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Abstract

Background: The rising number of nursing home (NH) residents and their increasingly complex treatment needs pose a
challenge to the German health care system. In Germany, there is no specialized geriatric medical care for NH residents.
Nursing staff and general practitioners (GPs) in particular have to compensate for the additional demand, which is
compounded by organizational and structural hurdles. As a result, avoidable emergency calls and hospital admissions occur.
In the SaarPHIR project (Saarländische PflegeHeimversorgung Integriert Regelhaft), a complex intervention focusing on a
medical care concept was developed in a participatory practice-based approach involving NH representatives and GPs. The
complex intervention addresses the collaboration between nurses and GPs and aims to help restructure and optimize the
existing daily care routine. It is expected to improve the medical care of geriatric patients in NHs and reduce stressful, costly
hospital admissions. The intervention was pilot-tested during the first 12months of the project. In the present study, its
effectiveness, cost-effectiveness, and safety will be evaluated.

Methods: The study is a cluster-randomized controlled trial, comparing an intervention group with a control group. The
intervention includes a concept of interprofessional collaboration, in which GPs group into regional cooperating teams.
Teams are encouraged to cooperate more closely with NH staff and to provide on-call schedules, pre-weekend visits, joint
team meetings, joint documentation, and improved medication safety. At least 32 NHs in Saarland, Germany (with at least
50 residents each) will be included and monitored for 12months. The primary endpoint is hospitalization. Secondary
endpoints are quality of life, quality of care, and medication safety. The control group receives treatment as usual. Process
evaluation and health economic evaluation accompany the study. The data set contains claims data from German statutory
health insurance companies as well as primary data. Analysis will be conducted using a generalized linear mixed model.

Conclusion: A reduction in hospital admissions of NH residents and relevant changes in secondary endpoints are expected.
In turn, these will have a positive impact on the economic assessment.

Trial registration: German Clinical Trials Register: DRKS00017129. Registered on 23 April 2019. https://www.drks.de/drks_
web/setLocale_EN.do.

Keywords: Long-term care, Nursing home, Interprofessional care, Primary care, Cluster randomization, Collaboration,
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Introduction
One in four people in need of long-term care in Germany
lives in a nursing home (NH) [1]. When compared to
community-dwelling patients, NH residents are older and
show greater limitations in activities of daily living and
their health status. Considering the aging German popula-
tion, this development is most likely to continue over fu-
ture decades [1, 2]. These findings are supported by
studies that show an increasing proportion of NH resi-
dents with multimorbidity and a high death rate during
their first 12months in residential care [3–5]. In addition,
NH residents have a high degree of psychological and cog-
nitive impairment [5]. A further critical consequence is
that they have difficulties in following therapy instructions
[6], which can lead to adverse drug events (ADEs) that are
widely shown to be potentially avoidable [7, 8].
All this considered, it is becoming increasingly challenging

to provide adequate medical care to NH residents [5, 6].
Whereas other countries (i.e., the Netherlands or France)
provide specialized geriatric medical care for NH residents
[9], in Germany this care is mainly carried out by general
practitioners (GPs) in addition to their daily practice routine
[9]. In this context, a German Health Technology Assess-
ment (HTA) attests to an underuse and misuse of medical
services due to a lack of interprofessional collaboration as
well as poor documentation [4].
Besides that, medical care in NHs is not standardized

[10]. Nursing staff report logistical and communicative dif-
ficulties with GPs, such as limited availability of GPs, chal-
lenging coordination, and insufficient documentation [11].
A few reliable contact persons, a trusting environment,

fixed consultation hours, and regular visits are mentioned
as promoting factors to overcome the described difficulties
in NHs and foster successful collaboration [10].
The political response to this situation was the intro-

duction of collaboration agreements between GPs and
NHs in the German Social Insurance Code (Sozialgesetz-
buch [SGB] V; in particular, agreements based on § 119b
SGB V) in 2008. Over the following years, the law was
amended several times until 2019, when a mandatory
regulation on cooperation among GPs and NHs was
added [12]. Furthermore, specific billing codes for GPs
were introduced in 2016 [13]. However, NHs are still ex-
periencing difficulties with implementation, as they have
to negotiate independently, which means dealing with a
lot of bureaucracy [12]. So far, the new regulations have
not led to the desired success, namely a more efficient
distribution of resources [14].
As before, potentially avoidable hospitalizations

(PAHs) occur to a great extent [12, 15]. They are defined
as events that can be handled in ambulatory care and do
not necessarily have to be treated in hospital. These
cases fall under the category of ambulatory care sensitive
conditions (ACSC) (e.g., pneumonia, dehydration) [16].

A cross-sectional study on utilization patterns following
the ACSC approach shows a significantly higher propor-
tion of PAH among NH residents (27%) compared to
people living at home (15%) [15].
At present, there are several projects in Germany

which have recognized the limitations of the prevailing
political approach and therefore aim to improve medical
care in NHs and reduce PAH. In those projects, different
priorities are set. Overall, interprofessional collaboration
and its optimization is an important factor [17–19]. One
project (Homern) deals with the reasons for hospital ad-
missions and visits to the emergency room [20]. Another
project (Study in Bavarian Nursing Homes) evaluates the
prerequisites for successful collaboration between NHs
and physicians [10, 21]. A third project (Careplus) aims
at approaching a new concept of collaboration [18], a
further project (CoCare) involves a technical solution
[17], and one last project (interprof) provides a compre-
hensive science-based approach [19].
The project SaarPHIR (Saarländische PflegeHeimver-

sorgung Integriert Regelhaft) addresses the solution
through a practice-based approach, which was developed
in a structured process in cooperation with GPs and
NHs. This project also involves all German statutory
health insurance (SHI) companies with clients in the
study region, the Saarland Association of Statutory
Health Insurance Physicians (German: Kassenärztliche
Vereinigung Saarland), and the Saarland Association of
Care (German: Saarländische Pflegegesellschaft). The
Saarland Association of Care is the umbrella
organization of various associations operating NHs in
Saarland and thus functions as a valid representative of
care issues.

Objectives
SaarPHIR follows the hypothesis that residents of a
long-term care facility benefit from structuralized pro-
cesses at the interface between residential care and GPs.
The main objective of the study is to investigate whether
the developed and pilot-tested intervention can result in
a reduction of hospitalization when compared to usual
care. The primary outcome is hospitalization of the par-
ticipating NH’s residents 12 months after baseline.
A further aim is to investigate whether medication

safety, quality of life, and quality of care will improve.
Therefore, the following secondary objectives will be
evaluated at 12 months after baseline:

� Hospitalization specified via ACSC
� Hospital admissions from the residents’ point of

view (based on data from resident files)
� Residents‘quality of life (Quality of Life in

Alzheimer’s Disease [QoL-AD])
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� Medication safety checks: number, scope, and
performance

� Compliance with rules for documentation in terms
of medication safety checks: performance and
completeness of resident files; accessibility of
information for NH staff, GPs, and other staff;
integration into the care process

� Drug supply and use in emergency situations
� Compliance with rules for documentation in terms

of screenings and assessments (e.g., geriatric
screening, nutrition, and hydration): performance
and completeness of resident files; accessibility of
information for NH staff, GPs, and other staff;
integration into the care process

� Compliance with rules for documentation in terms
of hospital admissions: performance and
completeness of resident files; accessibility of
information for NH staff, GPs, and other staff;
integration into the care process.

A health economic evaluation will be conducted along-
side the study. In addition, a process evaluation will
identify the barriers and facilitating factors of implemen-
tation, taking into account both perspectives, that of
physicians and that of NHs. Secondly, the participating
NHs are asked to share their experiences of the inter-
vention. The process evaluation investigates the under-
lying mechanisms of the intervention in relation to the
context and aims at interpreting summative results con-
sidering the impact of the intervention.

Methods
Study design
In order to assess whether the stated objectives have
been attained by the SaarPHIR intervention, a prospect-
ive, pragmatic, cluster-randomized controlled trial (c-
RCT) using two parallel groups with 1:1 randomization
will be conducted.
The cluster level of randomization will be administra-

tive districts (German: Landkreise) in Saarland. The rea-
son for choosing this method was to avoid spillover
effects, which are more likely to occur when analyzing at
the NH level, because GPs are allowed to be contracted
to more than one NH. Three districts will be randomly
assigned to the intervention group, and three further dis-
tricts to the control group. A minimum of 32 NHs is
needed for the identification of significant effects. This
means each group will comprise at least 16 NHs, each
NH contributing at least 50 residents. Due to the inter-
vention type, neither GPs and their patients nor partici-
pating NHs nor the study team will be blinded to
treatment allocation. The observation period will be 12
months, with three points of data collection: at baseline
(t0) and at 6 (t1) and 12 months (t2) after baseline
(Fig. 1).

Setting and trial population
Requirements for NHs
The study will be performed in (at least) 32 NHs in six
administrative districts of Saarland (Regionalverband
Saarbrücken, Saarpfalz-Kreis, Neunkirchen, St. Wendel,

Fig. 1 Flowchart of cluster-randomized controlled trial
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Merzig-Wadern, Saarlouis). Included will be NHs with
at least 50 residents; each participating institution must
give their consent before randomization. In the interven-
tion group, the collaboration of the nursing facility with
the participating physicians will be supported by a col-
laboration agreement (according to § 119b Abs. 2 SGB
V).

Requirements for physicians
Interested physicians may participate in the study if they
are members of the Saarland Association of Statutory
Health Insurance Physicians and they work in a general
practice located in Saarland. In addition to their own
consent to participate in SaarPHIR, they must provide
medical care to residents in at least one of the attending
NHs. For GPs from the intervention group, it is add-
itionally required to approve a collaboration agreement
in accordance with § 119b paragraph 2 SGB V for the
“promotion of cooperative and coordinated medical and
nursing care in residential care facilities” (Annex 27
BMV-Ä).
Ideally, GPs ought not to treat patients from more

than one district, to avoid spillover effects. The reim-
bursement structure of participating GPs is intended to
support this. However, care that spans more than one
district is not an exclusion criterion. During the evalu-
ation, any overlaps, i.e., doctors who care for residents in
both the intervention and the control groups, are identi-
fied and balanced in the statistical model using corre-
sponding control variables.

Resident inclusion criteria
All residents living in residential care facilities in the six
districts of Saarland will be included (base case analysis),
as long as they are insured in the SHI system and classi-
fied by a level of care dependency (German: Pflegegrad)
by their health insurance.

Recruitment and registration of NHs and physicians
A press meeting introducing SaarPHIR will aim to sup-
port the recruitment of NHs and physicians. Addition-
ally, the Saarland Association of Statutory Health
Insurance Physicians ( Kassenärztliche Vereinigung Saar-
land) will host three separate information events to in-
form physicians about the SaarPHIR project and the
intervention.
After the information events, follow-up discussions

will be offered in particular regions, explaining the inter-
vention and its implementation in detail. Upon request,
further on-site meetings in NHs are possible at any time,
and telephone support is available. The target is to re-
cruit at least 32 Saarland residential care facilities, so
that approximately 1600 residents will be included for
analysis.

Recruitment and registration of residents
Residents who meet the inclusion criteria will be in-
formed and registered in their respective NHs. Participa-
tion in SaarPHIR is voluntary.

Written consent of the participating parties
For residents, participation forms including consent to
the use of claims data are filled out in the NHs and pro-
vided to the health insurance companies. On this basis,
the health insurance companies generate their claims
data set.
For residents, NH staff, and GPs, consent forms for

primary data collection are filled out in the NHs and re-
main there.
In both cases the evaluators do not have access to

person-identifying data. Data collectors are not involved
in data entry and evaluation. Model consent forms can
be requested from the authors.

Randomization and allocation concealment
Three districts (third cluster level) will be randomly
assigned to the intervention group, and three further dis-
tricts to the control group (1:1 allocation). Covariate-
constrained randomization with data on hospitalization
from the SHI will be used to achieve balanced study
arms [22]. As a result, each group will comprise at least
16 NHs (second cluster level) and 800 residents (32 NHs
and 1600 residents in total) (first cluster level).
The randomization list will be computer-generated by

an independent researcher who will be blinded to the
districts. Allocation results will be reported to the pro-
ject coordinator and communicated in an on-site infor-
mation meeting in the respective institutions. Due to the
type of intervention, neither GPs and their patients nor
participating NHs nor the majority of the study team
will be blinded to treatment allocation. The only excep-
tion is the researcher who will perform the statistical
analysis of the primary outcome parameter; he or she
will be blinded to the treatment allocation.

Intervention
International publications suggest that residents benefit
from improved processes and continuous care [23, 24],
especially in terms of reducing hospitalization [24, 25],
while at the same time, the satisfaction of employees
with their daily work and their role in the health care
system improves [23]. In order to align with this con-
cept, the intervention was developed in three major
stages or steps (Fig. 2):

1. Systematic documentation of existing structures
and processes
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2. Definition of ideal processes, based on the
information of step 1

3. Introduction into everyday care routine.

The described development process resulted in an
intervention comprising various components and pro-
cesses, as described in the following subsections.

Reorganization of physicians
Participating physicians will be grouped into regional
teams (medical care teams). Each team chooses a repre-
sentative to plan on-call duties and pre-weekend visits.
Planning is carried out on the basis of the entire team
and thus reduces the organizational effort of the individ-
ual team members. The joint planning implies that, in
exceptional cases, patients might be treated by doctors
other than their family doctor, for example, as part of
the on-call duty or the pre-weekend visit. This way, a
quick response can be made in critical situations. To
help with this, it is important that all residents (if pos-
sible) make written arrangements for emergencies or
complete an advanced directive (or their own document
for emergency situations) to be kept in the residents’
files. Regardless of these changes, the freedom to choose
a doctor remains unaffected.

Team meetings
Team meetings will be held regularly (at least four times
a year) between the medical care team and the respon-
sible nursing staff in order to exchange information, pro-
vide further joint training, discuss cases, and jointly
solve problems in crisis situations. The nursing facilities
will designate a coordinating nurse (plus deputy) as the
contact person for collaboration with the medical care
team.

Extended on-call duty
A GP from the care team will be on duty from Monday
to Friday. This ensures that, in addition to the regular
consultation times, at least one GP from the care team is
available from 6 pm to 9 pm. This timeframe was consid-
ered particularly important by the initiators of the pro-
ject in order to avoid hospitalization. A duty roster for
each quarter will be drawn up 4 weeks in advance and
provided to the NH staff.

Pre-weekend visit
The medical care team will ensure a regular pre-
weekend visit in the form of a Friday afternoon or
Saturday visit. These visits will follow certain
organizational rules. First, NH staff will list who is to
be visited and compile all relevant information. Only
acute cases are to be covered. GPs will be informed
about the cases prior to their visit. The pre-weekend
visit is not to replace any physician’s regular visit dur-
ing the week.

Regular screenings and assessments
Part of the intervention is the regular performance of
screenings and assessments. Mandatory on admission
to the NH, and once a year thereafter, is a basic geri-
atric screening (Lachs screening) and fall prevention.
Further assessments (in terms of nutrition/hydration,
dementia, depression/anxiety, and activities of daily
living or mobility) can be carried out if relevant. Each
screening must be documented in the resident file,
and the completed form must be attached. An over-
view of all screening and assessment instruments as
well as their templates can be found in the guidebook
(see the subsection on Implementation strategy).

Fig. 2 Development of the SaarPHIR intervention
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Coordinating nurse
As the medical care teams are each to be chaired by a
coordinating GP, on the side of the NH one designated
nurse will also be entrusted with a coordinating func-
tion. Among other things, coordinating nurses will be
required to take part in joint team meetings and the
organization of pre-weekend visits. In order to support
the prevailing NH staff structures, a part-time position
(25%) for each facility participating in the intervention
will be financed by SaarPHIR.

Implementation strategy
Information events will be offered (by the Saarland As-
sociation of Statutory Health Insurance Physicians and
the Association of Care) in particular regions, explaining
all details regarding the intervention and its implementa-
tion. Upon request, further on-site meetings in NHs will
be possible at any time, and telephone support will be
available.
A guidebook summarizing the components of the

SaarPHIR intervention, providing information and tem-
plates of the relevant screening and assessment instru-
ments, is intended to support the teams and function as
a reference manual.

Control group
The control group will receive treatment as usual. Each
resident is to be treated by his or her GP. This takes
place as part of the GP’s daily practice routine. There
are no contractual agreements between the NH and the
GP and no additional billing codes. The organization of
medical and nursing care is to be handled by current
NH staff. There will not be a coordinating nurse.

Outcome measures
Three measurement points are planned: baseline assess-
ment (t0) and two measurements (t1, t2) after 6 and 12
months (see Table 1).

Primary outcome
The primary outcome in SaarPHIR is the hospitalization
of residents within 12months from the start of the
study. First, as well as recurrent, hospitalizations will be
taken into account. The analysis will be primarily based
on claims data.

Secondary outcomes
The number of avoidable hospital admissions, following the
ambulatory care sensitive conditions (ACSC) approach, will
be determined. The reference used is a collection of
Germany-specific diagnoses [16]. Because the German ver-
sion does not only cover diagnoses specific to NH residents,
and therefore does not explicitly address the SaarPHIR target
group, a sensitivity analysis will be conducted with a reduced
number of ACSC diagnoses [33].
A sample of at least 10% of the residents in interven-

tional care will be drawn to map the residents’ perspec-
tive. For this, hospitalization data from their resident
files will be examined at t0, t1, and t2.
The same 10% sample of residents will be asked about

their quality of life, using Edelman’s adaption of the
Quality of Life in Alzheimer’s Disease scale (QoL-AD)
[32] at t1 and t2. This particular adaption allows both
self-assessment of the residents or assessment by proxy
(caregiver or relative). The Dementia Screening Scale
(DSS) [31] will be used in advance to assess cognitive
ability. If the result is 4 or higher, the resident will

Table 1 Measurements used in SaarPHIR trial

Level Measure
point

Assessment Measure

Institutional
level

t0 baseline
t1 6 months
t2 12 months

Characteristics/organizational structure of NH,
Resident structure
Characteristics/organizational structure of GP
practice,
Contextual factors,
Intervention status,
Reasons for drop-out,
Interprofessional communication,
Barriers and facilitators of implementation

NH accounting system
GP accounting system
Questionnaire
Status form (self-developed) [26, 27]
Interviews
Questionnaire [28, 29]
Focus groups, interviews

t2 12 months Organizational change Organizational readiness for implementing change (ORIC)
[30]

Resident level t0 baseline
t1 6 months
t2 12 months

Sociodemographic data,
Diagnosis data,
Hospitalization,
Medication data,
Billing data,
Cognition,
Quality of life,
Screenings/assessments,
Documented hospitalization,
Medication safety checks/documentation/use

Claims data
Claims data
Claims data
Claims data
Claims data
DSS [31]
QoL-AD [32]
Resident file
Resident file
Resident file
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complete the questionnaire himself/herself; otherwise,
the proxy will be used. Studies indicate that the QoL-
AD is able to provide useful information with a DSS
score > 4 [31, 34].
Again, the same 10% sample of residents in interven-

tional care will be reviewed to evaluate the performance
of medication safety checks and to measure the quality
of its documentation (at t1 and t2). Data on drug supply,
emergency drug usage, availability of resident-specific in-
formation, and drug handling complete the data set.
This enables the degree of implementation of medica-
tion safety tools to be directly compared to variations in
results among different care facilities. This includes an
analysis of the handling and medical documentation of
on-demand medications by both physicians and care-
givers (see Table 1).
Files of the aforementioned 10% sample will be used

to examine compliance with the rules for documentation
in terms of screenings and assessments (e.g., geriatric
screening, nutrition, and hydration) and in terms of hos-
pital admissions (at t1 and t2). The standard of docu-
mentation and completeness of the files, accessibility of
information for NH staff, GPs, and other staff, as well as
integration into the care process will be assessed.

Health economic evaluation
Using the incremental cost-effectiveness ratio (ICER),
the cost-effectiveness of the SaarPHIR intervention will
be estimated. The ICER indicates the difference between
the average costs of the control and intervention groups
and the incremental effectiveness between both groups
[35]. The effectiveness will be represented by a reduction
in hospitalization [35]. In order to avoid double counting
of costs, the costs of health services in the denominator
of the ICER will be corrected for the costs incurred by
the use of inpatient services. Furthermore, a budget im-
pact analysis (BIA) will be conducted in compliance with
the Principles of Good Practice for Budget Impact Ana-
lysis reported by the International Society for Pharma-
coeconomics and Outcomes Research (ISPOR) in order
to estimate the impact of the SaarPHIR intervention on
the respective budgets of the parties involved in Saar-
PHIR [36, 37].

Contextual factors
Data on the characteristics and organizational structures
of the NHs [38] and general practices, the status of the
intervention, and the quality of the collaboration [21]
between NHs and physicians will be surveyed. In
addition, the resident structure (drop-out rate and rea-
sons), as well as pre-weekend visits carried out, will be
documented on a weekly basis. The nursing staff will be
encouraged to respond to interviews and questionnaires
on behalf of their facility.

Process evaluation
A comprehensive process evaluation from the beginning
to the end of the SaarPHIR study is necessary to under-
stand the underlying mechanisms of the intervention
and the contextual influences, in order to ensure the
generalizability of the study results as well as to improve
future implementations. Process evaluation outcomes
will be collected according to a framework for cluster-
randomized trials of complex interventions [39].
A mixed-methods approach will be used to collect

data alongside the c-RCT. Every 3 months, NH repre-
sentatives and physicians will document the progress of
the intervention. Furthermore, the process evaluation
addresses the recruitment procedure and reasons for
non-participation, as well as contextual factors and
organization-related questions (see Table 1).

Data collection and management
General aspects
Secondary data are to be provided by the health insur-
ance companies. Primary data will be collected by ques-
tionnaires or interviews. The questionnaires are to be
handed out in paper form. Some of the questionnaires
are proxy surveys. The original questionnaires will be
sent to the University of Wuppertal, where they will be
scanned using an automatic capture system (Teleform
TF V16, Electric Paper Informationssysteme GmbH) and
added to the databank. Interviews will be transcribed
and entered to the databank as well.
A project-specific data security concept has been de-

veloped and will be implemented to ensure a high level
of security of all collected data. The concept takes into
account current European and German law and thus en-
sures the integrity and security of the collected data. All
data will be pseudonymized in a multistep process, in-
volving an external data trustee. Access to the data will
be granted only to the researches involved in the
evaluation.

Data collection based on claims data
Calculations of the primary and secondary endpoints as
well as the sensitivity analysis will mainly be carried out
with SHI claims data. Generally, claims data describe the
billable services of insured patients; thus, they reflect the
patients’ interaction with the health care system. Data
for all potentially eligible patients will be collected from
the relevant insurers’ claims data sets. The sources of
the required claims data refer to several categories (§
284 paragraph 1 SGB V): inpatient (§ 301 SGB V), out-
patient (§ 295 SGB V), outpatient surgery (§ 115b SGB
V/§ 116b SGB V), long-term nursing care (SGB XI),
pharmacy (§ 300 SGB V/§ 302), master data, and Disease
Management Program (DMP) billing.
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Data collection based on primary data and other
administrative data
For the evaluation of structure and process quality as
well as medication safety, primary data and further ad-
ministrative data will be collected in addition to the de-
scribed claims data analysis (see the subsection
Outcome measures):

� Quantitative data in terms of structure and
contextual factors for coordinating physicians and
nursing staff (t0, t2)

� Quantitative data in terms of intervention fidelity
and process changes for coordinating physicians and
nursing staff (t0, follow-up every 3 months)

� Communication questionnaires for coordinating
physicians and NH staff (t0, t1, t2)

� Quality of life questionnaire for residents: QoL-AD
(t0, t1, t2)

� Data from the resident files in order to assess the
quality of care (t0, t1, t2)

� Questionnaires on medication safety for NH staff (t0,
t1, t2)

� Focus groups with physicians and nursing staff
(coordinating persons) (t1, t2)

� Qualitative interviews with physicians (t1)
� Qualitative interviews with NH staff (t1)
� Qualitative interviews with physicians and NHs

about reasons for non-participation (after
recruitment).

Statistical analysis
The researcher who will perform the statistical analysis
of the primary outcome parameters will not be involved
in the conduction of the study. Furthermore, this re-
searcher will be blinded to the group allocation of NHs
and residents. Analysis of the primary outcome is based
on SHI claims data for the years 2018 to 2020. The ana-
lysis level for the primary outcome measure, i.e.,
hospitalization rate, will be the second cluster level (care
facilities, n = 16 per group, 32 in total). The primary stat-
istical analysis will be conducted as an intention-to-treat
analysis, using first, as well as recurrent, hospitalizations
as a dependent variable in a generalized linear mixed
model, with the intervention as a fixed effect and clus-
ters as a random effect. A constant multiplicative disper-
sion parameter will be estimated to account for the
dependence of recurrent events. An imbalance of base-
line characteristics can be expected, which cannot be
compensated by randomization. For this reason, the
intervention effect will be adjusted for the characteristics
of the NHs, e.g., baseline hospitalization rate, as well as
for characteristics of the participants, e.g., gender and
age. The intervention effect will be tested with α = 5%
[40]. Furthermore, cluster-adjusted 95% confidence

intervals will be calculated. The sensitivity analyses will
include a per-protocol analysis as well as the analyses of
subgroups using a generalized linear mixed model. Sec-
ondary outcomes will be analyzed explanatively with lin-
ear, generalized linear mixed or time-to-event models
and will be based on claims data as well as collected pri-
mary data and data from the resident’s file.
Quantitative data of the process evaluation will be ana-

lyzed descriptively, graphically, and numerically. Process
changes are to be analyzed via process observations.

Qualitative data
Qualitative data from interviews and focus groups will
be audio-recorded if consent has been given. They will
then be transcribed and coded by two researchers using
qualitative content analysis.

Study population
The study sample is generated on the first cluster level.
Therefore, all insured residents living in an NH in Saar-
land at the beginning of the study will be included
(closed cohort design). This means all residents will be
included, not just those attending SaarPHIR via selective
agreement. By doing this, calculations will be conducted
on a population level, which, in turn, helps to avoid se-
lection effects. Residents are under observation until the
end of the study, leaving the NH, or death.
All residents living in participating NHs in Saarland

will be included in the assessment of the primary out-
come (base case analysis, population level) as long as
they are insured via SHI and classified by a level of care
dependency by their health insurance (Pflegegrad). Fur-
thermore, these residents will also be included in the
analysis of secondary outcomes. Analyses of secondary
outcomes based on primary data (e.g., quality of life)
may only be carried out on residents receiving the inter-
vention (since only these persons give their written con-
sent). The contractual basis for the medical care of
SaarPHIR residents is a selective agreement with their
respective health insurance companies.

Sample size
In order to analyze the primary outcome, hospitalization
data will be collected for 12 months and adjusted to data
from the previous year (baseline). For an effect size of
0.6, assuming a significance level of 5% (α = 0.05) and a
power of 80% (β = 0.20), at least 32 facilities with 50 resi-
dents each (assuming 30 person-days at risk per resi-
dent) are required (calculated with the R package
ClusterPower, hayer.power.poisson [41]). Furthermore, a
between-cluster variance (BCV) of 0.10 has been calcu-
lated. Instead of the intraclass correlation coefficient
(ICC), the package ClusterPower refers to the BCV as a
measure to account for the degree of clustering. The
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BCV is equivalent to the ICC and was used by Hayes
and Bennett due to its better comprehensibility [42].
Secondary endpoints will be evaluated following ex-

ploratory approaches; therefore, a sample size calculation
is not needed.

Sensitivity analysis
Sensitivity analyses are an essential part of every scien-
tific evaluation and an important basis for decision-
making [43]. The calculations refer to the same data
basis as the primary analysis. The sensitivity analyses are
therefore an extension of the primary analyses, for ex-
ample, with a specific subgroup analysis. Data from 2018
to 2020 will be used for the following populations:

1. Insured residents who live in participating NHs at
the start of the study or during the course of the
study (open cohort design)

2. An intervention group consisting of only
participating insured residents (selective agreement,
open cohort design without regard to a potential
selection bias)

3. All insured residents in Saarland.

For study population 3, both the “open cohort design”
and the “closed cohort design” will be used. In addition,
the primary endpoint for the intervention group is vali-
dated with data from the resident files, to ensure that
health claims data cover the entire range of hospital (re-
)admissions.

Duration of the project
SaarPHIR started in April 2018 and should be completed
by March 2021. The c-RCT started in May 2019. Data
will be archived for 10 years after study completion.

Ethical and legal considerations
This project has received ethical approval from the Eth-
ics committee of the Saarland Medical Association, No.
56/18.

Dissemination policy
Study results will be published in a peer-reviewed,
MEDLINE-listed journal.
A German website (https://saarphir.kvsaarland.de/)

was created to provide study materials and to publish
study results at a later stage.

Discussion
The present study investigates the effect of an interpro-
fessional collaboration concept in nursing homes on the
hospitalization of residents. The concept addresses nurs-
ing home staff and physicians. The method used is a
cluster-randomized controlled trial. The intervention

group is treated with the new concept; the control group
receives treatment as usual. The database consists largely
of statutory health insurance claims data. In addition,
primary data are collected.
Since changes on an organizational and structural level

are being addressed, blinding is not possible. A total of
32 nursing homes with 1600 patients will be examined.
Some primary data collections (e.g., quality of life) are
carried out on a 10% sample in order to keep the burden
on the respondents as low as possible. Apart from this,
however, a large database is ensured, so that the trans-
ferability of the results can be considered high. This is
also supported by the mixed-methods approach.
A reduction in hospital admissions (hospitalization) of

the residents and relevant changes in secondary end-
points are expected. In turn, these will have a positive
impact on the economic assessment. International publi-
cations support these assumptions [23, 25]. The process
evaluation will also help us to understand how the suc-
cess of the implementation process can be facilitated. It
is expected that, based on the results of the study, rec-
ommendations can be made for the care provided in
German nursing homes.

Trial status
The trial is at Version 1, February 2019.
Ethics committee approval, No. 56/18, was provided

by the Ethics committee of the Saarland Medical Associ-
ation, 04.03.2019. The primary recruitment phase of the
trial began on 1.05.2019 (protocol version 1, 05.02.2019).
The end of the trial is scheduled for 31.04.2020. Exten-
sion by probably 6 months is planned.

Abbreviations
ACSC: Ambulatory care sensitive conditions; BCV: Between-cluster variance;
BIA: Budget impact analysis; BMV-Ä: Bundesmantelvertrag-Ärzte (Federal
Master Treaty for Medical Practitioners); c-RCT: Cluster-randomized controlled
trial; DMP: Disease Management Program; DSS: Dementia Screening Scale;
GP: General practitioner; HTA: Health Technology Assessment; ICC: Intraclass
correlation coefficient; ICER: Incremental cost-effectiveness ratio;
ISPOR: International Society for Pharmacoeconomics and Outcomes
Research; NH: Nursing home; PAH: Potentially avoidable hospitalization; QoL-
AD: Quality of Life in Alzheimer’s Disease; SGB: Sozialgesetzbuch (German
Social Insurance Code); SHI: Statutory health insurance

Acknowledgements
Not applicable.

Authors’ contributions
All authors were substantially involved in the conception and design of this
study. AP and JK drafted the manuscript with all other authors contributing
to its critical review and reading and approving the final draft.

Authors’ information
Alexandra Piotrowski, University of Wuppertal (piotrowski@wiwi.uni-
wuppertal.de).

Funding
The study is funded by the Innovations fund of the Federal Joint Committee
(Gemeinsamer Bundesausschuss), Germany, No. 01NVF17006.

Piotrowski et al. Trials          (2020) 21:411 Page 9 of 11

https://saarphir.kvsaarland.de/
mailto:piotrowski@wiwi.uni-wuppertal.de
mailto:piotrowski@wiwi.uni-wuppertal.de


There is no active involvement of the funding party, neither in terms of the
design of the study, nor collection, analysis, or interpretation of data, nor in
writing of the manuscript.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Ethics Committee Approval, No. 56/18, was provided under the Ethics
committee of the Saarland Medical Association, with date of approval
04.03.2019. Informed consent will be obtained from all study participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1University of Wuppertal, Wuppertal, Germany. 2University of Applied
Sciences Saarbrücken, Saarbrücken, Germany. 3Saarland University,
Saarbrücken, Germany. 4BARMER, Wuppertal, Germany. 5Saarland Association
of Statutory Health Insurance Physicians, Saarbrücken, Germany.

Received: 9 March 2020 Accepted: 10 April 2020

References
1. Statistisches Bundesamt. Pflegestatistik 2017: Pflege im Rahmen der

Pflegeversicherung. Vol. 49. 2018. https://www.destatis.de/DE/Themen/
Gesellschaft-Umwelt/Gesundheit/Pflege/Publikationen/Downloads-Pflege/
pflege-deutschlandergebnisse-5224001179004.pdf?__blob=publicationFile.
Accessed 2 Apr 2020..

2. Statistisches Bundesamt. Demografischer Wandel in Deutschland.
Auswirkungen auf Krankenhausbehandlungen und Pflegebedürftige im
Bund und in den Ländern. Statistische Ämter des Bundes und der Länder.
2010. https://www.destatis.de/DE/Themen/Querschnitt/Demografischer-
Wandel/Publikationen/Downloads/krankenhausbehandlung-
pflegebeduerftige-5871102109004.pdf?__blob=publicationFile. Accessed 2
Apr 2020.

3. Wingenfeld K. Versorgungsbedarf in der stationären Langzeitpflege. In:
Günster C, Klose J, Schmacke N, editors. Versorgungs-Report 2012. Stuttgart:
Schattauer; 2012. p. 99–109.

4. Balzer K, Butz S, Bentzel J, Boulkhemair D, Lühmann D. Beschreibung und
Bewertung der fachärztlichen Versorgung von Pflegeheimbewohnern in
Deutschland. Vol. 125, Health Technology Assessment. 2013. http://portal.
dimdi.de/de/hta/hta_berichte/hta298_bericht_de.pdf. Accessed 02 Apr
2020.

5. Schmidt M, Schneekloth U. Abschlussbericht zur Studie „Wirkungen des
Pflege-Weiterentwicklungsgesetzes“. Bericht zu den
Repräsentativerhebungen im Auftrag des Bundesministeriums für
Gesundheit 2011. https://www.bundesgesundheitsministerium.de/fileadmin/
Dateien/5_Publikationen/Pflege/Berichte/Abschlussbericht_Evaluation_PNG_
PSG_I.pdf. Accessed 2 Apr 2020.

6. Garms-Homolová V. Pflege im Alter. In: Schaeffer D, Wingenfeld K, editors.
Handbuch Pflegewissenschaft. Weinheim: Juventa; 2011. p. 405–27.

7. Field TS, Gurwitz JH, Harrold LR, Rothschild JM, Debellis K, Seger AC, et al.
Risk factors for adverse drug events among older adults in the ambulatory
setting. J Am Geriatr Soc. 2004;52(8):1349–54.

8. Thürmann P, Jaehde U. Arzneimitteltherapiesicherheit in Alten- und
Pflegeheimen: Querschnittsanalyse und Machbarkeit eines multidisziplinären
Ansatzes. 2010. www.bundesgesundheitsministerium.de/fileadmin/
Dateien/5_Publikationen/Gesundheit/Berichte/Abschlussbericht_
Arzneimitteltherapiesicherheit_in_Alten-_und_Pflegeheimen_
Querschnittsanalyse_und_Machbarkeit_eines_multidisziplinaeren_Ansatzes.
pdf. Accessed 2 Apr 2020.

9. Van Den Bussche H, Schröfel SC, Löschmann C, Lübke N. Organizational
concepts of primary medical care in nursing homes in Germany and its
neighbour countries. Z Allgemeinmed. 2009;85(7):296–301.

10. Karsch-Völk M, Lüssenheide J, Linde K, Schmid E, Schneider A. What are the
prerequisites for a successful cooperation between nursing homes and

physicians? – Results of a mixed-methods cross-sectional study in Bavarian
nursing homes. Das Gesundheitswes. 2016;78(11):742–8.

11. Tjia J, Mazor KM, Field T, Meterko V, Spenard A, Gurwitz JH. Perceived
barriers and impact on patient safety. NIH Public Acces. 2009;5(3):145–52.

12. Dudey S, Rädel M, Priess H-W, Bohm S. Evaluation vertragsärztlicher und
vertragszahnärztlicher Kooperationen mit Pflegeeinrichtungen gemäß §
119b SGB V. 2019. https://search.sachsen.de/web/viewAsHtml;jsessionid=
BBFBB615EFA78F1CED48A011F1240157.sachsen_search_1?reference=https://
publikationen.sachsen.de/bdb/artikel/33640/documents/51424&searchTerm=
Evaluation.vertragsärztlicher.und.vertragszahnärztlicher.Kooperat. Accessed 2
Apr 2020.

13. Kassenärztliche Bundesvereinigung (KBV). Informationen zur
Pflegeheimversorgung. Pflegeheimversorgung: Die neuen Leistungen im
Überblick. 2016. https://www.kbv.de/media/sp/Pflegeheimversorgung_
Uebersicht.pdf. Accessed 2 Apr 2020.

14. Kassenärztliche Bundesvereinigung (KBV). Pressemitteilung:
Kooperationspflicht für Heime und Ärzte löst keine Probleme. 2018. https://
www.kbv.de/html/1150_38096.php. Accessed 02 Apr 2020.

15. Leutgeb R, Berger SJ, Szecsenyi J, Laux G. Potentially avoidable
hospitalisations of German nursing home patients? A cross-sectional study
on utilisation patterns and potential consequences for healthcare. BMJ
Open. 2019;9(1):e025069.

16. Sundmacher L, Fischbach D, Schuettig W, Naumann C, Augustin U, Faisst C.
Which hospitalisations are ambulatory care-sensitive, to what degree, and
how could the rates be reduced? Results of a group consensus study in
Germany. Health Policy (New York). 2015;119(11):1415–23.

17. Brühmann BA, Reese C, Kaier K, Ott M, Maurer C, Kunert S, et al. A complex
health services intervention to improve medical care in long-term care
homes: study protocol of the controlled coordinated medical care (CoCare)
study. BMC Health Serv Res. 2019;19(1):1–9.

18. Jordan AJ, Gittel J, Bettig U. Interdisciplinary cooperation in inpatient care
facilities using the example of Careplus – a satisfaction survey.
Pflege&Gesellschaft. 2014;19(1):30–9.

19. Müller CA, Fleischmann N, Cavazzini C, Heim S, Seide S, Geister C, et al.
Interprofessional collaboration in nursing homes (interprof): development
and piloting of measures to improve interprofessional collaboration and
communication: a qualitative multicentre study. BMC Fam Pract. 2018;19(1):
14.

20. Hoffmann F. Homern – Hospitalisierung und Notaufnahmebesuche von
Pflegeheimbewohnern: Häufigkeit, Ursachen und Entwicklung einer
Intervention zur Verbesserung der Versorgung. 2019. https://
innovationsfonds.g-ba.de/projekte/versorgungsforschung/homern-
hospitalisierung-und-notaufnahmebesuche-von-pflegeheimbewohnern-
haeufigkeit-ursachen-und-entwicklung-einer-intervention-zur-verbesserung-
der-versorgung.54. Accessed 2 Apr 2020.

21. Karsch-Völk M, Lüssenheide J, Linde K, Schmid E, Schneider A. Development
of a catalogue of criteria for successful medical care in nursing homes. Z
Evid Fortbild Qual Gesundhwes. 2015;109(8):570–7.

22. Dickinson LM, Beaty B, Fox C, Pace W, Dickinson WP, Emsermann C, et al.
Pragmatic cluster randomized trials using covariate constrained
randomization: a method for practice-based research networks (PBRNs). J
Am Board Fam Med. 2015;28(5):663–72.

23. Goodman C, Davies SL, Gordon AL, Dening T, Gage H, Meyer J, et al. Optimal
NHS service delivery to care homes: a realist evaluation of the features and
mechanisms that support effective working for the continuing care of older
people in residential settings. Heal Serv Deliv Res. 2017;5(29):1–204.

24. Haber SG, Wensky SG, McCall NT. Reducing inpatient hospital and emergency room
utilization among nursing home residents. J Aging Health. 2017;29(3):510–30.

25. Ouslander JG, Lamb G, Tappen R, Herndon L, Diaz S, Roos BA, et al.
Interventions to reduce hospitalizations from nursing homes: evaluation of
the INTERACT II collaborative quality improvement project. J Am Geriatr Soc.
2011;59(4):745–53.

26. Hogg W, Rowan M, Russell G, Geneau R, Muldoon L. Framework for primary
care organizations: the importance of a structural domain. Int J Qual Heal
Care. 2008;20(5):308–13.

27. Shield R, Rosenthal M, Wetle T, Tyler D, Clark M, Intrator O. Medical staff
involvement in nursing homes: development of a conceptual model and
research agenda. J Appl Gerontol. 2014;33(1):75–96.

28. Bartholomeyczik S, Donath E, Schmidt S, Rieger MA, Berger E, Wittich A,
et al. Arbeitsbedingungen im Krankenhaus. Bundesanstalt für Arbeitsschutz
und Arbeitsmedizin. 2008.

Piotrowski et al. Trials          (2020) 21:411 Page 10 of 11

https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Pflege/Publikationen/Downloads-Pflege/pflege-deutschlandergebnisse-5224001179004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Pflege/Publikationen/Downloads-Pflege/pflege-deutschlandergebnisse-5224001179004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Pflege/Publikationen/Downloads-Pflege/pflege-deutschlandergebnisse-5224001179004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Querschnitt/Demografischer-Wandel/Publikationen/Downloads/krankenhausbehandlung-pflegebeduerftige-5871102109004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Querschnitt/Demografischer-Wandel/Publikationen/Downloads/krankenhausbehandlung-pflegebeduerftige-5871102109004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Querschnitt/Demografischer-Wandel/Publikationen/Downloads/krankenhausbehandlung-pflegebeduerftige-5871102109004.pdf?__blob=publicationFile
http://portal.dimdi.de/de/hta/hta_berichte/hta298_bericht_de.pdf
http://portal.dimdi.de/de/hta/hta_berichte/hta298_bericht_de.pdf
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/5_Publikationen/Pflege/Berichte/Abschlussbericht_Evaluation_PNG_PSG_I.pdf
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/5_Publikationen/Pflege/Berichte/Abschlussbericht_Evaluation_PNG_PSG_I.pdf
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/5_Publikationen/Pflege/Berichte/Abschlussbericht_Evaluation_PNG_PSG_I.pdf
http://www.bundesgesundheitsministerium.de/fileadmin/Dateien/5_Publikationen/Gesundheit/Berichte/Abschlussbericht_Arzneimitteltherapiesicherheit_in_Alten-_und_Pflegeheimen_Querschnittsanalyse_und_Machbarkeit_eines_multidisziplinaeren_Ansatzes.pdf
http://www.bundesgesundheitsministerium.de/fileadmin/Dateien/5_Publikationen/Gesundheit/Berichte/Abschlussbericht_Arzneimitteltherapiesicherheit_in_Alten-_und_Pflegeheimen_Querschnittsanalyse_und_Machbarkeit_eines_multidisziplinaeren_Ansatzes.pdf
http://www.bundesgesundheitsministerium.de/fileadmin/Dateien/5_Publikationen/Gesundheit/Berichte/Abschlussbericht_Arzneimitteltherapiesicherheit_in_Alten-_und_Pflegeheimen_Querschnittsanalyse_und_Machbarkeit_eines_multidisziplinaeren_Ansatzes.pdf
http://www.bundesgesundheitsministerium.de/fileadmin/Dateien/5_Publikationen/Gesundheit/Berichte/Abschlussbericht_Arzneimitteltherapiesicherheit_in_Alten-_und_Pflegeheimen_Querschnittsanalyse_und_Machbarkeit_eines_multidisziplinaeren_Ansatzes.pdf
http://www.bundesgesundheitsministerium.de/fileadmin/Dateien/5_Publikationen/Gesundheit/Berichte/Abschlussbericht_Arzneimitteltherapiesicherheit_in_Alten-_und_Pflegeheimen_Querschnittsanalyse_und_Machbarkeit_eines_multidisziplinaeren_Ansatzes.pdf
https://search.sachsen.de/web/viewAsHtml;jsessionid=BBFBB615EFA78F1CED48A011F1240157.sachsen_search_1?reference=https://publikationen.sachsen.de/bdb/artikel/33640/documents/51424&searchTerm=Evaluation.vertrags%C3%A4rztlicher.und.vertragszahn%C3%A4rztlicher.Kooperat
https://search.sachsen.de/web/viewAsHtml;jsessionid=BBFBB615EFA78F1CED48A011F1240157.sachsen_search_1?reference=https://publikationen.sachsen.de/bdb/artikel/33640/documents/51424&searchTerm=Evaluation.vertrags%C3%A4rztlicher.und.vertragszahn%C3%A4rztlicher.Kooperat
https://search.sachsen.de/web/viewAsHtml;jsessionid=BBFBB615EFA78F1CED48A011F1240157.sachsen_search_1?reference=https://publikationen.sachsen.de/bdb/artikel/33640/documents/51424&searchTerm=Evaluation.vertrags%C3%A4rztlicher.und.vertragszahn%C3%A4rztlicher.Kooperat
https://search.sachsen.de/web/viewAsHtml;jsessionid=BBFBB615EFA78F1CED48A011F1240157.sachsen_search_1?reference=https://publikationen.sachsen.de/bdb/artikel/33640/documents/51424&searchTerm=Evaluation.vertrags%C3%A4rztlicher.und.vertragszahn%C3%A4rztlicher.Kooperat
https://www.kbv.de/media/sp/Pflegeheimversorgung_Uebersicht.pdf
https://www.kbv.de/media/sp/Pflegeheimversorgung_Uebersicht.pdf
https://www.kbv.de/html/1150_38096.php
https://www.kbv.de/html/1150_38096.php
https://innovationsfonds.g-ba.de/projekte/versorgungsforschung/homern-hospitalisierung-und-notaufnahmebesuche-von-pflegeheimbewohnern-haeufigkeit-ursachen-und-entwicklung-einer-intervention-zur-verbesserung-der-versorgung.54
https://innovationsfonds.g-ba.de/projekte/versorgungsforschung/homern-hospitalisierung-und-notaufnahmebesuche-von-pflegeheimbewohnern-haeufigkeit-ursachen-und-entwicklung-einer-intervention-zur-verbesserung-der-versorgung.54
https://innovationsfonds.g-ba.de/projekte/versorgungsforschung/homern-hospitalisierung-und-notaufnahmebesuche-von-pflegeheimbewohnern-haeufigkeit-ursachen-und-entwicklung-einer-intervention-zur-verbesserung-der-versorgung.54
https://innovationsfonds.g-ba.de/projekte/versorgungsforschung/homern-hospitalisierung-und-notaufnahmebesuche-von-pflegeheimbewohnern-haeufigkeit-ursachen-und-entwicklung-einer-intervention-zur-verbesserung-der-versorgung.54
https://innovationsfonds.g-ba.de/projekte/versorgungsforschung/homern-hospitalisierung-und-notaufnahmebesuche-von-pflegeheimbewohnern-haeufigkeit-ursachen-und-entwicklung-einer-intervention-zur-verbesserung-der-versorgung.54


29. Fischbeck S, Laubach W. Work situation and job satisfaction in an university
hospital: development of questionnaires for physicians and nurses. PPmP
Psychother Psychosom Medizinische Psychol. 2005;55(6):305–14.

30. Shea CM, Jacobs SR, Esserman DA, Bruce K, Weiner BJ. Organizational
readiness for implementing change: a psychometric assessment of a new
measure. Implement Sci. 2014;9:7.

31. Köhler L, Weyerer S, Schöufele M. Proxy screening tools improve the
recognition of dementia in old-age homes: results of a validation study.
Age Ageing. 2007;36(5):549–54.

32. Edelman P, Fulton BR, Kuhn D, Chang C-H. A comparison of three methods
of measuring dementia-specific quality of life: perspectives of residents,
staff, and observers. Gerontologist. 2005;45(Special issue 1):27–36.

33. Spector WD, Limcangco R, Williams C, Rhodes W, Hurd D. Potentially
avoidable hospitalizations for elderly long-stay residents in nursing homes.
Med Care. 2013;51:673–81.

34. Richter C, Berg A, Fleischer S, Köpke S, Balzer K, Fick EM, et al. Effect of
person-centred care on antipsychotic drug use in nursing homes
(EPCentCare): study protocol for a cluster-randomised controlled trial.
Implement Sci. 2015;10(82):1–10.

35. Neumann PJ, Ganiats TG, Russell LB, Siegel JE, Sanders GD. Cost-
effectiveness in health and medicine. 2nd ed. Oxford: Oxford University
Press; 2016.

36. Mauskopf J, Sullivan SD, Annemans L, Caro J, Lee KM, Minchin M. Principles
of good practice for budget impact analysis: report of the ISPORTask Force
on Good Research Practices— Budget Impact Analysis. Heal (San Fr.). 2007;
10(5):336–47.

37. Sullivan SD, Mauskopf JA, Augustovski F, Jaime Caro J, Lee KM, Minchin M,
et al. Budget impact analysis—principles of good practice: report of the
ISPOR 2012 Budget Impact Analysis Good Practice II Task Force. Value Heal.
2014;17(1):5–14.

38. Palm R, Köhler K, Schwab CG, Bartholomeyczik S, Holle B. Longitudinal
evaluation of dementia care in German nursing homes: the
“DemenzMonitor” study protocol. BMC Geriatr. 2013;13:123–34.

39. Grant A, Shaun T, Tobias D, Robbie F, Guthrie B. Process evaluations for
cluster-randomised trials of complex interventions: a proposed framework
for design and reporting. Trials. 2013;14(1):15.

40. Kada O, Janig H, Likar R, Cernic K, Pinter G. Reducing avoidable hospital
transfers from nursing homes in Austria: project outline and baseline results.
Gerontol Geriatr Med. 2017;3:1–9.

41. Kleinman K, Moyer J, Reich N, Obeng D. clusterPower: power calculations
for cluster-randomized and cluster-randomized crossover trials; 2017.

42. Hayes R, Bennett S. Simple sample size calculation for cluster-randomized
trials. Int J Epidemiol. 1999;28:319–26.

43. Taljaard M, Teerenstra S, Ivers NM, Fergusson DA. Substantial risks associated
with few clusters in cluster randomized and stepped wedge designs. Clin
Trials. 2016;13(4):459–63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Piotrowski et al. Trials          (2020) 21:411 Page 11 of 11


	Abstract
	Background
	Methods
	Conclusion
	Trial registration

	Introduction
	Objectives

	Methods
	Study design
	Setting and trial population
	Requirements for NHs
	Requirements for physicians
	Resident inclusion criteria
	Recruitment and registration of NHs and physicians
	Recruitment and registration of residents
	Written consent of the participating parties

	Randomization and allocation concealment
	Intervention
	Reorganization of physicians
	Team meetings
	Extended on-call duty
	Pre-weekend visit
	Regular screenings and assessments
	Coordinating nurse
	Implementation strategy
	Control group

	Outcome measures
	Primary outcome
	Secondary outcomes
	Health economic evaluation
	Contextual factors
	Process evaluation

	Data collection and management
	General aspects
	Data collection based on claims data
	Data collection based on primary data and other administrative data

	Statistical analysis
	Qualitative data
	Study population
	Sample size
	Sensitivity analysis

	Duration of the project
	Ethical and legal considerations
	Dissemination policy

	Discussion
	Trial status
	Abbreviations

	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

