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Abstract: Background: Although cardiovascular rehabilitation (CR) is well accepted in general,
CR-attendance and delivery still considerably vary between the European countries. Moreover,
clinical and prognostic effects of CR are not well established for a variety of cardiovascular diseases.
Methods: The guidelines address all aspects of CR including indications, contents and delivery. By
processing the guidelines, every step was externally supervised and moderated by independent
members of the “Association of the Scientific Medical Societies in Germany” (AWMF). Four meta-analyses
were performed to evaluate the prognostic effect of CR after acute coronary syndrome (ACS), after
coronary bypass grafting (CABG), in patients with severe chronic systolic heart failure (HFrEF), and
to define the effect of psychological interventions during CR. All other indications for CR-delivery
were based on a predefined semi-structured literature search and recommendations were established
by a formal consenting process including all medical societies involved in guideline generation.
Results: Multidisciplinary CR is associated with a significant reduction in all-cause mortality in
patients after ACS and after CABG, whereas HFrEF-patients (left ventricular ejection fraction <40%)
especially benefit in terms of exercise capacity and health-related quality of life. Patients with other
cardiovascular diseases also benefit from CR-participation, but the scientific evidence is less clear.
There is increasing evidence that the beneficial effect of CR strongly depends on “treatment intensity”
including medical supervision, treatment of cardiovascular risk factors, information and education,
and a minimum of individually adapted exercise volume. Additional psychologic interventions
should be performed on the basis of individual needs. Conclusions: These guidelines reinforce
the substantial benefit of CR in specific clinical indications, but also describe remaining deficits in
CR-delivery in clinical practice as well as in CR-science with respect to methodology and presentation.

Keywords: cardiac rehabilitation standards; scientific guidelines; secondary prevention; coronary
artery disease; chronic heart failure; heart valve repair; ICD-CRT; ventricular assist device; heart trans-
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plantation; peripheral artery disease; pulmonary hypertension; myocarditis; adults with congenital
heart disease

1. Introduction

Cardiovascular diseases (CVD) represent the leading cause of premature death and
disability in Europe and other countries all over the world. Moreover, the socioeconomic
burden of CVD is significant [1,2]. It is well accepted that primary and secondary preven-
tion represent a therapeutic key approach to reduce incidence and prevalence of morbidity
and mortality from CVD [3,4]. Cardiovascular rehabilitation (CR) represents a multidis-
ciplinary therapeutic intervention to accomplish these objectives, but in clinical practice
CR-delivery still is not sufficiently established neither in Europe nor in other countries of
the world [5,6]. Although CR-quality has been graded to be high in a recent global survey,
this adjudication needs to be questioned, as content, volume and intensity of CR-delivery
are not binding in many countries and substantially vary even in between industrial, high
income countries [5,7–9]. Until now, these deficits have not satisfactorily been solved,
despite the availability of several scientific guidelines and expert position papers [5,10–15].

Within the past years, however, an increasingly targeted approach in rehabilitation
science was achieved to more precisely define CR-strategies and components, which aim
to successfully improve long-term clinical outcomes especially in patients with coronary
artery disease (CAD) [7,16–23]. Based on these data it is possible to more exactly define
minimal requirements for successful CR-delivery not only in terms of reducing morbidity
and mortality but also in terms of improving quality of life and ensuring an active and
long-term social (re)integration. Importantly, this scientific progress needs to be expanded
by including all clinically relevant cardiovascular diseases potentially being qualified for
CR-participation, as most of them imply chronic diseases to be stabilized and attenuated.

Against this background the aims of the newly developed Cardiac Rehabilitation
Guidelines of German Speaking Countries in Europe (LLKardReha-DACH) can be summa-
rized as follows:

- To newly define the clinical indications for CR-referral, and to describe actual scientific
evidence and minimal requirements to be successful in improving CR-outcomes in
terms of clinical prognosis, quality of life and other health-related qualities.

- To evaluate a broad spectrum of cardiovascular diseases and discuss all aspects of
CR delivery including an individualized therapeutic approach, psychosocial aspects,
individual education and long-term adherence to prevention of CV diseases.

- To harmonize CR within the area of Germany, Austria and Switzerland by CR-content
and delivery in detail as adapted to the individual’s diseases and needs.

- To strictly follow a scientific approach with predefined procedures in a literature
search, evidence generation, data presentation and consenting recommendations, all
steps being externally supervised by the “Association of the Scientific Medical Societies in
Germany” (AWMF) as an independent institution.

- To clearly define progress and actual deficits in CR-delivery and scientific approaches.

The recommendations of the guidelines are presented and discussed in two parts.
The first part, presented in this publication, describes the methods in evidence generation
and consenting recommendations. This is followed by the presentation and discussion
of a broad range of potential indications for CR-referral and delivery. The second part,
being published separately, concentrates on CR-contents including medical supervision,
individually adapted physical exercise, secondary prevention implementation, psychoso-
cial aspects and special forms of CR. The extended guidelines in the German language
are published by the AWMF, https://www.awmf.org/leitlinien/aktuelle-leitlinien.html
(17 January 2021).

https://www.awmf.org/leitlinien/aktuelle-leitlinien.html
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2. Methods
2.1. Guidelines Initiation, Organization, Financial Support and Scientific Supervision

The guidelines were initiated, sponsored and organized by the “German Society for
Cardiovascular Prevention and Rehabilitation” (DGPR), whereby all organizational steps
were performed in close cooperation with the “Austrian Society of Cardiology” (“Working
Group for Prevention, Rehabilitation and Sports Cardiology”), and the “Swiss Working Group for
Cardiovascular Prevention, Rehabilitation and Sports Cardiology” (SCPRS).

The lead management took responsibility for the guideline development, contents,
presentation and outlay. The lead management also initiated and supervised the selection
of authors with topic-related expertise and was responsible for the internal control and
pre-reviewing of all contents (Table 1).

Table 1. Cardiac Rehabilitation Guidelines of German Speaking Countries in Europe (LLKardReha-
DACH): Guidelines generation—major organizational steps.

Step 1 Determination of Contents:
“Lead Management” and “Steering Committee”

Step 2 Selection of leading authors with topic-related expertise:
“Lead management”

Step 3 Internal control and reviewing of topic-related chapters:
“Lead management”

Step 4

External control and reviewing of topic-related chapters,
grading and final approvement of evidence-based recommendations:

“Steering committee”
External supervision:

AWMF; “Association of the Scientific Medical Societies in Germany”

The steering committee responsible for the scientific supervision of guideline genera-
tion and contents, finally consented to the evidence-based recommendations. The steering
committee consisted of representatives of the most relevant medical societies represent-
ing cardiovascular diseases in Germany, Austria and Switzerland, and additionally of a
representative of the German pension funds (Table 1).

Patient’s representatives (n = 6), selected on a voluntary basis and supported by the
“German Heart Foundation”, were also included in guideline processing for implementa-
tion of “shared decision making”.

The external scientific supervision of guideline generation, formulation and grading
of evidence-based recommendations was delivered by the AWMF (Table 1).

The constitutive meeting of the steering committee was held on 24 September 2014.
The guideline was finalized in German language and published online in January 2020
(www.awmf.org, accessed on 17 January 2021)

2.2. Guidelines Generation and Reviewing

All participating authors worked on a voluntary basis and declared their written
conflicts of interest. The guideline strictly followed the rules and regulations of the AWMF,
who also supervised guideline generation and methodological aspects. The scientific
grading process also was predefined and moderated by specialists of the AWMF.

The meta-analyses associated with these guidelines and all biometrical aspects were
supported by the Institute of Medical Biometry and Informatics at the University of Hei-
delberg (IMBI).

By decision of the steering committee, the generation of scientific evidence followed
three approaches (for details see Table 2):

- Topic-related, a structured literature search and review followed by a meta-analysis;
(classification “S3” = “high grade evidence”)

www.awmf.org
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- Topic-related semi-structured literature search and review without meta-analysis,
recommendations by a predefined and supervised consenting process; (classification
“S2k” = medium grade evidence)

- Topic-related summaries of the most recent scientific guidelines published by national
and international medical societies (NER = narrative evidence reporting).

Table 2. LLKardReha-DACH: evidence generation—classification of evidence.

Classification of Scientific
Evidence According

AWMF Rules
Evaluation of Scientific Evidence

S3

Data acquisition and evaluation: Systematic reviews and meta-analyses were newly performed on
the basis of the PRISMA and the MOOSE statements [24,25]. The evaluation of included studies

followed the Cochrane risk of bias table (http://tech.cochrane.org/revman/download, currently
valid version, accessed on 24 January 2021) for RCTs and the Newcastle–Ottawa Scale (NOS) for

controlled cohort studies (CCS) [26]. In addition, a new methodological approach for the evaluation
of CCS was developed, applied and published [17].

Reviewing and publication of meta-analyses: Meta-analyses were published in peer-reviewed
journals before their results were discussed and graded within the guideline [17,27–29]. The

guideline text was internally reviewed by the “lead management” followed by external assessment
and final judgement by the “steering committee”.

Systematic grading of scientific evidence: The scientific evidence acquired by meta-analyses was
graded following the Scottish Intercollegiate Guidelines Network (SIGN) grading system (see

Supplemental Material) [30].
Consensus-based grading of recommendations: Clinical recommendations were determined in
face-to-face sessions of the steering committee according to the definitions outlined in Table 3.

S2k

Data acquisition and evaluation: Scientific evidence was generated on the basis of the most actual
and topic-related scientific guidelines, and in addition by a semi-structured evaluation of the

scientific literature using PubMed and
the Cochrane Library.

Review process: All S2k chapters were internally pre-reviewed by the “lead committee” followed by
the external and final judgement of the “steering committee” as supervised by the AWMF.

Grading of evidence: As content and recommendations of S2k chapters were not based on newly
performed meta-analyses, there was no formal grading of the underlying scientific evidence.

Narrative evidence
reporting, NER

Data acquisition and evaluation: Scientific evidence was generated on the basis of the most actual
and topic-related scientific guidelines.

Review process: There was no formal and predefined review process, but all chapters were reviewed
by expert members of the “lead management”

and “steering committee”.
Grading of evidence: There was no newly performed formal grading of the underlying scientific

evidence. Scientific evidence as published in current guidelines were cited, reported and discussed.

Table 3. LLKardReha-DACH: grades of recommendation.

Strong recommendation

“is recommended . . . ”
↑↑

“is not recommended . . . ”
↓↓

Medium recommendation

“is suggested . . . ”
↑

“is not suggested . . . .”
↓

neutral “may be considered”
↔

http://tech.cochrane.org/revman/download
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2.3. Contents, Presentation of Evidence-Based Clinical Recommendations and Classification
of Evidence

The content of the guideline was defined by the steering committee and included
the objectives and tasks of the guidelines, the methodology being applied for evidence
generation, legal regulations and healthcare structures determining rehabilitation delivery
in Germany, Austria and Switzerland. This was followed by the presentation of the
primary objectives and tasks of cardiac rehabilitation including individual goal setting,
cardiovascular prevention, and psychosocial interventions. The main chapters outlined CR-
indications, CR-contents including a detailed presentation of exercise training modalities
and education, special aspects of gender, age and minorities, long-term prevention services,
and special prevention and rehabilitation concepts (see Table S1, Supplemental Material).

The “grades of recommendation” were based on the scientific evidence (for the meth-
ods of evidence generation see Table 2) and a formal consensus process of all members of
the steering committee supervised by the AWMF.

In accordance with the “GRADE Evidence-to-Decision framework” grading of recom-
mendations was based on the following criteria [31]

- Relevance of outcomes and quality of evidence for each relevant outcome;
- Consistency of study results;
- Directness/applicability of the evidence to the target population, PICO specifics

(Population(s), Intervention(s), Control(s), Outcome(s));
- Precision of effect estimates reg. confidence intervals;
- Magnitude of the effects;
- Balance of benefit and harm;
- Ethical, legal, economic considerations;
- Patient’s preferences.

The “grades of recommendation” are outlined in Table 3. The “degree of consensus” is
expressed in percentages of all steering committee members participating in the consensus
generating process.

The “classification of scientific evidence” followed the definitions of SIGN (Scottish
Intercollegiate Guidelines Network [30] and only was applicated in chapters classified by
“S3” (see Table 2).

Within this system the number “1” refers to randomized controlled studies (RCTs) or
meta-analyses of RCTs, number “2” refers to controlled cohort studies or meta-analyses
with controlled cohort studies, “3” reflects non-analytical studies and “4” refers to “ex-
pert opinions”.

Additionally, the risk of bias is graded as being very low (++), low to moderate (+) or
high (−). For a detailed description of the SIGN classification of scientific evidence see the
supplemental materials.

3. Results and Evidence-Based Recommendations for CR-Initiation and Delivery

The available data from various sources to mirror CR-delivery in clinical practice in
German speaking countries are incomplete. Still, these data allow the following conclusions:
Patients with coronary artery disease represent the vast majority of patients participating
in cardiovascular rehabilitation followed by patients after heart valve repair. In contrast,
patients with chronic heart failure, diseases of the aorta, peripheral artery disease and other
potential indications only represent a minority [32,33].

In the following, the recommendations for cardiovascular rehabilitation initiation
and delivery are outlined and discussed. The diseases being evaluated can be categorized
as follows:

- Atherosclerotic cardiovascular diseases;
- Heart failure;
- Diseases of the aorta;
- Diseases of the pulmonary vessels;
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- Myocarditis;
- Congenital heart diseases.

3.1. Patients after Acute Coronary Syndrome (ACS)

The following recommendations are based on the newly performed meta-analysis
Cardiac Rehabilitation Outcome Study (CROS)-I and CROS-II in addition to other recently
published meta-analyses and trials (classification: S3, see Section 2, “Methods”).

3.1.1. Recommendations

• After acute coronary syndrome (STEMI, NSTEMI or unstable angina pectoris) patients
are recommended to participate in cardiac rehabilitation (CR). This is based on the
scientific evidence of CR-participation being associated with a significant reduction in
total mortality, cardiac mortality and re-infarction rate (↑↑, 1++, 100%) [7,16–18,27];

• After ACS cardiac rehabilitation is recommended to start as early as possible, but not
later than 3 months after hospital discharge, to be center-based (ambulatory, residential
or mixed) and to be under supervision and responsibility of expert cardiologists. (↑↑,
2++, 100%) [7,17,27]. “Centre-based CR” is defined as cardiovascular rehabilitation
under the supervision and responsibility of a rehabilitation center.

• CR is recommended to be based on a structured, supervised and individually adapted
exercise program to sustainably increase the individual’s exercise capacity (↑↑, 1++,
100%) [17,27,34–38].

• To be successful, cardiac rehabilitation of patients after ACS is recommended to meet
the following minimal requirements (↑↑, 1++, 100%) [7,21,38,39]:

- Total exercise volume to be ≥1000 min as calculated by the “number of weeks”
times “exercise sessions per week” times “exercise duration per session in minutes”;

- Exercise intensity to be within the upper third of the individually achieved and
clinically tolerable range (as measured in METs; VO2max; Watt; RPE)

- The number of rehabilitation sessions including exercise, information, education
and psychosocial interventions to be ≥36.

• In addition to exercise training programs, CR is recommended to provide the fol-
lowing components being individualized to the patient’s needs and preferences (↑↑,
2++, 100%) [16–18,27]: consequent management of cardiovascular risk factors and risk
diseases including pharmacotherapy, information, motivation, education, psycholog-
ical support and intervention, as well as support to regain and/or keep social and
vocational integration.

3.1.2. Scientific Evidence

The beneficial prognostic effect of CR after ACS primarily is based on the Cardiac Re-
habilitation Outcome Study (CROS). CROS evaluated the prognostic effect (total mortality
as primary endpoint) of center-based and multicomponent CR after ACS (50,653 patients
out of 15 studies published 1995 or later) [17,27].

The results of CROS are in line with other recent meta-analyses [7,16,18,21]. Although
these analyses varied in their inclusion criteria, especially with respect to CR-definitions
and contents, all focused on minimal requirements for CR-delivery to be successful in
improving prognosis [7,16–18,21,27].

In addition, the results of numerous randomized controlled studies (RCT) clearly
show the beneficial effect of individually adapted exercise training in improving prognosis,
provided the individually adapted exercise volume does not undercut a minimum as
defined in the recommendations above [34,35,37,38].

The effect of CR-participation on the health-related quality of life has been evaluated
in several studies, being summarized by a Cochrane analysis in 2016. The methodology ap-
plied showed a considerable heterogeneity, hence a meta-analysis has not been performed.
Still, a trend of CR-participation being associated with an improved health-related quality
of life was shown [7].
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3.1.3. Limitations

CROS is primarily based on controlled cohort studies. Only one RCT (RAMIT includ-
ing 1813 patients after ACS randomized between “CR-delivery” and “usual care”) fulfilled
the CROS-inclusion criteria, but showed neutral results with respect to mortality during a
follow-up of two years [40]. However, as the RAMIT sample size only represents about
23% of the anticipated sample in each trial arm, a significant under-powering may limit the
validity of this trial [17,40].

Rehabilitation delivery and content considerably vary between the studies under
evaluation with respect to supervision, exercise volume and individual support, and a
detailed reporting of CR-contents in some studies is limited [17,27].

With respect to the CR-effect on “social participation”, data are rare. The individual
risk of “vocational reintegration failure” should be identified during CR-participation as
individually adapted and work-related interventions may support vocational reintegra-
tion [41,42].

With respect to the effect of CR-participation after ACS on “cost-effectiveness” data
are rare and partly inconsistent. Moreover, study designs were considerably heterogeneous,
thereby not allowing solid conclusions [7,43,44].

3.2. Patients after Coronary Bypass Surgery (CABG)

The following recommendations are based on the newly performed meta-analysis
CROS-I and CROS-II in addition to other recently published meta-analyses and trials
(classification: S3, see Methods).

3.2.1. Recommendations

• After coronary bypass surgery (CABG) patients are recommended to participate
in cardiac rehabilitation (CR) to improve the patient’s prognosis by reducing total
mortality (↑↑, 2++, 100%) [17,27].

• After CABG cardiac rehabilitation is recommended to start as early as possible, but not
later than 3 months after hospital discharge, to be center-based (ambulatory, residential
or mixed) and to be under supervision and responsibility of expert cardiologists (↑↑,
2++, 100%) [17,27].

• CR is recommended to be based on a structured, supervised and individually adapted
exercise program to sustainably increase the individual’s exercise capacity

• (↑↑, 1++, 100%) [17,27,34,35,37,38].
• To be successful, cardiac rehabilitation after CABG is recommended to meet the

following minimal requirements (↑↑, 2++, 100%) [7,21,38,39,45–47]:

- Control of post-surgery risks like sternum instability, delayed wound healing,
pneumonia or post-thoracotomy syndrome—if needed immediate treatment in
cooperation with the heart center being responsible;

- Total exercise volume to be ≥1.000 min as calculated by the “number of weeks”
times “exercise sessions per week” times “exercise duration per session in min-
utes”;

- Exercise intensity to be within the upper third of the individually achieved and
clinically tolerable range (as measured in METs; VO2max; Watt; PRE);

- The number of rehabilitation sessions including exercise, information, education
and psychosocial interventions to be ≥36.

• In addition to exercise training programs, CR is recommended to provide the following
components individualized to the patient’s needs and preferences (↑↑, 2++, 100%):

- Consequent management of cardiovascular risk factors and diseases including
pharmacotherapy;

- Information, motivation, education, psychological support and intervention;
- Support to regain and/or keep social (re)integration and vocational reintegra-

tion [18,45–47].
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3.2.2. Scientific Evidence

The beneficial prognostic effect of CR after CABG primarily is based on the Cardiac Re-
habilitation Outcome Study (CROS). CROS evaluated the prognostic effect (total mortality
as primary endpoint) of center-based and multicomponent CR after CABG (14,583 patients
out of six studies published in 1995 or later) [17,27].

The minimal requirements for CR to be successful in patients after CABG are based
on the inclusion criteria defined by CROS, on the need to consequently treat/eliminate
cardiovascular risk factors, and to deliver an individually adapted minimal volume of
a structured and supervised exercise training [7,17,18,21,27,38]. The recommendations
considering the special requirements of post-surgery patients are in line with recently
published international guidelines [45–47]

Apart from the meta-analyses evaluating exercise-based and multicomponent CR, nu-
merous controlled studies consistently show the beneficial effect of individually adapted ex-
ercise training in improving prognosis, provided that the individually adapted exercise vol-
ume does not undercut a minimum as defined in the recommendations above [33,34,36–38].

The effect of CR-participation on the health-related quality of life has been evaluated in
several studies being summarized by a Cochrane analysis in 2016. The methodology applied
showed a considerable heterogeneity, hence a meta-analysis has not been performed. Still, a
trend of CR-participation being associated with an improved quality of life was shown [7].

Factors potentially obstructing vocational reintegration (e.g., prolonged hospitaliza-
tion, persistent angina pectoris, dissatisfactory vocational situation, depression) clearly
can be identified during CR [47]. CR-programs simulating job situation may support voca-
tional reintegration [41]. In a study performed in Israel (n = 2085 patients after CABG) only
6.9% participated in CR. However, vocational reintegration of CR-participants significantly
exceeded that of the controls [48].

3.2.3. Limitations

The number of controlled studies specifically investigating the prognostic effect of
CR following CABG is small. Although patients after CABG represent a special entity
including specific risks, “mixed CAD study populations” are used in many studies thereby
potentially concealing clinical and prognostic effects of cardiovascular rehabilitation in
well-defined and clinically important subgroups [27,49].

The studies evaluating the prognostic effect of CR in patients after CABG are consid-
erably heterogeneous with respect to content, duration and intensity, thereby potentially
hampering interpretation of the results.

With respect to the CR-effect on social and vocational reintegration, there are no
studies in German speaking countries in Europe. International available studies show
effects, but the results cannot be transferred due to different social systems and living
conditions [41,48,50].

3.3. Patients with Chronic Coronary Syndrome (CCS)

The following recommendations are based on the information delivered by newly
performed semi-structured literature searches (classification: S2k, see Methods).

3.3.1. Recommendations

• Patients with CCS with or without PCI in history are recommended to participate in
cardiac rehabilitation (CR), provided that one or more of the following preconditions
are fulfilled (↑↑, 88%):

- The clinical prognosis is limited due to insufficiently treated cardiovascular risk
factors and risk diseases (e.g., ESC-SCORE > 5%);

- Ongoing typical cardiac symptomatology (angina pectoris, dyspnoe) but no
option for (additional) coronary revascularizations;

- Comorbidities including PAD, COPD, diabetes, chronic renal disease increasing
the risk of adverse outcomes;
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- Increased risk of CCS to jeopardize the individual’s social and vocational reinte-
gration during follow-up.

• To be successful, CR in patients with CCS is recommended to meet the following
structural baseline conditions (↑↑, 100%):

- To be center-based (out-patient, in-patients, mixed) and under the supervision
and responsibility of a cardiologist;

- To be based on a structured, supervised and individually adapted exercise pro-
gram in order to sustainably increase the individual’s physical performance.

• In addition, the CR-program is recommended to meet the following minimal require-
ments of CR-implementation (↑↑, 100%):

- Total exercise volume to be ≥1000 min as calculated by the “number of weeks”
times “exercise sessions per week” times “exercise duration per session in minutes”;

- Exercise intensity to be within the upper third of the individually achieved and
clinically tolerable range (as measured in METs; VO2max; Watt);

- The number of rehabilitation sessions including exercise, information, education
and psychosocial interventions to be ≥36.

• In addition to exercise training, the CR-program is recommended to provide the
following components to be individually adapted to the needs of the patients with
CCS (↑↑, 100%):

- Information, motivation, education, psychological support, and support in social
and vocational reintegration;

- Strict treatment/reduction of cardiovascular risk factors and risk diseases.

3.3.2. Scientific Evidence

The prognostic effect of CR-participation in patients with chronic coronary syndromes
is less well documented. The Cardiac Rehabilitation Outcome Study (CROS) especially
evaluated patients after ACS, after CABG and a mixed CAD-population, but CCS-patients
as a single population were not examined [27]. The same is true with regard to the
latest Cochrane analysis evaluating the prognostic effect of CR [7]. In another small
Cochrane review including 581 patients (seven RCTs, quality being graded as “low”) with
exclusively stable angina, a significant increase in exercise capacity of CR-participants
could be shown, but neither “total mortality” nor “re-infarction” or “re-hospitalization
rates” were reduced [51].

Several RCTs of various sizes evaluated the clinical effects of a variety of “preventions
programs” not comparable to cardiovascular rehabilitation as defined in this guideline.
Nevertheless, these studies showed improvements in “health-related quality of life”, “ex-
ercise capacity”, and “adherence to secondary prevention measures” (e.g., exercise, diet,
smoking cessation, medication, psychological parameters, etc.), but no significant improve-
ments in clinical prognosis have been shown [52–61]. In addition, some RCTs evaluated
the effect of variable-defined rehabilitation/prevention programs after elective PCI in pa-
tients with CCS showing improved lifestyle measures and a significantly clinical prognosis
(CV-mortality and combined endpoint of CV-mortality, ACS, CABG, PCI) [62,63].

3.3.3. Limitations

CR-programs applied to evaluate the effect of CR in CCS patients show a considerable
variability in contents and delivery and do not always match the strict requirements as
outlined in this guideline. Moreover, data on the prognostic effects of CR-programs in these
CCS patients are limited; therefore, a critical selection of CCS-patients for CR-referral as
well as the application of a strictly supervised and multicomponent CR-program addressing
the individual patient’s needs is warranted.
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3.4. Patients with High or Very High Cardiovascular Risk but without Witnessed Coronary
Artery Disease

The following recommendations are based on the information delivered by newly
performed semi-structured literature searches (classification: S2k, see Methods).

3.4.1. Recommendations

• All patients with high or very high cardiovascular risk (CVR, ESC-SCORE ≥ 5) but
without witnessed CAD are recommended to participate in structured and multicom-
ponent prevention programs (e.g., provided by employers, health agencies, pension
funds and others) (↑↑, 100%).

• In patients with high or very high cardiovascular risk (CVR, ESC-SCORE ≥ 5) but
without witnessed CAD, participation in a multidisciplinary CR-program is suggested,
if the following preconditions are fulfilled (↑, 100%):

- Presence of modifiable cardiovascular risk factors;
- High motivation of the individual to reduce CV-risk and improve healthy lifestyle;
- The individual’s social and vocational integration/reintegration being at risk.

3.4.2. Scientific Evidence

There is sufficient evidence that participation of individuals with high cardiovascular
risk in multicomponent and long-term prevention programs is associated with a risk
reduction and a reduction in adverse CV-events. Importantly, the individuals need to be
actively integrated into these programs (“shared decision”), and potential psychosocial
issues also need to be addressed [4,64–69].

3.4.3. Limitations

There are no scientific data on the prognostic effect of primary prevention as delivered
by short term CR in Germany. To assure long-term effects in risk reduction patients need
to be encouraged to also participate in subsequent long-term programs.

3.5. Patients with Chronic Heart Failure

The following recommendations are based on the newly performed meta-analysis
CROS-HF in addition to other recently published meta-analyses and trials (classification:
S3, see Methods).

The term “chronic heart failure” reflects a heterogeneous disease entity. The following
recommendations primarily refer to patients with systolic myocardial failure (heart failure with
reduced ejection fraction, HFrEF) of various origins being clinically stabilized (NYHA I–III).

3.5.1. Recommendations

• Patients with chronic heart failure (NYHA I-III) and clinically stabilized patients after
acute decompensated heart failure are recommended to participate in CR, as CR
attendance is associated with an improvement of exercise capacity, functional capacity
and improved health-related quality of life (↑↑, 1+, 100%) [4,28,70–75].

• For patients with chronic heart failure (CHI, NYHA I-III) and for stabilized patients
after acute decompensated heart failure, cardiac rehabilitation is recommended to
start as early as possible after hospital discharge (↑↑, 1+, 100%) [14,28,70,72,74].

• CR is recommended to be center-based (out-patient, in-patient or mixed types), mul-
tidisciplinary and to be under supervision and responsibility of expert cardiologists
(↑↑, 1+, 100%) [14,28,70,72–74].

• CR-delivery is recommended to be based on an individually adapted, structured and
supervised exercise training program (↑↑, 1+, 100%) [72,73,75].

• In addition to individualized and supervised exercise training, CR in chronic heart
failure patients is recommended to include the following components:

- Strict management of cardiovascular risk factors and risk diseases including a sus-
tainable implementation of guideline-adjusted medication (↑↑, 1++, 100%) [72,74];
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- Information and education to improve patient’s comprehension and self-management
(↑↑, 1+, 100%);

- Psychological support and if needed psychological interventions in order to im-
prove coping, self-efficacy and to overcome depression and anxiety (↑↑, 4 “expert
opinion”, 100%).

3.5.2. Scientific Evidence

There is well documented evidence that participation of clinically stabilized patients
with heart failure NYHA I-III in a medically supervised, center-based, multicomponent CR
is associated with a significant improvement of exercise and functional capacity associated
with an increase in health-related quality of life [28,71–75]. In patients with HFrEF and a
LV-EF ≤ 40% there is no evidence that participation in a multicomponent CR-program is
associated with either a significantly reduced total mortality or a reduced cardiac mortal-
ity [28,75]. During a follow-up of more than 12 months, CR-participation also does not
have an effect on the rates of rehospitalization in this population [28].

3.5.3. Limitations

A clinically beneficial effect of CR-participation of severely diseased HFrEF patients
strongly depends on the close supervision and monitoring of these patients. The failure of
LV-EF improvement despite a significant increase in exercise capacity and quality of life is
not yet fully explained and further investigations are warranted [28].

Causes of rehospitalization of CHF-patients not necessarily reflect worsening of heart
failure, and therefore may be an endpoint that is difficult to interpret [28].

With respect to CR-delivery in CHF-patients in clinical practice, there is an urgent
need to define international standards. This also is true for scientific standards to evaluate
specific therapeutic interventions during CR-participation.

3.6. Patients after Surgical or Interventional Heart Valve Repair

The following recommendations are based on the information delivered by newly
performed semi-structured literature searches (classification: S2k-, see Section 2).

3.6.1. Recommendations

• Patients after surgical heart valve replacement or heart valve repair as well as patients
after interventional heart valve replacement are recommended to participate in CR
(↑↑, 100%).

• In all patients after heart valve repair CR is recommended to provide a detailed
non-invasive cardiovascular check-up including a stress test and echocardiogram
at the beginning of CR. In case of clinical signs of endocarditis, a transoesophageal
echocardiogram is recommended to be performed immediately for further evaluation
(↑↑, 100%).

• In frail and older patients after heart valve repair mobility and functional capacity
are suggested to be checked (6-min walking test; “Timed-Up & Go” test; “hand-grip
strength”) in addition, which in some patients may be supplemented by the evaluation
of cognitive performance (e.g., Mini Mental State Examination), (mal)nutrition (“Mini
Nutritional Assessment”), and activities of daily life (e.g., Barthel Index) (↑, 100%).

• Moreover, all patients after heart valve repair are recommended to be evaluated
with respect to their “health-related quality of life”, potential “risk behaviors” and
“psychosocial issues” as a basis for individualized therapeutic, psychological and/or
vocational support during CR (↑↑, 100%).

• Exercise training of patients after heart valve repair is recommended and should in-
clude an individually adapted combination of structured endurance training, dynamic
resistance training and special training to improve coordination and flexibility as well
as coordination, especially in older patients (↑↑, 100%).
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• All patients after heart valve repair are recommended to be informed on prophylaxis
of endocarditis, and—if appropriate—on the consequences of anticoagulation and
thoracotomy (↑↑, 100%).

• Patients, who need to be anticoagulated with vitamin K antagonists, are suggested to
participate in a training course of INR self-monitoring (↑, 100%).

3.6.2. Scientific Evidence

Based on observational and randomized controlled studies as well as on data de-
livered by two systematic reviews and meta-analyses, CR-participation after surgical or
interventional heart valve repair is associated with a significant increase in the individual’s
exercise capacity, health related quality of life and individual autonomy, whereas anxiety is
reduced [76–83].

3.6.3. Limitations

There are no controlled studies investigating the prognostic effect of cardiovascular
rehabilitation following heart valve repair. Moreover, a considerable need remains to
further investigate and to further specify CR-content and delivery (e.g., intensity of medical
supervision needed, individualization of therapeutic measures, implementation of modern
communication techniques like tele-medicine).

3.7. Patients after Implantation of a Cardioverter-Defibrillator (ICD), Resynchronisation System
(CRT), and Patients with a Wearable Cardioverter-Defibrillator (WCD)

The following recommendations are based on the information delivered by newly
performed semi-structured literature searches (classification: S2k, see Methods).

3.7.1. Recommendations

• Patients after ICD, CRT, or WCD implantation are recommended to participate in
cardiac rehabilitation (CR) (↑↑, 100%).

• CR is recommended to include individually adapted endurance and strength training
of low to moderate intensity depending on the nature of the underlying cardiac disease
and the actual clinical status (↑↑, 100%).

• In patients with recently implanted devices (<6 weeks) training intensity is suggested
to be extremely light (RPE 6–8/20) (↑, 100%). In case of an ongoing clinically stable
follow-up beyond 6 weeks after device implantation, exercise intensity is recom-
mended to be stepwise and individually adapted depending on the disease related
functional limitations as evaluated by echocardiography, stress test, and Holter-ECG
(↑↑, 100%).

• Within the first 6 weeks after device implantation, the ipsilateral pectoral girdle is
recommended to be spared in order to avoid electrode dislocation (↑↑, 100%).

• Moreover, it is suggested to avoid inappropriate strain on this particular region also
in the long run (↑, 100%).

• ICD-patients and all therapeutic personnel being in contact with them are recom-
mended to be aware of the individually programmed “anti-tachycardia pacing” (ATP)
heart rate (“ICD detection rate”). To avoid inadequate ICD shock delivery the maxi-
mum heart rate must be kept at least 10 -20 beats per minute below the ICD-ATP rate
(↑↑, 100%).

• Direct exposures of the ICD-CRT-pulse generator to mechanical stress are recom-
mended to strictly be avoided (↑↑, 100%).

• In WCD-patients exercise training also is suggested to be adapted to the underlying
heart disease and follow the recommendations concerning ICD-patients (↑, 100%).

• There are several other specific features of ICD/CRT/WCD patients like anxiety
and/or depression and post-traumatic stress disorder that are recommended to be con-
sidered, and patients and their dependents need to be informed about this (↑↑, 100%).
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3.7.2. Scientific Evidence

Taking into account the individual exercise capacity, participation of ICD/CRT-
patients in cardiac rehabilitation has been shown to be safe in general [84–89]. Notably, in
patients with sedentary behavior there may be some increased risk of ventricular arrhyth-
mia within the first hour of exertion [90]. However, regular aerobic exercise training for
8 weeks was associated with a significant increase in exercise capacity. Moreover, there
was a significant improvement of the endothelial-dependent vasomotion. Psychological
stability as evaluated by the HADS questionnaire (depression and anxiety) also was im-
proved. The rate of device dysfunction during CR may range up to 10% (e.g., over-sensing,
myopotentials, etc.). Moreover, there is no evidence that exercise-based CR may reduce
ICD-shock rates or reduce mortality of this population.

3.7.3. Limitations

The clinical and prognostic effect of CR in ICD/CRT patients strongly depends on the
underlying heart disease and the pathophysiological origins of arrhythmias. Restraints
with respect to the individual aggregate, programming and implantation pocket need to
be considered.

3.8. Patients with Ventricular Assist Device (VAD)

The following recommendations are based on the information delivered by newly
performed semi-structured literature searches (classification: S2k, see Methods).

3.8.1. Recommendations

• VAD implantation is recommended to be followed by cardiac rehabilitation conducted
in specialized institutions (↑↑, 100%).

• These specialized CR-centers are recommended to guarantee the following precondi-
tions (↑↑, 100%):

- Profound knowledge with respect to the various VAD systems being used;
- Close cooperation with the correspondent heart center;
- Emergency equipment and regulations adapted to the special requirements of

VAD-patients.

• CR of VAD-patients is recommended to include the following measures with respect
to therapy, patient’s support and supervision (↑↑, 100%):

- Individually adapted endurance training plus dynamic strength training of light
to moderate intensity as recommended for patients with chronic heart failure;

- Echocardiographic examinations of myocardial function need to include VAD-
specific evaluations for rapid detection of VAD-dysfunction;

- Daily monitoring for rapid detection and treatment of infections;
- Regular training courses addressing patients and therapeutic team in order to

improve knowledge and competence especially with respect to VAD-dysfunction
and emergency situations;

- Training of patients and their relatives in changing driveline dressings;
- Training of eligible VAD-patients with respect to self-monitoring of anticoagulation;
- Psychological support;
- Vocational support and after-care in cooperation with the heart center responsible

for the VAD implantation.
- Guideline adjusted treatment of cardiac arrhythmias and supervision of addi-

tional devices like pacemakers, ICD and CRT.

3.8.2. Scientific Evidence

In light of the complexity of VAD-systems and the severity of the underlying disease,
a specialized care after VAD implantation is undisputable, and—according to existing
guidelines—exercise-based CR is regarded to be safe [91–94]. CR including aerobic exercise



J. Clin. Med. 2021, 10, 2192 15 of 32

training and dynamic stress training was associated with an increase in VO2max, 6-min
walking test distance, and quality of life [95–99]. All studies reported cardiac rehabilitation
as being safe, also being confirmed by the patient’s experience [100–105].

3.8.3. Limitations

There are no studies reporting on the effect of CR on morbidity, mortality, psychosocial
aspects and occupational reintegration.

3.9. Patients after Heart Transplantation (HTX)

The following recommendations are based on the information delivered by newly
performed semi-structured literature searches (classification: S2k, see Methods).

3.9.1. Recommendations

• During the first weeks after HTX cardiac rehabilitation is recommended (↑↑; 100%) to
preferably be conducted as inpatient CR in close cooperation with the transplant center.

• Eligible CR centers are recommended (↑↑; 100%) to provide a special knowledge and
clinical experience with respect to

- Immunosuppressive medication and its potential drug–drug interactions;
- Early recognition of transplant rejection;
- Early recognition of infection.

• CR content is recommended to be adapted to the special needs of HTX-patients as
outlined in the following (↑↑, 100%):

- Exercise intensity needs to be adapted to the elevated resting heart rate after
denervation resulting in a reduced heart rate reserve and consecutive limited
cardiopulmonary performance;

- The CR program has to include intense information and instructions on the effect
of immunosuppressant drugs, their interaction with other drugs and the elevated
risk of infection due to immunosuppressive medication;

- Patients must be informed about occasionally discreet clinical signs of rejection;
- Moreover, HTX-patients need to be counselled and motivated to reduce their

individual cardiovascular risk by healthy nutrition, weight and blood pressure
control as well as smoking cessation;

- HTX-patients also need to have psychosocial support and counselling on voca-
tional aspects if required;

• The inpatient CR-program is suggested to be followed by a long-term outpatient
aftercare program (↑, 100%).

3.9.2. Scientific Evidence

In small controlled studies “high-intensity interval training” (HIIT) was associated
with a significant increase in VO2max but without changes in LV-function [106].

Resistance exercise training in addition to “walking” also was associated with an
increase in bone mineral density, whereas “walking” alone was not [107]. Moderate re-
sistance exercise training also diminished the negative effects of immunosuppression on
muscle mass and bone mineral density in HTX-patients [108]. Dynamic bicycle training
significantly improved exercise capacity and quality of life, even when started 5 years after
HTX [109]. A beneficial effect of exercise training on VO2max and muscle strength was
shown in a small meta-analysis including six studies, being confirmed by a recent Cochrane
analyses (nine studies performed 1999–2015, n = 284 patients in total) [110,111]. Finally,
on the basis of a controlled registry including n = 595 HTX-patients CR-participation was
associated with a significantly reduced rehospitalization rate of 29% within one year [112].



J. Clin. Med. 2021, 10, 2192 16 of 32

3.9.3. Limitations

There are no data regarding the effect of physical exercise training on the risk of
graft vasculopathy. There also are no data describing prognostic long-term effects of
multicomponent CR in HTX-patients. Finally, there are no data regarding the effect of CR
on social and vocational reintegration of HTX-patients.

The present guidelines did not evaluate patients with systemic diseases leading to
myocardial failure including potential consequences with regard to HTX. This field needs
to be worked out by the next update of the guideline [113,114].

3.10. Patients after Surgical or Interventional Repair of the Aorta

The following recommendations are based on the information delivered by newly
performed semi-structured literature searches (classification: S2k, see Methods).

3.10.1. Recommendations

• Patients after surgical or interventional repair of the aorta are recommended to partici-
pate in a cardiovascular rehabilitation program (↑↑; 100%).

• During CR after surgical and interventional repair of the aorta the following conditions
are recommended (↑↑; 100%):

- All patients after surgical or interventional repair of the aorta need to have a risk
evaluation at CR start as a basis to individually adapt the exercise program;

- For medical blood pressure control all patients after repair of the aorta are to be
treated with beta receptor blockers as a baseline medication;

- Following risk evaluation and provided that blood pressure is sufficiently under
control a supervised and a controlled stress-test is recommended at the start and
end of CR.

- During CR, blood pressure needs to be monitored closely including ambulatory
blood pressure monitoring. During any stress test, the systolic blood pressure
must not exceed 160 mmHg;

- For physical exercise, ergometer training should be preferred as this allows
repetitive blood pressure measurements;

- Particular attention must be guaranteed with respect to signs and symptoms sus-
picious for typical complications like mal-perfusion (e.g., claudication, intestinal
angina, repetitive back pain, hoarseness or increasing dysphagia).

- Competitive sports, contact sport, sprinting, isometric strengths sports, and any
physical effort associated with exhaling on exertion are to be strictly avoided!

3.10.2. Scientific Evidence

In small prospective and retrospective studies evaluating patients after repair of aortic
dissection, an individually adapted exercise training in various forms was shown to be
safe and to be associated with a significant increase in exercise capacity. During exercise
systolic blood pressures reached levels up to 150–170 mmHg or even more without compli-
cations but caution is still warranted and exercise levels remain to be individually adapted.
Lowering blood pressure with beta-blockers or calcium antagonists was associated with a
reduction in repeat surgery and improved survival [115–119].

3.10.3. Limitations

There are no controlled studies evaluating the effect of cardiovascular rehabilitation on
morbidity and mortality of patients after aortic dissection repair. Vocational reintegration
may be supported by CR-participation, but data are scarce [115].

3.11. Patients with Peripheral Artery Disease (PAD)

The following recommendations are based on the information delivered by newly
performed semi-structured literature searches (classification: S2k, see Methods).
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3.11.1. Recommendations

• Patients with peripheral artery disease (PAD) are recommended to participate in
cardiovascular rehabilitation under the following conditions (↑↑; 100%):

- PAD Stage IIa and IIb;
- PAD Stage IIa following revascularization (surgical or interventional);
- PAD Stage IIb following revascularization and in cases with delayed wound

healing.

• Patients with peripheral artery disease (PAD) stage III of IV are not recommended to
participate in cardiovascular rehabilitation (↓↓; 100%).

• In patients with PAD as a primary disease, CR is suggested to be delivered in special-
ized rehabilitation centers including the following standard equipment(↑; 100%):

- Guideline-based PAD treatment concept;
- Supervision by a medical specialist in angiology;
- Exercise therapists being specialized in angiology;
- Nursing staff skilled in wound management;
- Physiotherapists skilled in manual measures and able to alleviate physical symp-

toms impairing the success of exercise training.

• Starting CR, the following primary diagnostics are recommended to be performed in
all PAD patients (↑↑; 90%):

- Assessment of peripheral pulses
- Standardized walking distance test at the start and end of rehabilitation
- Ankle-brachial index (ABI)
- Time of re-capillarization;
- color-coded duplex sonography
- assessment of health-related quality of life
- assessment of cardiovascular risk factors
- assessment of psychosocial problems

• Treatment of PAD patients during CR is recommended to apply all measures needed
for effective secondary prevention (↑↑; 100%), including:

- individually adapted, intermittent walking exercise
- exercise training to improve cardiopulmonary exercise capacity
- modular and structured training courses for information, education and to sup-

port patients in dealing with their disease
- smoking cessation courses
- psychosocial support, if indicated

• During CR all PAD patients are suggested to participate in special vascular exercise
training programs being separated from CAD-patients (↑; 100%).

• With respect to the social and vocational support of PAD-patients, it is recommended
to consider potential limitations in walking capability (↑↑; 100%).

• Following CR all PAD-patients are recommended to follow the medical care by an
angiologist and to participate in an ambulatory vascular sports group (↑↑; 100%).

3.11.2. Scientific Evidence

Intermittent walking exercise is well documented to significantly improve the pain
free walking distance as well as the health-related quality of life in PAD patients. Intermit-
tent walking exercise in combination with a strict adherence to guideline recommended
medication is associated with a reduction in cardiovascular mortality and rate of amputa-
tions in these patients. Moreover, psychosocial aspects need to be considered to increase
the patient’s long-term adherence [120–124].
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3.11.3. Limitations

The clinical and prognostic effect of the short-term high intensity rehabilitation pro-
gram as offered in Germany has not been validated so far.

3.12. Patients after Pulmonary Embolism (PE) with or without Deep Vein Thrombosis (DVT)

The following recommendations are based on the information delivered by newly
performed semi-structured literature searches (classification: S2k, see Methods).

3.12.1. Recommendations

• Patients after PE with or without DVT are suggested to participate in CR (↑, 100%).
• In patients after PE, a structured and supervised exercise is recommended, if the

following preconditions are guaranteed (↑↑, 100%):

- Guideline adjusted anticoagulation;
- DVT compression of superficial veins.

• Starting CR, the following diagnostics are recommended in all patients after PE
(↑↑, 100%):

- Assessment of pulmonary artery blood pressure by transthoracic echocardiogra-
phy to detect ongoing pulmonary hypertension and to follow the course of the
disease;

- Assessment of cardiopulmonary performance preferably by spiroergometry or
alternatively by ergometry combined with determination of oxygen saturation;

- 6-min walking test (including determination of oxygen saturation) in patients
with low exercise capacity;

- Evaluation of psychosocial as well as vocational issues.

• Therapeutic and educational measures during CR of patients after PE are recom-
mended to include (↑↑; 100%):

- Structured and supervised exercise training including individually adapted bicy-
cle training, dynamic resistance training, aqua aerobics and gymnastics;

- In patients with low exercise capacity, hand crank ergometer, gymnastics, and
walking exercise may alternatively be used;

- Psychosocial interventions, if necessary;
- General educational programs focusing on risks, origins and pathophysiology of

thrombosis, and in addition communicating how to prevent recurrent thrombosis
including healthy lifestyle and anticoagulation.

- Detailed information needs to be delivered with respect to (a) avoiding gravidity
during anticoagulation in general, (b) using “low molecular heparins” instead of
vitamin K antagonists or NOAK in case there is a wish to have children, (c) the
elevated risk with respect to recurrent thrombosis by using oral contraceptives or
postmenopausal estrogens

- In patients suffering from neoplastic disorder anticoagulation shall be delivered
according to the specific guidelines

3.12.2. Scientific Evidence

Data of a retrospective study including n = 422 patients after pulmonary embolism
and being under anticoagulation confirm the feasibility of exercise training and a low rate
of bleeding complications. Another prospective study including n = 70 patients after PE
showed comparable results. Moreover, the rate of fatal and non-fatal events including
recurrent PE during CR and within a follow-up of twelve months was low. A small
prospective and controlled study (intervention n = 9, control n = 10) showed a significant
increase in VO2max in the CR-group [125–130].
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3.12.3. Limitations

To date there are no randomized studies investigating prognostic effects of CR follow-
ing pulmonary embolism. Moreover, the effect of quality of life and social parameters have
not been investigated.

3.13. Patients with Pulmonary Hypertension (PH) of Various Origins

The following recommendations are based on the information delivered by newly
performed semi-structured literature searches (classification: S2k, see Methods).

3.13.1. Recommendations

• Patients with severe pulmonary hypertension and under optimized, guideline-adjusted
medical treatment are suggested to participate in a structured and closely supervised
exercise training (↑, 100%).

• Exercise training in patients with severe PH is suggested to preferably take place in a
CR-center experienced in treating PH-patients in close cooperation with a PH expert
center (↑, 100%).

• Starting CR, the health-related quality of life, individual risk behaviors and poten-
tial psychosocial problems are recommended to be evaluated and therapeutically
addressed (↑↑, 100%).

• Exercise training is recommended to take place in small groups, being closely su-
pervised and to be started in low doses individually adjusted in a daily manner
(↑↑, 100%).

• Accordingly, all target parameters are suggested to be systematically checked during
CR. In this way increased risks with respect to syncope, respiratory infects, hypoxemia,
and arrhythmias are to be considered (↑, 100%).

3.13.2. Scientific Evidence

Randomized controlled studies and controlled cohort studies providing a close in-
hospital monitoring consistently showed a significant increase in exercise capacity as a
result of individually adapted exercise training, a reduction in heart failure symptoms, and
an increase in health-related quality of life [131–140]. Moreover, a reduction in pulmonary
vascular resistance and significant increase in cardiac output has been shown [134]. In a re-
cent prospective, randomized, controlled, multicenter study including n = 129 PH-patients
out of 11 centers across 10 European countries (“pulmonary arterial” and “chronic throm-
boembolic pulmonary” hypertension), feasibility and safety of individualized exercise
training in addition to medical therapy was confirmed. Exercise training was associated
with a significant increase in 6-min walking distance and improvements in quality of
life, WHO functional class and peak oxygen consumption. On the basis of these data,
individualized exercise training in PH-patients can be regarded as an integral part of
rehabilitation programs in these patients, provided sufficient medical supervision and
expertise is guaranteed. [140].

3.13.3. Limitations

To date there are no reliable data on the long-term prognostic effect of exercise-based
CR in patients with pulmonary hypertension.

3.14. Patients after Myocarditis

The following recommendations are based on the information delivered by newly
performed semi-structured literature searches (classification: S2k, see Methods).

3.14.1. Recommendations

• In patients with “acute myocarditis” participation in rehabilitation programs is not
recommended (↓↓, 100%). Intensive medical care and physical rest are indicated.
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• In all other states, e.g., “subacute myocarditis”, “healed myocarditis” or “myocarditis
in history”, participation in CR-programs is suggested (↑, 100%).
In patients with “subacute myocarditis”, defined as

- clinically stable patients;
- laboratory markers of inflammation and myocardial injury/stress being in the

normal range or continuously declining to almost normal values;
- ECG without or with clearly declining pathological signs;
- Echocardiogram presenting without or with declining pericardial effusion, and

with normal or improving LV-function;
- Holter-ECG presenting without clinically relevant arrhythmias.

• exercise training is suggested to start at “extremely low” levels (BORG scale 6-8/20)
(↑, 100%), but a symptom-limited exercise test is not suggested to be performed at this
stage (↓, 100%).
In patients with “healed myocarditis”, defined as

- clinically stable patients;
- laboratory markers of inflammation and myocardial injury/stress in the nor-

mal range;
- ECG normal or with stable residual changes like “bundle branch block”;
- Echocardiogram presenting without or only minimal pericardial effusion and

normal or only slightly reduced LV-function;
- Holter-ECG presenting without clinically relevant arrhythmias.

• A symptom-limited exercise test is suggested before starting a regular structured and
supervised exercise training of “low” intensity (BORG scale 10-12/20) (↑, 100%).

• A slowly intensifying exercise training may be considered (↔, 100%), but physical
exertion should be avoided.

• CR in patients with “healed myocarditis” is recommended to include regular visits and
controls of ECG, echocardiogram, and laboratory parameters to early detect potential
adverse cardiac effects (↑↑, 100%).

• Competitive sports or other high grade physical activities are recommended not to
start before 3–6 months after complete recovery (↑↑, 100%).

• Patients with “healed myocarditis” are recommended to be supported in their social
and vocational reintegration (↑↑, 100%).

• In the case of prolonged cardiovascular symptoms and ongoing physical limitations
despite inconspicuous cardiovascular diagnostics, it is recommended to consider
psychological comorbidity (↑↑, 100%).

3.14.2. Scientific Evidence and Limitations

To date there are no controlled trials investigating the effect of CR in patients after
acute myocarditis on clinical prognosis, health-related quality of life or psychosocial out-
comes [141–144]. The recommendation of patients with “subacute” or “healed myocarditis”
to participate in CR is primarily based on the need of a prolonged and close supervision
and treatment with respect to

- remaining risks of high-grade arrhythmias especially after starting physical exercise;
- persistent myocardial failure;
- needs for psychosocial support.

3.15. Adults with Congenital Heart Disease (ACHD)

The following recommendations are based on the information delivered by actualized
semi-structured literature searches (classification: S2k, see Section 2).
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3.15.1. Recommendations

• Adults with congenital heart disease (ACHD) are suggested to participate in cardiac
rehabilitation programs (CR), if they had cardiac surgery, interventional treatment or
if they suffer from complications of the underlying CHD (↑, 100%).

• CR of ACHD—especially in case of a complex disease—is suggested to be performed
in rehabilitation centers familiar with the care of these patients and integrated in
a medical network specialized in treating and supervising ACHD (“AHCD expert
center”) (↑, 100%).

• For this reason, rehabilitations centers treating ACHD also are suggested to provide the
presence and supervision of an adult/pediatric cardiologist with ACHD certification
(↑ 100%).

• In detail, rehabilitation centers treating and supervising ACHD are recommended to
meet the following requirements (↑↑100%):

- Providing a multidisciplinary supervision and treatment of all cardiac and non-
cardiac problems of ACHD;

- Individual grading of the actual cardiovascular limitations and risks as the basis
for proper allocation into the exercise programs;

- Delivery of individualized and closely supervised exercise training taking into
account the current cardiac status, potential CHD-related limitations in cardiac
function including heart failure, pulmonary hypertension, arrhythmias, infective
endocarditis, and pathologies of the aorta and others;

- Health-related quality of life, individual risk behaviors and psychosocial problems
are recommended to be systematically assessed at the beginning of CR and also
need to be addressed by the individualized rehabilitation program.

3.15.2. Scientific Evidence

Recommendations are based on a limited number of small, uncontrolled, and retro-
spective clinical trials showing individualized, structured and supervised exercise inter-
ventions for ACHD to be safe and enabling patients to significantly increase their physical
performance. CR also has been shown to increase quality of life [145–149].

3.15.3. Limitations

The population of ACHD is heterogeneous requiring a highly individual approach
and thereby hampering large-scale controlled studies.

4. Summary and Critical Conclusions

The guidelines on cardiac rehabilitation (CR) in German speaking countries (LLKardReha-
DACH) aim to summarize the actual scientific evidence with respect to CR-indications and
CR-delivery and thereby contribute to improve patients’ clinical prognosis and to support
their social and vocational reintegration. The participating countries are Germany, Austria
and Switzerland. The extended original version of these guidelines was published online in
2020 by the “working group of the scientific medical societies” in Germany (www.awmf.org,
17 January 2021).

The English version of the guideline presented here concentrates on the evidence-
based and consented recommendations, whereby part 1 presents and shortly discusses a
broad range of different clinical indications for potential CR-referral.

Covering all potential indications for CR-referral as outlined in this publication there
is consensus that CR-delivery in clinical practice needs to consider a large variety of clinical
aspects and to guarantee the special expertise for a successful treatment, supervision and
guiding of the patients.

There also is consensus that CR needs to deliver an individually adjusted minimum
of “treatment intensity” including a strict reduction in cardiovascular risk factors, an indi-
vidually adjusted minimal volume of physical exercise and last not least an individualized
psychosocial support.

www.awmf.org
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All these aspects strongly support the need for cardiac rehabilitation being multidisci-
plinary and medically supervised.

Based on these preconditions, there is strong evidence that CR-participation is associ-
ated with a significantly reduced mortality in patients after ACS and after CABG, whereas
in patients with severe chronic systolic heart failure, the beneficial effect of CR-participation
may be limited to a significantly increase in exercise capacity and improvement of health-
related quality of life. In patients with chronic coronary syndrome and in individuals with
high cardiovascular risk, a large variety of prevention programs show beneficial clinical
effects, but minimal requirements to improve clinical prognosis are less well defined. This
also is true for other cardiovascular diseases discussed in these guidelines.

However, apart from the anticipated improvement of clinical prognosis, the ability to
participate in social life without severe restrictions also must be regarded as an individu-
ally important endpoint. This especially is true for a variety of indications discussed in
these guidelines (e.g., patients with PAD, after surgery of the aorta, patients with trans-
planted heart or with VAD). Unfortunately, the effects of CR-participation on the endpoints
“health-related quality of life” and “social and vocational reintegration” are not stringently
investigated through all cardiovascular diseases and potential indications for CR-referral.
This also is true for potential socioeconomic effects of CR-participation.

Against this background of remaining deficiencies in evidence a more focused sci-
entific approach in rehabilitation science is warranted, thereby strictly reflecting minimal
international standards in methodology, definition and documentation of populations,
controls, interventions and outcomes.
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Abbreviations

ACS acute coronary syndrome
ATP antitachycardia pacing
AWMF Association of the Scientific Medical Societies in Germany
BORG/RPE Borg Rating of Perceived Exertion Scale
CABG coronary artery bypass grafting
CAD coronary artery disease
CCS controlled cohort studies
CCS chronic coronary syndrome
CHF chronic heart failure
CR cardiovascular rehabilitation
CROS Cardiac Rehabilitation Outcome Study
CRT cardiac resynchronization therapy
COPD chronic obstructive lung disease
CV cardiovascular
CVD cardiovascular disease
ECG electrocardiogram
EF ejection fraction
ESC-SCORE European Society of Cardiology, Systematic COronary Risk Evaluation SCORE
HADS Hospital Anxiety and Depression Scale
HFrEF heart failure with reduced left ventricular ejection fraction
HIIT high intensity interval training
HTX heart transplantation
ICD implanted cardioverter defibrillator
LV-EF left ventricular ejection fraction
MET metabolic equivalent
NOAC new oral anticoagulants
NSTEMI non ST-elevation myocardial infarction
NYHA New York Heart Association
PAD peripheral artery disease
PCI percutaneous coronary intervention
PE pulmonary embolism
RCT randomized controlled trial
STEMI ST-elevation myocardial infarction
VAD ventricular assist device
WCD Wearable Cardioverter-Defibrillator
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