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ABSTRACT
Background: Proton pump inhibitors (PPIs) have proven clinical efficacy
for a variety of indications. However, there is emerging evidence of adverse
events associated with their long-term use. The emergence of these adverse
events has reinforced the need to regularly evaluate the appropriateness
of continuing PPI therapy, and to use only the lowest effective dose for
the minimally indicated duration. 

Objectives:To characterize the appropriateness of PPI orders continued
or initiated in the internal medicine and family practice units of Vancouver
General Hospital, to detect adverse events associated with PPI use, and
to explore the impact of multidisciplinary teaching and provision of 
educational resources on health care practitioners’ views about PPI use.

Methods: A chart review was conducted for patients admitted (for at least
24 hours) between January 1 and December 31, 2015, for whom a 
hospital formulary PPI was prescribed. An educational initiative, which
included interprofessional in-service sessions, a PPI prescribing 
infographic, a PPI prescribing card, and a patient counselling sheet, was
implemented. The impact of these interventions was assessed using a 
qualitative survey of health care practitioners. 

Results:Of the 258 patients whose charts were reviewed, 175 had a PPI
prescription before hospital admission, and 83 were initiated on PPI 
therapy during their hospital stay. Overall, 94 (36%) of the patients were
receiving PPIs without an appropriate indication. Community-acquired
pneumonia and Clostridium difficile infections were the most common
adverse events potentially associated with PPI use. In-service sessions and
educational resources on PPI prescribing were reported to affect the 
clinical practice of 24 (52%) of the 46 survey respondents. 

Conclusions: The results of this study emphasize the need for ongoing
re-evaluation of long-term PPI therapy at the time of admission, during
the hospital stay, and upon discharge. Implementing multidisciplinary
teaching and providing educational resources may encourage more 
appropriate prescribing. 

RÉSUMÉ
Contexte : Les inhibiteurs de la pompe à protons (IPP) ont prouvé leur
efficacité clinique pour une gamme d’indications. Cependant, de 
nouvelles données sur leur utilisation à long terme leur imputent des
événements indésirables. L’émergence de ces événements indésirables a
renforcé l’idée qu’il est nécessaire d’évaluer régulièrement la pertinence
d’un traitement prolongé par IPP et d’employer seulement la plus faible
dose efficace pendant la durée indiquée la plus courte. 

Objectifs : Offrir un portrait de la pertinence des ordonnances d’IPP, 
renouvelées ou nouvelles, dans les services de médecine interne et 
de médecine familiale de l’Hôpital général de Vancouver, détecter les
événements indésirables liés à l’utilisation des IPP et étudier l’effet qu’ont
une formation multidisciplinaire et une fourniture de ressources éducatives
sur les points de vue des professionnels de la santé à propos des IPP.  

Méthodes : Une analyse rétrospective de dossiers médicaux a été menée
auprès de patients qui ont été admis (pendant au moins 24 heures) entre
le 1er janvier et le 31 décembre 2015 et qui se sont vu prescrire un IPP 
inscrit sur la liste des médicaments de l’hôpital. On a mis en place un 
programme éducatif comprenant des séances de formation interprofes-
sionnelles internes, un document infographique de prescription des IPP,
une carte de prescription des IPP et une fiche de conseils aux patients. 
L’effet de ces interventions a été évalué à l’aide d’une enquête qualitative
auprès des professionnels de la santé. 

Résultats : Parmi les 258 patients dont le dossier a été examiné, 175
avaient une ordonnance d’IPP avant l’admission à l’hôpital et 83 ont
amorcé un traitement par IPP pendant leur séjour. Dans l’ensemble, 
94 (36 %) des patients recevaient un IPP sans indication pertinente. Les
infections à Clostridium difficile et les pneumonies extra-hospitalières
représentaient les événements indésirables les plus courants potentielle-
ment liés à l’utilisation des IPP. On a signalé que les séances de formation
interne et les ressources éducatives sur la prescription des IPP avaient 
eu un effet sur la pratique clinique de 24 (52 %) des 46 participants à
l’enquête. 
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INTRODUCTION 

Proton pump inhibitors (PPIs) are a class of medications that
inhibit parietal cell hydrogen potassium ATPase pumps and

suppress gastric acid secretion. Approved indications include 
severe gastroesophageal reflux disease (GERD), erosive and 
ulcerative esophagitis, gastric and duodenal ulceration, stress ulcer
prophylaxis, prevention of ulceration induced by nonsteroidal
anti-inflammatory drugs (NSAIDs), eradication of Helicobacter
pylori, Barrett esophagus, and Zollinger–Ellison syndrome.1-4The
recommended duration of use is usually short term (2–8 weeks),
with few patients requiring long-term treatment.5 Despite their
capacity to provide clinically significant symptom management,
prolonged use of PPIs has been associated with a plethora of 
adverse effects, including Clostridium difficile infections, hospital-
and community-acquired pneumonia, dementia, osteoporosis and
fracture, hypomagnesemia, hypoparathyroidism, and vitamin B12
deficiency.1-3,6-13 Thus, it may be beneficial to regularly evaluate
the appropriateness of PPI use for individual patients, and to treat
only with the lowest effective dose for the minimally indicated
duration.14

According to a 2016 report of the Canadian Institute for
Health Information, PPIs accounted for more than $250 million
dollars of annual spending on prescribed drugs, and ranked ninth
among the top 100 drug classes used in British Columbia.15

Regionally, this translated to 13 174 orders for oral PPIs at 
Vancouver General Hospital, with 2550 originating from the 
internal medicine and family practice inpatient units. PPIs are 
frequently used without a clear indication (e.g., in the absence of
ulcer disease, esophagitis, or severe GERD), and inappropriate
prescribing has been identified for about 50% of users.3,16,17 In 
addition, PPI prescriptions are often automatically renewed, 
despite resolution of the original indication,18 a process known as
“prescribing inertia”.19,20When compounded with their effective-
ness in relieving dyspepsia and the lack of immediate adverse 
effects that would dissuade patients from using these drugs, 
PPI overprescribing is becoming more prevalent in clinical 
practice.2,3,17,21,22

For these reasons, PPI deprescribing initiatives are increasing,
especially for older populations and patients who are taking more

than 5 prescription medications daily.18,23 At present, interventions
to ameliorate PPI overprescribing that have been tried and 
reported in the literature include standardized guidelines on 
prescribing practice for patients not receiving PPIs at the time of
hospital admission,2 PPI deprescribing guidelines for long-term
care,8 an in-hospital pharmacist-managed program for stress ulcer
prophylaxis,24 and an in-hospital computerized clinical-decision
support intervention.25 Common among all of these interventions
has been a significant decrease in the average number of PPIs 
ordered and re-ordered in both inpatient and outpatient settings;
however, the overall practice of deprescribing has been difficult to
maintain beyond the intervention period.2,4,8,12,25 Cited barriers
have included lack of access to a complete medical history follow-
ing a transition of care, time limitations in reviewing the complete
medical history and reassessing the patient, and malpractice 
concerns.8,16,26

The objective of this study was to first characterize the use
of PPIs and detect adverse events associated with PPI use at 
Vancouver General Hospital, and to then develop, implement,
and evaluate an intervention targeted toward improving PPI use.

METHODS

Phase 1

In this phase, a retrospective, single-centre study was 
conducted at a tertiary care teaching hospital located in Vancouver,
British Columbia. The hospital pharmacy’s computerized 
prescription database (Carecast patient care information system,
IDX Systems Corporation) was used to identify patients who were
admitted between January 1 and December 31, 2015, and who
received a hospital formulary PPI (pantoprazole or esomeprazole
for oral administration) during their admission. Inclusion and 
exclusion criteria were then applied. Patients had to have stayed
in hospital for at least 24 h and had to have been admitted to one
of the internal medicine or family practice units. The following
selection process was used for randomization. Charts for eligible
patients were numerically labelled; every third chart was selected,
and then every sixth chart was removed from those that remained.
Finally, a convenience sample of these randomly identified 
patients was selected for inclusion in the chart review. Baseline
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Conclusions : Les résultats de l’étude font ressortir la nécessité d’une 
réévaluation continuelle des traitements à long terme par IPP au moment
de l’admission, pendant le séjour et lors du congé. La mise en place de 
formation multidisciplinaire et l’offre de ressources éducatives pourraient
favoriser des pratiques de prescription plus adéquates. 
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characteristics, including age, sex, dates of admission and 
discharge, reason for admission, and medications before 
admission, were collected. Charts were reviewed to determine the
timeframe of the PPI therapy (short-term or long-term). The 
indication for PPI use was recorded and classified as to appropri-
ateness, according to predetermined criteria (Appendix 1, available
at https://www. cjhp-online.ca/index.php/cjhp/issue/view/186/
showToc). Adverse events potentially related to PPI use were also
noted, based on documentation of adverse event criteria (as 
defined in Appendix 1). Ethics approval was obtained from the
University of British Columbia’s Clinical Research Ethics Board
to conduct the chart review. 

Phase 2  

A multidisciplinary intervention targeting improvement in
PPI prescribing was developed, based on a literature review and
stakeholder input. The multifaceted intervention was imple-
mented between January 23 and March 24, 2017, which repre-
sented two 4-week clinical rotations. An infographic directed
toward health care professionals, which summarized PPI drug 
information and tapering regimens, was created (Figure 1). In 
addition, a PPI prescribing card (Appendix 2, available at
https://www.cjhp-online.ca/index.php/cjhp/issue/view/186/

showToc) was provided to all medical students, medical residents,
physicians, and pharmacists in the internal medicine and family
practice areas at the start of each rotation. A patient counselling
sheet (Appendix 3, available at https://www.cjhp-online.ca/
index.php/cjhp/issue/view/186/showToc), which outlined PPI
discontinuation information, was also created; this sheet was 
provided to the patient during the hospital admission to initiate
a discussion about PPI describing and/or to serve as a supplemental
reference once PPI de-escalation was initiated. Multidisciplinary
in-service sessions were carried out in all targeted units. Some staff
members could not attend these sessions in person, so a 7-min
online PowerPoint presentation with voiceover was also created,
with the link being sent out via e-mail. 

A qualitative survey was developed to solicit feedback from
the medical, pharmacy, and nursing staff who had been exposed
to the intervention; the survey was administered at the end of the
data collection period. The survey collected data on awareness of
the educational interventions and the impact of these resources
on clinical practice, as reported by the participating medical 
students, medical residents, physicians, nurses, and pharmacists.
The utility of the in-service sessions and the infographic, as 
perceived by the interprofessional team, was also assessed. 

Figure 1. Infographic for prescribing proton pump inhibitors (PPIs). © 2016, Vancouver Coastal Health. Reproduced
by permission.
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Statistical Analysis 

Descriptive statistics were used to assess outcomes in relation
to the objectives listed above. Results are expressed as means and
standard deviations (SDs) (with ranges), medians (with interquar-
tile ranges), or proportions of the total number of patients.

RESULTS

Phase 1 

A total of 13 174 patients were identified as having received
a PPI during the study period. Of those, 3969 received treatment
on one of the internal medicine or family practice units. After 
removal of duplicates, 2155 patients met the inclusion criteria,
and a convenience sample of 258 charts was reviewed (Figure 2).
The mean age of patients included in the chart review was 74 (SD
15) years, and 135 (52%) were men (Table 1). The median length
of hospital stay was 9 days, with a majority of patients admitted
to the internal medicine unit. On average, patients had 5 (SD 2)
comorbidities (a majority being of either cardiac or gastrointestinal
origin) and were taking 8 (SD 4) medications before hospital 
admission.

During the hospital stay, 235 (91%) of the patients received
oral pantoprazole, and 23 (9%) received oral esomeprazole (Table
2). For 175 (68%) of the patients, the PPI orders were for 
continuation of a PPI initiated before admission, whereas the 
remaining 83 (32%) patients had PPI orders initiated during the
hospital stay (Table 2). For PPI orders continued in hospital, the
median duration of therapy before admission was 18 weeks, with
an IQR of 0–31 weeks (Table 2).

Overall, 164 (64%) of the patients with PPI orders at 
Vancouver General Hospital had an appropriate indication 
(Figure 3). The most common indications were history of a 
bleeding gastrointestinal ulcer or refractory GERD (data not
shown). Similarly, 109 (62%) of the 175 patients with PPIs 
continued on admission and 55 (66%) of the 83 with PPIs 
initiated during the admission had an appropriate indication 
(Figure 3). Of the 175 patients whose PPI therapy was continued
upon hospital admission, 49 experienced adverse events poten-
tially associated with long-term PPI use, with 44 of these 49 
patients having taken a PPI for longer than 8 weeks. The most
common adverse events were community-acquired pneumonia
and C. difficile infection (Table 3). 

Phase 2 

A total of 46 health care professionals participated in the
qualitative survey (Table 4). Given the large number of health care
professionals who had rotations in the internal medicine and 
family practice units, we could not determine the number of staff
who were exposed to any aspect of the intervention and hence
could not calculate the response rate. Of the 46 survey respon-

dents, 17 (37%) reported that they had attended an in-service 
session or watched the online presentation, and 16 (94%) of these
found it to be an educational and effective use of their time (Figure
4). Of the educational resources available during the 2 months 
of the intervention, respondents were most aware of the PPI 
infographic (shown in Figure 1), reporting it to be an effective
method of communicating information about appropriate PPI
prescribing. Only 7 (15%) and 6 (13%) of survey respondents

Figure 2. Randomization and selection for chart 
review. IM = internal medicine, FP = family practice,
VGH = Vancouver General Hospital.
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were aware of the PPI prescribing card and patient counselling
sheet, respectively. Overall, 24 (52%) of the survey respondents
felt that the resources provided had had an impact on their clinical
practice.

DISCUSSION

Overall, 36% of patients were taking PPIs that had been 
ordered without an appropriate indication. More specifically, for
34% of patients with PPIs initiated during the admission and
38% of those with continuing PPI therapy (i.e., started before 
admission), there was no appropriate indication for the PPI order.
These findings are similar to the incidence of inappropriate PPI
prescribing reported in the literature.3,16,17,20 They also illustrate
that PPI prescribing at Vancouver General Hospital is vulnerable
to “prescribing inertia”, a situation in which medications are 
automatically continued despite resolution of the original 
indication18 and prescribers fail to de-escalate therapy when 
the therapy is no longer indicated. The observed incidence of 
inappropriate PPI prescribing may also be secondary to perceived
negative consequences if the medication is discontinued, both for
the prescriber (diminished credibility and therapeutic relationship
with the patient, conflict with other prescribers and health care
professionals) and for the patient (need to manage withdrawal

Table 1. Baseline Characteristics of Study Population 

Characteristic                                                No. (%) of Patients* 
                                                                                (n = 258)
Age (years), mean ± SD                                             74 ± 15
31–40                                                                    9      (3)
41–50                                                                  13      (5)
51–60                                                                  28    (11)
61–70                                                                  36    (14)
71–80                                                                  61    (24)
81–90                                                                  84    (33)
91–100                                                                26    (10)
≥ 101                                                                     1   (< 1)

Sex 
Men                                                                   135    (52)
Women                                                              123    (48)

Hospital unit
Internal medicine                                               163    (63)
Family practice                                                     95    (37)

Length of stay in hospital, median (IQR)                     9 (3–19)
No. of comorbidities, mean ± SD (range)           5 ± 2     (1–10)
Type of comorbidity
Cardiac                                                              227    (88)
Gastrointestinal                                                  188    (73)
Musculoskeletal                                                 140    (54)
Endocrine/metabolic                                          128    (50)
Psychiatric                                                          126    (49)
Respiratory                                                         105    (41)
Renal                                                                    83    (32)
Cancer                                                                 71    (28)
Genitourinary                                                       69    (27)
CNS/neurologic                                                    61    (24)
Other                                                                   45    (17)
Dermatologic                                                       39    (15)

No. of medications before admission,               8 ± 4     (0–22)
mean ± SD (range)
CNS = central nervous system, IQR = interquartile range, 
SD = standard deviation.
*Except where indicated otherwise.

Table 2. Assessment of PPI Orders at Vancouver 
General Hospital 

Characteristic                                                No. (%) of Patients*
                                                                                (n = 258)
Timeframe of PPI use
PPI initiated in hospital                                              83   (32)
PPI continued on admission                                    175   (68)
Duration of PPI use before admission                   18   (0–31)
(weeks), median (IQR)                                               
≤ 8 weeks                                                             63   (24)
9–52 weeks                                                          71   (28)
> 52 weeks                                                           41   (16)

PPI given during hospital stay
Pantoprazole (oral)                                                  235   (91)
20 mg once daily                                                    5     (2)
30 mg once daily                                                    1   (<1)
40 mg once daily                                                181   (77)
40 mg twice daily                                                 48   (20)

Esomeprazole (oral)                                                  23     (9)
40 mg once daily                                                    1     (4) 
40 mg twice daily                                                 22   (96) 

IQR = interquartile range, PPI = proton pump inhibitor.
*Except where indicated otherwise.

Figure 3. Orders for proton pump inhibitors (PPIs), categorized by appropriateness. Data in bar graph are expressed
as percentages.



Figure 4. Results of a survey of health care providers. Data in bar graph are expressed as percentages 
(n = 46 respondents).
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symptoms, symptom relapse, complications, morbidity).19

The finding that more than one-third of PPI prescriptions at 
Vancouver General Hospital were without an appropriate indica-
tion supports modification of current practice to favour a more
thoughtful and proactive approach to weighing the therapeutic
benefits and risks when prescribing PPIs (e.g., lowest effective dose
for the minimally indicated duration).14

Another important finding of this study was the duration of
PPI use for orders continued from before the admission: median
18 weeks, with an IQR of 0–31 weeks (Table 2). Considering that
one-third of all PPI orders were prescribed inappropriately, this

result quantifies the potential duration of unnecessary exposure
to PPI therapy, especially if the original indication was an acute
condition (requiring less than 8 weeks of treatment in total). Also,
although a causative relationship between adverse events and 
long-term PPI use was not elucidated in this study, the association
of community-acquired pneumonia and C. difficile infections
with PPI use corroborates data reported in the literature.3,27-29The
combination of these results with the observation that 44 of the
49 patients who experienced an adverse event had been taking a
PPI for longer than 8 weeks further reinforces the need to regularly
evaluate the appropriateness of continuing this type of medication
beyond the recommended short-term duration. 

Regarding the educational initiatives used to improve PPI
prescribing, 94% of the 17 survey respondents who attended an
in-service session or watched the online video found that this 
resource was educational and an effective use of their time. In 
addition, survey respondents were most aware of the PPI 
infographic as a tool to disseminate information on appropriate
PPI prescribing. These findings suggest that accessibility of and
exposure to educational resources may have the greatest impact
on PPI prescribing practices in the future, and are echoed by 
the results of similar studies reported elsewhere. For example, 
the OPTI-SCRIPT study explored this concept in general 
practitioner practices.30 The intervention in that study included
having a pharmacist provide a 30-min academic detailing session
with the physician to discuss potentially inappropriate prescribing
practices, a medication review that detailed web-based pharma-
ceutical treatment algorithms on alternative pharmacologic and
nonpharmacologic treatment options, and patient information
leaflets describing the reasons why a medication might not be 
appropriate and outlining alternative therapies that the physician

Table 4. Professions of Survey Respondents

Profession                                                  No. (%) of Respondents
                                                                                 (n = 46)
Nurse                                                                        22   (48)
Medical resident                                                       10   (22)
Physician                                                                     8   (17)
Pharmacist                                                                  3     (7)
Medical student                                                          3     (7)

Table 3. Potential Adverse Events Associated with 
Long-Term PPI Use

Outcome                                                        No. (%) of Patients
                                                                                (n = 49)*
Clostridium difficile infection                                    15   (31)
Community-acquired pneumonia                             25   (51)
Fracture                                                                      6   (12)
Vitamin B12 deficiency                                                 3     (6)
Other                                                                          3      (6)
Unknown                                                                   3      (6)
*Patients may have experienced multiple adverse effects
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could offer. Over a 6-month period, 30% of inappropriate PPI
therapy was stopped or changed to a histamine receptor antago-
nist, and among the patients who continued to receive treatment,
50% had a dose reduction. The authors concluded that these 
initiatives could effectively modify and reduce PPI prescribing.30

The academic detailing session and patient information leaflet
used in the OPTI-SCRIPT study were similar to our in-service
session and educational materials. Given these similarities and the
success of the OPTI-SCRIPT study, it can be theorized that had
we raised more awareness of the resources available at our site, and
continuously advocated for and implemented the algorithms for
appropriate prescribing and deprescribing, we could have achieved
similar improvements in PPI prescribing. 

With more than half of survey respondents reporting that
the educational intervention had an impact on their clinical 
practice, next steps may include continuing to educate the inter-
disciplinary team to (1) reassess the indication and need for a PPI
at the time of admission, throughout the hospital stay, and upon
discharge; and (2) specify the indication and stop date for 
discharge prescriptions (Figure 1). Moreover, early evaluation of
PPI therapy may allow time for patient education (Appendix 3)
and monitoring of symptom relapse if PPI discontinuation or
step-down is initiated during hospital admission, and specifying
the indication and stop date on discharge prescriptions may clarify
the care plan as the patient transitions from the hospital to the
community setting. Where possible, clinical pharmacists could
also intervene and provide prescribers with tapering regimens 
specific to each PPI, as well as making recommendations for 
adjunctive therapy during the taper period (histamine receptor
antagonists, nonpharmacologic management) (Figure 1). Future
studies at our site to assess and quantify the effect of these initia-
tives on PPI prescribing would be beneficial. 

Limitations

The limitations of this study include the small sample size
and the descriptive, single-centre, retrospective design. Patient
records that did not document the indication for PPI use were
excluded, and the results presented may under- or over-estimate
the rate of inappropriate PPI prescribing. The duration of PPI use
was quantified using the patient’s medication reconciliation record
or PharmaNet profile (see Appendix 1 for definition), which 
displayed all medications dispensed to a patient within a 6- or 
14-month period before the hospital admission, respectively. 
Because a majority of patients in the convenience sample had only
1 admission during the study period, and because there was a lack
of documentation as to whether the medication reconciliation
record or PharmNet profile had been used, delineation of the 
duration of PPI use beyond 6 months may be biased. Also, 
because this study endeavoured to detect adverse events with 
PPI use, we must clarify that the number of adverse events 
reported is likely an overestimate, given the small sample size, and

the adverse events observed may not be secondary to PPI use
alone, but rather may have been confounded by other factors (e.g.,
comorbidities [such as osteoporosis, which may result in bone
fractures], disease severity, and medications [such as metformin,
which reduces vitamin B12 absorption and may potentiate vitamin
B12 deficiency]). We were unable to determine the number of staff
exposed to any aspect of the intervention and therefore could not
determine the survey response rate. This limitation may have 
introduced selection and participation bias, and the opinions of
the 46 survey respondents may not be representative of all 
individuals exposed to the intervention. Changes in PPI prescrib-
ing after the intervention period (e.g., number of appropriate PPI
orders, number of PPIs discontinued, dose reductions, change in
therapy to a histamine receptor antagonist) were not quantified. 

CONCLUSION

Overall, one-third of patients receiving PPI therapy did not
have an appropriate indication. In an era in which patients taking
PPIs are of advanced age, have multiple comorbidities, experience
substantial pill burden associated with an increasing number of
long-term medications, and are at risk of adverse drug reactions,
it is important to continue to emphasize appropriate prescribing,
documentation of indications for use, and ongoing re-evaluation
of long-term PPI therapy. As shown in this study, one approach
may be to implement multidisciplinary teaching and provide 
educational resources. Success in changing practice is well 
documented, and minimizing exposure to PPI therapy over the
long term may positively affect patient outcomes.  
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