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C urrently, 21.4% of the German population is aged 
65 or over (1). Among this age group, polyphar-
macy is present in 45%: that is, 45% of people in 

this age group are taking at least five drugs, in some cases 
more (2, 3). An estimated 10%–50% of these patients are 
receiving potentially inappropriate medication (PIM) 
(4–6), meaning drugs with an unfavorable risk–benefit 
ratio and for which safer alternatives exist (7). Prescrip-
tions of PIM are associated with adverse events such as 
falls, cognitive impairment, or increased hospital admis-
sions (8–10).

German instruments for identifying PIM in older 
people include the PRISCUS list, which also iden -
tifies alternatives (11), and the FORTA criteria, which 
assess the appropriateness of drug substances by 
medical indication (12). Undesirable drug–drug inter-
actions (DDIs) are another problem in older patients 
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with multiple morbidities (13). An international panel 
of experts has identified numerous interactions that 
are to be avoided, such as the combination of oral 
anticoagulants (OACs) or antiplatelet drugs (APDs) 
with nonsteroidal anti-inflammatory drugs (NSAIDs), 
or the triple combination of renin–angiotensin–aldos-
terone system (RAAS) blockers, NSAIDs, and diu-
retics; the latter combination increases the risk of 
renal insufficiency (14).

A meta-analysis of randomized controlled trials 
(RCTs) on reducing potentially inappropriate pre-
scribing showed a 21% reduction in DDIs (15). 
 Another meta-analysis found insufficient evidence 
that the proportion of patients with PIM can be re-
duced by pharmaceutical intervention (16). The 
quality of the studies, which often included only inpa-
tients, was found to be low. A systematic review in the 
outpatient setting (RCTs only) showed wide variation 
in the interventions performed and the primary end-
points (17).

The Reduction of Potentially Inappropriate Medi-
cation in the Elderly (RIME) study reported here was 
designed for German primary care practices as a ran-
domized controlled trial to investigate the effect of a 
pragmatic intervention based on the PRISCUS list 
(18).

Methods
The primary research question was whether an inter-
vention based on the PRISCUS list (11) and suitable for 
everyday use could reduce the percentage of older 
(≥ 70 years) primary care patients with PIM/DDIs 
 (eTables 1a, 1b). Secondary questions were whether the 
intervention had an effect on quality of life, hospital 
 admissions, or mortality. In this three-arm, cluster-
 randomized trial, primary care practices as clusters 
were randomized to an intervention group with inten-
sive training given to the primary care physician alone, 
or to an intervention group with training given to the 
entire practice team, or else to a control group (18).

FIGURE 1

Study flow diagram
mITT, modified „intention to treat“ 

Telephone interview after 1 yr 
969 patients 478 patients 247 patients 244 patients

Patients lost to follow-up:
− Uncontactable by telephone
− Not capable of being inter-

viewed
− Refused
− Died

−7
−3
−50
−24

−3
−4
−24
−7

−4
−6
−28
−9

mITT population:
137 primary care practices

1138 patients

Patients excluded:
Regular medications < 6 −31 −19 −25

Recruitment:
137 primary care practices

1 318 patients

Uncontactable by telephone 
or withdrew early:
−105 patients

Cluster randomization 
(2 : 1 : 1)

Baseline telephone 
 interview: 1213 patients

Control intervention: 
68 primary care practices

593 patients

Intervention 1   
(physican only):

34 primary care practices
304 patients

Intervention 2  
(practice team):

35 primary care practices
316 patients

Control intervention: 
68 primary care practices

562 patients

Intervention 1  
(physician only):

34 primary care practices
285 patients

Intervention 2  
(practice team):

35 primary care practices
291 patients
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Study population
Primary care physicians from the practice networks of 
Witten/Herdecke University and Hannover Medical 
School recruited patients aged 70 years or older who in the 
previous 3 months had received six or more drug agents for 
regular, long-term use. Other inclusion criteria were ability 
and willingness to participate in data collection. Exclusion 
criteria were being cared for in a nursing home, legal inca-
pacity, and being uncontactable on the telephone.

Primary and secondary endpoints
The primary endpoint was the difference in the percent -
ages of patients at the practices with at least one PIM/
DDI at baseline (T0) and 12 months later (T1). Second-
ary endpoints were overall mortality, the percentage of 
patients with at least one hospital admission, and mean 
quality of life as assessed using the EQ-5D health-
 related quality of life questionnaire (19).

Determination of case numbers
With a PIM/DDI prevalence of 25% (4, 20, 21), a 9% 
reduction to 16% (relative risk: 0.64) was taken to be 

clinically significant. In comparable studies, the intra-
cluster correlation coefficient was 0.086 (22, 23). This 
resulted (t-test with power = 90% and type I error = 
5%) in a sample size of 140 clusters of 12 patients each 
(1680 patients).

Ethics
The study adhered to the provisions of the Declaration 
of Helsinki (current version of 2013). It was approved 
by the ethics boards of the Hannover Medical School 
and the University of Witten/Herdecke.

Study design and survey instruments
In addition to the collection of sociodemographic 
data, comorbidities were assessed using a modified 
version of the Charlson Comorbidity Index (24). 
Data on function were collected by geriatric assess-
ment by the primary care physician (Manageable 
Geriatric Assessment, MAGIC) (25). In telephone 
interviews, study participants were asked by trained 
interviewers about items that included the 
 following:

TABLE 1

Patient characteristics at baseline

CCI, Charlson Comorbidity Index; DDI, undesirable drug–drug interaction; eGFR (CG/DD), estimated glomerular filtration rate (Cockcroft–Gault with Dubois–Dubois 
correction); EQ-5D, Euro pean Quality of Life 5 Dimensions; GDS-5, Geriatric Depression Scale; ISCED, International Standard Classification of Education; MAGIC, 
 Manageable Geriatic Assessment; PIM, potentially inappropriate medication; SD, standard deviation; VES-13, Vulnerable Elders Survey 13

Age in years

Men (%)

ISCED

Current smoker (%)

Diabetes mellitus (%)

Hypertension (%)

Coronary heart disease (%)

CCI (modified)

eGFR (mL/min)

VES-13

VES-13 >2 (%)

EQ-5D

GDS-5

More than one fall (%)

MAGIC sum score

Number of medications

PIM (%)

DDI (%)

Patients with PIM or DDI (%)

Number of patients

All
N = 1138

Mean (SD)

77.5 (4.92)

50.0

2.9 (0.71)

5.9

46.6

88.1

34.7

3.1 (2.24)

59.5 (17.95)

2.9 (2.59)

516 (45.3)

67.6 (19.09)

0.74 (0.95)

12.2

2.5 (1.46)

9.3 (2.69)

26.5

19.8

39.8

Intervention 1
n = 285

Mean (SD)

77.5 (5.11)

49.5

2.9 (0.70)

4.9

50.5

91.2

31.9

3.2 (2.28)

59.6 (18.38)

2.8 (2.52)

124 (43.5)

68.2 (18.73)

0.66 (0.88)

14.7

2.4 (1.40)

9.5 (2.71)

28.1

23.2

42.8

Intervention 2
n = 291

Mean (SD)

77.6 (5.03)

46.7

2.9 (0.70)

6.2

42.3

86.6

34.0

3.0 (2.19)

60.6 (18.29)

3.0 (2.57)

143 (49.1)

68.1 (17.69)

0.83 (0.96)

11.0

2.6 (1.39)

9.2 (2.59)

28.9

20.3

43.0

Control
n = 562

Mean (SD)

77.4 (4.77)

52.0

2.9 (0.72)

6.2

46.8

87.4

36.5

3.1 (2.26)

58.8 (17.54)

2.9 (2.63)

249 (44.3)

67.0 (19.97)

0.74 (0.98)

11.6

2.5 (1.52)

9.2 (2.74)

24.6

17.8

36.7
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● Prescription and nonprescription medications (by 

pharmaceutical central number)

● Visits to the doctor and admissions to hospital as 

an inpatient

●  Lifestyle and level of education

● Pain

● Depression (Geriatric Depression Scale, GDS-15 

[26])

● Health-related quality of life (European Quality of 

Life – 5 Dimensions [19], SF-12 [27]).

● Utilization of health and social care services 
(FIMA questionnaire [28]).

● Physical activity (PRISCUS-PAQ [29]), and

● Vulnerability (Vulnerable Elders Survey, VES-13 

[30]). 

In telephone interviews after 6 and 12 months, 

 additional questions were asked about unwanted drug 

reactions.

Randomization
Practices were randomized once they had 12 patients 

enrolled in the study, or when all the potential patients 

had been enrolled, or at the end of the recruitment 

phase. A patient was considered as enrolled when the 

baseline examination and initial telephone interview 

had been completed. Randomization was in blocks of 

variable length, stratified by region (Witten/Herdecke 

and Hannover). Patients and telephone interviewers 

were unaware of study group allocation.

Intervention
For the intervention, a short form of the PRISCUS list 

(PRISCUS card) was developed. In addition to PIM, it 

includes three clinically relevant interactions (APD + 

NSAID, OAC + NSAID, ACE inhibitor or AT1 antag-

onist [+/– diuretic] + NSAID), and general suggestions 

for managing polypharmacy in older people (eTables 
1a, 1b). Interactions between OACs or APDs and 

NSAIDs were scored as undesirable DDI unless a 

proton pump inhibitor (PPI) was given. In addition, 

prescription of an APD and an OAC or of more than 

one APD were scored as adverse DDIs because, al-

though these combinations may be within guidelines, 

they can lead to complications, especially as patients 

get older, and at least require close monitoring and in-

tensive patient education (14). A manual was prepared 

containing detailed information about PIM and drug 

substances on the PRISCUS list as well as about alter-

native drugs. A telephone hotline was set up to allow 

consultation with a clinical pharmacologist about any 

particular problems.

The primary care physicians in the intervention 

group were invited to a training workshop where the 

PRISCUS card and manual were presented and 

handed out. Physicians who were unable to attend on 

the dates offered received training at their practice. 

For those practices randomized to team training, 

training was always held at the practice; medically 

trained team members at the practice were given a 

PRISCUS card specifically adapted for them. Primary 

FIGURE 2

Medication at baseline: most common potentially inappropriate medications (1138 patients)

Frequency

Potentially inappropriate medication—drug substance

806040200

Acetyldigoxin
Amitriptyline

Doxazosin
Flecainide

Doxepine
Zoplicone

Bromazepam
Clonidine
Sotalol

Trimipramine
Oxybutynin

Diazepam
Solifenacin

Doxylamine
Nifedipine
Zolpidem

Etoricoxib
Meloxicam

Nitrofurantoin
Celecoxib

Fluoxetine
Metildigoxin
Piracetam
Tetrazepam
Tolterodine

Flunitrazepam
Lorazepam
Temazepam

Clemastine
Diphenhydramine
 Pentoxifylline
Prasugrel
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care physicians in the control group were invited to a 
workshop on general aspects of geriatric pharmaco-
therapy.

Statistics
Continuous characteristics are reported as mean values 
with standard deviation (SD); categorical character-
istics are reported as frequencies in percentages. Patient 
characteristics were pooled by practice and averaged 
per study arm. Statistical analyses for the primary 
 research questions were carried out at practice level 
using the intention-to-treat (ITT) principle. To assess 
efficacy, differences between the percentages of pa-
tients with PIM/DDIs at baseline and after 1 year for 
each practice were compared using analysis of variance 
(ANOVA), with the study center as covariable. Missing 
values for patient PIM/DDI status were replaced by the 
baseline value. In a sensitivity analysis, patients with a 
completed 1-year telephone interview in the interven-
tion groups and the control group were compared, strat-
ified by study center and weighted according to the 
number of patients at each practice. Secondary end-

points were evaluated at practice level by ANOVA with 
the study center as covariable.

In a planned subgroup analysis, the two interven-
tion groups (physician versus team training) were 
compared under the hypothesis that training the entire 
practice team would be more effective; the second 
subgroup analysis limited the evaluation to patients 
assessed as vulnerable.

All analyses were performed using the SAS soft-
ware package, version 9.4 (2016, SAS Institute Inc., 
Cary, NC, USA).

Results
From September 2012 to June 2013, 137 primary care 
practices with a potential total of 1318 polypharmacy 
patients were enrolled. Of the 1318 patients, 105 could 
not be contacted for the baseline interview or withdrew 
from the study early. The 137 primary care practices 
with 1213 patients were randomized 2:1:1 to the con-
trol group (68 practices), the intervention group with 
physician training (34 practices), or the intervention 
group with practice team training (35 practices) (Figure 1). 

TABLE 2

Results for the primary endpoint reduction in the proportion of patients with at least 1 PIM or DDI in the mITT analysis 
and the sensitivity analysis, and results for the secondary endpoints (all results shown at practice level)

Modified intention to treat (mITT) analysis: all practices and the 1138 patients with at least 6 regular prescriptions were included in the analysis; missing values at T1 
were replaced by the patient’s baseline value at T0. No replacement was made for secondary outcome parameters.
Sensitivity analysis: only patients with a standard interview at T1 were included in the calculation of percentages per practice. The analysis was stratified by study 
center with weighting according to the number of patients per practice at T1.
Vulnerable patients subgroup: only patients with a Vulnerable Elders Survey (VES)-13 score ≥ 3 at T0 were included in the analysis.
Group comparisons: effects estimate (SE, “standard error”) versus reference category from ANOVA with study center as covariable.
DDI, undesirable drug–drug interaction; EQ-5D, European Quality of Life – 5 Dimensions; mean (± SD), mean and standard deviation at the beginning (T0) and end 
(T1) of the study for percentages per practice without replacement values; PIM, potentially inappropriate medication

Analysis 

Primary endpoint

Patients with at least 
1 PIM or DDI (mITT)

Patients with at least  
1 PIM or DDI (mITT)

Only vulnerable patients (mITT) 

Sensitivity analysis for
Hannover

Sensitivity analysis for
Witten/Herdecke

Secondary endpoints

Deaths
Proportion per practice

EQ-5D
T0–T1

Hospital admissions
Proportion per practice

Group

Intervention 1 + 2

Control

Intervention 1

Intervention 2

Intervention 1 + 2

Control

Intervention 1 + 2

Control

Intervention 1 + 2

Control

Intervention 1 + 2

Control

Intervention 1 + 2

Control

Intervention 1 + 2

Control

N

69

68

34

35

69

67

37

37

32

31

69

68

69

68

69

68

Mean (SD) at T0

43.0 (20.8)

37.0 (19.0)

43.4 (21.9)

42.5 (19.9)

44.8 (32.4)

43.5 (30.5)

43.2 (17.1)

37.1 (22.8)

41.8 (25.6)

35.1 (21.1)

67.6 (7.26)

67.0 (7.97)

Mean (SD) at T1

41.3 (17.5)

37.6 (20.3)

44.0 (15.0)

38.7 (19.5)

43.5 (29.5)

40.7 (32.7)

42.9 (15.8)

38.7 (25.3)

39.5 (21.0)

35.1 (21.7)

3.0 (5.7)

4.6 (8.4)

67.6 (6.26)

67.0 (8.55)

39.6 (18.7)

31.0 (18.5) 

Effects estimates 
(SE)

2.3 (2.4)

Reference

Reference

4.3 (3.5)

−1.6 (3.4)

Reference

3.7 (3.7)

Reference

1.4 (4.0)

Reference

−1.5 (1.2)

Reference

0.31 (0.97)

Reference

8.5 (3.2)

Reference

P value

0.36

0.22

0.63

0.32

0.73

0.22

0.74

0.01
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After 75 patients with fewer than six regular prescrip-

tions had been excluded, 1138 patients from 137 prac-

tices remained for the modified ITT evaluation.

The training of the intervention groups was held 

mainly in the practices. More intensive group training 

was aimed for, but was only possible in 8 (21%) of 37 

practices in Hannover and 10 (31%) of 32 practices in 

Witten/Herdecke due to the limited willingness of 

physicians to participate. Problems in the conduct of 

the study in the Witten/Herdecke study center meant 

that some of the training sessions did not take place as 

promptly after randomization as planned. At the end 

of 1 year, 969 patients (physician training group: 247 

patients; team training group: 244 patients; control 

group: 478 patients) took part in the final telephone 

interview (Figure 1). Sensitivity analysis was per-

formed separately with 74 practices (37 intervention, 

37 control) for Hannover and 63 practices (32 inter-

vention, 31 control) for Witten/Herdecke.

Baseline characteristics
At the start of the study, characteristics were similar in the 

intervention and the control groups. On average, 8 to 9 pa-

tients were recruited per practice (mean age 78 years, half 

of the patients were men; Table 1, eTable 2). On average, 

patients were taking more than 9 different medications. 

The percentage of patients with at least one PIM ranged 

from 25% to 29%, and 18%–23% had an DDI. The overall 

percentage of patients with a PIM or DDI was 37%–43%. 

Among the total of 367 PIMs, acetyldigoxin (17%) and 

amitriptyline (13%) were the most common (Figure 2). A 

total of 286 DDIs occurred in 225 patients. The combi-

nation of ACE inhibitors, AT1 antagonists, or renin in-

hibitors (A2) with NSAIDs was the most common, seen in 

178 patients, 88 of whom were additionally taking a diu-

retic. The combination of APD or OAC with a NSAID 

without PPI was found in 70 cases (eFigure).

Primary and secondary endpoints
At the end of 12 months, the mean percentage of pa-

tients with PIM/DDI had decreased slightly in the inter-

vention group while remaining about the same in the 

control group. The intervention effect in the modified 

ITT population was 2.3% (P = 0.36, Table 2 ). The sec-

ondary comparison between the 2 intervention arms 

showed no significant advantage of training the prac-

tice team (4.3%, P = 0.22). In the sensitivity analysis, 

the estimated intervention effect was nonsignificantly 

greater for the Hannover study center (3.7%, P = 0.32, 

Table 2) than for Witten/Herdecke (1.4%, P = 0.73). 

For vulnerable patients, there was no difference be-

tween the intervention and the control group.

In the intervention group there were 16 deaths, in 

the control group there were 24 (difference 1.5%, P = 

0.22). There were no differences as to quality of life. 

The percentage of hospital admissions was higher in 

the intervention group than in the control group 

(39.6% versus 31.0%, P = 0.01).

At patient level (n = 969), there was an increase in 

PIM in the control group (from 115 to 124 patients) 

FIGURE 3

Number of undesirable drug–drug interaction at timepoints T0 and T1 by type and study 
arm (in the 969 patients able to be interviewed at the end of 1 year)
A2, drug class that includes ACE inhibitors, AT1-antagonists, and renin inhibitors; NSAID, non-
steroidal anti-inflammatory or antiphlogistic drug; OAC, oral anticoagulant; APD, antiplatelet 
drug

Study arm = intervention

A2 + NSAID

A2 + NSAID + diuretic

APD + OAC

APD/OAC + NSAID

More than 1 APD

Type of drug–drug 
 interaction (DDI)

41
28

42
48

9
7

32
29

10
7

Study arm = control

A2 + NSAID + diuretic

APD + OAC

APD/OAC + NSAID

More than 1 APD

Type of drug–drug 
 interaction (DDI)

34
31

33
38

7
5

27
18

6
2

A2 + NSAID

0 10 20 30 40 50

0 10 20 30 40 50

Patients

Timepoint T1 T0

Patients
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versus almost no change in the intervention group 
(from 135 to 136 patients, eTable3). The number of 
DDIs decreased slightly overall in both groups, but 
unevenly both as to DDI type (Figure  3) and as to 
study center (eTable 4).

Discussion
This study put to the test an easily implemented inter-
vention that could be realistically imported into the 
existing primary care system and aimed at preventing 
selected potentially inappropriate medications and 
 selected relevant drug interactions. The main effect of 
the intervention, which comprised physician or practice 
team training, the provision of information and materi-
als, and telephone consultation with clinical pharma-
cologists on request failed to reach statistical signifi-
cance in either the ITT analysis (difference 2.3%) or the 
sensitivity analysis (maximum difference 3.7%), and 
given the originally assumed difference of 9% would 
not have been clinically relevant.

By comparison, studies that have been effective in 
improving medication showed differences particularly 
in terms of the intensity of the intervention. The DQIP 
trial (31) focused on the risk of concomitant prescription 
of NSAIDs and antiplatelet drugs. The intervention was 
multifaceted and included physician education, patient-
specific warning signals about prescription through the 
practice’s electronic prescribing system, and monitoring 
of the frequency of concomitant prescription with feed-
back to the prescribing physician. This combination of 
measures reduced, for example, concomitant prescribing 
of NSAIDs and antiplatelet drugs without gastroprotec-
tion (from 1.5% to 0.6%) and also hospital admissions 
among high-risk patients (31).

Other studies have shown the significance of pro-
viding supporting information for prescribing through 
the practice software. In the PRIMA-eDS study, an 
electronic prescribing tool displayed recommen-
dations directly at the time of prescribing (32). This 
intervention resulted in a clear reduction in the 
number of medications, although the combined end-
point of unplanned inpatient hospital admissions and 
mortality was statistically significantly reduced only 
in a per protocol analysis. Another element of the in-
tervention in many studies is the involvement of phar-
macologists and/or pharmacists. A recent systematic 
review (16) found reductions in PIMs and DDIs, and/
or improvement in the quality of prescribing (33) for 
various care settings. Most studies, e.g., the WestGem 
study (34, 35), involved pharmaceutical care and less 
intervention targeting the prescriber (16). Studies 
conducted in primary care practices that involved 
pharmacists showed positive results (35–37). In many 
countries pharmaceutical care is already routine, but 
in Germany it tends to be the exception.

In the PRIMUM study, medical practice staff other 
than the physician were included (38). The interven-
tion consisted of a preliminary consultation between 
the staff member and the patient, a review of all the 
medication, computer-assisted optimization of medi-

cation, and a consultation between the patient and the 
physician. At the end of 6 months, no differences 
were shown between the intervention and the control 
group. The authors of the PRIMUM study argued that 
even at the beginning of the study, there was little 
scope for optimization of patients’ medication, and 
that baseline quality of life and functioning were 
good. According to data from the AgeCoDe cohort 
study (39) and prescription data (40), PIM prescrip-
tions have been declining in Germany over the past 
10 years. It is possible that while the RIME study was 
being carried out, there was an overlapping of effects 
from general awareness about polypharmacy and 
from the study intervention. Moreover, a discussion is 
needed about how many of the PRISCUS drugs and 
interactions are actually avoidable, i.e., to what extent 
PIM lists can flag up risks but cannot really, without 
complex intervention, contribute to their avoidance.

As to the secondary endpoints in our study, no 
 important effects were found. Against expectations, in 
the intervention group the percentage of patients ad-
mitted to hospital at least once had gone up. Clarify-
ing and changing medication is not a typical reason 
for admission in Germany. Unfortunately, the hospital 
admission diagnoses were not available, so it was not 
possible to make any assessment of causality. It is 
therefore unclear how far the rise in hospital admis-
sions was a consequence of the intervention, although 
it seems unlikely given the small modifications made 
to the medication. The differences in how the two 
study centers implemented the training were not rel-
evant in the separate analysis.

In the RIME study, the intervention was designed to 
be as pragmatic as possible for everyday use in primary 
care. Common, simple tools for detecting DDIs were 
integrated in a routine way into the practices’ various 
electronic prescribing systems. Given the complexity 
of drug safety in patients with poly pharmacy, it may be 
that the intervention was not  intensive enough. Fur-
thermore, at patient level the originally planned sample 
size was not quite reached. However, in a randomized 
study this does not bias the main estimate, so we con-
sider nevertheless that the study is valid.

Conclusion
A “pragmatic” approach such as that used in the RIME 
study is apparently not suited to achieving substantial 
effects. Future interventions will require a higher inten-
sity of medication monitoring, which could be achieved 
by digital drug safety programs as well as by increased 
exchange of ideas between healthcare professionals.

Study registration, funding
This study is registered with the German Clinical Trials Registry 
(DRKS00003610). The RIME study is funded by the German Federal Min-
istry of Education and Research as a subcomponent of the collaborative 
project “Development of a Model of Health Care for Older Patients with 
Multimorbidity” (PRISCUS II).

Data sharing
Upon request to the corresponding author, during the period from 3 to 36 
months after publication of the article data will be shared with scientists 
who submit a methodologically sound analysis proposal.
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PRISCUS-Card 

 

Caution: Potentially inappropriate medication (PIM) 
PRISCUS-PIM (example) Main concerns Possible therapeutic alternatives2 

Tri- and Tetracyclic antidepressants 
 amitriptyline1 

 doxepine 

Increased risk for 
 anticholinergic side effects (peripheral, central) 
 delirium 
 falls 
 arrhythmia 

SSRIs, for example: 
 citalopram 
 sertraline 
Cave: gastrointestinal disturbance, monitoring serum electrolytes 
after start of therapy, risk of haemorrhage 

Benzodiazepines 
 bromazepam, diazepam 
 lorazepam (> 1 mg/d) 
 lormetazepam (> 0,5mg/d) 
Z-agents 
 zolpidem (> 5 mg/d) 
 zopiclone (> 3,75 mg/d) 

Increased risk for 
 falls 
 fractures 
 paradoxical and psychiatric  reactions 
 cognitive impairment 

 
 sleep hygiene 
 low potency Z-agents (e.g.: zolpidem ≤ 5 mg/d) 
  short- and intermediate-acting benzodiazepines. (e.g. lorazepam 

max. 0,5 mg/d) 

If possible, do not start therapy with benzodiazepines/ Z-agents or do not exceed a treatment duration of max. 4 weeks 

 doxazosine  hypotension (postural), dizziness  other antihypertensive agents, e.g., ACE-inhibitors, AT1-
blockers, (thiazide) diuretics  

 BPH: selective α1-blockers (tamsulosin, alfuzosin) 

Analgesics, anti-inflammatory drugs 
 coxibs (Etoricoxib, Celecoxib) 
 oxicames (Piroxicam, Meloxicam) 
 indometacin 

 
 coxibs: cardivascular contraindications 
 high risk of gastrointestinal haemorrhage, 

ulceration, or perforation 
 indometacin: central nervous disturbances 

 Inflammatory pain: weaker NSAIDs (e.g. ibuprofene) in 
combination with gastroprotective agents, e.g. PPI 

 Pain: paracetamol, weak opioids (tramadol, codeine) 

Urological agents 
 oxybutynin 
 solifenacin 
 tolterodine (immediate release) 

 
 anticholinergic side effects  
 cognitive impairment 

 
 non-pharmacological treatment (pelvic floor exercises, 

physical and behavioral therapy) 
 trospium 

1 Use of therapeutic alternatives taking into account the Summary of Product Characteristics, interactions and individual risk-benefit assessment 
2 Exception: low-dose amitriptyline, i.e. starting with 25 mg / d and slowly increasing the dose depending on the effect and tolerability up to a maximum of 75 mg /d as a co-analgesic. 



PRISCUS-Card 

 

Drug interactions to avoid 
Drug / Drug-class A Drug / Drug-class B Advices and possible therapeutic alternatives 

Antiplatelet drugs 
(acetylsalicylic acid, clopidogrel, 
prasugrel etc.) 

NSAID (ibuprofen, diclofenac) 3  Higher risk of haemorrhage 
 when NSAID is indispensable: plus PPI 
 Therapeutic alternatives for pain therapy: 

opioids, possibly short-term metamizole 
(cave: blood count), paracetamol (INR control 
with vitamin K antagonists). When using 
ibuprofen and acetylsalicylic acid - 2 hours 
apart! 

Oral anticoagulants 
(phenprocoumon, warfarin,  
direct oral anticoagulants)  
 

ACE-Inhibitors (e.g. ramipril) 
AT1-blocker (e.g. candesartan) or 
other ARB +/- diuretics 

NSAID (e.g.: ibuprofen, diclofenac) 3 
Avoid combination in frail patients: risk of increased blood 
pressure and kidney failure! 
Regular testing of kidney function, potassium i.S. 
Other pain relievers: e.g.: paracetamol, weak opioids 

 
Special monitoring when prescribing certain drugs 

Take OTC preparations and prescriptions from other doctors into account! 

Drug class Possible symptoms Dose / Monitoring 

Diuretics Increased risk of exsiccosis, electrolyte 
imbalances and falls 

Signs of exsiccosis, somnolence, falls; 
monitor electrolytes and serum creatinine at least 1 x per year  

Symptoms for which medication should be checked 
Symptoms Suspicious drugs (examples) 

Fall Psychotropic drugs (e.g. TCA, SSRI, benzodiazepines, Z-agents, neuroleptic drugs); anticholinergic drugs; 
antihypertensive drugs, opioids, antidiabetic drugs 

Cognitive disorder (delirium, somnolence, 
dementia) 

Psychotropic drugs (e.g. TCA, benzodiazepines, neuroleptic drugs), diuretics 

 

Medication check at least once a year or after an inpatient stay 

Polypharmacy > 5 drugs per day? Are all drugs indicated and well tolerated? Drug interactions? 

 



Tri- und Tetrazyklische Antidepressiva
werden angewendet z.B. bei Depressionen, Angst- und Zwangsstörungen, innerer Unruhe; 

unterstützend in der Schmerzentherapie und bei Schlafstörungen.

Wirkstoffe Medikamenten- bzw. Handelsnamen
Handelsnamen bei Generika-Präparaten häufig Wirkstoff plus Herstellername

Amitriptylin 
(-oxid)

Amineurin®
Syneudon®
Equilibrin®

Saroten®
Amioxid-neuraxpharm®

Doxepin
Aponal®
Mareen®

Doneurin®

Trimipramin
Herphonal®
Trimineurin®

Stangyl®

Clomipramin Anafranil®
Maprotilin Ludiomil® Maprolu®
Imipramin Tofranil®

Benzodiazepine
Werden in die Gruppen lang-, kurz- und mittelwirksam eingeteilt und wirken angstlösend, krampflösend, 

muskelentspannend, beruhigend, schlaffördernd, aber auch stimmungsaufhellend bis zur Euphorie.

Wirkstoffe Medikamenten- bzw. Handelsnamen
Handelsnamen bei Generika-Präparaten häufig Wirkstoff plus Herstellername

Diazepam
Faustan®
Valocordin-Diazepam®

Valium®

Bromazepam
Bromazanil®
Lexostad®
neo OPT® 

Gityl®
Lexotanil®
Normoc®

Flunitrazepam Fluninoc® Rohypnol®

Nitrazepam
Imeson®
Novanox®

Mogadan®
Radedorm®

Dikaliumclorazepat Tranxilium®
Medazepam Rudotel® Rusedal®
Flurazepam Dalmadorm® Staurodorm Neu®
Clobazam Frisium®
Prazepam Demetrin®/Mono Demetrin®
Chlordiazepoxid Radepur® Librium®
Tetrazepam (Ind: Muskelrelaxanz) Musaril®

PriScUS-Karte für die Medizinische Fachangestellte

PiM: potentiell inadäquate Medikamente.
Hierbei handelt es sich um Medikamente, die bei älteren Patienten (ab 65 Jahren) vermieden werden sollten, da diese 
Arzneimittel oder Arzneimittelgruppen keine ausreichende Wirksamkeit und/ oder ein hohes Risiko für unerwünschte 
Arzneimittelwirkungen aufweisen. Sichere Therapiealternativen sind in den meisten Fällen vorhanden!

Bitte beachten: Je höher die Dosis, desto wahrscheinlicher wird eine unerwünschte Arzneimittelwirkung! 

Nicht vergessen:
Nach Verordnungen anderer Ärzte fragen! 

Nach Symptomen fragen, welche durch Medikation hervorgerufen sein könnte: Stürze, Kognitionsstörung (Delir, Somnolenz, Demenz)

Liegt eine Polypharmazie mit  mehr als 5 Wirkstoffe pro Tag vor?

Medikationscheck:  mindestens 1 x pro Jahr oder nach stationärem Aufenthalt.

 (This table is only available in German) 



Doxazosin
findet Verwendung in der Behandlung der arteriellen Hypertonie UND der Prostatahyperplasie

Wirkstoffe Medikamenten- bzw. Handelsnamen
                                                                              Handelsnamen bei Generika-Präparaten häufig Wirkstoff plus Herstellername

Doxazosin

Antihypertensivum: 
Cardular PP®
Doxacor® 

Diblocin PP®
Doxagamma®

Urologikum: 
Cardular PP Uro® Uriduct®

Antiphlogistika und Antirheumatika
Schmerzmittel aus der Gruppe der Entzündungshemmer und rheumamittel

Wirkstoffe Medikamenten- bzw. Handelsnamen
                                                                              Handelsnamen bei Generika-Präparaten häufig Wirkstoff plus Herstellername
Etoricoxib Arcoxia®
Meloxicam Mobec®
Indometacin div. Generika-Präparate
Acemetacin Rantudil®
Piroxicam div. Generika-Präparate 
Ketoprofen Alrheumun® Gabrilen®

Phenylbutazon Ambene®
Exrheudon OPT® 
(aber akute Schübe von Morbus 
Bechterew und chronischem 
Gelenkrheumatismus, Gichtanfall)

Urologika
werden bei Dranginkontinenz, überaktiver Blase und Prostatahypertrophie angewendet

Wirkstoffe Medikamenten- bzw. Handelsnamen
                                                                              Handelsnamen bei Generika-Präparaten häufig Wirkstoff plus Herstellername
Solifenacin Vesikur®
Tolterodin (nicht-retardiert) Detrusitol®
Oxybutynin (retardierte und nicht-
retardierte Präparate)

Dridase®
Spasyt®

Kentera®

Z-Substanzen
moderne Schlafmittel

Wirkstoffe Medikamenten- bzw. Handelsnamen
                                                                              Handelsnamen bei Generika-Präparaten häufig Wirkstoff plus Herstellername

Zopiclon (> 3,75 mg/d)
Optidorm® 
Ximovan®

Somnosan®
Zop®

Zolpidem (> 5 mg/d)
Bikalm®
Zoldem®

Stilnox®
Zolpinox®

Zaleplon (> 5 mg/d) Sonata®

Benzodiazepine
Wirkstoffe Medikamenten- bzw. Handelsnamen
                                                                              Handelsnamen bei Generika-Präparaten häufig Wirkstoff plus Herstellername
Lorazepam (> 1 mg/d) Tavor® Tolid®

Lormetazepam (> 0,5 mg/d) 
Ergocalm ®
Noctamid®

Loretam®

Oxazepam (> 30 mg/d) 
Adumbran® 
Praxiten®

Durazepam®

Alprazolam Cassadan® Tafil®
Temazepam Planum® Remestan®
Brotizolam (> 0,125 mg/d) Lendormin®
Triazolam Halcion®
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eTABLE 2

Group characteristics at baseline in the 137 primary care practices

CCI, Charlson Comorbidity Index; CHD, coronary heart disease; DDI, undesirable drug–drug interaction; eGFR (CG/DD), estimated glomerular filtration rate 
 (Cockcroft–Gault with Dubois–Dubois correction); EQ-5D, Euro pean Quality of Life – 5 Dimensions; GDS-5, Geriatric Depression Scale; ISCED, International 
 Standard Classification of Education; MAGIC,  Manageable Geriatic Assessment; PIM, potentially inappropriate medication; SD, standard deviation;  
VES-13, Vulnerable Elders Survey 13

Number of practices

Patients per practice

Age in years

Men (%)

ISCED

Current smoker (%)

Diabetes mellitus (%)

Hypertension (%)

CHD (%)

CCI (modified)

eGFR (mL per minute)

VES-13

EQ-5D

GDS-5

More than one fall (%)

MAGIC sum score

Number of medications

PIM

DDI

Patients with PIM and/or DDI

All
N = 137

Mean (SD)

8.3 (2.37)

77.6 (2.04)

50.2 (20.54)

2.9 (0.30)

5.6 (8.27)

46.5 (19.66)

88.5 (11.25)

35.8 (17.67)

3.1 (0.83)

59.5 (7.94)

2.9 (1.00)

67.3 (7.60)

0.7 (0.38)

12.3 (11.37)

2.5 (0.53)

9.3 (1.16)

26.8 (17.80)

19.6 (16.42)

40.0 (20.07)

Intervention 1
n = 34

Mean (SD)

8.4 (2.53)

77.6 (2.33)

49.9 (17.69)

2.9 (0.27)

5.1 (7.27)

50.0 (21.60)

91.9 (10.34)

33.0 (15.79)

3.1 (0.93)

60.2 (8.14)

2.9 (1.08)

67.4 (6.87)

0.7 (0.35)

15.3 (11.85)

2.4 (0.57)

9.4 (1.20)

29.4 (18.01)

22.5 (16.34)

43.4 (21.90)

Intervention 2
n = 35

Mean (SD)

8.3 (2.56)

77.7 (1.96)

47.6 (20.86)

2.9 (0.25)

5.4 (7.98)

43.8 (21.83)

86.2 (12.78)

36.0 (22.27)

3.0 (0.85)

59.9 (7.18)

3.0 (0.99)

67.8 (7.72)

0.8 (0.33)

11.4 (12.42)

2.7 (0.50)

9.1 (1.07)

28.5 (18.45)

19.4 (16.22)

42.5 (19.90)

Control
n = 68

Mean (SD)

8.3 (2.22)

77.5 (1.95)

51.7 (21.81)

3.0 (0.34)

5.9 (8.96)

46.2 (17.41)

88.1 (10.61)

37.1 (15.93)

3.1 (0.78)

59.0 (8.27)

2.8 (0.98)

67.0 (7.97)

0.7 (0.41)

11.2 (10.44)

2.5 (0.53)

9.3 (1.20)

24.7 (17.35)

18.3 (16.62)

37.0 (19.02)
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eFIGURE

Medication at baseline: Occurrence of drug–drug interactions of concern  
(data from 1138  patients) 
A2, drug class that includes ACE inhibitors, AT1-antagonists, and renin inhibitors;  
NSAID, nonsteroidal anti-inflammatory or antiphlogistic drug; OAC, oral anticoagulant;  
APD, antiplatelet drug

Frequency

Type of interaction (DDI)

100

80

60

40

20

0
A2 + NSAID

A2 + NSAID + diuretic

APD/OAC + NSAID 

APD + OAC

More than 1 APD

eTABLE 3

Number and percentage of patients with at least one PIM or DDI at T0 and T1, 
by study arm (969 patients)

DDI, undesirable drug–drug interaction; PIM, potentially inappropriate medication; T0, start of study;  
T1, end of study

Study arm

Intervention 1
(physician) (n = 247)

Intervention 2
(practice team) (n = 244)

Control 
(n = 478)

Time

T0

T1

T0

T1

T0

T1

PIM or DDI
n (%)

102

104

106

97

170

176

41.3

42.1

43.4

39.8

35.6

36.8

PIM
n (%)

66

70

69

66

115

124

26.7

28.3

28.3

27.0

24.1

25.9

DDI
n (%)

55

52

53

44

83

76

22.3

21.1

21.7

18.0

17.4

15.9
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eTABLE 4

Numbers of potentially inappropriate medications and undesirable drug–drug interactions at T0 und T1 by study arm and 
study center (969 patients)

DDI, undesirable drug–drug interaction; HMS, Hannover Medical School; PIM, potentially inappropriate medication; T0, start of study; T1, end of study; WHU, Witten/
Herdecke University

All

Study arm

Intervention 1
(physician)

Intervention 2  
(practice team)

Control

Time

T0

T1

T0

T1

T0

T1

T0

T1

PIM: n (%)

Both

302

305

82

79

83

81

137

145

Study center

HMS

173 (57.2)

189 (62.0)

41 (50.0)

42 (53.2)

53 (63.9)

57 (70.4)

79 (57.7)

90 (62.1)

WHU

129 (42.7)

116 (38.0)

41 (50.0)

37 (46.8)

30 (36.1)

24 (29.6)

58 (42.3)

55 (37.9)

DDI: n (%)

Both

241

213

67

64

67

55

107

94

Study center

HMS

138 (57.2)

110 (51.6)

37 (55.2)

30 (46.9)

40 (59.7)

27 (49.1)

61 (57.0)

53 (56.4)

WHU

103 (42.7)

103 (48.4)

30 (44.8)

34 (53.1)

27 (40.3)

28 (50.9)

46 (43.0)

41 (43.6)
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