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Highlights:
· We plan to investigate a multifaceted clinical pharmacy intervention in geriatric inpatients
· The study targets geriatric inpatients owing to their high risk of unplanned hospital revisits
· A transitional care step was included in the intervention as medication review alone has not been shown to be effective in reducing unplanned hospital revisits
· Our randomized controlled trial is powered for the time to a first unplanned hospital revisit with follow-up provided up to six months post-discharge



ABSTRACT
Background:
Unplanned rehospitalizations occur frequently in older patients. Drug-related problems constitute a major and largely preventable cause with inappropriate prescribing being a substantial culprit. Solutions are needed to reduce this risk by targeting pharmacotherapy both during and after hospital stay. Therefore, we aim to perform a randomized controlled trial in geriatric inpatients to investigate the impact of a multifaceted clinical pharmacy intervention on health-related outcomes. 
Methods/Design:
The study concerns a monocenter, non-blinded, randomized controlled trial that will take place at the acute geriatric wards of a large academic hospital. Patients being in a palliative stage with active therapy withdrawal or patients discharged to another ward within the same hospital or another hospital are excluded. In total, 828 patients will be randomized (1:1) to the usual care or intervention group. The multifaceted clinical pharmacy intervention comprises medication reconciliation at admission and discharge, medication review, patient/caregiver education, intensified communication with primary care providers and post-discharge follow-up, which also includes a telepharmacology service. The primary endpoint is defined as the time to an all-cause, unplanned hospital revisit within six months after discharge. Other health-related outcomes such as drug-related readmissions, quality of life and number of potentially inappropriate medications will be analyzed as secondary endpoints. Patient inclusion started in February 2021.
Discussion:
This study will provide useful insights regarding the impact of clinical pharmacy interventions on geriatric wards with the goal to optimize health-related outcomes such as hospital revisits. 
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INTRODUCTION
Drug-related harm is common in older adults and increasingly so, given that older adults are the fastest growing demographic group globally [1]. While appropriate medication use has been shown to improve morbidity and mortality across a broad range of medical conditions, it might however lead to patient harm as well. Multiple causes of such drug-related harm have been identified and mostly pertain to inappropriate prescribing, multimorbidity and altered pharmacokinetics and pharmacodynamics as a result of aging [2-6].
The impact of drug-related harm on health status cannot be understated, as evidenced by the high rates of drug-related hospital (re)visits [2-4, 6-8]. Particularly older adults are frequently admitted to the hospital due to drug-related problems, including medication underuse. These drug-related hospital admissions are considered to be largely avoidable. Moreover, after hospital discharge, older adults are at an equally increased risk for unplanned hospital revisits [7, 9]. Many drug-related problems persist and are often the result of suboptimal communication between care providers [10]. The systematic review of El Morabet et al. showed that 33-48% of geriatric patients were readmitted within 6 months and that 20-59% of those readmissions were adjudicated as drug-related [7, 11, 12]. Interventions are hence needed to optimize medication use and transitional care and to subsequently reduce unplanned hospital revisits in older adults.  
Unfortunately, robust trial data on effective strategies to reduce drug-related harm in older patients remain limited. A recent network meta-analysis concluded that medication review as an isolated intervention was ineffective in reducing all-cause 30-day readmissions (Risk Ratio (RR) 1.06; 95% CI 0.45-2.51). In contrast, when combined with additional care components such as medication reconciliation, transitional care, patient and professional education, an association was observed with a decreased hospital readmission risk (RR 0.64; 95% CI 0.49-0.84) [13]. Unfortunately, geriatric inpatients, who are at a considerably higher risk of drug-related problems, were poorly represented. Consequently, Dautzenberg et al. concluded that further research is needed in participants with multi-morbidity or polypharmacy and patients aged 75 years and older [13]. Most of the interventions studied relied on a pharmacist-collaborative service, in which clinical pharmacists resolved drug-related problems in a team-based setting during hospital admission. No study focused however on patients admitted to dedicated acute geriatric care wards, rendering it difficult to draw conclusions on the value of clinical pharmacy services in this high-risk population [8, 13, 14]. Importantly, a recent multicenter pragmatic randomized controlled trial (RCT) showed no benefit on readmissions at 1 year after discharge. This trial also did not include geriatric inpatients specifically, nor was there an explicit focus on transitional care [15]. 
More evidence is urgently needed to improve the trajectory after discharge from an acute geriatric care ward. Hence, we will perform an RCT to evaluate a multifaceted clinical pharmacy intervention. The primary outcome will be time to a first unplanned hospital revisit in patients discharged from geriatric wards. Our intervention will target pharmacotherapy during and after hospital stay. 

METHODS 

[bookmark: _Toc61373641]Trial Design
The study concerns a monocenter, non-blinded, RCT in geriatric inpatients. The trial takes place at the acute geriatric wards (78 beds) of the University Hospitals Leuven (UZ Leuven, Leuven, Belgium). The protocol of this study is based on the recommendations of the SPIRIT 2013 Guidance for protocols of clinical trials [16]. In the intervention group, a multifaceted clinical pharmacist intervention is tested. In the usual care group, no pharmacist is actively involved in the medication review, counseling or discharge and post-discharge procedure. 
Participants
Eligible patients admitted consecutively to a study ward under supervision of a geriatrician are invited to participate and provide informed consent. If patients are unable to provide consent, their relatives are asked instead. Patients admitted for a maximum of one day, unable to understand Dutch or in a palliative stage as stated in their medical record with active withdrawal of drug therapy during hospitalization are excluded. Patients discharged to another ward within the same or to another hospital are also excluded. Readmitted study patients are not reincluded but receive usual care. Figure 1 provides a study diagram with inclusion and exclusion criteria. Enrollment began in February 2021. 
[image: ]
Figure 1: Study diagram ASPIRE study
Intervention
Usual care group
Preadmission medication is registered in the electronic health record (EHR) of the patient upon admission to the emergency department. Afterwards, it is only reconciled when the patient is transferred to the geriatric ward upon clinical indication (e.g. when problems arise); medication reconciliation is not repeated systematically. In both groups, the best possible preadmission drug list is compiled within 72 hours after admission to the geriatric ward during the study. If potentially dangerous or life-threatening drug errors (e.g. omission of insulin therapy in diabetes mellitus) are observed in the usual care group, these are communicated to the treating physician by a member of the research team. No standardized comprehensive medication review is performed systematically in patients admitted to the geriatric wards. Current discharge policies on the geriatric wards involve providing a discharge letter to the general practitioner, a patient-friendly print-out of the medication list, prescriptions for new medications and sufficient medications to cover the first 24 hours after discharge to maximize continuity of care for the patient.
Clinical pharmacists are present on the geriatric care wards in both study groups and are available for questions pertaining to pharmacotherapy for all inpatients. This does not lead to exclusion of the patient from the control group if it pertains to ad hoc questions. If for clinical or ethical reasons the clinical pharmacist performs some or all of the intervention steps for a patient in the control group, the patient remains included for the intention-to-treat analysis, but is excluded from the per-protocol analysis. 

Intervention group
The multifaceted clinical pharmacist intervention is based on previous work by our group [17]. The first steps focus on optimizing drug therapy of geriatric inpatients during hospital stay. The remaining steps promote a safe transition from the hospital back to the community. All intervention steps and time points are displayed in Figure 2 and explained below.
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Figure 2: Multifaceted clinical pharmacy intervention ASPIRE study

1) Ascertaining patient/caregiver concerns and defining therapy goals: within 72 hours after admission to the geriatric ward, the patient and/or caregiver preferences and previous drug-related problems are assessed. A self-developed questionnaire is used for this interview.
2) Medication reconciliation on admission: within 72 hours after admission to the geriatric ward the best possible preadmission drug list is obtained, using a structured tool [18]. In community dwelling patients, the patient and caregiver are always involved in the reconciliation process;  a second source (community pharmacist or general practitioner) is used to verify the preadmission medication list. In nursing home residents, the nursing home is contacted and in case of any uncertainty the general practitioner is consulted as well. The reconciled drug list is registered in the EHR.
3) Actual medication review: within 72 hours before discharge a comprehensive medication review is performed by the pharmacist team, taking into account therapy appropriateness, expected benefits and time to expected benefit or harm, life expectancy and care goals of patients and their caregivers. The medication list is screened for overprescribing as well as underprescribing resulting in a clearly defined pharmaceutical plan. More details can be found in our previous work [17]. Recommendations are documented in the patient’s EHR and are also discussed face-to face with the treating physician. Afterwards prescribers decide autonomously whether they implement the pharmacy recommendations.
4) Promoting safe transition
a. Medication reconciliation at discharge: medication reconciliation is repeated at discharge with the goal to reduce the complexity of the medication regimen. After discussing potential therapy changes with the treating physician, a summary of these changes and their rationale is compiled in the EHR. Moreover, a patient-friendly print-out of the medication list with documentation of all therapy modifications is provided. 
b. Optimizing communication with health care providers in primary care:
i. For each patient a copy of the medication list is provided for both the general practitioner and the community pharmacist. The latter will also receive prescriptions together with this medication list by envelope. If applicable a copy of the medication list is also provided for the home care nurse or the nursing home. 
ii. The general practitioner is contacted by phone during the medication review process or within 72 hours after discharge to discuss therapy alterations and recommendations for further optimization. If applicable, the home care nurse or the nurse from the nursing home are contacted by phone within 96 hours after discharge to discuss the same therapy alterations and recommendations. If we are unable to reach the relevant health care professional we will try to contact them again the next working day. 
5) Patient education, counseling: a motivational interview takes place within 72 hours before discharge with patients and/or caregivers, who are involved in the medication management process. The final medication list and the rationale for alterations are discussed. During the session information is provided on appropriate drug intake and possible adverse drug reactions, and therapy adherence is promoted. The interview is supported by available educational materials (e.g. patient information leaflets on the use of oral anticoagulants or sedative-hypnotic drugs) and the use of a medication box (Anabox© 1 week colored) to improve long-term adherence. During this counseling session, the pharmacist recommends (in agreement with the treating physician) the patient to visit his/her general practitioner within one week after discharge. A national Belgian guidance on how to perform a medication counseling session in older adults prior to hospital discharge is followed to standardize this motivational interview [19].
6) Post-discharge follow-up
a. Within five to ten days after discharge a follow-up call is made to discuss potential drug therapy issues, therapy adherence and to resolve any pending issues with patients and/or caregivers who are (partly) responsible for the medication management process. In case of a nursing home resident, the nurse from the nursing home is contacted to discuss the same items. The most appropriate moment and contact person is scheduled during the patient education step or the phone call with the nursing home. A self-developed questionnaire is used to guide this discussion. If deemed necessary the home care nurse is contacted as well. 
b. A telepharmacology service is provided for primary health care professionals as a means to consult the ward-based clinical pharmacists and/or research team after discharge. The free secure messaging app SIILO™ for medical team players is promoted for daily use and a dedicated phone number is provided for primary health care professionals to directly contact a clinical pharmacist from the research team to discuss drug-related problems. The different avenues to contact the research team are explicitly documented on the medication lists for the specific primary health care providers. 
Steps 1, 2 and 6 of the intervention are performed by members of the research team, which consists of clinical pharmacists (LH, JH, LVLD) and a geriatrician (JT). Support is provided by undergraduate students from the faculties of pharmaceutical sciences, biomedical sciences and medicine of KU Leuven (Leuven, Belgium). 
[bookmark: _Toc336262346][bookmark: _Toc61373654]Steps 3, 4 and 5 of the intervention are performed by a pharmacist of the clinical pharmacy team on the acute geriatric wards. Members of the team are all graduated clinical pharmacists, trained by a senior hospital pharmacist and with at least four months of experience with performing medication reviews in a multidisciplinary team on the same acute geriatric wards. All pharmacists followed accredited e-learning modules on optimizing drug use in older patients with the following topics: medication review, deprescribing, management of delirium and optimal prescribing for older patients. All e-learnings were completed prior to the start of this trial. All members of the clinical pharmacy team also followed a training on how to perform motivational interviews. During the study implementation period, the clinical pharmacy and research team will meet at least once a week to discuss potential barriers and challenges for continuous implementation of the intervention. Furthermore, clinical case discussions are held at least once a month. 
Data collection
[bookmark: _Toc61373655]The majority of patient data will be collected from the EHR and through questionnaires by members of the research team. Clinical outcome and cost data will be collected largely through the Belgian national health registry (IMA, InterMutualistisch Agentschap). For more details on baseline characteristics, see Supplementary Materials. 
Outcome measures
[bookmark: _Toc61373656]Primary endpoint
The primary endpoint is defined as the time to an all-cause unplanned hospital revisit after discharge. These data are collected from IMA up to six months after discharge. All-cause unplanned hospital revisits are defined as the sum of all-cause unplanned hospital readmissions and emergency department (ED) visits. 
[bookmark: _Toc61373657]
Secondary outcomes
Additional analyses of post-discharge hospital utilization will be performed to better understand the patient trajectory. We will analyze the unplanned hospital readmissions and ED visits at 30 days, 60 days, 90 days and 180 days after discharge. Furthermore, we will examine the rates of 30-day unplanned hospital revisits back to UZ Leuven between both groups. These data of same-hospital revisits will be available before data collection from IMA. Other secondary endpoints consist of the following health-related problems: mortality, falls, patient reported drug-related problems, quality of life, pain, medication use and adherence and drug-related hospital revisits. Table 1 shows an overview of the data collection for the secondary outcomes. 
Several endpoints are collected using a diary, which is provided to the patient upon discharge. To record patient reported drug-related problems, the diary contains questions based on the PROMISE tool [20]. For the number of medications, all active compounds are counted as different drugs, except multivitamin supplements which will be counted as one. Pro Re Nata drugs are counted if the patient takes them at least five out of seven days in one week during the last month. The drug burden (i.e. the cumulative number of times that a drug is taken per day) and the total number of intake moments per day are also documented. Therapy alterations during hospital stay will be assessed as well. Medication appropriateness is evaluated using the, at the time of analysis, most recent update of the START/STOPP screening tool and RASP tool [21, 22]. The "Basel Assessment of Adherence to Immunosuppressive Medication Scale" (BAASIS©) questionnaire is used to assess self-reported adherence [23]. The number of drug-related hospital revisits will be evaluated using a modified and easy-to use Kramer Tool comprising the three following questions: whether the reason for admission is known to be an adverse event of the suspected medicine, whether there is an alternative explanation for the adverse event and whether a plausible time-relationship exists between the adverse event and the start of the therapy (or the occurrence of the medication error) [24]. This evaluation will be done by three independent researchers for those patients with a readmission to one of the nexuzhealth hospitals. Nexuzhealth is a medical partnership involving 38 hospitals in Flanders (Belgium) who use the same EHR, allowing us to determine whether a readmission was medication-related or not [25]. 
A cost-consequence evaluation will be conducted post hoc based on the RCT data; more details can be found in the Supplementary Materials.

  
	Table 1: Overview of data collection for the secondary outcomes

	OUTCOME MEASURE
	DETAILS/TOOL
	TIMEPOINT
	SOURCE

	Mortality
	Death date
	Up to six months after discharge
	IMA/EHR

	Falls
	· Number of falls
· Date of falls
· Injury
	Up to one month after discharge
	· Diary
· Phone call


	Drug-related problems
	· Number of DRPs
· PROMISE tool [20]
	Up to one month after discharge
	· Diary
· Phone call

	Quality of life
	EQ-5D-5L questionnaire [26]
	· At baseline
· At one month after discharge
· At six months after discharge
	· Interview
· Phone call

· Phone call

	Pain
	NRS
	Weekly up to one month after discharge
	· Diary
· Phone call

	Medication
	· Number of medications
· Drug burden and complexity
· Therapy changes
	· At baseline

· At discharge

· Up to one month after discharge
	· Preadmission drug list
· Discharge drug list
· Phone call

	Medication adherence
	BAASIS© [23]
	· At baseline
· At one month after discharge
	· Interview
· Phone call

	PIMs
	· Number of PIMS
· According to the most up to date RASP [21] or START/STOPP list [22]
	· On admission

· At discharge 

· At one month after discharge
	· Preadmission drug list
· Discharge drug list
· Phone call

	Drug-related revisits
	· Number of drug-related revisits
· According to Modified Kramer et al [24].
	Up to six months after discharge
	EHR

	Costs
	· Health care costs

· Productivity losses
	· Up to six months after discharge
· Up to one month after discharge
	· IMA

· Diary 

	Utilization of hospital resources
	· Type of hospital visit (planned/unplanned hospital visit/admission)
· Date of visit
· Duration of visit
	Up to six months after discharge
	IMA
EHR for 30-day same-hospital revisits

	Abbreviatons: IMA: Intermutualistisch agentschap; DRPs: Drug-related problems; PROMISE: Patient-Reported Outcome Measure, Inquiry into Side Effects; EQ-5D-5L: European Quality of Life-5 Dimension, 5-level; NRS: Numeric Rating Scale; BAASIS: Basel Assessment of Adherence to Immunosuppressive Medication Scale; PIMs: Potentially inappropriate medications; RASP: Rationalization of Home Medication by an Adjusted STOPP list in Older Patients; EHR: electronic health record.




[bookmark: _Toc336262349][bookmark: _Toc61373658]Statistics
[bookmark: _Toc61373659]Sample size
Assuming a type I error rate of 0.05, a type II error rate of 0.20 (i.e. power of 80%) and a baseline event rate at six months of at least 50% in the usual care group, a sample size of 372 patients per group is needed to detect a relative reduction of at least 20% of unplanned hospital revisits using the log rank test. Bearing in mind a potential 10% loss of inclusions due to attrition, 828 patients are needed. This power calculation is based on previous results of our research team on the same hospital wards [3].
[bookmark: _Toc61373660]Randomization
Randomization to either the usual care or intervention group (1:1) takes place at the patient level using the randomization module of the Research Electronic Data Capture (REDCap™) software. Since we aim to include >200 patients a simple randomization technique was chosen to decrease bias in both groups [27]. The data manager (LVDL) not involved in the inclusion step of the trial created a random number table in Microsoft Excel® and uploaded the table to REDCap™.
[bookmark: _Toc61373661][bookmark: _Toc336324893]Analysis
An intention-to-treat analysis involving all included patients will be performed as primary analysis for the primary endpoint as well as a per-protocol analysis as secondary analysis of the primary endpoint. The per-protocol analysis will involve patients from the control group who did not receive any intervention component and patients from the intervention group who received all components. 
For the primary endpoint, a survival analysis will be used to determine the impact of the intervention on the primary outcome of time to a first all-cause unplanned hospital revisit. Patients will be censored in case of death and withdrawal of informed consent during the study and at the end of the six month follow-up after discharge, if no unplanned hospital visit occurred. Event rates will be visualized using Kaplan-Meier curves. A log rank test will be used for the primary analysis (unadjusted and adjusted) and a Cox proportional hazard model will be performed to report the primary outcome as a hazard ratio, including a 95% confidence interval. The analysis will be adjusted for age, admission source, previous hospital visits and the CCS. A two-sided p-value of 0.05 will be used to signify statistical significance.
Secondary outcomes will be analyzed applying appropriate statistical tests based on the type and distribution of the data, e.g. logistic regression for dichotomous outcomes, survival analyses for time-to-event variables; repeated continuous data will be analyzed using linear models and count data with count regression methods. 
In all analyses, adjustment for baseline variables will be conducted if deemed appropriate by the research team.
[bookmark: _Toc336262351]A cost-consequence evaluation will be conducted post hoc, calculating the cost-effectiveness of the intervention compared to usual care, for the most relevant outcome measures, e.g. the utilization of hospital resources and number of quality-adjusted life years (QALYs) gained. 
Statistical analysis will all be performed using SPSS, R and/or SAS. L-Biostat-KU Leuven was consulted for the appropriateness of the suggested analytical methods. All statistical analyses will be performed in collaboration with L-Biostat.
[bookmark: _Toc336262352][bookmark: _Toc61373663]Ethical considerations
[bookmark: _Toc336262353]The trial is conducted in compliance with the principles of the Declaration of Helsinki (version 9th July 2018), the principles of Good Clinical Practice and in accordance with all applicable regulatory requirements. This study has received ethical approval from the Ethics Committee Research of UZ Leuven on 18 January 2021 (registration number: B3222021000345). 
[bookmark: _Toc336262354][bookmark: _Toc61373665]Data Management & data monitoring
A paper case report form (CRF) is used to collect data and perform the intervention steps in a standardized manner and is daily transcribed in an electronic CRF using REDCap™ [28]. Prior to database lock all data are independently verified by a second researcher. LVDL fulfills the role of data manager, JH and LH the role of investigators and JT the role of principal investigator within REDCap. 
DISCUSSION 
Our RCT will be among the first with sufficient power to observe a reduction in unplanned hospital revisits in high risk older adults admitted to dedicated geriatric care wards. To this end, we will investigate the effect of a multifaceted clinical pharmacist intervention. If found effective, our data will provide important and much-awaited evidence. Currently, the evidence base for such interventions in geriatric inpatients remains alarmingly scarce. A risk-treatment paradox exists, as drug-related harm is particularly prevalent in this susceptible patient population. 
As previously suggested, interventions are more likely to improve the patient trajectory if they contain complementary care components [13]. It is unlikely that interventions improve post-discharge care if they remain limited to the in-hospital setting. Accordingly, interventions should aim to both optimize pharmacotherapy as well as to promote transitional care [9, 13, 17, 29]. Our proposed intervention is multifaceted and comprises medication reconciliation, medication review, patient and caregiver education, professional education and transitional care. It includes both in-hospital as well as post-discharge components, such as systematic contact with primary health care professionals and follow-up by phone [9, 17, 30]. The meta-analysis of Tomlinson et al. showed that interventions that included a post-discharge phone call were associated with fewer all-cause hospital readmissions [9]. Another post-discharge intervention provided in this study is the telepharmacology service which aims to bridge transitions. The goal is to allow primary health care providers to readily communicate with inpatient health care providers. As suggested by Tomlinson et al. these type of interventions could be beneficial and were not incorporated by studies included in their meta-analysis [9]. Patient and caregiver empowerment is important to increase medication knowledge and therapy adherence in this patient population [31]. Therefore, involving patients and caregivers is important across multiple steps of our intervention, i.e. upon admission and during hospitalization, but also at and after discharge. Geriatric patients often need help with managing their medications and the involvement of caregivers during education sessions about medication management could be beneficial [32-34]. 
In this randomized controlled trial, the interventions will only be performed once during the index admission. Included patients who are readmitted to the study wards will receive usual care. The goal is to examine the effect size and persistence of a single intervention. This is also reflected in our primary endpoint (time to first unplanned hospital revisit) and the corresponding analysis (survival analysis). This design was also chosen because of the monocentric nature of the study. After discharge it is impossible to determine whether the patient has been readmitted to the same hospital. 
The endpoints of this trial align well with the proposed endpoints for similar research by multiple sources [35, 36]. The primary endpoint was chosen as time to an all-cause unplanned hospital revisit up to six months after discharge. All-cause revisits were selected, because we believe that our intervention could also prevent hospital contacts that are not necessarily adjudicated as drug-related. The multifaceted intervention also targets the improvement of baseline therapies and aims to support increased guideline adherence. Hospital contacts due to nonadherence or underprescribing that are usually seen as worsening of the underlying disease, will be captured as well using this ‘all-cause’ endpoint. Subtypes of revisits such as drug-related hospital visits were also included as a secondary endpoint as suggested by the international core outcome set for clinical trials of medication review in multi-morbid older patients with polypharmacy [35]. Only hospital revisits to a nexuzhealth hospital were included for this secondary endpoint, because access to the EHR is necessary to correctly adjudicate a hospital revisit as drug-related. Both hospital admissions and emergency department visits were included as components into the composite primary endpoint, since we will evaluate the effect on all types of acute unplanned hospital contacts. Based on available literature and the lack of information about the duration of the effect of such a one-time intervention we included a broad time range from 30 days until 6 months after discharge. The Cochrane review of Christensen et al suggested that more high-quality trials with a long-term follow-up (i.e. at least up to a year) are needed [37]. We do not agree with their recommendation and hypothesize that a year is simply too long to expect a benefit from a single intervention during hospital stay in high-risk geriatric inpatients. The recently published pragmatic MedBridge trial performed by Kempen et al., which was powered to detect a reduction in hospital visits during a 12 month follow-up period, was neutral [15]. The IMMENSE study from Johansen et al. also has defined a 12 month follow-up and is still ongoing [38]. Ravn-Nielsen et al. showed a significant reduction in readmissions within 30 and 180 days after inclusion in their OPTIMIST trial [8]. As described in the protocol of the PHARM-DC study of Pevnick et al. they will examine the effect of their multifaceted clinical pharmacist intervention on 30-day readmissions and emergency department visits [39]. Based on these ongoing and finished trials we opted to collect data until 180 days after discharge to evaluate the effectiveness on a short (i.e. 30 – 60 days) and mid-long term (i.e. 90-180 days). 
Medication use, health-related quality of life and pain relief were also included as secondary outcomes based on the core outcome set of Beuscart et al [35]. Other secondary health-related outcomes such as therapy adherence, number of falls and patient-reported drug-related problems were chosen to evaluate the effect of the intervention and to determine which medication-related factors might be impacted by the intervention. Moreover, in case the intervention would be found to be ineffective in improving the primary endpoint, it still would be very informative to examine the effects on these other relevant health-related outcome measures. To determine patient-reported outcome measures such as therapy adherence, quality of life and drug-related problems, validated instruments available in Dutch are used [20, 23, 26]. The easy-to-use adjusted Kramer tool was recently validated by our group and will be used to determine causality of drug-related admissions [40]. The economic evaluation includes different perspectives: the hospital (implementation costs), the health care payer (costs saved by reducing hospital visits) and patient/caregiver (loss of productivity). This will be crucial to better characterize financial aspects of downstream implementation. 
We recognize some limitations of our trial. First, it is a monocentric trial performed in a university hospital, where the intervention is tested in only one discipline, i.e. geriatric medicine. Only but a few exclusion criteria are defined however, increasing the trial’s generalizability toward all-comer geriatric patients. Residents of nursing homes and patients with cognitive impairment are not excluded since they are also at high risk for drug-related problems. Secondly, excluding patients that are being discharged to other wards or hospitals could lead to selection bias. These patients were excluded to better investigate the value of the transitional care step. Thirdly, contamination bias is not excluded. Randomization is performed on the patient level and the trial is not blinded. Accordingly, physicians can treat patients from both study groups and learn from pharmacist recommendations. Moreover pharmacists are also available for ad hoc questions for patients in the control group. Yet, if anything, this contamination bias would likely only attenuate any effect of the intervention and not lead to any overestimation of the effect size. Importantly, allocation of the primary endpoint will be blinded, since this data will be collected by the national health registry.
We believe the results will be essential for further improving health care for and quality of life of the individual geriatric patient and for the future development of clinical pharmacy interventions on geriatric wards. 
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