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ABSTRACT

Introduction: A lack of effective coordination and communication between ambulatory care physicians and
hospitals, including the lack of follow-up care, poses a challenge to the recovery process of patients suffering
from cardiac disease, often resulting in rehospitalisation and adverse outcomes. This innovative care programme
aims to bridge the gap between ambulatory and hospital care. A key element of this programme is specifically
trained care managers (Cardiolotse) who provide post-discharge support, access to additional resources and help
the patient to navigate successfully through the healthcare system.

Material and methods: The study is set up as a prospective, randomised, controlled trial. Allocation to intervention
group (support of care managers) and control group (usual care) follows an allocation ratio of 1:1 using block
randomisation. Sample size calculations resulted in 1454patients per group after adjusting for potential non-
compliance. All participants are surveyed at discharge, after 3 and 12 months. The primary outcome of the
study is the 12-month rehospitalisation rate. Secondary outcomes include differences in length of hospital stay,
mortality, quality-adjusted life years, costs and patient satisfaction. Statistical analysis and economic evaluation
will be complemented by a process evaluation.

Discussion: The new healthcare programme is designed to support patients when leaving hospital with cardiac
conditions by easing the transition between sectors through access to Cardiolotses and individualised care plans.
We hypothesise that the programme reduces rehospitalisation and improves clinically relevant patient outcomes.
Trial registration: German Clinical Trial Register, DRKS00020424. Registered 2020-06-18, http://www.drks.
de/DRKS00020424
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CEAC Cost-effectiveness acceptability curves MI Myocardial infarction
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1. Introduction

The transition from hospital to ambulatory care is a vulnerable phase
in the care process. Patients who suffer from severe illness or need
permanent medication and continuous health monitoring are particu-
larly affected by a potential fragmentation of the healthcare system, as it
exists in Germany. Information exchange between hospitals and
ambulatory care providers mainly based on discharge letters may not
guarantee adequate end-to-end information transmission, hence result-
ing in the patient missing important parts of post-discharge therapy as
suggested by the hospital physicians. This lack of effective coordination
and communication among hospitals and ambulatory care providers,
including the lack of follow-up care, hamper the recovery process or may
worsen patients’ health, often resulting in rehospitalisation and adverse
outcomes [1]. Especially for patients suffering from cardiovascular
disease, rehospitalisation rates shortly after hospital discharge remain
high, putting them at increased risk of poor health outcomes [2]. Thus,
rehospitalisations not only impose considerable burden on patients and
their relatives but also on healthcare systems, as a large proportion of
the financial burden can be attributed to potentially avoidable
rehospitalisations.

Evidence suggests that comprehensive discharge management can
reduce rehospitalisation rates and follow-up medical care and improve
health outcomes such as quality of life [3-6]. It has also been suggested
that the adoption of personalised care plans can promote self-care
management and enhance patient satisfaction [7,8]. However, coping
with an illness is a complex process, often requiring a permanent change
in health behaviour. It involves health educational measures and stra-
tegies to increase patients’ adherence to preventive programmes
including diet changes or regular exercise. Especially after hospital
discharge, patients often feel unsettled and unable to cope with their
situation because of the lack of health education [9]. This poses a
challenge to effective self-care management. Thus, innovative care ap-
proaches need to span healthcare sectors, linking healthcare providers
who focus on patient-centred activities.

In Germany, hospitals are required by law to provide discharge
services to their patients (§39 Abs.1a SGB V). However, due to shortened
hospital stays and an increase in chronic diseases, current measures
often do not prove satisfactory in supporting patients post-discharge
[10,11]. An effective care coordination that goes beyond insufficient
discharge management could pose an essential element in order to
overcome the boundaries between sectors and disciplines and to facili-
tate the transition from hospital to ambulatory care.

Many studies that evaluate rehospitalisation rates focus on patients
with acute myocardial infarction (MI) or heart failure (HF) [12-14].
However, patients suffering from other heart diseases such as atrial
fibrillation or chronic ischemic heart disease face similar challenges
posed by the discontinuity of care and may thus also benefit from in-
tegrated care approaches in terms of reduced readmission rates [15-17].

The present study is designed to develop, implement and test a new
healthcare programme that aims to bridge the gap between hospital and
ambulatory care providers. A key element of the programme will be a
specifically trained care manager, so-called Cardiolotse (CL), which
translates as cardiac guide, providing post-discharge support to patients
with cardiac disease (CD) and helping them to access resources and
navigate the healthcare system.

2. Material and methods
This study is designed as a prospective, randomised, two-group

parallel study. Recruitment of patients started in January 2019 and
enrolment was expected to last until March/April 2020.2 All evaluations

2 Recruitment was stopped/put on hold on 16 March 2020 due to the ongoing
COVID-19 pandemic.
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are planned to be completed by the end of May 2022.

Participants will be recruited within the Department of Internal
Medicine at eight participating sites of the Vivantes Hospital Group in
the city of Berlin.

2.1. Study aims

The main objective is to evaluate whether the new healthcare pro-
gramme can bridge the care gap for patients suffering from CD through
access to personal care managers (CLs) and personalised healthcare
plans. The primary hypothesis is that the innovative healthcare pro-
gramme leads to a significant reduction in the rehospitalisation rate 12
months after discharge compared with usual care.

To this end, we evaluate the effectiveness of the new healthcare
programme on patient-centred outcomes such as mortality, quality-
adjusted life years (QALYs), patient satisfaction and adherence to
treatment recommendations in comparison to standard discharge ser-
vices. In addition, we contrast marginal cost and effects in order to
establish the cost-effectiveness and cost-utility ratio of the intervention
compared with usual care. Process indicators such as contextual factors
affecting the implementation of the intervention will be evaluated to
identify and address potential organisational and individual-level bar-
riers and/or facilitators.

2.2. Study population/eligibility criteria

Inclusion criteria for patients are age > 18 years, who were admitted
to an inpatient unit of the Vivantes Hospital Group (Berlin) with the
following cardiovascular admission diagnosis codes, ICD 10-GM
120-125, 147-150, including all patients with coronary artery disease,
cardiac arrhythmias and heart failure (Appendix). All patients were
asked to give written, informed consent. Only patients carrying insur-
ance with AOK Nordost, a statutory health insurance provider in the
north-eastern part of Germany, were recruited. Patients with pre-
existing cognitive or severe psychiatric diseases (ICD 10-GM F20-29;
F33.3), with care level four or more or residing in long-term care fa-
cilities were excluded.

2.2.1. Identification of eligible patients and randomisation

Eligible patients are recruited by CLs in the hospital before discharge
during the recruitment period with the help of the hospital information
system (HIS). CLs will visit potential participants to provide detailed
information on the study and answer questions regarding enrolment,
participation and the withdrawal process. Informed consent is taken by
study personnel in hospital during the initial stay. Patients who had
given their written, informed consent to participate were attributed a
unique study identification number (CL-ID) through a specifically
designed module in the HIS and, subsequently, were randomly assigned
to either the treatment or the control arm on a 1:1 basis. The web-based
Randoulette randomisation tool of the Institute for Medical Information
Processing, Biometry and Epidemiology, LMU Munich, Germany, is used
for simple block randomisation with a block size of 10. The CLs receive
the allocation result of the patient immediately after entering the CL-ID,
the year of birth and sex of the patient in Randoulette. The recruiting CLs
are blinded to the underlying allocation sequence of Randoulette. After
assignment to either of the two arms, it is no longer feasible to blind
patients or healthcare providers to randomisation status. The participant
can withdraw from the study within 2 weeks after giving informed
consent through the AOK Nordost without giving reasons. All data of
these individuals is removed and prohibited to be used for the analysis.

2.3. Intervention
The two-group parallel design compares usual care with the new

healthcare programme. A key element of the intervention will be the
care manager (CL) assisting a patient’s transition from inpatient to
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ambulatory care. During the hospital stay, the CL will initiate the first
face-to-face contact with the patient in order to build and maintain a
personal relationship post-discharge via telephone. No additional con-
tact in person is allowed after hospital discharge.

Medical staff (nurses or qualified medical employees) received
additional training of up to 2 months to acquire the skills necessary to
qualify as a CL. Elements of the curriculum include communication
training, training on physical and psychosocial health needs of people
with CD, preventive and rehabilitative treatment options, important
aspects about care services and care delivery mechanisms as well as
basic training on ethical and legal issues. The theoretical part is com-
plemented with practice training to ensure high quality services. The
curriculum was developed by medical specialists at the Vivantes Hos-
pital Group, operator of the community hospitals in Berlin, in cooper-
ation with employees of AOK Nordost. Training is offered at the clinic
site.

2.3.1. Intervention group

In addition to recommendations for follow-up care, patients assigned
to the intervention group will receive tailored preventive programmes
based on their needs. Additionally, patients will receive a booklet on CD
that offers some practical information, for example how and when the
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CL or the patient hotline can be reached by telephone. If necessary, the
CL will also consult family members or relatives during the patient’s
hospital stay to promote active participation and include them in post-
discharge care planning. Finally, together with a discharge summary
report, patients will receive a letter for both their general practitioner
(GP) and their cardiologist that conveys information about the patients’
study participation and the possibilities for engagement in the study
(Fig. 2).

After discharge, patients will be contacted by the CL at a priori
defined intervals via telephone during the intervention period: within
the first quarter following discharge, once a month; within the second
quarter following discharge, every 6 weeks; in the third and fourth
quarters after discharge, every 3 months.

At all regular telephone encounters, a standardised questionnaire is
employed for follow-up questions. These include enquiry regarding
selected vital parameters (e.g. blood pressure, body weight); compliance
with the medication plan; any adjustment of medication initiated by the
primary care provider/specialist. The CL will also ask about the patient’s
adherence to health behaviour recommendations, assist the patient in
meeting his or her specific care needs, facilitate access to health infor-
mation and educational material, motivate the patient to overcome
barriers and establish goals to self-manage her/his illness and
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(N=1,769,000)

A

Excluded (n=X)

i.No admission diagnosis code ICD 10-GM
120-25; 147-50

ii.Age <18 years

A

A 4

ii.Care level 24

iv.Residing in long-term care facilities
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Fig. 1. Study flow chart.
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recommend referral to specialist care if any warning signs occur. Before
getting in touch with the patient’s primary care provider or a medical
specialist, the CL will consult the trial medical director at the hospital
site to confirm the urgency of a physician visit.

If deemed necessary, the CL will also help in scheduling appoint-
ments with primary care physicians or specialists, making contact with
other healthcare providers, therapists or (re)connecting with commu-
nity care services.

In case of any healthcare questions or concerns, the patient is able to
contact the CL for assistance directly. In addition, a telephone hotline
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has been made available to answer health-related questions from pa-
tients and relatives during the intervention period. The telephone hot-
line is also available to medical professionals who are involved in the
medical treatment of participating patients and seek consultation on
certain aspects of treatment with the CL.

The intervention will be complete after a minimum of 12 months of
follow-up after hospital discharge (Fig. 1). Depending on the time of
recruitment, the follow-up period lasts between 12 and 27 months,
meaning that all patients will receive the intervention until the last
patient has reached the 12 months follow-up. Thus, patients recruited
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earlier in the study will have a longer follow-up period, which will allow
us to check whether the CL has a long-term beneficial effect. However,
the primary study endpoint, i.e. rehospitalisaton rate, will be evaluated
after 12 months of follow-up under the hypothesis that the effect of the
CL is greatest within one year after the initial hospital stay.

2.3.2. Control group

Patients allocated to the control group continue to receive treatment
as usual at and following hospital discharge. In addition, the control
group is asked to complete follow-up questionnaires (EQ-5D-5L and
patient satisfaction) identical to the intervention group 3 months and 12
months post-discharge by telephone. In order to avoid any potential
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bias, trained assistants instead of CLs will record the follow-up ques-
tionnaires of the control group. The patients of the control group receive
no further telephone calls and their physicians do not receive a letter
that conveys information on the patient’s participation in the study to
avoid bias in the outcome, e.g. based on altered behaviour of either the
patient or the physician. However, all GPs and cardiologists in the area
of Berlin are invited to engage in the study.

2.4. Data collection and outcome measures

All outcomes are collected through a combination of patient surveys/
questionnaires, review of certain medical records and telephone

Table 1
Outcome measures and times of assessment.
STUDY PERIOD
BASELINE FoLLOw-UP
to t1 t2 t3 t4
Timepoint
enrolment | 30d | 3 mos ' 6 mos | 12 mos
ENROLMENT
Eligibility screen X
Informed consent X
COMPARATORS
Intervention (CL) — %
Care as usual ¢ &
ASSESSMENTS
PRIMARY OUTCOME
Rehospitalisation ’ ‘ X ‘ X ‘ X | X
SECONDARY OUTCOMES
LoS X
Mortality X
QALY X X X
SAPS X
PROCESS INDICATORS
Guideline adherence ¢ %
Calls to CLs* X
Contextual factors ¢ 4
ECONOMIC PARAMETERS
Implementation costs - —
Treatment costs ¢ 4
CONFOUNDING FACTORS
SES X
DMP X

Abbreviations: CL Cardiolotse, DMP Disease Management Programmes, LoS Length of
(hospital) Stay, SAPS Short Assessment of Patient Satisfaction, SES Socio-Economic Status,

QALY Quality-Adjusted Life Year.

*Calls to CLs can be measured in the intervention group only.
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interviews in specifically designed IT modules through the HIS of the
Vivantes study sites and administrative claims data, which will be pro-
vided by AOK Nordost.

In addition to the primary outcome, secondary outcomes including
process indicators, economic parameters and potential confounding
factors are also collected at given intervals from both the intervention
and the control group (see Table 1).

2.4.1. Primary outcome measure

The primary outcome is the 12-month rehospitalisation rate for all
causes. Additionally, we examine the 12-month rehospitalisation rate
resulting from one of the study inclusion diagnoses (ICD-10-GM 120-125,
147-150). Rehospitalisation is assessed 30 days, 3 months, 6 months and
12 months after hospital discharge using administrative claims data (see
Fig. 1 and Table 1).

2.4.2. Secondary outcome measures

Mortality of patients and length of hospital stay (LoS) in case of a
rehospitalisation are evaluated at the end of the study using adminis-
trative claims data. QALYs are derived from interviews through the
German telephone version of the EuroQol questionnaire (EQ-5D-5L)
[18]. Satisfaction with the treatment of the CD is obtained using an
adapted version of the Short Assessment of Patient Satisfaction (SAPS)
[19].

2.4.2.1. Cost measures of the economic evaluation. Cost data for the cost-
effectiveness and cost-utility analysis include the implementation costs
of the intervention and overall treatment costs associated with CD. The
parameters for treatment costs comprise costs of medication, inpatient
and ambulatory care as well as medical remedies or aids, and are
routinely collected for provider reimbursement by AOK Nordost. To
compare marginal effects with marginal costs, we use rehospitalisation
rate and QALYs as effect measures to establish the cost-effectiveness and
the cost-utility of the new healthcare programme.

2.4.2.2. Measures of the process evaluation. In accordance with Medical
Research Council (MRC) guidance [20], the study is accompanied by a
process evaluation to identify any unintended pathways and their con-
sequences at every stage of the intervention. Semi-structured interviews
and questionnaires with CLs, physicians at the study sites, GPs and
medical specialists are used to identify relevant contextual factors and
the mechanisms of impact of the intervention. Additionally, adherence
to treatment recommendations is derived from administrative claims
data for both groups. To test whether the patients of the intervention
group adhere with all recommendations received from the CLs, records
of the follow-up calls are stored in the IT modules of the Vivantes Group.
For the intervention group, the frequency of calls to a CL are also
recorded at an individual level.

2.4.2.3. Confounding factors. Data on socio-economic status (SES)
including marital status, level of education, migration history, ethnic
background and employment status at baseline are collected as potential
confounding factors in the analysis. Additionally, data on the partici-
pation in disease management programmes provided by the AOK Nor-
dost is used as a confounding factor.

2.5. Sample size calculation

The sample size calculation is based on an assumed significance level
of 5%, power of 80% to detect at least 20% reduction in the rehospi-
talisation rate over a 12-month follow-up after discharge. According to
internal claims data from AOK Nordost, the rehospitalisation rate of
patients with CD in usual care is estimated to be 25%. Based on these
assumptions, a minimum of 2188 patients, 1094 per group, are needed
for the analysis. According to estimations from an interim analysis of the
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Vivantes Group, non-compliance in terms of lack of possibility of the CL
supporting his/her patient is expected to be approximately 2% on ac-
count of the close relationship between CLs and the intervention group.
We further assume that about 5% of the control group might be influ-
enced by concomitant care programmes in the region of Berlin.
Following the statistical approach of Wittes (2002), the sample size of
2188 needs to be multiplied by a factor of 1.16 to account for the
aforementioned influences [21]. Given that the expected loss to follow-
up is up to 13%, we needed to include 2908 patients (1454 in each
group).

A review of comparable prior intervention studies found reductions
in rehospitalisation rates that vary from 0% to 80% [8]. However, these
studies primarily focus on patients with heart failure (HF). No compa-
rable recent studies were found that examined different forms of heart
diseases that are included in our study. Two studies including ischaemic
heart disease and myocardial infarction (MI) report no significant dif-
ferences in rehospitalisation rates between intervention and control
groups [6,22], although reductions in the event rate for MI of 48%
within 3 years have been found [22]. Owing to the limited comparability
of prior research, we expect our study population to be similar to pa-
tients with HF regarding rehospitalisation rates and conservatively as-
sume a 20% reduction in the rehospitalisation rate .

2.6. Statistical analysis

The evaluation of the intervention will be performed as intention to
treat. Although the block randomisation of the patients to intervention
and control group aimed at unbiased results, it cannot guarantee perfect
comparability of the two groups. Hence, adjusted generalised linear
models (GLM) are used to analyse differences in rehospitalisation rates
between intervention and control group. In a second analysis, we test
whether differences in time-to-rehospitalisation exist between the two
groups using cox proportional hazard models.

Secondary outcomes are analysed using standardised regression
models. Differences in time of death and overall mortality between the
intervention and control groups are measured through survival analyses.
Missing values are completed, if possible, through multiple imputations
using chained equations. All analyses are carried out using R and
STATA.

2.6.1. Economic evaluation

The economic evaluation of the new healthcare programme will
determine the cost-effectiveness and cost-utility of the intervention
compared with usual care. Findings are expressed as incremental cost-
effectiveness and cost-utility ratios, which illustrate the additional
costs in Euros [€] incurred in relation to the additional unit of effec-
tiveness (rehospitalisation) or utility (QALY).

Treatment costs are calculated through standardised costing of
sickness fund data (AOK Nordost). The perspective of the sickness fund
is adopted to test whether the results can be transferred to the general
publicly insured population. The statistical uncertainty of the estimates
is described using bootstrapping methods and estimating cost-
effectiveness acceptability curves (CEAC).

2.6.2. Process evaluation

Structured questionnaires and semi-structured interviews with rele-
vant stakeholders are screened using Mayring’s (2014) content analysis
approach [23]. Thus, contextual factors that facilitate or hinder the
effectiveness of the intervention can be identified, which is necessary to
understand the underlying mechanisms of impact. Other process mea-
sures are summarised descriptively and, if applicable, used for sensi-
tivity analyses.

2.7. Sensitivity analysis

Extensive sensitivity analyses are planned to test the dependence of
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the results on selected parameters such as differences in the results based
on the primary admission diagnosis of the recruited patients. Moreover,
parameters of the process evaluation are used to examine if adherence
with the recommendations of the CL correlates with a decrease in
rehospitalisation rates. That way, we can approximate whether the
observed effect is attributable to the intervention or may be subject to
the increased attention. In addition, the statistical uncertainty of the
economic evaluation is estimated using CEAC.

2.8. Data management and data reporting

The collection and processing of data is carried out under strict
compliance with legal regulations, in particular regulations concerning
data protection and medical confidentiality.

Consent forms will be stored as scanned documents at the Vivantes
Hospital Group. Clinical data will be stored in the clinical information
system at the hospital.

Paper questionnaires and interview transcripts will be stored at the
responsible institutions (LMU/Vivantes Group), and access is only
possible by authorised individuals.

For data protection reasons, an independent trust centre merges the
clinical data of the patients from the Vivantes Hospital Group and
administrative claims data from AOK Nordost. Thus, all datasets will be
pseudonymised twice before they are made available for analysis. Data
analysis is conducted by independent researchers employed by the LMU
and appointed for this task. Data management, analysis and reporting
will be in compliance with Good Clinical Practice and Good Practice of
Secondary Data Analysis [24].

The primary investigator reports study progress to the executing
organisation of the funding body on a quarterly basis and submits a
detailed financial and technical report once per year. Any modification
of the protocol or milestones is reported to the funding body and, if
applicable, to the trail registry and participants.

In biannual meetings with an external advisory board consisting of
medical experts and a patient representative, study progress (recruit-
ment, outcome parameters, data security) is discussed and recommen-
dations on further proceeding of the study is given. No additional data
monitoring committee is employed as the study is evaluated by an in-
dependent institution. Thus, the primary investigators have no influence
on the study evaluation or results. Moreover, the main data components
of the evaluation are claims data of the insurance company that cannot
be influenced by the primary investigators. Study results will be pub-
lished in a peer-reviewed, international scientific journal.

3. Discussion

Healthcare systems face unique challenges when patients transit
from hospital to the ambulatory care sector. The new healthcare pro-
gramme (Cardiolotse) has been developed to improve this transition,
providing access to personal care managers (CLs) and individualised
care plans that support patients with CD. The new healthcare pro-
gramme is designed as a bridging element in a fragmented healthcare
system to facilitate continuity of care and care coordination post-
hospital discharge. Patients are supported to effectively self-manage
their illness — independent of their educational level or social status.
We expect the programme to achieve a reduction in rehospitalisations
and to improve other relevant clinical parameters.

Previous research has shown that comprehensive intervention
studies found reductions in rehospitalisation rates that varied from 0%
to 80%. Thus, there is no simple, uniform approach that can be imple-
mented to reduce rehospitalisation rates. Instead, integrated care ap-
proaches need to be established that are tailored to the context they are
implemented in [5]. Our intervention combines patient-centred care
through patient empowerment that enhances continuous care fostered
through the additional individually tailored support of the CLs. Thereby
the CLs try to overcome the challenges posed by discontinuous
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information exchange between hospitals and ambulatory care providers.
Additionally, GPs and cardiologists are included in the study to ensure
common care strategies and avoid double-barrelled structures.

Recent new healthcare programmes try to support patients through
digital solutions, providing e.g. educational material through apps or
other technologies. However, the effectiveness of these interventions is
thought to decrease with age because of barriers to computer use in
older populations [25]. In addition, many patients with a migration
background in the first or second generation may have additional
problems with the complexity of the German healthcare system and
electronic devices provided for healthcare management. Conversely,
prevalence rates of CD increase with the patient’s age, stipulating the
need for additional support. Personalised healthcare plans such as those
provided by the CLs are designed in close dialogue with the patient to
empower self-management at all ages, complementary to effective dig-
ital solutions. Ethnic diversity of the CLs also lowers cultural and lan-
guage barriers in comparison with highly standardised healthcare plans.

The results of the economic and process evaluation may offer
healthcare actors and policy-making bodies guidance for implementa-
tion in area-wide clinical practice and hence for intensifying the ex-
change between care providers from both the hospital and the
ambulatory care sector for the benefit of patients. Provided that the new
healthcare programme proves to be effective, it may also serve as a role
model to support future implementation of similar healthcare
programmes.

One limitation of the study design lies in the restriction to one health
insurance company and one hospital group, which may hamper the
generalisability of the study results to the entire social health insurance
(SHD)-insured population. However, our results may well be general-
isable to the SHI-insured population living in urban areas with similar
socio-demographic characteristics and that are hospitalised with car-
diovascular disease as defined above. Although the limitations inherent
to administrative claims data apply here as well, we linked these data
source with primary data to gain a more comprehensive picture.
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ICD-10 GM Categories (German original) Categories (English)
120 Angina pectoris Angina pectoris
121 Akuter Myokardinfarkt Acute myocardial infarction
122 Rezidivierender Myokardinfarkt Subsequent myocardial infarction
123 Bestimmte akute Komplikationen nach akutem Myokardinfarkt Certain current complications following acute myocardial infarction
124 Sonstige akute ischamische Herzkrankheit Other acute ischaemic heart diseases
125 Chronische ischdamische Herzkrankheit Chronic ischaemic heart disease
147 Paroxysmale Tachykardie Paroxysmal tachycardia
148 Vorhofflimmern und Vorhofflattern Atrial fibrillation and flutter
149 Sonstige kardiale Arrhythmien Other cardiac arrhythmias
150 Herzinsuffizienz Heart failure
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