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Introduction

In 2013, proton pump inhibitors (PPIs) accounted for three of the top 30 drugs sold in France and about 78 million boxes were sold in community pharmacies in 2017. [START_REF] Ansm | Analyse des ventes de médicaments en France en[END_REF][START_REF] Ameli | Données mensuelles et annuelles sur les medicaments remboursés par l'Assurance Maladie[END_REF] Because of their effectiveness, PPIs represent the gold standard therapy for gastric acid-related disorders. PPIs have an excellent safety profile for short-term treatment, with no contraindications and no restrictions for use in relation to renal or hepatic function. [START_REF]Base de données publique des médicaments[END_REF] Furthermore, they do not require biological monitoring and unlike histamine H2-receptor antagonists, they are not associated with the risk of tachyphylaxis. [START_REF] Welage | Overview of pharmacologic agents for acid suppression in critically ill patients[END_REF] All of these reasons may explain why PPIs are currently highly prescribed, particularly in older patients. [START_REF] Ksiądzyna | Overuse of proton pump inhibitors[END_REF] However, PPIs may be associated with serious side effects with long-term treatment, especially in polymedicated and elderly patients. The most commonly described side-effects are an increased risk of enteric Clostridium difficile infection due to hypochlorhydria, osteoporosis due to a decrease in calcium absorption and metabolic disorders such as hyponatremia or hypomagnesaemia. [START_REF] Janarthanan | Clostridium difficile-associated diarrhea and proton pump inhibitor therapy: a meta-analysis[END_REF][START_REF] Jacob | The use of proton pump inhibitors is positively associated with osteoporosis in postmenopausal women in Germany[END_REF][START_REF] Saint | New frequent adverse reaction of PPI in older adults: mild hyponatremia[END_REF][START_REF] Cundy | Proton pump inhibitors and severe hypomagnesaemia[END_REF] Moreover, an increased risk of community-acquired pneumonia has been found in patients treated with a PPI and PPI use could be a risk factor for acute kidney damage. [START_REF] Lambert | Risk of community-acquired pneumonia with outpatient proton-pump inhibitor therapy: a systematic review and meta-analysis[END_REF][START_REF] Yang | Proton-pump inhibitors use, and risk of acute kidney injury: a meta-analysis of observational studies[END_REF] Finally, a risk of rebound hydrochloric acid hypersecretion has been described after long term treatment by PPI. [START_REF] Fossmark | Rebound acid hypersecretion after long-term inhibition of gastric acid secretion[END_REF] In addition to these adverse effects, PPIs may interact with other drugs like clopidogrel (particularly omeprazole and esomeprazole) or selective serotonin reuptake inhibitors, such as citalopram, escitalopram and sertraline, when concomitantly administered. [START_REF] Vaduganathan | Revisiting the Clopidogrel-Proton Pump Inhibitor Interaction: From Bench to Bedside[END_REF][START_REF] Pezalla | Initial assessment of clinical impact of a drug interaction between clopidogrel and proton pump inhibitors[END_REF][START_REF] Gilard | Influence of omeprazole on the antiplatelet action of clopidogrel associated to aspirin[END_REF][START_REF] Gjestad | Effect of proton pump inhibitors on the serum concentrations of the selective serotonin reuptake inhibitors citalopram, escitalopram, and sertraline[END_REF] Despite these adverse reactions and drug-drug interactions, PPIs are still overused in elderly patients, which questions current prescriptive attitudes. In fact, this population presents a significant risk of iatrogenesis due to, among others, polypharmacy and pharmacokinetic or pharmacodynamic changes. To prevent the risk of adverse reactions, the lowest dose of PPI should be prescribed, the indication reviewed regularly, and the appropriate duration of treatment should be respected.

French consensus guidelines approve PPI prescriptions for the treatment of gastroesophageal reflux disease (GERD) and esophagitis, the prophylaxis of duodenal and gastric lesions due to non-steroidal anti-inflammatory drugs in patients at risk, helicobacter pylori eradication and the treatment of duodenal and gastric ulcers. [START_REF]Bon usage du medicament. Les inhibiteurs de la pompe à protons chez l'adulte[END_REF] These guidelines also state that the use of PPI should be discontinued after 4 to 8 weeks or reassessed regularly if the symptoms persist. The same indications have been approved by the United States Food and Drug Administration. [START_REF]Proton Pump Inhibitors: Use in Adults[END_REF] However, despite the publication of these guidelines, PPIs are being prescribed off-label, at higher than recommended doses, for longer durations than recommended and without an identified indication. [START_REF] Forgacs | Overprescribing proton pump inhibitors[END_REF] The elderly population is at greater risk of an iatrogenic effect than the younger population. An iatrogenic condition can be an adverse effect caused by medical treatment. Polypharmacy is a well-known risk factor for adverse drug reactions. Polypharmacy, defined as "administration of more medications than clinically required or appropriate", particularly concerns older people in whom the rate of inappropriate use of PPI is estimated to be 50%. [START_REF] Parente | Hospital use of acid-suppressive medications and its fall-out on prescribing in general practice: a 1-month survey[END_REF][START_REF] Niklasson | Overuse of acid suppressive therapy in hospitalised patients with pulmonary diseases[END_REF][START_REF] Zink | Long-term use of acid suppression started inappropriately during hospitalization[END_REF][START_REF] Thomas | Longitudinal analysis of the costs associated with inpatient initiation and subsequent outpatient continuation of proton pump inhibitor therapy for stress ulcer prophylaxis in a large managed care organization[END_REF][START_REF] Ramirez | Overuse of PPIs in patients at admission, during treatment, and at discharge in a tertiary Spanish hospital[END_REF] Therefore, gradual deprescription of inappropriate PPI use in older patients is a recommended intervention for all physicians and pharmacists. [START_REF] Farrell | Deprescribing proton pump inhibitors: Evidence-based clinical practice guideline[END_REF] Hospitalization may be an opportunity for hospital doctors and pharmacists to reassess the ongoing need for PPI treatment, especially in cases of iatrogenic disease. In our establishment, awareness sessions on the appropriate use of PPIs in elderly in-patients were proposed to all physicians of internal medicine.

The aim of the present study was to evaluate prescription trends relating to the appropriate use of PPIs, before and after the implementation of awareness sessions, as well as the beneficial impact of hospitalization and the effectiveness of pharmaceutical intervention on the reassessment of off-label non-hospital PPI prescriptions dedicated to hospitalized patients over the age of 65.

Methods

We conducted a retrospective and comparative cohort study of all admitted patients aged 65 years old and older with a prescription of oral or intravenous PPI at the internal medicine department of a university hospital. These drugs were prescribed by patients' general practitioners (GP) or specialists. Patients who were admitted from December 2016 to May 2017 (before the implementation of our experiment) were enrolled in the control group and patients admitted from July to August 2017 were enrolled in the PPI awareness experiment group.

The patient demographics (age, gender) and information about their PPI treatment (brand name, dosage, therapeutic indication, duration of treatment) were collected in the electronic health record (Millenium™, Cerner, Kansas City, USA). Any missing data were collected during the medication reconciliation which consisted of a pharmaceutical interview of the hospitalized patient and a telephone call to his community pharmacy. Full dose was considered as 20 mg of omeprazole or rabeprazole, 40 mg of esomeprazole or pantoprazole, and 30 mg of lansoprazole. The criteria for appropriate use of PPIs were established according to the French national consensus guidelines. [START_REF]Bon usage du medicament. Les inhibiteurs de la pompe à protons chez l'adulte[END_REF] The observed adverse events were attributed to PPIs when no other etiology has been highlighted by the medical team and when the adverse event regressed after treatment discontinuation. An intervention of the pharmacovigilance center was requested for the most uncertain cases in order to evaluate the cause of the adverse event.

Records of prescription modifications by hospital physicians during patient hospitalization were collected in the database. A pharmaceutical intervention is defined as a review of medicines and discussion about potentially inappropriate prescriptions with the hospital physician (including residents). Such interventions were carried out when an off-label, non-hospital PPI prescription was detected and not spontaneously re-evaluated by hospital physicians and no justification was found in the patient's electronic health record.

Patients enrolled in the awareness experiment group received the usual care offered by the hospital physicians but, unlike patients in the control group, all the hospital physicians (including residents) involved in their care participated in awareness sessions on the appropriate use of PPIs. Awareness sessions included a presentation given by pharmacists about the national consensus guidelines on PPIs (indication, dosage, duration); the side effects of PPIs; the possible drug-drug interactions with this therapeutic class; the proper method of PPI discontinuation; and, the cost of each drug. In addition to this presentation, a pocket sized guideline on the correct use of PPI was distributed. A patient handout relating to the appropriate use of PPIs was also distributed. Some non-appropriate PPI prescriptions were also highlighted and discussed during this multidisciplinary team meeting.

Informed consent was obtained from all individual participants included in the study. This study was approved by the Ethics Committee of our hospital. Results were expressed as mean ± standard error of mean (SEM). Chi-square tests were performed using GraphPad™ Prism version 5 (Graphpad Software, San Diego, CA, USA) to compare the groups. The level of significance was p <0.05.

Results

A total of 157 patients were included in this study as follows: control group (n=105; 78.1±6.8 years old) and awareness experimental group (n=52; 78.6±7.4 years old). The average age of patients and gender distribution were identical in both populations. All patients were treated with an oral PPI.

Non-hospital prescription

Seventy-two patients (45.9%) were treated with a PPI for over 1 year and the total duration of therapy was unknown for 69 patients (43.9%). Seventy patients (44.6%) were treated with a full dose of PPI (see Table 1). Only 42 PPI prescriptions (26.8%) were appropriately indicated according to the French consensus guidelines while an indication could not be retrieved in 65 PPI prescriptions (41.4%). In 13 cases, 2 or more indications were mentioned. Among non-appropriate uses, the presence of gastritis (21/65) and co-prescriptions with corticotherapy (10/65) or antiplatelet agents (8/65) were the most frequently observed indications. Overall, 17 non-hospital PPI prescriptions (10.8%) were in accordance with the guidelines in terms of duration, dose and indication. Whatever the criterion studied, no statistical difference was observed between the control and experimental groups for PPI prescriptions on admission.

Impact of the PPI awareness sessions on spontaneous reassessment at patient admission

In the control group, 34 of the 95 off-label non-hospital PPI prescriptions (35.8%) were spontaneously reassessed by hospital physicians during hospitalization. Spontaneous reassessment significantly increased to 55.6% (25/45, p=0.02) in the experimental group (Table 2).

Impact of the PPI awareness sessions on the acceptance of pharmaceutical intervention

For each off-label and non-reassessed PPI prescription in elderly patients at admission, a pharmaceutical intervention was realized. In the control group, 13 pharmaceutical interventions were accepted out of 33 carried out (40%), while 4 pharmaceutical interventions were accepted out of the 11 carried in the experimental group (36.4%). No significant difference (p=0.4) was observed between the two groups on the pharmaceutical intervention acceptance rate. Taking into account the spontaneous reassessment and the pharmaceutical interventions during hospitalization, 47 PPI prescriptions (49.5%) were reassessed in the control group versus 29 PPI prescriptions (64.4%) in the experimental group (p=0.09).

PPI interactions and side effects

A moderate PPI drug-drug interaction risk was observed for 20 patients, particularly with clopidogrel, escitalopram and digoxine. PPI treatment was stopped for 5 of these patients, dosage was reduced for 2 of them, and a switch to another PPI was made for 3 patients. Clinical outcomes potentially induced by PPI were also identified, including 6 cases of hyponatremia, 1 case of neutropenia and 1 case of Clostridium difficile infection. Seven of these 8 patients did not have a proper indication for a PPI prescription and their treatment was stopped. Recurrence of gastrointestinal symptoms during hospitalization was notified for 3 of 69 patients (2 of the control group, 1 of the awareness experiment group) whose treatment had been interrupted or decreased, leading to a resumption of PPI, or a resumption of the full dose.

Reassessment on discharge prescription

From review of the internal medicine department discharge prescriptions, it appears that 27 of the 95 off-label, nonhospital PPI prescriptions were re-evaluated in the control group (28.4%) versus 30 of the 45 off-label non-hospital PPI prescriptions in the experimental group (66.7%). Compared to the control group, a significantly greater number of re-evaluations of off-label non-hospital PPI prescriptions was observed in the awareness experimental group (p<0.0001) (Fig. 1).

Discussion

PPIs are well known for being effective medications, with good tolerance in treating upper gastrointestinal tract disorders. Although PPIs can be responsible for serious side effects and unsafe drug-drug interactions, they are often used in discordance with official guidelines. Five percent of the patients included in the study experienced an adverse event likely related to PPI intake, in accordance with data found in the literature. [START_REF] Thomson | Safety of the long-term use of proton pump inhibitors[END_REF][START_REF] Brunner | Long-term, open-label trial: safety and efficacy of continuous maintenance treatment with pantoprazole for up to 15 years in severe acid-peptic disease[END_REF] In elderly patients, the non-reassessment of PPI prescriptions by GPs contributes to their overconsumption. Moreover, some PPIs are available over-the-counter. Thus, for this population at high risk of iatrogenic disease, hospitalization can be an opportunity for global medication reassessment. To date, several articles have focused on off-label non-hospital PPI prescriptions in elderly patients and their re-evaluation during hospitalization. [START_REF] Schonheit | Appropriate proton pump inhibitors use in elderly outpatients according to recommendations[END_REF][START_REF] Dipanda | Evaluation of the prescription of proton pump inhibitors in persons aged 75 years and older in a geriatric acute-care unit[END_REF] According to the review of Wilsdon et al (2017), interventions such as discharge letters to the GP including guideline-aligned instructions concerning the review of PPI therapy, medication review with a general deprescribing plan have been evaluated, but were proved inconclusive or ineffective on the appropriate prescription of PPI by hospital prescribers (senior physicians or residents) and GPs. [START_REF] Wilsdon | Effectiveness of Interventions to Deprescribe Inappropriate Proton Pump Inhibitors in Older Adults[END_REF] Thus, we carried out a study to evaluate the impact of an original awareness experiment dedicated to hospital physicians on the appropriate use of PPIs. To guide hospital prescribers, recommendations concerning relevant PPI discontinuation practices were exposed during multidisciplinary staff meetings (i.e., dose reduction, on-demand dosing, etc). [START_REF] Boghossian | Deprescribing versus continuation of chronic proton pump inhibitor use in adults[END_REF] A gradual decrease in dose or close clinical monitoring several months after PPI discontinuation was advised to prevent risk of rebound hydrochloric acid hypersecretion. Characteristics of patients and PPI prescriptions before admission to the care service were identical between the control group and the experimental group. However, these two cohorts were recruited at different time and with a different sample size, which can generate a selection bias. During our study, only 10.8% (17/157) of the prescriptions of the patients hospitalized in the department of internal medicine were in accordance with the national guidelines. Nearly half of the patients included in the study had been using PPIs for more than a year. However, treatment start dates were sometimes missing and contact with non-hospital prescribers was not made to obtain details on the PPI prescriptions, particularly to know the indication. Nevertheless, we showed that the spontaneous reassessment of PPI prescriptions by hospital physicians at patient admission was significantly (p=0.02) higher in the experimental group than in the control group. These data are very encouraging and demonstrate that these awareness sessions have led a change in the practices of hospital prescribers. Thus, the discussion of cases observed in this service helped increase the awareness of the prescribers. It should be noted that there has been a change in residents before and after the intervention. However, this confusion bias for the measure of the impact of our intervention is probably limited because each treatment reassessment (spontaneous or after pharmacist intervention) is carried out after consultation with the senior physicians. These senior physicians were identical during both periods of inclusion. Absence of indication was the main reason that led to PPI discontinuation in both groups. In a few cases, the prescribers did not intend to modify a prescription from the GP even in the absence of indication in the electronic health record.

It is noteworthy that in our university hospital, certain molecules and drug dosages are not in the drugs formulary.

We observed a lack of knowledge on the part of prescribers about the equivalence of doses between the different PPI molecules. For example, omeprazole double-standard dose (e.g. omeprazole 20 mg) was mistakenly substituted by a standard dose of esomeprazole (e.g. esomeprazole 20 mg). These unintended changes were considered in our study as a reassessment of the PPI prescriptions in both groups because they were maintained in the majority of cases on the discharge prescription. Re-evaluations of treatment that did not result in treatment changes were not taken into account when they were not indicated in patient files.

Finally, regarding discharge prescriptions, a significant increase (p<0.0001) of non-hospital PPI prescription reassessments at the end of the hospitalization was observed in the experimental group (66.7%) versus the control group (28.4%).

We also noticed a significant decrease (-21%) of PPI prescriptions reassessed at discharge in the control group compared to PPI prescriptions reassessed during hospitalization in the same group. Indeed, without information in the electronic health record, a change of physicians during hospitalization can lead to the resumption of the treatment administered before patient admission. The traceability of information concerning the optimization of the therapeutic care of the elderly is therefore essential. This decrease was not observed in the experimental group, suggesting a better traceability of the re-evaluation of PPI treatments. Indeed, the systematic mention of the re-evaluation of PPI treatment in the hospitalization report or the letter sent to the GP would prevent the resumption of treatment or the resumption at full dose after the hospitalization. Such an experiment also allows prescribers to be aware of PPI initiation recommendations, even though treatment initiation has not been evaluated during the study.

These encouraging results led us to repeat the awareness sessions at regular intervals to continue the effect over time and to allow new resident physicians to benefit from this targeted inhospital awareness and educational strategy.

These awareness sessions related to the appropriate use of PPI are being set up in the other care services of our establishment.

Conclusion

This study has demonstrated the effectiveness of awareness sessions proposed by the pharmaceutical team on the reassessment of PPI prescriptions. Reassessment of PPI prescriptions in the elderly is necessary to improve the correct use of these widely-prescribed drugs. This prescription reassessment should be associated with patient education in order to prevent serious adverse effects related to PPIs. Indeed, PPI prescriptions are sometimes renewed under the pressure of patients who are concerned about the recurrence of their symptoms after PPI discontinuation. One of the considerations to improve the appropriate use of PPIs is patient education at the time of discharge. In this event, an awareness sheet relating to the appropriate use of PPIs was distributed to patients.

Overall, we have demonstrated that multidisciplinary awareness sessions on the appropriate use of PPIs are an effective way to improve prescription conformity to guidelines, without requiring additional daily clinician or 
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Figure 1 :

 1 Figure 1: Synthesis of the reassessment of off-label PPI prescriptions during hospitalization before and after the implementation of awareness sessions on the rational use of PPI.

Figure 1 :

 1 Figure 1 : Synthèse des réévaluations des prescriptions non conformes d'IPP durant l'hospitalisation avant et après la mise en oeuvre d'un programme de sensibilisation au bon usage des IPP.

Table 1 : Characteristics of patients and PPI prescriptions before admission to the department of internal medicine Tableau 1 : Caractéristiques des patients et des prescriptions d'IPP avant admission dans le service de médecine interne
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	Outcome measures	Control group (n=105)	Experimental group (n=52)	p-value
	Age	78.1 ± 6.8	78.6 ± 7.4	> 0.05
	Sex (n, %)			
	Male	46 (43.8)	32 (61.5)	> 0.05
	Female	59 (56.2)	20 (38.5)	
	Duration of therapy (n, %)			
	≥ 1 year	50 (47.6)	22 (42.3)	
	< 1 year	7 (6.7)	9 (17.3)	> 0.05
	Unknown	48 (45.7)	21 (40.4)	
	Dose (n, %)			
	Half dose	54 (51.4)	32 (61.5)	
	Full dose	50 (47.6)	20 (38.5)	
	Over full dose	1 (1.0)	0	
	PPI indications (n, %)			
	Rational Indications	26 (24.8)	16 (30.7)	
	GERD	10	8	
	Peptic ulcer	8	3	
	Esophagitis Helicobacter pylori infection	5 2	3 0	> 0.05
	Prevention of lesions due to NSAIDs	1	2	
	No rational indication	32 (30.5)	33 (63.5)	
	Unknown	51 (48.6)	14 (26.9)	
	Prescriptions in accordance with the			
	recommendations (duration, dose,	10 (9.5)	7 (13.4)	> 0.05
	indications) (n, %)			
	GERD gastroesophageal reflux disease, NSAIDs nonsteroidal anti-inflammatory drugs	

Table 2 : Evaluation of the impact of hospitalization on the spontaneous reassessment of off-label non- hospital PPI prescriptions by hospital physicians Tableau 2 : Evaluation de l'impact de l'hospitalisation sur la revaluation spontanée des prescriptions de ville non conformes d'IPP par les médecins hospitaliers Reasons for the reassessment of PPI prescriptions
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		Number of off-label	Number of off-label	
		non-hospital PPI	non-hospital	
		prescriptions	prescriptions	
		reassessed in control	reassessed in	
		group	experimental group	
		(n=95)	(n=45)	
	Unknown indication	16	10	
	No rational indication	10	7	
	No rational duration	3	1	
	No rational dosage	4	2	
	Re-evaluation of conform prescriptions			
	but with a risk-to-benefit ratio	1	5	
	unfavorable			
	Total	34	25	p-value 0,02

pharmaceutical time. Thus, pharmacist and physician cooperation is beneficial to prescription optimization in elderly in-patients. We suggest this type of awareness strategy be implemented in standard care, and repeated at regular intervals, to guarantee optimal coverage and retention among prescribers.
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