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Abstract
Introduction  There are several barriers to conducting medication management in nursing homes. Our project aimed to 
develop an algorithm that guides and supports pharmacists to perform this clinical service.
Methods  Phase I of the project examined the practitioner and patient perspectives on the medication process in nursing 
homes. The mixed methods approach consisted of interviews with qualitative content analysis and a quantitative question-
naire. Phase IIa scoped existing research and comprised a three-stepped systematic review. It was registered in the Inter-
national Prospective Register of Systematic Reviews (CRD42017065002). Results of the first two steps were assessed for 
quality. Phase IIb was performed as a Delphi survey. The developed algorithm was tested in nursing homes. The primary 
endpoint was the number and type of detected drug-related problems. The study was conducted between June 2016 and 
December 2018 (Deutsches-Register-Klinischer-Studien-ID: DRKS00010995).
Results  Interviews were held with 21 healthcare practitioners and six patients. Frequent and relevant aspects of the medica-
tion process in nursing homes were identified. The systematic reviews included 28 reviews, 12 interventional studies and 1450 
non-interventional studies. As a result of the Delphi survey, two new aspects were added. Testing of the drafted algorithm 
was done in 73 nursing home residents. A mean of 6.3 drug-related problems were detected. Sample cases were executed in 
a mean time of 21 min by community pharmacists.
Conclusions  The developed and consented algorithm can guide pharmacists in conducting medication management in a 
timely and effective manner. It might serve as a facilitator to improve collaboration and quality of medication in nursing 
home residents.

Key Points 

Medication management is beneficial for nursing home 
residents but is rarely conducted in this setting in Ger-
many.

The AMBER project developed an algorithm that can 
guide pharmacists in conducting medication manage-
ment for nursing home residents.

Implementation of this tool into standard care can foster 
medication safety in a population that might not have 
independent access to all facets of healthcare services.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4026​4-020-01016​-0) contains 
supplementary material, which is available to authorized users.
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1  Introduction

Residents of nursing homes are a vulnerable patient group 
when it comes to drug therapy [1–3]. Aging, multimorbidity, 
polymedication and physiologic changes, like a declining 
renal function, lead to increased risks [4–8]. Drug therapy 
is usually applied by the facility nurses, resulting in a high 
level of heteronomy and dependance. Several studies have 
demonstrated positive effects of comprehensive medication 
management (CMM) or medication review (MR), deliv-
ered by community pharmacies, for the general population 
and in nursing home care [9–12]. CMM is defined by the 
Patient-Centered Primary Care Collaborative (PCPCC) as 
“the standard of care that ensures each patient’s medications 
are individually assessed to determine that each medication 
is appropriate for the patient, effective for the medical con-
dition, safe given the comorbidities and other medications 
being taken, and able to be taken by the patient as intended” 
[13]. It is delivered in collaboration with other providers to 
optimize patient outcomes [14]. Depending on the jurisdic-
tion, pharmacies have certain obligations associated with the 
drug supply of nursing home residents [15]. Drug-therapy 
optimization in this specific setting requires an emphasis on 
interprofessional collaboration, as nurses are usually first to 
realize changes in a patient’s health condition [16, 17]. A 
systematic review by Kwak et al. found that CMM in nursing 
homes can be cost effective if it is performed by an inter-
professional team [18]. Potential barriers to implementing 
CMM in nursing homes are, among others, lack of time and 
inadequate reimbursement [19]. In Australia, MR in nurs-
ing homes is remunerated but pharmacists stated that more 
funding was required to achieve a team-based intervention 
[20]. Internationally, clinical services, education and clinical 
skills are implemented to different extents among pharma-
cists [21]. Structured guidance can lead to a higher quality 
level of services. The TIMER® tool, as an example, was 
developed to support pharmacists in conducting CMM in 
Texas [22]. It differs from safety tools, like lists for identify-
ing potentially inappropriate medication (PIM), by covering 
aspects of therapy optimization as well as safety aspects. 
Examples of PIM lists are the Beers criteria or the EU(7) 
PIM list [23, 24]. Potential shortages of labor force and time 
in pharmacies and nursing home facilities are problems that 

need to be taken into account when exploring potential solu-
tions to promote CMM in this specific setting [25–27].

1.1 � Aims

The AMBER project aimed to develop an algorithm that can 
provide guidance for pharmacists conducting CMM in nurs-
ing homes. It should address the most relevant and frequent 
aspects of therapy and safety in the medication process and 
be highly feasible and time saving for all participants.

2 � Methods

To reach a high validity, several individual studies were 
coordinated in four major study phases (Fig. 1):

•	 Phase I: the practitioner’s and patient`s perspective. 
Interviews and questionnaires on the medication process 
in nursing homes were held with patients, nurses, physi-
cians and pharmacists.

•	 Phase IIa: considering prior research. A three-stepped 
systematic review was done on different aspects of the 
medication process in nursing homes.

•	 Phase IIb: experts’ position. Based on the results of phase 
I and IIa, a Delphi survey was conducted.

•	 Phase III: clinical testing. The refined algorithm and 
resulting tool was tested in nursing homes. Additional 
analyses on feasibility were done.

2.1 � Ethics

The interventional study followed the principles of the Dec-
laration of Helsinki [29]. Informed consent was obtained 
from all study participants or their legal attorney. The 
regional ethics committee of the Medical Association of 
Westphalia-Lippe and the University of Muenster approved 
the study (registration number 2017-350-f-S). The study was 
registered at the German Clinical Trials Register (DRKS-ID: 
DRKS00010995). The study protocol has been published 
previously [28].

Fig. 1   Study phases (according 
to the study protocol [28]) and 
timeline
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2.2 � Phase I: Interviews with Healthcare 
Practitioners and Patients

Twelve randomly chosen nursing homes in Muenster, Ger-
many were asked to join the study. Interview participants 
were recruited from the included nursing homes as a con-
venience sample, aiming for a total of ≥ 20 interviews with 
similar numbers per group of patients, pharmacists, physi-
cians and nurses. Healthcare professionals were required to 
have > 1 year of working experience in nursing home facili-
ties to be included.

Practitioner interviews and questionnaires were con-
ducted following a mixed methods approach, which com-
bined qualitative and quantitative aspects. Interviews fea-
tured open questions to get feedback on uncertainties, goals 
and problems in the medication process. The specifically 
developed questionnaire on experiences, standards and 
expectations on problems, risks and goals in the medication 
process consisted of 51 aspects, which were rated regarding 
frequency and relevance. These aspects could be allocated 
to the domains of general challenges in the medication pro-
cess, patient goals, barriers in communication, medical goals 
and pharmaceutical aspects (see Electronic Supplementary 
Material [ESM] 1). Questions were designed to cover the 
medication process in nursing homes from the beginning 
(initialization of prescription) to the end (therapeutic moni-
toring). Insight into the medication process was gained from 
discussion rounds with a geriatrician, a general practitioner, 
a geriatric pharmacist and a nurse. Qualitative content analy-
sis was done according to Mayring, engaging the software 
MAXQDA (version 12, VERBI software GmBH, Germany) 
[30]. The frequency of the coded categories was counted. 
Each of the 51 aspects was rated on a five-point Likert scale 
on frequency and relevance. A combined index was formed 
by adding the rating for frequency to the rating for relevance 
and dividing it by two. Aspects, rated and calculated in this 
way by > 50% of the participants with an index of ≥ 3, were 
considered as meaningful and were considered for the first 
draft of the algorithm. For nursing home residents, a reduced 
questionnaire with 24 questions on relevance only was devel-
oped, with respect to limited resilience and concentration. 
Questionnaires and interviews were performed from June 1, 
2016 to December 31, 2016.

2.3 � Phase IIa: Systematic Reviews

A systematic review was conducted following the patient, 
intervention, comparison and outcome (PICO) frame-
work and the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines (ESM 
2, Table 1). It was divided into three consecutive steps, as 
each step required an individual search strategy and method. 
The following databases were searched: MEDLINE/PCM 

(via PubMed), PsycINFO (via EBSCOhost), CDSR (via 
Cochrane Library), CINAHL (via EBSCOhost), Interna-
tional Pharmaceutical Abstracts (via EBSCOhost) and 
NHSEED/DARE (via CRD). The review was registered in 
the International Prospective Register of Systematic Reviews 
(PROSPERO, registration number CRD42017065002) 
[31]. CITAVI© Software 5.7.1.0 (Swiss Academic Soft-
ware GmbH, Waedenswil, Switzerland) was engaged for 
data management and for removing duplications. In addi-
tion, duplications were removed by hand. Studies were 
excluded during screening and full-text assessment if they 
were not written in English or German, did not provide any 
results (e.g. study protocols), were not related to the medi-
cation process, and if they were letters, comments, author’s 
views and congress or seminar papers. Retrieved titles and 
abstracts were extracted by one reviewer (SE). Two review-
ers analyzed the studies for inclusion in the review (SE, OR). 
Discrepancies were resolved by discussion. Extraction was 
done on the number of studies included (for step 1), the 
number of participants, the study design, the review ques-
tion, the intervention (steps 1 and 2) and the findings (SE).

Step 1 focused on available reviews, systematic reviews 
and meta analyses on medication-related interventions in 
nursing homes. The methodological quality of the reviews 
was assessed using the ‘Assessment of Multiple SysTem-
Atic Reviews’ (AMSTAR) checklist (SE, OR) [32, 33]. The 
objective of step 2 of the systematic review was to find more 
recent interventional studies on medication-related interven-
tions in nursing homes that were not covered by step 1. The 
quality of the retrieved studies was assessed with the ‘tem-
plate for intervention description and replication’ (TIDieR) 
checklist [34]. Step three comprised under-reported prob-
lems in nursing homes, reported by non-interventional 
studies, like observational trials, qualitative research and 
guidelines on problems in the medication process in nurs-
ing homes.

A narrative synthesis was done for all three steps in 
accordance with a guidance paper by Popay et al. [35]. Only 
studies that had been completed and published at the time 
of the review were included. The searches were conducted 
from March 2017 onwards and included studies from 2000 
or later. The full search strategies and the detailed timelines 
are provided in ESM 3. Authors of included studies were not 
contacted for provision of further data.

2.4 � Phase IIb: Preliminary Algorithm and Delphi 
Survey

A preliminary algorithm was developed by comparing the 
results of the interviews to the results of the systematic 
reviews. Aspects of the algorithm were summarized to 
statements and included in an international Delphi survey. 
Participants in the Delphi survey were pharmacists and 
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researchers with experience in patient and nursing home 
care. They were recruited for participation as members of 
the Pharmaceutical Care Network Europe (PCNE). Rating 
of the aspects was done with a 5-point Likert scale, with 
1 meaning no agreement and 5 expressing full agreement. 
The survey consisted of additional text fields for com-
ments and a final open question. It was distributed via 
the web-based software SurveyMonkey® (San Mateo, CA, 
USA). Consensus was defined as an agreement of ≥ 70% 
(rating 4 or 5) and a median of ≥ 3 on the Likert scale. 
For the second Delphi round, additional and modified 
aspects retrieved from the comments in round one were 
presented to the expert panel. The Delphi survey took 
place from July 1, 2017 to December 31, 2017. Results 
were used to approve, modify or supplement the steps of 
the algorithm.

2.5 � Phase III: Testing and Validation

The modified and refined algorithm was tested in nursing 
homes. The study protocol followed the ‘Standard Pro-
tocol Items: Recommendations for Interventional Trials’ 
SPIRIT 2013 statement [36, 37] and conformed to the 
‘Manual for the Design of Non-Drug Trials in Primary 
Care’ by Joos et al. [38]. The aim of the test was to get an 
impression of the effectiveness, feasibility and acceptance 
of the algorithm for conducting CMM in nursing homes. A 
single-armed prospective study was planned. Detection of 
drug-related problems (DRPs) was determined as the end-
point of the intervention. The study was conducted over 
12 months from January 1, 2018 to December 31, 2018 
in nursing homes in North Rhine-Westphalia, Germany. 
Inclusion criteria were

Table 1   Summarized results of 
the examined interventions of 
the included reviews (systematic 
review 1)

⇑ indicates improvement, ⇔ indicates uncertain effects

Review Quality of 
therapy

Falls Hospitalization Mortality Costs

Alldred et al. 2016 [9] ⇑ ⇔ ⇔ ⇔
Chhabra et al. 2012 [44] ⇑
Church et al. 2011 [45] ⇑ ⇑
Clegg et al. 2014 [46] ⇔ ⇔ ⇔
Da Silva et al. 2010 [47] ⇑
Fleming et al. 2013 [48] ⇔ ⇔ ⇔
Forsetlund et al. 2011 [49] ⇑ ⇔
Hanlon et al. 2004 [50] ⇑ ⇔
Hughes and Lapane 2011 [42] ⇑ ⇑ ⇔ ⇔
Kroger et al. 2015 [51] ⇑
LaMantia et al. 2010 [52] ⇑
Lehnbom et al. 2014 [53] ⇑ ⇑
Loganathan et al. 2011 [54]
Marasinghe 2015 [55] ⇑
Marcum et al. 2010 [56] ⇑ ⇔ ⇔ ⇔
Neyens et al. 2011 [57] ⇔
Nishtala et al. 2008 [58] ⇑
Oliver et al. 2007 [59] ⇔
Parsons et al. 2011 [60] ⇑
Phillips et al. 2013 [61]
Spinewine et al. 2012 [62] ⇑ ⇔ ⇔ ⇔
Stubbs et al. 2015 [63] ⇔
Thiruchelvam et al. 2017 [43] ⇑ ⇑ ⇑
Thompson Coon et al. 2014 [64] ⇑
Verrue et al. 2009 [65] ⇑
Vu et al. 2004 [66] ⇔
Wallerstedt et al. 2014 [67] ⇔ ⇔
Wilson et al. 2010 [68] ⇑



317Algorithm for Comprehensive Medication Management in Nursing Homes

•	 age ≥ 65 years;
•	 resident of a nursing home facility;
•	 multimorbidity, defined as two or more chronic diseases 

[39];
•	 polymedication with five or more systemically available 

drugs;
•	 informed consent to participate in the study by the resi-

dent or legal attorney.

Participation in another clinical study was defined as an 
exclusion criterion.

2.5.1 � Intervention

After recruitment of the nursing homes, all residents were 
screened for inclusion criteria and asked to give informed 
consent. The general practitioners responsible for the 
included patients were contacted by the lead researcher (SE). 
Patient data were retrieved from the documentation system 
of the nursing homes and from the physicians. Further infor-
mation was gathered from a patient interview and from the 
nurses. Based on the available information, an algorithm-
based CMM was conducted (SE). Results of the algorithm-
based CMM were documented and a SOAP note (acronym 
for a clinical communication form consisting of information 
on subjective, objective, assessment and plan) was handed to 
the physician and to the nurse. A case discussion was offered 
[40]. The SOAP notes contained the detected aspects, sug-
gestions to resolve them and references to the therapy. The 
CMM was done in accordance with the PCPCC and Ameri-
can College of Clinical Pharmacy (ACCP) definitions [13, 
14]. Number and type of DRPs were analyzed descriptively. 
Otherwise, standards of care remained unchanged through-
out the study phase. Power was calculated with a two-sided 
Wilcoxon signed-rank test with a significance level of 0.05, 
and yielded in 75 patients. The details are described in the 
study protocol [16].

Convenience, feasibility and reproducibility was tested 
by five pharmacists, who analyzed nine randomly chosen 
patient cases with an electronic tool (SurveyMonkey®), 
which was based on the algorithm. The pharmacists were 
in charge of providing medication to one or more nursing 
homes but did not conduct CMM on a regular basis. They 
were selected by the study authors as a convenience sample.

2.5.2 � Endpoints

The primary endpoint of the study was the number of 
detected DRPs according to the ‘PCNE Classification 
V 8.01’ via algorithm [41]. Secondary outcomes were 
acceptance of the CMM by physicians and nurses, the 
discrepancy in DRPs between the algorithm-based CMM 
and the comprehensive CMM and the feasibility (time 

spent conducting an algorithm-guided CMM per case, 
open feedback question). All patients from the participat-
ing nursing homes were screened for inclusion and exclu-
sion criteria. Patient data collected were name and study 
number, age and gender, medication, diagnoses, vital signs 
and laboratory data. Data were managed with Microsoft® 
Excel® Software version 1912, (Microsoft, Redmond, 
Washington, USA) and SPSS version 20.0 Inc. (IBM, Chi-
cago, Illinois, USA). All data was anonymized for further 
evaluation. Results were analyzed descriptively. For the 
Likert-scale questions and the Delphi survey, average, 
median, the coefficient of variation and consensus esti-
mates were calculated. As endpoints for feasibility testing, 
time was measured and feedback was collected by asking 
for comments. In addition to the algorithm-based CMM, 
an unguided CMM was done for the same patients to the 
best of the ability of the researchers (SE, OR) to compare 
both approaches regarding the number of detected DRPs.

3 � Results

3.1 � Phase I: Practitioner Interviews 
and Questionnaires

A total of 27 interviews and questionnaires were held on 
frequent and relevant aspects of the medication process in 
nursing homes. They consisted of seven encounters with 
physicians, seven encounters with pharmacists, seven 
encounters with nurses and six encounters with patients. 
Baselines characteristics of the interviewees are summa-
rized in ESM 4, Table 1. The results of the quantitative 
analysis on frequent and relevant aspects of the medication 
process in nursing homes differed considerably between 
the three professions. Interviewees did not respond to all 
51 questions. Hence, for the group of pharmacists, only 
36 aspects could be analyzed (physicians 50, nurses 49). 
Polymedication, cognitive impairment, blood pressure 
and blood sugar control were mentioned by more than 
one group as meaningful. Reliable pain management 
was rated as important by all groups. Detailed results of 
relevant and frequent problems, which were rated with a 
combined Likert-scale index ≥ 3, are shown in ESM 4, 
Table 2. The qualitative content analysis of the interviews 
showed that the largest barriers in the medication process 
were located in the field of communication. In particular, 
the communication between physicians and nurses was 
described as challenging. Missing background information 
upon handling the drugs was an aspect mentioned by all 
professions. Summarized results of the qualitative content 
analysis are described in ESM 4, Table 3.
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3.2 � Phase IIa: Systematic Review

The three-stepped review covered former reviews (step 1), 
recent interventional studies published after these system-
atic reviews (step 2) and non-interventional studies (step 3). 
Figure 2 shows the study flow for searching, screening and 
selecting the studies within the three steps of the systematic 
review.

3.2.1 � Systematic Review Step 1

Various reviews demonstrated an improvement of drug-
related endpoints by medication-related interventions in 
nursing homes. However, the impact on endpoints like 
costs, hospitalization or adverse reactions was uncertain [9, 
42, 43]. Not all included reviews met the AMSTAR criteria 
but the methodological quality of most reviews was very 
high. Interventions should be collaborative and feasible for 
daily practice, as the settings of the efficacy studies were 
not always comparable to standard care. In summary, the 

majority of the reviews found positive effects or MR in nurs-
ing homes on increasing safety and quality of the medica-
tion, whereas outcomes on all other endpoints were weaker. 
Step 1 did not add any new aspects to the algorithm but 
supported the findings from phase I. Table 1 displays the 
extracted results of the included reviews.

3.2.2 � Systematic Review Step 2

In the second systematic review, 12 interventional studies 
on the medication process in nursing homes were exam-
ined. Combined, the studies indicated that a collaborative 
approach was superior to one-sided efforts. Similar results 
were found for longitudinal care, which tended to show much 
better results than unique interventions. PIMs, psychotropic 
medication, anticholinergic drugs, proton-pump inhibitors 
as well as crushing drugs were aspects found to be more 
likely to cause problems in nursing homes. Special atten-
tion should be given to transferring the SOAP note with the 
results of the CMM to the physician, as many suggestions 

Table 2   Statements on MR in nursing home care provided to the Delphi panel in round 1 with results

MR medication review, PIM potentially inappropriate medication

Number Statement n Median Average Coefficient 
of variation

Consensus 
estimates (%)

1 MR should be offered only to patients with polymedication 15 2.0 2.7 0.5 33.3
2 MR should be repeated regularly (for example annually) 15 4.0 4.1 0.3 86.7
3 Medication reconciliation should be conducted after each transition of care 15 4.0 4.0 0.3 80.0
4 Patients and nurses should be asked for chief complains (especially pain and 

digestion) and be assessed for delirium
14 4.0 4.3 0.1 100.0

5 Clinically relevant parameters for medication are blood pressure, blood sugar and 
kidney function

14 3.0 3.1 0.3 42.9

6 Assessing the medication with a PIM list (e.g. EU(7)PIM [24]) is reasonable and 
important

14 3.0 3.1 0.3 35.8

7 Assessing the medication for indications without a drug (e.g. START-Criteria 
[69]) is reasonable and important

15 4.0 3.7 0.2 66.7

8 Splitting and crushing drugs should be assessed 15 4.0 4.1 0.2 86.7
9 Inadequate dosing and choice of antibiotics is a frequent and relevant issue in 

nursing homes
15 4.0 3.9 0.1 80.00

Table 3   Statements on MR in nursing home care provided to the Delphi panel in round 2 with results

MR medication review, INR international normalized ratio

Number Statement n Median Average Coefficient 
of variation

Consensus 
estimates (%)

1 When conducting a MR in nursing homes, the medication should be assessed for 
drugs without an indication

10 4.50 4.30 0.22 90

2 When conducting a MR in nursing homes, the medication should be assessed for 
drug–drug interactions

10 5.00 4.80 0.09 100

3 The most relevant clinical parameters for medication are blood pressure, blood 
sugar, kidney function, INR, serum potassium, serum sodium and lipid panel

10 4.00 3.80 0.21 80

4 Assessing indications without drugs by a list is feasible and important 10 4.00 3.90 0.19 70
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did not reach the general practitioner’s attention and showed 
limited acceptance (summarized study extraction in ESM 5, 
Table 1). The emphasis on PIMs and interprofessional com-
munication was included in the algorithm.

3.2.3 � Systematic Review Step 3

The systematic review of non-interventional studies included 
1450 studies. As expected, the study designs were hetero-
geneous. There was no assessment of bias performed but, 
for most aspects, there were studies of obviously higher and 
lower quality. As there were a high number of studies, they 
were clustered by medication, indication and complaints. 
Most studies were dealing with problems caused by anti-
biotic therapy (n = 300), antipsychotics (n = 99) and PIMs 
(n = 84). Pain was the complaint mentioned most frequently 
(n = 116). These aspects were considered for the algorithm. 
The number of studies for all clusters is displayed in ESM 
6, Table 1. Some studies were allocated to multiple clusters, 
as they were dealing with more than one relevant aspect. 
In these cases, all the main findings of the studies were 
included. As they were of non-interventional design, they 
were usually identifying or describing potentially harmful 
or problematic aspects of the medication process in nursing 
home care.

3.3 � Phase IIb: Preliminary Aspects and Delphi 
Survey

Based on the practitioner and patient interviews and the 
three-stepped systematic review, preliminary aspects for 
the algorithm were identified and expressed as statements. 
The survey was sent to 23 international experts, who were 
members of the PCNE. With 15 responders from 10 coun-
tries, the response rate was 65%. All participants were 
senior researchers (average age 53.8 years) with experi-
ence in patient care research of > 15 years. For five state-
ments, an agreement of > 70% was achieved in round 1. 
The average rating was > 3 (on a scale of 1–5) and the 
coefficient of variance was ≤ 0.3. Nine experts provided 
further information on what they feel should be included 
in an MR in nursing homes. Table 2 shows the results of 
the Delphi survey round 1.

Based on the results of round 1 of the Delphi survey, 
two new and two modified statements were presented to 
the experts in the second round. All experts who partici-
pated in round 1 were also asked to participate in round 2. 
Ten experts responded. Statements and results of round 2 
are shown in Table 3.

Due to the high agreement and the small coefficient of 
variance (0.09–0.22), all new or modified aspects were 

Fig. 2   Combined PRISMA flow chart for the three-stepped systematic review
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Fig. 3   Proposed algorithm for medication review (MR) in nursing 
homes. BG blood glucose, DRP drug-related problem, GFR glomeru-
lar filtration rate, HbA1c glycated hemoglobin, INR international nor-

malized ratio, LDL low-density lipoprotein, PIM **potentially inap-
propriate medication, RR blood pressure
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included so that an algorithm for CMM in nursing homes 
could be created (Fig. 3).

3.4 � Phase III: Practice Testing

The developed algorithm was tested in clinical practice. 
Recruitment was successful for seven nursing homes. One 
nursing home dropped out later, as financial harms were 
suspected from further participation in the study. All con-
tacted nursing homes expressed very limited time and staff 
capacities. In the remaining six nursing homes, 153 residents 
or their legal attorneys were contacted and 73 residents gave 
consent for participation in the study (47.7 %). Even though 
nurses appreciated the presence of pharmacists, provision of 
patient data by the nurses was difficult due to the stated mas-
sive work overload. Physicians were asked for collaboration 
in person, via telephone, fax and mail. Despite a data privacy 
declaration from the patient being provided in all cases and 
a legal obligation to deliver the patient history was in effect, 
the patient history was rarely transmitted. However, the 
medication and some additional data could be collected for 
all 73 patients from the documentation system of the nursing 
homes. The average age of the patients was 80.0 years and 
they were predominantly female (64.4%). Patients used an 
average of 8.5 drugs for chronic conditions, 3.1 ‘as-needed’ 
drugs and 0.2 drugs for acute conditions.

The algorithm-based CMM detected 459 DRPs in the 
73 residents, an average of 6.3 DRPs per resident. Accord-
ing to the PCNE classification system, most DRPs detected 
were related to adverse drug events (n = 269), untreated 
symptoms or indications (n = 124), an effect of the drug 
treatment that was not optimal (n = 40) and unnecessary 
drug treatment (n = 21). The steps of the algorithm showed 
different efficacy in detecting DRPs: in step one, for all 
patients for whom more than one source of medication lists 
was available (n = 38), one or more discrepancies in the 
medication plans was seen. Assessing the patients’ chief 
complaints found 22 DRPs, clinical parameters 58 DRPs, 
splitting/crushing drugs 33 DRPs, drug–drug or drug–food 
interactions 75 DRPs, antibiotics 3 DRPs, PIMs 143 DRPs, 
indications without a drug 94 DRPs, drugs without indica-
tion 31 DRPs (total of 459 DRPs).

To get a first impression of the integrity of these results 
and as a safety precaution, ten randomly drawn cases were 
controlled with a comprehensive MR by the authors to the 
best of their ability. For these ten cases, the algorithm-based 
CMM revealed an average of 6.7 DRPs, compared with 8.2 
DRPs by the most intensive CMM (Δ 1.5 DRP). All of the 
additionally found DRPs were of a potential nature and 
could be allocated to an optimization of the therapy regard-
ing guidelines. They were not related to patient safety.

Feasibility of the algorithm was tested with five commu-
nity pharmacists on nine randomly drawn pseudonymized 

cases. Pharmacists spent an average of 21:08 min (median of 
15:53 min, range 6:38–40:19 min) applying the algorithm to 
the patient case. Pharmacists consistently stated that the tool 
was helpful, feasible and time saving and that they wouldn’t 
have considered all these aspects without this guidance. 
Screening for PIMs with the Eu(7)-PIM list was described as 
the most time-consuming step. The pharmacists mentioned 
that an automatically generated SOAP note would help them 
to save even more time.

4 � Discussion

Based on practitioner interviews, systematic reviews, a Del-
phi survey and clinical testing, an algorithm was developed 
that could provide guidance on conducting CMM in nurs-
ing homes. Practitioner and patient interviews gave a first 
impression on important and relevant aspects in the medica-
tion process. As each interviewed group mentioned different 
aspects, a valuable and differentiated picture was formed at 
this stage. The three-stepped systematic review added the 
perspective of previous research. It provided the new aspect 
of antibiotic therapy to the algorithm, and confirmed the 
results of phase I, as PIMs, anticholinergic drugs, crushing 
drugs, and pain were described as relevant aspects in nursing 
homes. Step 1 found a high plausibility that CMM in nursing 
homes were effective and added feasibility and an emphasis 
on collaboration to the algorithm. The Delphi survey incor-
porated expertise and complemented the algorithm with two 
new aspects. Modifications were suggested. Based on this 
comprehensive approach, a refined algorithm and resulting 
ten-stepped tool was developed. A first clinical testing in 73 
cases revealed that the algorithm reliably detected the major-
ity of DRPs in an acceptable timeframe of 21 min.

In light of existing literature, the mean number of 6.3 
detected DRPs seems reasonable. Pharmacists found a mean 
of 5.1 DRPs per patient in a nursing home study by Hal-
vorsen et al. [70], a mean of 4.1 DRPs in a study by Vinks 
et al. [71] and a mean of 3.5 DRPs in a study by Finkers 
et al. [72]. The pattern of detected DRPs with many adverse 
drug reactions notably differed from a recent study in Ger-
man nursing homes, in which pharmacists found a mean of 
only 1.6 DRPs per patient, predominately drug–drug inter-
actions [73]. This difference in the number and the kind of 
detected DRPs might indicate that the algorithm can assist 
pharmacists to expand their scope when conducing a CMM. 
As the step of optimizing antibiotic therapy found DRPs in 
only three cases, it may be considered acceptable to skip this 
step after further clinical testing with similar results.

The timespan of 21 min for conducting an MR with the 
new algorithm seems appropriate. However, this time did 
not include the collection of data, nor writing a SOAP note. 
As a qualitative result of the study, it was observed that 
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collaboration was appreciated by most nurses. Ironically, 
their perceived work overload was the biggest barrier for 
implementation of the CMM which, most probably, could 
help them save time. The limited concerns of the general 
practitioners might have been due to the remote personal 
relationship with the pharmacists, an effect that was seen in 
other nursing home studies previously [74, 75].

4.1 � Limitations

The developed algorithm results from a project with a num-
ber of methodological strengths. Patients, practitioners, 
research and experts contributed to find the most frequent 
and relevant aspects for CMM in nursing home residents. A 
limitation was the selection of the participants for the inter-
views, the Delphi survey and the clinical testing, which fol-
lowed defined criteria but was partly a convenience sample, 
partly depending on personal relations. The three-stepped 
systematic review was done with great accuracy; the high 
number of non-interventional studies, however, did not allow 
a quality assessment in this step. Clinical testing faced the 
challenges of a work overload of the nurses and the limited 
commitment of some physicians. Both barriers may persist 
in standard care after implementation of the algorithm. On 
the other hand, this hassle can make collaborative CMM 
in nursing homes even more important as growing col-
laboration might lead to mutual understanding. However, 
CMM might end up being well-meant but poorly executed 
under these circumstances. Clinical and feasibility testing 
were performed with a small number of participants and 
yielded in preliminary data only. Comparison between the 
algorithm-detected DRPs and DRPs detected by a compre-
hensive CMM was limited to a few cases. The number of 
detected DRPs, as an endpoint to compare the algorithm-
guided approach with an unguided approach, does not reflect 
all aspects of the CMM. Relevance of the DRPs was not 
clearly defined. Furthermore, results were not approved by 
a multidisciplinary panel. The developed algorithm needs 
further testing and robust validation; it might need to be 
adjusted over time. Even though international experts con-
tributed to shape the algorithm, it is unclear whether it can 
be transferred to other jurisdictions. Likewise, some nurs-
ing homes will require altered approaches to meet specific 
demands.

5 � Conclusions

The multi-level AMBER project developed a consented ten-
stepped algorithm that can guide pharmacists in conducting 
CMM in nursing home residents in a timely and efficient 
manner. It might serve as a facilitator to improve the quality 
of medication in this highly vulnerable patient group. The 

algorithm might be especially helpful for pharmacists who 
have limited experience or are new to CMM in this particu-
lar setting. The observed work overload in nursing homes 
on the one hand makes CMM even more important, and on 
the other hand needs creative solutions and robust relations 
to be implemented successfully.
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