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Introduction

Potassium is used to treat or prevent hypokalemia and exhibits all the characteristics of an intravenous to oral therapy conversion program. Despite this, the intravenous route for potassium replacement seems frequently unjustified. Objectives To determine the impact of a conversion program on the use of intravenous and oral galenic forms in a university tertiary care hospital.

Methods

Two promotion campaigns were conducted in 2006 and 2009. The following years this was completed by pharmacist interventions during prescription analysis and face-to-face discussions with physicians during ward rounds. The consumption of products containing potassium was obtained by analyzing the hospital's financial database.

Results

The proportion of the oral route increased from 18% in 2006 to 22% in 2011, and from 25% in 2012 to 44% in 2016; the increase was significantly greater in the second period (p<0.0001). In 2016, in emergency, pulmonology, infectious diseases, and cardiology departments, the proportion of oral use ranged from 57% and 82%. The greatest progression from 2006 to 2016 was found for intensive care (4% vs. 12%) and visceral surgery departments (9% vs. 34%) that increased approximately four-fold, followed by the emergency department (28% vs. 57%) that increased approximately two-fold.

Conclusion

Promoting the oral route for potassium replacement modifies prescriber habits and is followed by a notable increase in the proportion of potassium administered orally irrespective of department type. KEYWORDS: potassium replacement; concentrated potassium chloride; oral solution; oral route; intravenous to oral switch

Résumé

Objectifs

Le potassium utilisé pour traiter ou prévenir l'hypokaliémie présente toutes les caractéristiques d'inclusion dans un programme promotion de la voie orale à chaque fois qu'elle est possible. Nous avons étudié l'impact de cette promotion sur l'utilisation des ampoules injectables et des formes orales apportant du potassium dans un centre hospitalouniversitaire.

Méthodes

Deux campagnes de promotion basées sur des recommandations écrites ont été menées en 2006 et 2009. Les années suivantes, les pharmaciens ont promu la voie orale lors de l'analyse des prescriptions. La consommation des spécialités contenant du potassium a été obtenue en interrogeant la base de données financière de l'hôpital.

Résultats

La proportion de la voie orale est passée de 18% en 2006 à 22% en 2011 et de 25% en 2012 à 44% en 2016. L'augmentation a été significativement plus importante dans la seconde période (p <0,0001). En 2016, dans les services d'urgences, de pneumologie, de maladies infectieuses et de cardiologie, la proportion des formes orales variait de 57% à 82%. Les soins intensifs (4% vs 12%) et la chirurgie viscérale (9% vs 34%) ont progressé d'environ un facteur quatre, suivi du service des urgences (28% vs 57 %) qui a augmenté d'environ deux fois.

Conclusion

La promotion de la voie orale pour la supplémentation en potassium modifie les habitudes de prescription. Cependant, la quantité d'ampoules concentrées circulant à l'hôpital restant importante, le risque d'erreur médicamenteuses lié à ces ampoules reste élevé.

MOTS CLÉS: supplémentation en potassium; solution concentrée de chlorure de potassium; solution orale; voie orale; relais de la voie injectable par la voie orale

Introduction

Potassium is used to treat or prevent hypokalemia, and replacement can be performed either by the intravenous (IV) or oral route. Concentrated solutions of potassium chloride (KCl) are administered frequently and mistakes in their administration may have disastrous effects. It has been shown that medication administration errors affecting the IV route appear five times more likely than non-IV routes, and patient harm associated with IV medication errors is known to be much greater than for other errors [START_REF] Mcleod | Methodological variations and their effects on reported medication administration error rates[END_REF][START_REF] Keers | Understanding the causes of intravenous medication administration errors in hospitals: a qualitative critical incident study[END_REF]. As ampoules of concentrated KCl must be diluted before use, critical incidents have been associated with its preparation and administration [START_REF] Ofek | Introducing a change in hospital policy using FMEA methodology as a tool to reduce patient hazards[END_REF]. Several guidelines recommend "using an oral route whenever possible" implying that oral potassium supplementation is appropriate for asymptomatic, mild hypokalemia [START_REF] Kim | Therapeutic approach to hypokalemia[END_REF][START_REF] Swanson | Implementing an IV potassium policy[END_REF][START_REF] Rhoda | Fluid and electrolyte management: putting a plan in motion[END_REF]. For many years, oral potassium supplements have been available in various tablet and liquid forms, and both types of formulation have been shown to be effective in replenishing potassium. In addition, the high bioavailability of the liquid forms (>85%) allows a peak concentration to be reached within the first two hours following oral administration. Tablets and liquid forms are well tolerated, their dosing frequency is equivalent to, or less than, the IV formulation and their use is supported by clinical data [START_REF] Levene | Potassium chloride: absorption and excretion[END_REF][START_REF] Lowance | Bioequivalence of a slow-release potassium tablet and a liquid potassium supplement[END_REF][START_REF] Toner | Pharmacokinetics of potassium chloride in wax-based and syrup formulations[END_REF][START_REF] Melikian | Bioavailability of potassium from three dosage forms: suspension, capsule, and solution[END_REF]. Liquid forms permit the rapid correction of hypokalemia and can be administered by a nasogastric tube. Potassium exhibits all the characteristics of the ideal medication to be included in an IV to per os (PO) therapy conversion program [START_REF] Kuper | Intravenous to oral conversion therapy. Competence Assessment Tools for Health-System Pharmacies, Chapter 29 Fourth Edition[END_REF], yet despite suitable characteristics, potassium appears to have been overlooked in such programs [START_REF] Charpiat | Pharmacists' interventions on intravenous to oral conversion for potassium[END_REF]. In France, 12 million ampoules of concentrated KCl are sold annually, and the risk of medication error has been underlined by the French medicines agency [START_REF]Semaine de la sécurité des patients: l'Afssaps s'engage aux côtés des acteurs du système de soins pour une utilisation plus sûre des médicaments -Communiqué[END_REF]. Decreasing the number of circulating ampoules could therefore be an appropriate means of reducing the risk of errors, in particular as, although rarely studied in the literature, the IV route for potassium replacement seems frequently unjustified. For instance, Hemstreet et al. analyzed potassium replacement in hospitalized patients. Overall, 134 potassium orders for 92 patients were evaluated over a 3-week period. IV potassium was prescribed mostly (85%) for normokalemia or mild-to-moderate cases of hypokalemia. Eligibility for oral therapy was evident in 74% of these cases [START_REF] Hemstreet | Potassium and phosphorus repletion in hospitalized patients: implications for clinical practice and the potential use of healthcare information technology to improve prescribing and patient safety[END_REF]. A similar observation was made among intensive care patients [START_REF] Decarolis | Comparative dose response using the intravenous versus enteral route of administration for potassium replenishment[END_REF]. In 2006, we decided to promote potassium replacement by the oral route whenever possible in order to decrease the amount of circulating ampoules and its associated risk of medication errors. The aim of this work was to determine the impact of a conversion program on the use of IV and oral galenic forms in a university tertiary care hospital.

Methods

Setting

This study was performed in a 1060-bed French university tertiary care hospital. In January 2006, an accidental direct IV injection of a concentrated solution of KCl occurred in this hospital. A working group composed of anesthetists, pharmacists, nurses, and a director was created for risk mitigation. The risk reduction procedures introduced a withdrawal of injectable KCI ampoules from floor stocks, which was possible in 52% of the care units, and a reorganization of storage for the others. The measures were complemented by the diffusion of guidelines defining when to perform potassium replacement by the IV route and the conditions required for use of the oral route (including nasogastric tube). This was followed by two campaigns promoting the administration of potassium orally, performed in 2006 and 2009. Thereafter, during the routine monitoring of clinical prescriptions, pharmacists encouraged the administration of potassium by an oral route whenever possible.

In mid-2010 a new medical and surgical building was opened and the number of beds increased from 6 to 12 in the emergency department, from 20 to 40 in intensive care units and from 42 to 52 in the visceral surgery department. In the other departments the number of beds remained more or less unchanged.

Pharmacist interventions

A first campaign promoting the use of the oral route was conducted in December 2006. This consisted of the distribution to department heads of guidelines for the management of hypokalemia and a table presenting the amount of potassium expressed in millimoles in the different galenic forms available in the hospital formulary (Table 1). These documents were presented to the ward residents and then inserted into the pharmacy guidelines of the different units. In April and November 2009 the documents were redistributed to all physicians. This was followed by pharmacist interventions performed during routine prescriptions analysis. These interventions were recorded and analyzed as previously described [START_REF] Charpiat | Overdosed paracetamol (acetaminophen) prescriptions and subsequent pharmacist interventions in French hospitals[END_REF]. We also intervened by repeated informal discussions with prescribers. These interventions were both face-to-face during ward rounds performed once a week and through short messages written in the computerized prescription order entry system. This software does not have a decision support system for potassium replacement. It does not have any alert system in case of hypo-and hyperkalemia. Examples of interventions are presented in Figure 1. Physicians were also invited to discontinue the prescription of IV ampoules of concentrated KCl to be administered by an oral route, which had been observed during the first year of the study period. For the gastroenterology department, pharmacist participation in ward rounds was interrupted in November 2014.

Consumption of products containing potassium

The impact of the campaigns was monitored through the consumption of products containing potassium that was obtained by querying the financial database of the hospital. Quantities (in number of units) were converted into millimoles. For each care unit, the number of millimoles administered using injectable ampoules and galenic forms for the oral route was calculated.

This was used to determine the proportion of KCl administered via the oral route; results are expressed as the proportion of PO to IV+PO. We decided to analyze in detail the seven departments (intensive care, visceral surgery, emergency, pulmonology, gastroenterology, infectious diseases, and cardiology) accounting for 98.9% of the total number of consumed ampoules in 2006; the remaining 1.1% was used by the gynecology, neonatology, otorhinolaryngology, orthopedics, geriatrics, ophthalmology, ambulatory care departments, and the operating rooms.

Ethics approval

In accordance with French law, this observational study did not require ethical approval.

Results

Pharmacist interventions during prescriptions analysis

From 2007 to 2016, a total of 220 pharmacist interventions (PIs) were performed during routine prescriptions analysis. Most of them (n = 164, 75%) were done from 2012 to 2016. These PIs were as follows: invitation to discontinue the prescription of IV ampoules of concentrated KCl to be administered by an oral route and to switch to an oral solution (n= 10); starting immediately by oral route in case of mild to moderate hypokalemia (n = 147); proposing a switch from IV to oral route (n = 63). Among these 220 PIs, 118 (54%) were accepted by physicians and prescriptions were modified, 26 (12%) were refused, and 76 (34%) were not assessable.

Proportion administered by oral galenic forms

From 2006 to 2012, total consumption of potassium in the hospital increased from 780,826 to 1,496,097 millimoles, and then decreased to 1,124,667 in 2016. Over this period, the proportion of potassium administered by oral galenic forms increased from 18% to 44% in the whole hospital. The greatest increase was found in the infectious diseases department (from 18% to 66%, i.e. 48 percentage points); the pulmonology department increased by 30 points, the emergency department by 29 points, and the visceral surgery department by 25 points. The greatest progression from 2006 to 2016 was found for intensive care (4% vs. 12%), and visceral surgery department (9% vs. 34%) increased approximately four-fold, followed by the emergency department (28% vs. 57%) that increased approximately twofold. The increase of the oral route in the hospital as a whole was divided in two phases (phase 1 from 2006 to 2011 with modest increase 18% vs. 22%; phase 2 from 2012 to 2016 with a two-fold increase to 44%; Table 2). These two phases are characterized by a significant different slope (1.03 vs. 4.8: p <10 -4 ; Figure 2).

Number of concentrated ampoules used each year

The number of concentrated ampoules used each year reached a maximum in 2012 (83,723 ampoules) after the increase of the number of beds in the emergency, surgery, and intensive care departments; the minimum number used was in 2016 (46,555 ampoules). Over the study period the seven main departments (intensive care, visceral surgery, emergency, pulmonology, gastroenterology, infectious diseases, and cardiology) consumed 95.2 to 98.9% of all ampoules consumed in the hospital each year (Table 3).

In 2006, among the medical departments the infectious disease department had the lowest proportion of potassium consumption via oral galenic forms (18%) that increased 2.4-fold the following year. In 2006 in this department it was common practice to prescribe IV ampoules to be administered by an oral route; this was identified by the first promotion campaign in December 2006, and led to an increase in the use of oral galenic forms the following year. In February 2014, the preliminary results were presented to three anesthetists, and the informal discussion that followed revealed that they were unaware of the pharmacokinetic differences between tablet and liquid oral preparations.

Discussion

The aim of this work was to report how the promotion of the oral route for potassium replacement impacted the consumption of oral galenic forms and injectable ampoules available in the hospital formulary. The strength of the present study is that it describes potassium consumption in a tertiary care hospital over a long period that allowed the change in practice to be observed. Results indicate that there was an increase in the proportion of potassium administered in oral galenic forms that more than doubled between 2006 and 2016. However, there were two phases, which can be distinguished by distinct modes of promotion. During the first phase, the promotion relied on the distribution of guidelines, whereas during the second phase this was followed by pharmacist interventions performed during routine prescription analysis and face-to-face discussions during weekly ward rounds.

The subsequent increase of the oral route is in line with literature reviews highlighting that interactive techniques such as reminders are more effective at changing practice than guidelines and printed information [START_REF] Bloom | Effects of continuing medical education on improving physician clinical care and patient health: a review of systematic reviews[END_REF][START_REF] Ostini | How is medication prescribing ceased? A systematic review[END_REF][START_REF] Stammen | Training Physicians to Provide High-Value, Cost-Conscious Care: A Systematic Review[END_REF], and with experimental data showing that acceptance of pharmacist intervention is significantly associated with face-to-face discussion [START_REF] Bülow | Important Aspects of Pharmacist-led Medication Reviews in an Acute Medical Ward[END_REF]. These are specific actions allowing immediate re-examination of case files and are more likely to encourage practice change [START_REF] Brehaut | Practice Feedback Interventions: 15 Suggestions for Optimizing Effectiveness[END_REF]. This is also illustrated when face-to-face pharmacist intervention was interrupted in the gastroenterology department in late November 2014, as two years later (2016) this department became the largest consumer of injectable ampoules among medical departments. The dynamic also suggests that the misconception of the superiority of intravenous therapy [START_REF] Cyriac | Switch over from intravenous to oral therapy: A concise overview[END_REF] in comparison with oral administration reemerges rapidly. This lack of sustainability has been highlighted with such promoting programs involving antiulcer drugs and antibiotics [START_REF] Colombet | Long-term effects of a multifaceted intervention to encourage the choice of the oral route for proton pump inhibitors: an interrupted time-series analysis[END_REF][START_REF] Thompson | The use of an IV to PO clinical intervention form to improve antibiotic administration in a community based hospital[END_REF]. There are, however, several limitations to the study. The first is that informal discussions with physicians outside the context of prescription monitoring were not collected, but possibly more importantly, that physician turnover was not recorded. This is of particular importance for residents as these represent a large body of prescribers who rotate every six months. More generally, during the study period, two external events occurred that could have impacted the results of the present study: the order dated April 6, 2011 (related to the management of the quality of medication care in health facilities) [25] and the French drug agency safety announcement of November 2011 that stated "12 million ampoules sold each year in France = 12 million risks of medication errors" [START_REF]produits de santé (ANSM)[END_REF]. Thus, another limitation is related to the fact that these events could be regarded as confounding factors that influenced directly oral potassium prescriptions. We consider that such an influence, if any, is likely to be of minor importance.

Schmitt demonstrated that the impact of the order dated August 9, 1991 (which was replaced by the order dated March 31, 1999 then the order dated April 6, 2011) on the drug supply chain in French hospitals was "[…] marked by a slow, laborious and limited change." [START_REF] Schmitt | Le risque médicamenteux nosocomial : circuit hospitalier du médicament et qualité des soins[END_REF]; this was confirmed 10 years later in a government report [START_REF]Hospitalisation et de l'Organisation des Soins. Sous-direction de la qualité et du fonctionnement des établissements de santé[END_REF]. Similarly, many studies have shown that regulatory warnings alone do not have a significant impact on prescriber habits.

For example, in France, a survey of a national random sample of healthcare professionals (physicians and pharmacists) found that many of the respondents paid little attention to a "Dear Doctor letter" and were therefore unlikely to change their practice [START_REF] Théophile | Relevance of a "Dear Doctor letter" to alert healthcare providers to new recommendations for vitamin D administration[END_REF]. Another study, that concerned high-dose citalopram in elderly patients, found that FDA warnings had a modest impact as nearly a third of older patients remained on doses higher than the newly recommended one [START_REF] Gerlach | Assessing Responsiveness of Health Systems to Drug Safety Warnings[END_REF]; in contrast, and similarly to that done here for potassium, pharmacist interventions relaying FDA alerts regarding high doses of citalopram in elderly patients were found to have a very positive impact [START_REF] Arenz | Effectively implementing FDA medication alerts utilizing patient centered medical home clinical pharmacists[END_REF]. Overall, the results of the present study confirm that regular interventions, instead of a 1-shot intervention, are necessary to obtain a longlasting effect on IV to PO conversion [START_REF] Corny | Strategies for reduction in the duration of intravenous drug use: Interest of drug tracers as quality indicators to improve intravenous to oral switch[END_REF]. Continual and active intervention in daily practice by a ward pharmacist is essential if positive outcomes are to be maintained [START_REF] Van Niekerk | Implementation of intravenous to oral antibiotic switch therapy guidelines in the general medical wards of a tertiary-level hospital in South Africa[END_REF].

The proportion of oral route potassium used in 2016 equates to a reduction of 21,687 ampoules as compared to that used in 2006, which corresponds to a reduction in the risk of error of 32%. However, in absolute terms, as the number of ampoules consumed in 2006 and 2016 is roughly the same, we can also consider that the absolute risk that an error occurs remains unchanged in our hospital. In other words, in a growing hospital, the positive effects of the increase in oral forms are mitigated by the increase in activity which contributes to maintain a high level of consumption of injectable ampoules. In France, ward removal of ampoules of concentrated KCl as well as patient unit dose dispensing are not mandatory. Thus, the hospital drug supply chain is far from optimal with regards to patient safety [START_REF] Schmitt | Le risque médicamenteux nosocomial : circuit hospitalier du médicament et qualité des soins[END_REF]. In such conditions, the main way to reduce the risk of medication error with ampoules of concentrated KCl is to decrease the amount of circulating ampoules by promoting the use of oral galenic forms. The present report demonstrates that the efforts made are insufficient to improve the IV potassium risk. A second accidental direct intravenous injection of 10 ml of 10% KCl, fortunately without severe consequences, that occurred in our hospital in April 2014 confirms our fears and must be regarded as a new very serious alert and highlights that ward removal of concentrated ampoules is the only way to meaningfully reduce the likelihood of medication error associated with concentrated ampoules [34,[START_REF] Cousins | Potassium chloride issues needs further clarification[END_REF]. We registered immediately this event in our hospital adverse events reporting system. However, the Hospices Civils de Lyon trust patient safety committee did not produce any safety alert for healthcare professionals. The incident report was not made public and this event was not publicized before 2018 which is outside the study period and is unlikely to have modified prescription behavior.

In intensive care units of a Chinese hospital a potassium replacement protocol was implemented in October 2012 [START_REF] Zhu | Quality improvements in potassium replenishment in intensive critical care units[END_REF]. It prioritized the administration of potassium by the oral route, and from 2012 to 2015 the ratio of the number of intensive care unit patients on oral potassium to the number on IV potassium increased from 0.36 (552/1540) to 0.81 (1392/1725). The ratio of the total enteral dose to the total IV dose increased from 0.15 (5950 g/39,243 g) to 1.31 (25,925 g/19,753 g), and the contribution of the enteral route increased from 13 % to 56% [START_REF] Zhu | Quality improvements in potassium replenishment in intensive critical care units[END_REF]. The slowness of practice changes observed in our hospital contrasts with rapid changes observed in these intensive care units. This slowness is probably attributable to beliefs of greater efficacy of IV route [START_REF] Li | An unsupported preference for intravenous antibiotics[END_REF] and the unawareness that each additional IV medication increased the likelihood of an adverse drug event by 3% [START_REF] Sl | Analysis of risk factors for adverse drug events in critically ill patients[END_REF]. We can hypothesize that the work carried out in these intensive care units [START_REF] Zhu | Quality improvements in potassium replenishment in intensive critical care units[END_REF] was able to overcome resistances attached to the belief of superiority. As a perspective, this invites us to develop a more convincing and aggressive promotion with priority targeting of the three departments where the highest volumes of concentrated ampoules are administered (intensive care, visceral surgery, and gastroenterology). A second perspective arises from the apparent ignorance of differences in the pharmacokinetics of tablets and oral solutions discovered which acts as eye-opener and suggests the need for further research aimed at estimating the extent of this knowledge deficit.

Conclusion

Promotion of the oral route for potassium administration is followed by a notable increase in the proportion of potassium administered orally, irrespective of department type. However, in a hospital with an increasing number of beds, this promotion program and its effects are insufficient to decrease the amount of circulating ampoules resulting in an unchanged risk of medication error related to circulating ampoules of concentrated KCl. 

Source of Funding: none

Legends

Figure 1 Examples of short messages written by pharmacists in the computerized prescription order entry system during prescription analysis.

Figure 1 Exemples de messages courts rédigés par des pharmaciens dans le logiciel de prescription lors de l'analyse des ordonnances. 

Figure 2

 2 Figure 2 Relative amount of potassium administered with concentrated ampoules and oral galenic forms from 2006 to 2016.

Figure 2

 2 Figure 2 Évolution du pourcentage de potassium administrée avec des ampoules concentrées et des formes galéniques orales de 2006 à 2016.

  Two phases are observed in the proportion of the oral galenic forms over this period revealing a significant difference; phase 1: 2006 to 2011: slope1 = 1.03 versus phase 2: 2012 to 2016: slope2 = 4.8 (p<10-4).

Table 1

 1 Quantity of potassium in drug preparations available at the hospital formulary.Tableau 1 Quantité de potassium présente dans les spécialités disponibles au livret thérapeutique de l'hôpital.

	Trade name, concentration, and volume	a	Quantity of potassium	Form	Route
	Chlorure de Potassium 10% injectable 10ml	13.4 mmol	Ampoule	Intravenous
	Kaleorid LP	® Diffu-K 600 mg ®			8 mmol	Sustained release	Oral
	Potassium Richard ® unit dose			11.25 mmol	Oral solution	Oral
	Potassium Richard ® syrup			11.25 mmol/15 ml	Oral solution	Oral
	Potassium Gluconate H2 Pharma	®		128 mmol/200 ml	Oral solution	Oral
	a when applicable			

Table 2

 2 Proportion of potassium consumption in oral galenic forms from 2006 to 2016 for the whole hospital and departments.

	Tableau 2: Pourcentage de consommation des formes orales de 2006 à 2016 pour l'ensemble de l'hôpital et les unités de soins.
	% ORAL	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016
	Whole hospital	18%	19%	20%	20%	22%	22%	25%	31%	36%	41%	44%
	Intensive care	3%	3%	4%	5%	4%	5%	5%	9%	9%	12%	12%
	Visceral surgery	9%	9%	9%	10%	9%	10%	13%	18%	21%	24%	34%
	Emergency	28%	26%	24%	26%	24%	30%	41%	48%	56%	53%	57%
	Pulmonology	52%	55%	65%	43%	50%	70%	81%	85%	85%	84%	82%
	Gastroenterology	43%	32%	30%	41%	41%	41%	44%	46%	56%	53%	38%
	Infectious Dis.	18%	44%	46%	46%	53%	50%	49%	51%	69%	67%	66%
	Cardiology	62%	61%	57%	48%	52%	58%	64%	67%	77%	83%	74%
	Other	62%	52%	38%	45%	66%	65%	61%	64%	76%	75%	74%

Table 3

 3 Number of KCl 10% 10mL ampoules consumed each year in the whole hospital and by intensive care, surgery, emergency, pulmonology, gastroenterology, infectious diseases, and cardiology departments. Tableau 3 Nombre d'ampoules de KCl 10% 10mL consommées chaque année dans l'ensemble de l'hôpital et par les services de soins intensifs, de chirurgie, d'urgence, de pneumologie, de gastro-entérologie, de maladies infectieuses et de cardiologie.

		2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016
	Whole hospital, n	47448	51230	57842	50817	56356	66968	83723	74729	65132	53639	46555
	Intensive care, n (%)	19051	23035	25680	20110	21482	25890	32000	26404	26050	16950	15000
		(40.2)	(45.0)	(44.4)	(39.6)	(38.1)	(38.7)	(38.2)	(35.3)	(40.0)	(31.6)	(32.2)
	Visceral surgery, n (%)	13386	17106	17582	17821	21657	29789	37513	34136	28214	24734	19358
		(28.2)	(33.4)	(30.4)	(35.1)	(38.4)	(44.5)	(44.8)	(45.7)	(43.3)	(46.1)	(41.6)
	Emergency, n (%)	1098	997	1038	1029	1206	1100	928	877	635	635	680
		(2.3)	(1.9)	(1.8)	(2.0)	(2.1)	(1.6)	(1.1)	(1.2)	(1.0)	(1.2)	(1.5)
	Pulmonology, n (%)	1480										

Example 1: In case of mild hypokalemia.

  This patient has had mild hypokalemia (3.2 mmol/L) for three days which remains untreated. As the patient actually takes other drugs by the oral route, I invite you to prioritize the oral route for replacement. Keep in mind that slow release tablets (DIFFU K ® 8 mmol/ tablet,

	corresponding roughly to 0.60 g of KCl) and oral solution (GLUCONATE DE POTASSIUM H2
	PHARMA ® 20 mL containing 12.8 mmol corresponding roughly to 1 g of KCl ) are available on
	the hospital formulary list.
	Reference
	[1] Hospices Civils de Lyon hospitals drug committee. Hospital formulary list available on the
	intranet at http://easilynlb-prod/Livret/Livret/Recherche
	Example 2:

In case of prescription of injectable concentrated ampoules to be administered by oral route.

  For this patient you prescribed injectable concentrated ampoules to be administered by the oral route. It is possible you missed the following information: in April 2014, in our hospital, we again had a case of accidental direct IV injection of KCl 10% subsequent to a prescription of ampoules of KCl 10% to be administered orally. Five additional cases occurred the same year in the Hospices Civils de Lyon hospitals trust. Since July 2015, our current hospital guidelines prohibit the use of injectable ampoules for oral administration. The guidelines prioritize the use of oral solution[START_REF] Mcleod | Methodological variations and their effects on reported medication administration error rates[END_REF]. Reference[START_REF] Mcleod | Methodological variations and their effects on reported medication administration error rates[END_REF] Hospices Civils de Lyon hospitals drug committee. "Bonnes pratiques d'approvisionnement, de stockage, d'administration du chlorure de potassium injectable hypertonique", July 2015. http://ged.chu-lyon.fr/

Example 3: In case of moderate hypokalemia (2.8 mmol/L) treated by the IV route.

  This patient has moderate hypokalemia (2.8 mmol/L). It is asymptomatic. You prescribed potassium replacement by IV route. As the patient takes others drugs by the oral route I invite you to prioritize the oral route for replacement and to perform a switch. Keep in mind that potassium oral solution works faster that IV potassium[START_REF] Mcleod | Methodological variations and their effects on reported medication administration error rates[END_REF][START_REF] Keers | Understanding the causes of intravenous medication administration errors in hospitals: a qualitative critical incident study[END_REF], and relatively large doses can be given safely. References[START_REF] Mcleod | Methodological variations and their effects on reported medication administration error rates[END_REF] Amanatullah DF Your Practical Survival Guide to Surgical Internship. Einstein Journal of Biology and Medicine Vol 27, No 2 (2011)[START_REF] Keers | Understanding the causes of intravenous medication administration errors in hospitals: a qualitative critical incident study[END_REF] Fournier G, Pfaff-Poulard C, Methani K. Rapid correction of hypokalaemia via the oral route. Lancet 1987;2:163.

	Example 4:

In case of moderate hypokalemia (2.7 mmol/L) treated with a too low dose.

  This patient has moderate hypokalemia (2.7 mmol/L). It is asymptomatic. You prescribed GLUCONATE DE POTASSIUM H2 PHARMA ® oral solution 15 mL twice daily. This dose corresponds to 9.6 mmol X 2/ day is too low. Previously published data have shown that 2 potassium plasma concentration change per 20 mmol of potassium by enteral routes is approximately 0.25 mmol/L[START_REF] Mcleod | Methodological variations and their effects on reported medication administration error rates[END_REF]. Thus, to reach at least a plasma concentration of 3.5 mmol/L, your patient requires a dose of 41 mmol corresponding to 64 mL of the oral solution. Reference[START_REF] Mcleod | Methodological variations and their effects on reported medication administration error rates[END_REF] DeCarolis DD, Kim GM, Rector TS, Ishani A. Comparative dose response using the intravenous versus enteral route of administration for potassium replenishment. Intensive Crit Care Nurs. 2016;36:17-23.

Conflict of interest:

The authors declare that they have no conflicts of interests.

Author's contribution

Bruno Charpiat and Gilles Leboucher designed the study. Camille Grezard and Julie Rivard analyzed data. Camille Grezard, Philip Robinson, and Bruno Charpiat wrote the manuscript.

All authors approved the final version of the manuscript and endorse the data and conclusions.