncontrolled and as such can only 
assist in generating hypotheses for future research. Clinical practice guidelines on various 
gastrointestinal diseases provide recommendations on the appropriate use of PPIs. 
 
METHODS  
 
Literature Search Strategy 
 
A limited literature search was conducted on key resources including PubMed, The Cochrane 
Library (2014, Issue 9), University of York Centre for Reviews and Dissemination (CRD) 
databases, Canadian and major international health technology agencies, as well as a focused 
Internet search. To limit the number of retrieved publications, a focused search (with the main 
concepts appearing in title) was conducted for question 1 and question 2. No filters were applied 
to limit the retrieval by study type for question 1 and question 2. A methodological filter was 
applied to limit retrieval to guidelines for question 3. Where possible, retrieval was limited to the 
human population. The search was also limited to English language documents published 
between January 1, 2009 and September 4, 2014. 
 
Selection Criteria and Methods 
 
One reviewer screened citations to identify publications that met the inclusion criteria. 
Potentially relevant articles were retrieved based on the review of titles and abstracts. Full-text 
articles were considered for inclusion based on the selection criteria listed in Table 1.  
 

Table 1: Selection Criteria 
Population 
 

Adult patients administered proton pump inhibitors 

Intervention 
 

Programs for reducing or stopping the use of proton pump inhibitors 

Comparator 
 

None 

Outcomes 
 

• Benefits: decreased use of PPIs, reduction in Clostridium difficile 
infection, reduction in other complications (pneumonia, 
hypomagnesia, fractures etc.) 

• Harms: recurrence of gastrointestinal symptoms (e.g., ulcer, 
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dyspepsia), mortality due to bleeding ulcers 
• Cost and cost-effectiveness 
• Evidence based guidelines on the dose, duration and use of 

proton pump inhibitors 
Study Designs 
 

Health technology assessment/ systematic review/ meta-analysis, 
randomized controlled trials, non-randomized trials, economic 
evaluations, and clinical practice guidelines 

 
Exclusion Criteria 
 
Studies were excluded if they did not meet the selection criteria, were published prior to 2009, 
or evaluated guideline implementation or adherence. Economic evaluations which assessed the 
financial impact of switching from an intravenous PPI to its oral dosage form or from substituting 
a brand name for a generic product were also excluded. 
 
Critical Appraisal of Individual Studies 
 
Non-randomized trials were assessed using the Downs and Black checklist.8 The quality of 
guidelines was evaluated using the AGREE II tool.9 Numeric scores are not reported; instead a 
narrative and tabular description of the strengths and limitations of each included study is 
presented. 
 
SUMMARY OF EVIDENCE 
 
Quantity of Research Available 
 
The selection of studies is summarized in Appendix 1. The literature search yielded 422 
citations. After screening of abstracts, 20 potentially relevant publications from the literature 
search and two potentially relevant publications from the grey literature were selected for full 
text review. In total, nine reports met the inclusion criteria: three non-randomized trials, and six 
clinical practice guidelines (CPGs). No health technology assessments, systematic reviews, 
randomized controlled trials, or economic evaluations met the inclusion criteria. 
 
Additional references of potential interest which did not meet the selection criteria are provided 
in Appendix 2. 
 
Summary of Study Characteristics 
 
i) Non-randomized trials 
 
Three uncontrolled longitudinal studies examined the effectiveness of strategies aimed at 
reducing or eliminating the use of PPIs. Two trials10,11 had interventions aimed at clinicians and 
one trial geared the intervention to patients.12 Information on the characteristics of the non-
randomized trials is provided in Appendix 3, Table A3.1. 
 
A study by Bundeff and Zaiken evaluated the impact of pharmacist-led recommendations to 
clinicians to reduce the use of PPI in patients without indication for long-term therapy (not 
defined).10 Ambulatory patients on chronic PPI therapy (three or more months of PPI use in a 
five month period) were identified through electronic records at five US medical centres 

Proton Pump Inhibitor Cessation   2 
 
 



 
 

(N=117). Patients were excluded from entering the study if they had specific gastrointestinal 
disorders such as Zollinger-Ellison syndrome (please refer to Table A3.1 in Appendix 3 for the 
complete list of exclusion criteria). The primary outcome was the overall change in mean 
number of PPI pills per month (PPM) count from baseline to follow-up. A sample size of 130 
patients (250 taper recommendations) was needed to detect a 70% reduction in PPI use at the 
5% level of significance with 80% power. Mean patient age was 57.4 years (standard deviation 
10.0) and 34% of patients were male. Patients had used a PPI for 59 months (mean, standard 
deviation 36 months). The majority of patients suffered from GERD (65%) and 26% of patients 
had no diagnosis recorded on file. For patients included in the study, pharmacists sent 
recommendations for tapering of PPI therapy to primary care providers the day before each 
patient’s appointment. The PPI Taper Algorithm made recommendations on lowering the PPI 
dose, substituting the PPI to ranitidine, or eliminating the use of the PPI altogether.10 The 
algorithm was not based on clinical indications but rather whether or not the patient tolerated the 
change in dose or switch to ranitidine. Tapering of medication and follow-up for recurrence of 
symptoms were done at the discretion of the physician. 
 
Hamzat et al. conducted a study to assess the effectiveness of an educational program aimed 
at clinicians with a view to reduce inappropriate PPI prescribing in elderly patients.11 The 
authors used the UK National Institute of Clinical Excellence (NICE) guidelines to identify 
appropriate PPI uses. A minimum sample size of 130 patients taking PPIs was deemed 
necessary for multivariate analyses. An estimated 400 to 500 patients were expected to be 
admitted to the clinic during the study period, resulting in an expected 154 to 192 PPI users, 
based on a prevalence use of 38 %. A total of 440 consecutive patients aged 66 years or more 
were admitted to an acute geriatric medicine unit in Scotland between 01 February 2011 and 30 
June 2011. Of these 440 patients, PPIs were prescribed to 164 patients prior to admission. Data 
on patient demographics, medication exposure, and indications for PPI use were collected from 
medical records. Mean patient age was 82 years (interquartile range 78 to 87) and 51% of 
patients were male. Indication for PPI use included previous peptic ulcer (22%), GERD (19%), 
recent or recurrent peptic ulcer disease (2%), uninvestigated dyspepsia (2%), and non-ulcer 
dyspepsia (1%). A 30-day educational strategy consisted of providing printed material with 
prescribing recommendation to physician and medical trainees; posters with similar content 
displayed in each ward; weekly email reminders to staff; and presentations at weekly meetings 
in the department of medicine. The educational strategy was considered successful when a 
patient had their PPI dose reduced or stopped during or immediately following the intervention. 
There were no plans for short-term or long-term follow-up to determine adherence to the 
educational strategy.11 
 
Another study was conducted by Murie et al. to evaluate the effectiveness of an educational 
intervention aimed at reducing PPI utilization.12 Records of patients from a Scottish general 
medical practice were reviewed. Inclusion criteria included patients with a diagnosis of GERD or 
non-ulcerative dyspepsia on long-term PPI treatment (two consecutive months or more). 
Exclusion criteria are listed in Table A3.1 in Appendix 3. When inclusion and exclusion criteria 
were applied, 166 eligible patients were identified and 157 chose to participate in the study. The 
median age was 63.3 years (standard deviation 14.1) and 43% of patients were male. The 
intervention consisted of having patients meet with a nurse to obtain a medical history. Patients 
were then provided with verbal and written educational information on their condition and 
causes, risk factors, alternative treatment options, and lifestyle advice. The nurse assisted 
patients in formulating a plan to stop or reduce their PPI usage. Follow-up visits occurred at 3 
months and 12 months to record patient progress and PPI use. The main outcome measure 
was the number of patients that successfully decreased or eliminated their use of PPIs.12 
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Two of the three trials also examined the medication cost savings.10,12 
ii) Clinical practice guidelines 
 
A total of six CPGs met the inclusion criteria. Information on the characteristics of the CPGs is 
provided in Appendix 3, Table A3.2. 
 
Country of Origin and Population 
 
Two American guidelines and one from Brazil dealt with GERD.13-15 One Danish guideline dealt 
with stress ulcer prophylaxis (SUP) in intensive care unit (ICU) patients.16 Gastrointestinal (GI) 
bleeding was the subject of two guidelines, one from UK’s NICE17,18 and one international.19 
 
Guidelines’ Development Methodology 
 
The NICE guidelines17,18 did not specify how the evidence was collected and selected; however 
the readers were referred to the NICE website for more information on how NICE guidelines are 
developed.18 
 
Five guidelines specified the types of databases searched, but it was unclear if the grey 
literature was searched in four guidelines.13-15,19 Three guidelines specified that searches for 
abstracts of conference proceedings and/ or manual searches of bibliographies were 
conducted.14,16,19 One guideline15 specified the language restrictions for their search and two14,16 
specified the study designs included. Recommendations were developed by expert panels 
through consensus in two guidelines15,19 and not specified in three.13,14,16 Criteria for the strength 
of recommendations and levels of evidence are included in Appendix 3, Table 3.3. 
 
Outcomes 
 
All CPGs included recommendations for treatment with PPIs for the various diseases of interest.  
 
Summary of Critical Appraisal 
 
i) Non-randomized trials 
 
The strengths and limitations of the non-randomized trials are summarized in Appendix 4, Table 
A4.1. Notwithstanding the lower quality study designs, all three non-randomized trials had 
clearly stated objectives and the interventions and outcomes were well described. Two studies 
provided sample size calculations.10,11 One study measured outcomes during and at the end of 
the intervention for a total study duration of one month. Data were unavailable for 40% of 
patients as complete admission and discharge data were available for 60% of the patients 
only.11 One study had planned a follow-up of five months but had data for three months only.10 
For these two studies this meant that there were no long-term follow-up to determine clinical 
consequences of reducing or eliminating PPI usage.10,11 The major limitation for all studies is the 
lack of a control group.  
 
ii) Clinical practice guidelines 
 
The strengths and limitations of the clinical practice guidelines are summarized in Appendix 4, 
Table A4.2.  
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Overall, the included guidelines were of moderate quality because the systematic methods used 
in the search for evidence were incomplete. Some guidelines lacked searches of the grey 
literature, hand-searching of reference lists, or detailed description of study design inclusion 
criteria.  Methods used for formulating the recommendations were only partially described in 
some guidelines, for example lacking a description of how consensus was reached. Guidelines’ 
objectives were clearly stated and the recommendations were clearly presented. The guidelines 
were developed by experts in the field of gastroenterology, and patient views were elicited in 
one17,18 of the six guidelines. None of the guidelines, except for one16 were externally peer-
reviewed prior to publication. In four guidelines,13,15,16,19 each recommendation was linked to key 
trials upon which the recommendations were based; three guidelines15,16,19 briefly commented 
on the trials’ strengths and limitations for some of the recommendations, although all guidelines 
rated the level of evidence. Two guidelines did not document funding source.13,16 Conflict of 
interest of the panel members were taken into consideration in all guidelines, except for one.13 
 
Summary of Findings 
 

A. Clinical effectiveness of programs aimed at reducing or eliminating the use of proton 
pump inhibitors  

 
The summary of results is available in Appendix 5, Table A5.1.  
 
In Bundeff and Zaiken, patients had used a PPI for a mean length of 59.3 months (standard 
deviation 36.1). At baseline, patients used a mean 25.6 pills per month (95% confidence interval 
23.1 to 28.1). Pharmacist recommendations were followed by the primary care provider 38% of 
the time. There was a decrease of 8.7 pills per month (95% confidence interval 6.4 to 11.1) at 
the 3-month follow-up: 31% of patients were able to stop their PPI; 26% of patients stopped 
their PPI but required intermittent H2RA or antacid therapy for symptom control; 5% of patients 
stopped their PPI but required maintenance therapy with an H2RA for symptom control; and 
59% of patients were on the same PPI dose and frequency. No information was provided as to 
reasons why the primary care providers did not follow the algorithm.10  
 
Patients had a mean age of 82 years (interquartile range 78 to 87) in Hamzat et al.11 A total of 
100/164 (61%) patients were inappropriately prescribed a PPI. Patients who were 
inappropriately administered a PPI treatment received the intervention, yet data were available 
for 60/100 (60%) of the patients only. Of these 60 patients, 10 patients (17%) were able to stop 
their PPI and 6 patients (10%) were able to reduce their PPI dose with no reports of symptoms 
of acid rebound in these patients during the one-month long study. It’s unclear as to whether or 
not the remainder of the patients (44 of the 60 patients) continued on treatment or why a 
decision was made not to reduce or eliminate PPI therapy. There was no information provided 
concerning the missing data of 40 patients.11 
 
In Murie et al., 147/157 (94%) of patients were able to stop or reduce their PPI use at three 
months and 138/157 (83%) continued to do so at the 12-month follow-up visit. No other 
information is available regarding patients who were unable to stop the medication, or regarding 
recurrence of symptoms for those who were able to reduce their PPI use.12 
 

B. Cost-effectiveness of programs aimed at reducing or eliminating the use of proton pump 
inhibitors  
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No studies evaluating cost-effectiveness met the inclusion criteria and hence no conclusions 
can be made with respect to the cost-effectiveness of PPI cessation programs.  
 
Two of the included non-randomized trials found that there were medication cost savings to be 
gained from reducing or eliminating the use of PPIs (Appendix 5, Table A5.1).10,12 However 
these studies did not consider all the direct and indirect costs and did not conduct cost-
effectiveness analyses. 

 
C. Recommendations from the clinical practice guidelines  

 
A summary of the recommendations and grading is available in Appendix 5, Table A5.2. 
 
Gastroesophageal reflux disease  
 

• Erosive esophagitis 
Indication: PPI is the acute and maintenance therapy of choice in patients with erosive 
esophagitis.13,14  

 
Dose: Esomeprazole 20/40 mg/day, lansoprazole 30 mg/day, omeprazole 20/40 mg/day, 
pantoprazole 40 mg/day and rabeprazole 20 mg/day are equivalent.15 

 
Duration of treatment: 8-week course.13 Maintenance PPI therapy should be 
administered in patients with erosive esophagitis and Barrett’s esophagus.13 

 
• Non-erosive reflux disease 

Indication: In non-erosive esophagitis, a histamine-2 receptor antagonist (H2RA) followed 
by a PPI if no improvement, or vice versa, are equally effective for acute and 
maintenance therapy.14 

 
Dose: Esomeprazole 20/40 mg/day, omeprazole 20 mg/day, pantoprazole 20 mg/day 
and rabeprazole 10 mg/day are equivalent.15  

 
Duration of treatment: Treatment upon demand is preferable to continuous or 
intermittent treatment.14,15 

 
• Partial responders or non-responders with GERD 

For patients with a partial response to once daily therapy, tailored therapy with adjusted 
timing of dose, twice daily dosing, or switching to a different PPI may provide additional 
symptom relief.13 

 
Non-responders to PPIs should be referred for evaluation.13 

 
Maintenance PPI therapy should be administered for GERD patients who continue to 
have symptoms after PPI is discontinued.13 

 
• Other 

Cases of acid reflux with atypical manifestations (asthma, bronchial hyperactivity, 
laryngitis and non-cardiac thoracic pain) respond better to a double dose of PPI for 
longer periods (2 to 6 months).15 
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Non-variceal gastrointestinal bleeding 
 

Indication: Offer a PPI for GI gastrointestinal bleeding or recent haemorrhage shown at 
endoscopy.17 An intravenous bolus followed by continuous infusion PPI therapy should 
be used in patients who have undergone successful endoscopic therapy.19 In patients 
with a previous bleeding ulcer who require an NSAID, the combination of a PPI and a 
Cox-2 inhibitor is recommended to reduce the risk for recurrent bleeding from that of 
Cox-2 inhibitors alone.19  

 
Duration of treatment: Patients should be discharged with a prescription for an oral PPI 
(single dosing) for a duration as dictated by the underlying etiology.19 

• Primary prophylaxis in acutely ill patients  
Offer acid suppression treatment (H2RA or PPIs) for primary prevention of upper 
gastrointestinal bleeding in acutely ill patients admitted to critical care.17 Review the 
ongoing need for acid suppression drugs for primary prevention of upper gastrointestinal 
bleeding in acutely ill patients when they recover or are discharged from critical care.17 

 
Stress ulcer prophylaxis in the ICU 
 
One guideline recommended that patients use a PPI when stress ulcer prophylaxis is indicated 
in adult critically ill patients in the ICU.16 
 
Limitations 
 
The major limitation for all non-randomized trials is the lack of a control group which means that 
the studies are descriptive only, hypothesis generating, and with a potentially exaggerated effect 
size. The inclusion of a control group with randomization of one group to the intervention and 
another to a mock intervention with blinding of investigators would have minimized the biases 
inherent to these studies. 
 
Complete data was unavailable for 40% of patients who had used PPIs inappropriately in the 
non-randomized trial by Hazmat et al.11 No information was provided on the reasons for the 
missing data and the characteristics of these patients were not described.  
 
One non-randomized trial relied on patients to self-report their use of PPIs which may have led 
them to exaggerate their compliance with the intervention.12  
 
All three non-randomized trials had short term outcomes (calculating the decrease or elimination 
of PPI doses). The sample sizes and duration of follow-ups were insufficient to evaluate the 
potential harms such as return of symptoms or the decrease in long-term complications such as 
fractures.  
 
Clinical practice guidelines were disease-based and not solely focusing on PPIs; hence the 
information on the use of PPIs was not as detailed (for example not all guidelines had dose or 
duration of treatment recommendations). Although the guidelines provided information on how 
to use PPIs, there was no information on dose reduction, switching therapy or discontinuation of 
treatment. The trials upon which the recommendations were made were mostly well-designed 
RCTs, although not all of the recommendations consistently reported the strengths and 
weaknesses of the trials. Furthermore some diseases for which PPI is a treatment were not 
represented (for example Helicobacter pylori treatment).  
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CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING  
 
In this review of PPI cessation programs, three non-randomized trials evaluated strategies to 
eliminate or reduce the use of PPI. These studies were uncontrolled and as such can only assist 
in generating hypotheses for future research. Of note, one study found that patients in an 
ambulatory care practice were administered a PPI for 59 months on average and another found 
that 60% of elderly patients admitted to a medical ward were administered a PPI 
inappropriately. This further highlights the fact that there is work to be done in ensuring that PPI 
are used for the right indication, at the right dose, and for the right duration. Nonetheless, 
educational interventions with patients or clinicians may reduce the use of PPIs as shown in the 
three uncontrolled trials. However, the trials were concerned with dose reduction or dose 
elimination and not clinical outcomes; it remains unclear whether PPI cessation programs will 
translate into better patient outcomes long-term. 
 
Eliminating or reducing the use of PPI would decrease drug cost as measured in two of the 
three uncontrolled trials, but the indirect costs and the risks or benefits of doing so are unknown. 
Potentially there could be a decrease in complications attributed to PPIs, but there could also be 
an increase in gastrointestinal symptoms such as bleeding ulcers and erosive esophagitis. 
However, no relevant literature was identified on the cost-effectiveness of PPI cessation 
programs. 
 
A total of six moderate-quality clinical practice guidelines on GERD, GI bleeding and SUP were 
published in the last five years. According to these, PPIs are indicated in erosive and non-
erosive reflux disease, non-variceal gastrointestinal bleeding and stress ulcer prophylaxis in ICU 
patients. Dosing and duration of treatment recommendations were made in some but not all of 
the guidelines. None of the guidelines made recommendations on dose reduction, treatment 
modification, or treatment discontinuation. To ensure that PPI cessation programs are based on 
sound clinical information and scientific evidence, and that treatment discontinuation is carried 
out appropriately, well-designed CPGs are required.  
 
 
 
PREPARED BY:  
Canadian Agency for Drugs and Technologies in Health 
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APPENDIX 1:  Selection of Included Studies 
 
 
 
 
  

402 citations excluded 

20 potentially relevant articles 
retrieved for scrutiny (full text, if 

available) 

2 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand 
search) 

22 potentially relevant reports 

13 reports excluded: 
-irrelevant intervention (6) 
-irrelevant outcomes (1) 
-other (review articles, guidelines not 
evidence-based)(6) 
 

9 reports included in review 

422 citations identified from 
electronic literature search and 

screened 
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APPENDIX 2:  Additional Information  
 
Methods for Guidelines Development Unclear (unclear if a systematic review of the literature 
was done) 
 
Bleeding Ulcer 
 
Laursen SB, Jorgensen HS, Schaffalitzky de Muckadell OB, Danish Society of Gastroenterology 
and Hepatology. Management of bleeding gastroduodenal ulcers. Dan Med J. 2012 
Jul;59(7):C4473. 
 
Helicobacter pylori infection 
 
Asaka M, Kato M, Takahashi S, Fukuda Y, Sugiyama T, Ota H, et al. Guidelines for the 
management of Helicobacter pylori infection in Japan: 2009 revised edition. Helicobacter. 2010 
Feb;15(1):1-20.  
 
Fock KM, Katelaris P, Sugano K, Ang TL, Hunt R, Talley NJ, et al. Second Asia-Pacific 
Consensus Guidelines for Helicobacter pylori infection. J Gastroenterol Hepatol. 2009 
Oct;24(10):1587-600.  
 
Selgrad M, Bornschein J, Malfertheiner P. Guidelines for treatment of Helicobacter pylori in the 
East and West. Expert Rev Anti Infect Ther. 2011 Aug;9(8):581-8. 
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APPENDIX 3:  Summary of Study Characteristics 
 
Table A3.1  Non-randomized Trials 
Author, 
year, 
country 

Study 
design 

Inclusion 
criteria 

Exclusion 
criteria 

Intervention Outcomes 

Bundeff et 
Zaiken, 
201310 
 
US 

Uncontrolled 
longitudinal 
studya 

 
N=117  
 
 
 

Ambulatory care 
patients with 
claims data for 
PPI prescription 
orders totaling 
≥3 months in the 
5 months prior 
to an upcoming 
appointment 
with a primary 
care provider 

ZE syndrome, 
Barret’s esophagus, 
esophageal 
stricture, 
esonophilic 
esophagitis, 
Schatzki’s ring, 
history of 
esophageal dilation 
or bariatric surgery, 
current GI ulcer, 
current H.pylori 
treatment, chronic 
oral steroid use, 
chronic NSAID use, 
a gastroenterologist 
visit within last year 

Pharmacist-led 
recommendation 
for PPI tapers 
(based on 
algorithm) sent to 
the primary care 
provider the day 
before each 
patient’s 
appointment 
 
 

Primary outcome: 
-overall change in 
mean pills per 
month count, 
follow-up 5 
months 
 
Secondary 
outcomes: 
-change in total 
annualized PPI 
costs 
-proportion of 
patients who 
began taper 
protocol after 
recommendation 

Hamzat et 
al., 201211 
 
UK 
 

Uncontrolled 
longitudinal 
studya 

 
N=440 
admitted 
patients; 
N=164 
patients 
prescribed a 
PPI before 
admission 
 
 

Consecutive 
patients >65 
years admitted 
to an acute 
geriatric 
medicine unit in 
a hospital 

None specified Educational 
strategy on 
appropriate use of 
PPI: included a 
recommendation 
flier for physicians 
and medical 
trainees, posters 
posted on each 
ward, weekly 
emails to staff, and 
presentations at 
weekly medical 
meetings 

Number of 
patients 
inappropriately 
prescribed a PPI  
 
Number of 
patients with PPI 
dose reduced or 
stopped 

Murie et 
al., 201212 
 
UK 

Uncontrolled 
longitudinal 
studya 

 
N=166 eligible 
patients; 
N=157 
attended the 
clinic 
 
 

Adult patients in 
one general 
medical practice 
in Scotland with 
long-term PPI 
use (≥ 2 
consecutive 
months) with a 
diagnosis of 
GERD or NUD 

ZE syndrome, 
current H.pylori 
treatment, 
terminally ill 
patients, 
esophagitis Grades 
3 or 4, patients on 
high dose 
corticosteroids, 
immunosuppressant
chemotherapy or 
radiotherapy, 
esophageal stricture 
or dilation, history of 
esophageal varices 

Patient-centred 
programme: nurse 
led dyspepsia clinic 
where patients 
were given verbal 
and written 
education 
information during 
an initial visit 
 
Alginate 
(Gaviscon®) 
offered as 
breakthrough 
medication  

Number of 
patients who have 
reduced or 
stopped their PPIs 
after 3 and 12 
months 
 
Cost savings 

GERD=gastro-esophageal reflux disease, GI=gastrointestinal, NSAID= non-steroidal anti-inflammatory drug, NUD=non-
ulcerative dyspepsia, PPI=proton pump inhibitor, ZE=Zollinger-Ellison syndrome 
 
aAn uncontrolled longitudinal study is one where observations are made on a series of patients, usually all receiving the 
same intervention, before and after an intervention but with no control group.  
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Table A3.2:  Clinical Practice Guidelines 
Author, year, 
country 

Objectives Evidence collection, selection and 
synthesis 

Gastroesophageal reflux disease (GERD) 
Katz et al., 201313 
 
US 
 
P.308 

“To provide an overview of 
GERD and its presentation and 
recommendations for the 
approach to diagnosis and 
management”  

A search of OVID Medline, PubMed and 
ISI Web of Science conducted from 1960 
to 2011 
 
 

Heidelbaugh et al., 
201214 
 
US 
 
P. 1 

“To implement a cost-effective 
and evidence-based strategy for 
the diagnosis and treatment of 
GERD”  

Update to previous guidelines; Medline 
search up to March 2011; searched 
abstracts from recent meetings 
 
Included prospective RCTs, and when 
data not available, observational trials 
considered. Expert opinions were 
considered in the absence of data 

Moraes-Filho et al., 
201015 
 
Brazil 
 
P. 100 

“To develop guidelines for the 
diagnosis and management of 
GERD”  

A search of Medline, Embase, and Siclo-
Lilacs databases, Cochrane Registry from 
May 1966 to now (date not reported). 
Search conducted in English, French, 
German, Spanish and Portugese 

Gastrointestinal bleeding 
Dworzynski et al., 
201217 
 
NICE guidelines18 P.4 
 
UK  

“To identify which diagnostic 
and therapeutic steps are useful 
in managing acute upper 
gastrointestinal bleeding” 

Not specified (readers were referred to the 
NICE website for more information on how 
NICE guidelines are developed) 

Barkun et al., 201019 
 
International 
 
P.101-102 

“To provide an international 
update to the 2003 consensus 
recommendations for the 
management of patients with 
nonvariceal upper 
gastrointestinal bleeding” 

A search of Medline, Embase, Cochrane 
Central Register of Controlled Trials and 
ISI Web of Knowledge up to 2008; manual 
searches of bibliographies of key articles 
and proceedings of abstracts of major 
gastroenterology meetings held in the last 
5 years 

Stress ulcer prophylaxis 
Madsen et al., 201416 
 
Denmark 
 
P.1 

“To summarize current evidence 
and give clinical 
recommendations for the use of 
stress ulcer propylaxis in the 
intensive care” 

A search of PubMed and Cochrane Library; 
hand-searched reference lists of relevant 
publications – no study design excluded 
 
Up to 01 November 2013 

GERD=gastroesophageal reflux disease, PPI=proton pump inhibitor 
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Table A3.3: Grading of Recommendations for the Clinical Practice Guidelines 
Guideline  Strength of Recommendation Level of Evidence 
Gastroesophageal reflux disease (GERD) 
Katz et al., 201313 
 
P. 308 
 
 

“Strong: the desirable effects of an 
intervention clearly outweigh the 
undesirable effects 
 
Conditional: uncertainty about the 
trade-offs” 
 

GRADE system 
“High: further research unlikely to change 
the authors’ confidence in the estimate of 
effect 
 
Moderate: further research would be likely 
to have an impact on the confidence of the 
estimate of effect 
 
Low: further research would be expected to 
have an important impact on the confidence 
of the estimate of the effect and would be 
likely to change the estimate” 

Heidelbaugh et al., 
201214 
 
P.1 

“I=generally should be performed 
II=may be reasonable to perform 
III=generally should not be 
performed” 

“A= RCTs 
B=controlled trials, no randomization 
C=observational trials 
D=opinion of expert panel” 

Moraes-Filho et al., 
201015 
 
P.100 
 
 

“Grade A recommendations 
resulted in unanimous acceptance 
 
Grade B recommendations were 
accepted by consensus upon 
voting by Consensus Group (level 
of agreement in the final vote 
expressed as percentage)” 

“A=SRs or large RCTs with low probability 
of bias 
B=SRs of cohort studies with homogeneity, 
individual cohort studies, non-controlled 
cohort studies/ ecological studies and SRs 
of case-control studies with homogeneity 
C or D=non-controlled studies, case 
reports, reports based on consensus, 
physiological and animal studies” 

Gastrointestinal bleeding 
Dworzynski et al., 
201217 
 
P.1 
 
 

Not specified “NICE recommendations are based on 
systematic reviews of the best available 
evidence and explicit consideration of cost 
effectiveness. When minimal evidence is 
available, recommendations are based on 
the Guideline Development Groups’ 
experience and opinion on what constitutes 
good practice.” 

Barkun et al., 201019 
 
Appendix Table 1 
 
 

“Do it or don’t do it: 
Grade 1A – Strong 
recommendation, high quality 
evidence 

Consistent evidence from RCTs without 
important limitations or exceptionally strong 
evidence from observational studies 

Grade 1B – Strong 
recommendation, moderate quality 
evidence 

Evidence from RCTS with important 
limitations 

Grade 1C – Strong 
recommendation, low or very low 
quality evidence 

Evidence for at least one critical outcome 
from observational studies, case series or 
from RCTs with serious flaws or indirect 
evidence 

Probably do it or probably don’t do it: 
Grade 2A – Weak 
recommendation, high quality 
evidence 

Consistent evidence from RCTs without 
important limitations or exceptionally strong 
evidence from observational studies 
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Guideline  Strength of Recommendation Level of Evidence 
Grade 2B – Weak 
recommendation, moderate quality 
evidence 

Evidence from RCTs with important 
limitations 

Grade 2C – Weak 
recommendation, low or very low 
quality evidence 

Evidence for at least one critical outcome 
from observational studies, case series or 
from RCTs with serious flaws or indirect 
evidence” 

Stress ulcer prophylaxis 
Madsen et al., 201416 
 
P.2 
 
 

“We recommend – 1 : strong 
recommendation 
 
We suggest – 2 : weak 
recommendation” 

“RCT – high or moderate (A or B) 
Observational studies : low or very low (C 
or D) 
 
Downgrade if  
1) Risk of bias 
2) Inconsistent results 
3) Indirectness of evidence 
4) Imprecision of results 
Other (e.g., suspicion of publication bias)” 

RCTs=randomized controlled trials, SRs=systematic reviews  
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APPENDIX 4:  Summary of Critical Appraisal 
 
Table A4.1:  Non-randomized Trials 
Author, year  Strengths Limitations 
Bundeff et 
Zaiken, 201310 

⋅ Objectives clearly described 
⋅ Interventions and outcomes 

clearly described  
⋅ Sample size/ power calculation 

provided 
⋅ Multi-centred 

⋅ No control group 
⋅ Inclusion criteria not specific, which may 

affect the generalizability of the results 
⋅ ¼ of patients had no information on 

diagnosis/ indication for PPI use 
⋅ Only 3 months of follow-up instead of 5 

months as originally planned 
⋅ No long-term follow-up to determine clinical 

consequences of reducing or eliminating 
PPI usage 

Hamzat et al., 
201211 
 

⋅ Objectives clearly described 
⋅ Interventions and outcomes 

clearly described  
⋅ Sample size/ power calculation 

provided 

⋅ No control group 
⋅ Short follow-up (one month) 
⋅ Large loss to follow-up (40%) 
⋅ No long-term follow-up to determine clinical 

consequences of reducing or eliminating 
PPI usage 

⋅ Study conducted at one hospital in older 
patients which may affect the 
generalizability of the results 

Murie et al., 
201212 

⋅ Objectives clearly described 
⋅ Interventions and outcomes 

clearly described  

⋅ No control group 
⋅ No sample size/ power calculation 
⋅ Study conducted at one clinic which may 

affect the generalizability of the results 
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Table A4.2:  Strengths and Limitations of Guidelines using AGREE II  
 Katz13 Heidelbaugh14 Moraes15 Dworzynski17 Barkun19 Madsen16 
Overall objectives of guideline is described 
 Yes Yes Yes Yes Yes Yes 
Health questions covered by the guideline is described 
 Yes Yes Yes Yes Yes Yes 
Population to whom guidelines is meant to apply is described 
 Yes Yes Yes Yes Yes Yes 
Guidelines development group includes all relevant professional groups 
 NR Yes Yes Yes Yes Yes 
Views and preferences of target population were sought 
 NR NR NR Yes NR NR 
Target users of guidelines is defined 
 NR NR Yes Yes Yes NR 
Systematic methods are used to search for evidence 
 Yes Yes Yes NR Yes Yes 
Criteria for selecting evidence are described 
 Yes Yes Yes NR Yes Yes 
Strengths and limitations of the body of evidence are described 
 NR NR Yes NR Yes Yes 
Methods for formulation of the recommendations are described 
 Yes Yes Yes Yes Yes Yes 
Health benefits, side effects and risks have been considered in formulating the recommendations 
 Yes Yes Yes Yes Yes Yes 
There is an explicit link between the recommendation and the supporting evidence 
 Yes NR Yes NR Yes Yes 
Guidelines has been externally reviewed by experts prior to publication 
 NR NR NR NR NR Yes 
A procedure for updating the guideline is provided 
 NR NR NR Yes Yes NR 
Recommendations are clearly presented 
 Yes Yes Yes Yes Yes Yes 
Applicability of guidelines is discussed 
 NR NR Yes Yes Yes Yes 
Funding body is stated 
 NR Yes Yes Yes Yes NR 
Conflict of interest of group members is stated 
 NR Yes Yes Yes Yes Yes 
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APPENDIX 5:  Summary of Findings 
 
Table A5.1:  Results for Non-randomized Trials 
Author, 
year  

Baseline patient characteristics Results 

Bundeff et 
Zaiken, 
201310 
 
 

Mean age, years: 57.4 (SD 10) 
Male: 29.1% 
Mean length of prior PPI use, months: 59.3 
(SD 36.1)  
Patients with previous use of H2RA: 23.9% 
 
Diagnosis 
None: 25.6% 
GERD: 65.0% 
Dyspepsia: 2.6% 
Gastritis/duodenitis/esophagitis: 6.8% 

44/117 (37.6%) of pharmacists’ 
recommendations were followed by the 
primary care provider at the patient visit 
Baseline mean PPM count:  
25.6 (95% CI: 23.1 to 28.1) 
 
3-month F/U mean PPM count:  
16.9 (95% CI: 14.3 to 19.5) 
 
Difference in mean PPM count:  
8.7 (95% CI: 6.4 to 11.1) 
Yearly PPI cost savings: $US 18,181 
(117 patients) – does not take into 
consideration the additional costs of 
H2RAs or antacids as alternate 
treatments 

Hamzat et 
al., 201211 
 
 

Mean age, years: 82 (IQR 78 to 87) 
Male: 51.2% 
 
Indication for PPI use  
Previous peptic ulcer: 22% 
GERD: 19% 
Recent or recurrent PUD: 2% 
Uninvestigated dyspepsia: 2% 
Non-ulcer dyspepsia: 1% 

100/164 (61%) patients inappropriately 
prescribed a PPI 
Of the 100 patients with inappropriate PPI 
prescribing, data available for 60 patients 
(60%) 
⋅ 10/60 patients stopped PPI (17%) 
⋅ 6/60 patients reduced PPI dose 

(10%) 
 
No reports of acid rebound symptoms 

Murie et al., 
201212 

Median age, years: 63.3 (SD 14.1) 
Male: 43.4% 
 

Patients stopped or reduced their PPI 
dose 
⋅ after 3 months: 147/157 (94%)  
⋅ after 12 months: 138/157 (83%) 
Annual cost of alginate rescue increased 
by £513.02 
 
Annual cost of PPI reduced by £3693.69 
 
Annual net savings £3180.67 

CI=confidence interval, F/U=follow-up, GERD=gastro-esophageal reflux disease, H2RA=histamine receptor 
antagonist, IQR=interquartile range, PPI=proton pump inhibitor, PPM=pills per month, PUD=peptic ulcer disease, 
SD=standard deviation 
 
  

Proton Pump Inhibitor Cessation   19 
 
 



 
 

Table A5.2:  Recommendations in Clinical Practice Guidelines 
Guideline Recommendations and grades 
Gastroesophageal reflux disease (GERD) 
Katz et al., 201313 
 
 
 

“8-week course of PPIs is therapy of choice for symptom relief and healing of 
erosive esophagitis 
 
No major differences in efficacy between the different PPIs. [Strong 
recommendation, high level of evidence] 
 
Traditional delayed release PPIs should be administered 30 – 60 min before. 
[Strong recommendation, moderate level of evidence]  
 
Newer PPIs may offer dosing flexibility relative to meal timing. [Conditional 
recommendation, moderate level of evidence] 
 
PPI therapy should be initiated at once a day dosing, before the first meal of the 
day. [Strong recommendation, moderate level of evidence] 
 
For patients with partial response to once daily therapy, tailored therapy with 
adjustment of dose timing and / or twice daily dosing should be considered in 
patients with night-time symptoms, variable schedules, and / or sleep 
disturbance. [Strong recommendation, low level of evidence] 
 
Non-responders to PPI should be referred for evaluation. [Conditional 
recommendation, low level of evidence] 
 
In patients with partial response to PPI therapy, increasing the dose to twice 
daily therapy or switching to a different PPI may provide additional symptom 
relief. [Conditional recommendation, low level evidence] 
 
Maintenance PPI therapy should be administered for GERD patients who 
continue to have symptoms after PPI is discontinued and in patients with 
complications including erosive esophagitis and Barrett’s esophagus.[Strong 
recommendation, moderate level of evidence]  
 
For patients who require long-term PPI therapy, it should be administered in the 
lowest effective dose, including on demand or intermittent therapy. [Conditional 
recommendation, low level of evidence]” P. 309 

Heidelbaugh et al., 
201214 
 
 
 

Non-erosive reflux disease:  
“Step-up (H2RA then followed by a PPI if no improvement) and step-down (PPI 
followed by the lowest dose of acid suppression) therapy are equally effective 
for acute treatment and maintenance [I B]. On demand (patient-directed) 
therapy is the most cost-effective strategy [I B].  
 
Erosive esophagitis:  
Initial PPI therapy is the treatment of choice for acute and maintenance therapy 
for patients with documented erosive esophagitis [I A].  
 
Take PPI’s 30-60 minutes prior to breakfast (and dinner if twice daily dosing) to 
optimize effectiveness [I B]. Use generic and over-the-counter formulations 
exclusively, eliminating need for prior authorizations.  
 
Patients should not be left on acid suppression therapy without re-evaluation of 
symptoms to minimize cost and the potential adverse events from medications [I 
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Guideline Recommendations and grades 
B].” P.1 
 

Moraes-Filho et al., 
201015 
 
 
 

All Grade A recommendations 
“There is no difference regarding the clinical response to the treatment with PPI 
taken as two daily doses, when compared to a single daily dose. 
 
When PPIs were used in full dose, no statistical difference was observed 
between 4 and 8 weeks of treatment. In cases of therapeutic failure, the time of 
treatment can be extended from 4 to 8 weeks, as although no significant 
difference was observed between the two periods, the number of satisfactory 
responses is higher after 8 than after 4 weeks. 
 
Esomeprazole 20/40 mg/day, lansoprazole 30 mg/day, omeprazole 20/40 
mg/day, pantoprazole 40 mg/day and rabeprazole 20 mg/day are equivalent in 
the treatment of patients with erosive GERD.  
 
Esomeprazole 20/40 mg/day, omeprazole 20 mg/day, pantoprazole 20 mg/day 
and rabeprazole 10 mg/day are equivalent in the treatment of patients with non-
erosive GERD. Treatment upon demand is preferable to the continuous or 
intermittent treatment, with clinical and economic advantages 
 
The cases of acid reflux and atypical manifestations (asthma, bronchial 
hyperactivity, laryngitis and non-cardiac thoracic pain) respond better to a 
double dose of PPI for longer periods (2 to 6 months).” P. 105-108 
 
 

Gastrointestinal bleeding 
Dworzynski et al., 
201217 
 
 
 

Non-variceal bleeding: 
“Do not offer acid suppression drugs (H2RA or PPIs) before endoscopy to 
patients with suspected non-variceal upper gastrointestinal bleeding. [Based on 
moderate to low quality evidence from randomised controlled studies and 
economic evidence with direct to partial applicability and minor to potentially 
serious limitations] 
 
Offer PPIs to patients with non-variceal upper gastrointestinal bleeding and 
stigmata of recent haemorrhage shown at endoscopy. [Based on moderate to 
very low quality evidence from randomised controlled studies and economic 
evidence with direct applicability and minor serious limitations] 
 
Primary prophylaxis in acutely ill patients: 
Offer acid suppression treatment (H2RA or PPIs) for primary prevention of upper 
gastrointestinal bleeding in acutely ill patients admitted to critical care. If 
possible, use the oral form of the drug. [Based on low to very low quality 
evidence from randomised controlled studies and on economic evidence of 
partial applicability and potentially serious limitations] 
 
Review the ongoing need for acid suppression drugs for primary prevention of 
upper gastrointestinal bleeding in acutely ill patients when they recover or are 
discharged from critical care. [Based on the experience and opinion of the 
Guideline Development Group]” P. 2 

Barkun et al., 
201019 
 

“An intravenous bolus followed by continuous infusion PPI therapy should be 
used to decrease rebleeding and mortality in patients with high risk stigmata 
who have undergone successful endoscopic therapy. [Grade: High, 1A, do-it] 
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Guideline Recommendations and grades 
 
 

 
Patients should be discharged with a prescription for a single dose oral PPI for a 
duration as dictated by the underlying etiology. [Grade: Low, 1C, do-it] 
 
In patients with a previous ulcer bleeding who require an NSAID, the 
combination of a PPI and a Cox-2 inhibitor is recommended to reduce the risk 
for recurrent bleeding from that of Cox-2 inhibitors alone. [Grade: Moderate, 1B, 
do it]” P.104 

Stress ulcer prophylaxis 
Madsen et al., 
201416 
 
 

“We suggest using PPIs when stress ulcer prophylaxis is indicated in adult 
critically ill patients in the ICU [Grade 2C]” P.3 

H2RA=histamine receptor antagonist, NSAID= non-steroidal anti-inflammatory drug, PPI=proton pump inhibitor 
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