Original Article

Lessons from the short- and mid-term outcome of medical
rehabilitation in adults with congenital heart disease
Sebastian Freilinger1#, Dario Andric1,2#, Caroline Andonian1,3, Jürgen Beckmann3,4,5, Christa Bongarth6,
Hans Peter Einwang6, Peter Ewert1, Michael Hofbeck7, Ann-Sophie Kaemmerer1, Nicole Nagdyman1,
Renate Oberhoffer8, Yskert von Kodolitsch2, Harald Kaemmerer1, Rhoia Neidenbach1
1

Department of Congenital Heart Disease and Paediatric Cardiology, German Heart Centre Munich, Technical University Munich, Munich,

Germany; 2University Medical Center Hamburg-Eppendorf, Hamburg, Germany; 3Chair of Sportpsychology, Department of Sport and Health
Sciences, Technical University of Munich, Munich, Germany; 4School of Human Movement and Nutrition Sciences, University of Queensland,
Australia; 5Health Research Institute, University of Limerick, Ireland; 6Klinik Höhenried, Höhenried, Germany; 7Tübingen University Hospital,
Tübingen, Germany; 8Department of Preventive Paediatrics, Department of Sport and Health Sciences, Technical University of Munich, Munich,
Germany
Contributions: (I) Conception and design: S Freilinger, D Andric, Y von Kodolitsch, H Kaemmerer, R Neidenbach; (II) Administrative support: All
authors; (III) Provision of study materials or patients: All authors; (IV) Collection and assembly of data: S Freilinger, D Andric, R Neidenbach; (V)
Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#

These authors contributed equally to this work.

Correspondence to: Sebastian Freilinger. Department of Congenital Heart Disease and Paediatric Cardiology, German Heart Centre Munich, Technical
University Munich, Germany, Lazarettstr. 36, 80636 Munich, Germany. Email: freilinger@dhm.mhn.de.

Background: The number of adults with congenital heart disease (ACHD) is steadily increasing. Over
their life-time, many of the affected patients require medical rehabilitation after interventional or surgical
treatment of residua, sequels or complications of their congenital heart defect (CHD). However, up to now
only scarce data exist about indication, performance and outcomes of cardiac rehabilitation in ACHD.
Methods: The course and outcome of rehabilitation after previous interventional or surgical treatment in
ACHD was analyzed in a retrospective cohort study.
Results: Two hundred and five ACHD {54% female; mean age 34±12 [16–68] years} with mild (23.9%),
moderate (35.1%) or severe CHD (41.0%), of whom 32% had complex CHD, 21% right-ventricular
outﬂow tract obstructions, 20% pre-tricuspid shunts, 18% left heart or aortic anomalies, 9% post-tricuspid
shunts and 2% other congenital cardiac anomalies were included into analysis. The main indications for
rehabilitation were a preceding surgical (92%) or interventional (3%) treatment of the underlying CHD
immediately before rehabilitation. During rehabilitation, no severe complications occurred. The number of
patients in function class I/II increased from 189 to 200 and decreased in class III/IV from 16 to 5. Cardiac
medication could be reduced or stopped after rehabilitation in 194 patients, with the exception of ACEinhibitors. There was an improvement in cardiovascular risk factors. While before medical treatment 77%
(n=157) patients were capable of working, the number increased to 82% [168] at the end of rehabilitation.
Throughout a follow-up 9.3% (n=19) of patients needed further cardiac interventions.
Conclusions: The current study provided for the first time comprehensive data on the course of
rehabilitation in a large cohort of ACHD after surgical or interventional treatment. The overall outcome of
ACHD after rehabilitation was uneventful and favorable. Further research is required to assess the clinical
long-term outcome, the impact of rehabilitation on the quality of life, disease coping and employment. The
results of this study can serve as a benchmark for the development of speciﬁc rehabilitation programs in
ACHD.
Keywords: Adults with congenital heart disease (ACHD); prevention; medical health supply; primary health care;
supply characteristics in congenital heart defects
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Introduction
Congenital malformations of the heart or the great arteries
are the most common anomalies in humans, encompassing
a great variety of anomalies from simple to complex
congenital heart defects (CHD). If left untreated, at
least the more complex lesions are often fatal in the first
years of life (1). While in the 1940s, most patients with
hemodynamically relevant CHD died before reaching
adulthood, today up to 95% reach adulthood due to
the prodigious diagnostic and therapeutic advances in
cardiology, heart surgery, intensive care medicine and
pharmacological treatment (2-4).
Although almost all CHD are amenable to treatment,
CHD can only be repaired, not cured. Many surgical
or interventional procedures result in anatomical and
functional residua and sequels that cause health problems
later in life and require lifelong dedicated follow-up (5,6).
Typical residua and sequels of the specific treatment that
negatively influence morbidity and mortality in adulthood
encompass heart failure, cardiac arrhythmias, pulmonary
vascular disease, aortopathy, endocarditis as well as
acquired comorbidities (7-10). Therefore, most adults
with congenital heart defects (ACHD) require specific
rehabilitation measures, particularly after operations, reoperations, interventional or electrophysiological treatment
of serious complications or diseases and after surviving
sudden cardiac death.
The ultimate goal of rehabilitation measures in cardiology
is to reduce cardiac morbidity and mortality (11,12). It is
well known from the study of patients with acquired heart
disease that after operations or serious illnesses, targeted
cardiological rehabilitation can contribute to regain and
maintain the best possible individual physical and mental
health as well as social integration in the long term by
reducing typical cardiovascular risk factors such as obesity,
arterial hypertension, lipid disorders by improving physical
performance, providing targeted psycho-cardiological care
and social, occupational reintegration (13).
While rehabilitation programs for patients with acquired
heart disease have been extensively studied, there are no
comprehensive, evidence-based data on rehabilitation
programs for ACHD (14). Therefore, the aim of the current
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study was to obtain first comprehensive data on the specific
needs of ACHD requiring medical rehabilitation. Another
objective was to develop a concept for the implementation
of rehabilitation measures for ACHD on the basis of the
acquired experience. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/cdt-20-727).
Methods
This is a retrospective cohort study on the medical care
and rehabilitation of ACHD, initiated by the department
of Congenital Heart Disease and Paediatric Cardiology of
the German Heart Centre Munich in cooperation with the
rehabilitation clinic “Klinik Höhenried”.
Inclusion criteria were the presence of a CHD, a
completed rehabilitation measure, a medical follow-up and
the written consent to participate in the study. Exclusion
criteria were the lack of cognitive competence to consent to
research and the refusal to consent.
The medical records of the inpatient stay and the followup were analyzed. Based on the patient’s medical history
and the clinical assessment of the treating physicians, all
patients were classified into one of four functional classes
(according to PERLOFF) (5). This classification was
developed specifically for ACHD and is similar to the
NYHA classification of heart failure. Since the symptoms
of functional classes I and II as well as III and IV are fluent,
they were each grouped into a joint functional class I/II or
III/IV for statistical analysis. Furthermore, according to
the underlying heart defect, patients were assigned to one
of three disease severity classes (simple, moderate, severe)
following the recommendations of the American College of
Cardiology (15).
The study protocol was reviewed and approved by the
ethics committees of the participating institutions (project
number: 5338/12). All included patients were informed in
detail about the planned study in an explanatory interview
and by written information. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). All patients gave their written consent to participate
in the study.
Participation or non-participation in this study had no
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Figure 1 Frequencies of the main cardiac diagnoses: complex congenital heart defects, right heart-/pulmonary artery anomalies, pretricuspid shunts, left heart-/aortic anomalies, post-tricuspid shunts and other congenital heart defects.

influence on the medical care of the patients.
Data collection and processing were carried out in
compliance with the respective federal and state data
protection laws. All statistical analyses were made
anonymously and not related to individuals.
Statistical analysis
Continuous data were expressed as mean ± standard
deviation, median and range. Categorical or interval
scaled variables were expressed as absolute numbers or
percentages. The data analysis was performed using SPSS
25.0 (IBM Inc., Armonk, NY, USA).
Results
Study sample and patient characteristics
A total of 205 consecutively recruited ACHD, aged
≥18 years, were included in the present study. Two patients,
who had not yet reached the numerical age of 18 years,
were also classified as “adults” according to their maturity. A
total of 110 patients (53.7%) were female. Median patient’s
age at the end of their hospital stay at the German Heart
Center Munich was 31 years (range: 16–68 years; mean:
33.8±12.3 years).
Main diagnosis and assignment to “ACC Severity Code”
Class
The main cardiac diagnoses were grouped into six
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categories: (I) complex anomalies, (II) anomalies of the right
heart, pulmonary valve or pulmonary artery, (III) anomalies
of the left heart, aortic valve or aorta, (IV) pre-tricuspid
shunts, (V) post-tricuspid shunts, and; (VI) other anomalies.
Of the 205 included ACHD, 66 (32.2%) had
complex heart defects, 42 (20.5%) had right heart/
pulmonary abnormalities, 35 (17.1%) had left heart/aortic
abnormalities, 41 (20%) had pre-tricuspid shunts, 18 (8.8%)
had post-tricuspid shunts and 3 (1.4%) other congenital
anomalies (Figure 1).
Ten patients had a syndromic disease associated with
their cardiac abnormality: Trisomy-21 (Down syndrome)
(n=4), Marfan syndrome (n=3), Microdeletion 22q11 (n=2)
and Turner syndrome (n=1).
According to the recommendations of the American
College of Cardiology, 49 patients (23.9%) could be
assigned to the simple, 72 patients (35.1%) to the moderate
and 84 patients (41.0%) to the complex CHD-group
(Figure 2).
Previous surgical and/or interventional cardiac procedures
The number of procedures performed for each underlying
heart defect is given in Table 1. Of all patients, 202 patients
(98.5%) had at least one heart operation since birth due to
their CHD (Table 2).
Of the patients operated, 110 (54.7%) were re-operated
at least once because of their CHD, while an interventional
treatment was performed in 41 patients (20.0%).
Several patients had up to six re-operations and up to
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Figure 2 Classification of the 205 patients into a severity level
(simple, moderate, complex) depending on the type of congenital
heart defect, according to the recommendations of the American
College of Cardiology (11).

two re-interventions (Figure 3).
Interventions performed at the German Heart Center
Munich as an indication for rehabilitation measures
Immediately prior to the start of rehabilitation, 189 (92.2%)
patients had reparative heart surgery, one patient (0.5%)
palliative surgery and six patients (2.9%) an interventional
treatment (Table 3).
In nine patients (4.4%), rehabilitation was not preceded
by any surgical or interventional intervention. Of these nine
patients, four [double inlet ventricle (n=2); DORV-Fallot
type (n=1); tricuspid atresia (n=1)] had relevant arrhythmias
requiring cardioversion or electrophysiological treatment.
An electrophysiological treatment for cardiac-arrhythmia
was performed in 30 patients before rehabilitation,
including pacemaker- (n=29) or ICD-implantation (n=1).
Of these, 14 patients had atrial arrhythmias, one had
ventricular arrhythmias, two had a second-degree and 13
had a third-degree AV block (Table 4).
Clinical data prior to the transfer from the German
Heart Center to the Rehabilitation Clinic and Course of
Rehabilitation
At the time of referral to the rehabilitation clinic,
immediately after the end of hospital treatment, all patients
were fully compensated and without signs of heart failure.
Out of 205 patients, 189 (92.2%) were in PERLOFF
Functional class I/II and 16 (7.8%) in Functional class III/
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IV, although 156 (n=76.1%) were classified as moderate or
complex CHD, according to the ACC severity code, and
15 (7.3%) suffered from Eisenmenger syndrome or chronic
cyanosis.
During the entire rehabilitation, no critical cardiac
events occurred. None of the 30 patients with relevant
arrhythmias, with a history of thromboembolic events (n=12)
or infectious endocarditis (n=5) had a relapse during the
rehabilitation period.
After a mean rehabilitation duration of 24 days (median:
21 days; range: 9–50 days) the number of patients in
Functional class I/II increased from 189 to 200, with only
five patients (Ebstein’s anomaly; pulmonary atresia with
ventricular septal defect; pulmonary valve stenosis; tricuspid
atresia; double inlet ventricle) remaining in Functional class
III/IV (Table 5).
At the time of transfer to the rehabilitation clinic,
95% of the patients were on chronic medication. After
rehabilitation, the number of patients receiving diuretics,
beta-blockers, amiodarone, digitalis glycosides, ATblockers, Ca-Antagonists or oral anticoagulants decreased,
while during the rehabilitation the prescription of all drugs
increased (Table 6).
While prior to the medical treatment 157 patients were
capable of working, the number increased to 168 after
rehabilitation. Only 6 patients (2.9%) [Ebstein’s anomaly
(n=3), Ductus arteriosus (n=1), tetralogy of Fallot (n=1)
and aortic valve regurgitation (n=1)] were discharged as
“unable to work”. This is equivalent to the 4% of patients
who were actively working/job-seeking before the cardiac
intervention.
Mid-term outcome after completion of the rehabilitation
Between discharge from rehabilitation and follow-up at
the German Heart Center Munich (mean time interval
28 months, median: 22 months; range: 0–172 months),
the number of patients in Functional class I/II decreased
from 200 to 194, while the number in Functional class III/
IV increased from 5 to 11 patients, including patients with
atrial septal defect (n=1), tetralogy of Fallot (n=1), tricuspid
atresia (n=1), Ebstein’s anomaly (n=3), pulmonary atresia
with ventricular septal defect (n=1), double inlet ventricle
(n=1) and Ductus arteriosus (n=1). Cardiac decompensation
occurred in four patients (2%) with Ebstein’s anomaly,
tetralogy of Fallot, complete transposition or atrial septal
defect.
Treatment-relevant atrial arrhythmias (n=5) or a third-
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Table 1 Congenital heart defects of the included patients: frequencies, previous procedures, age
Frequency

%

Operation
without/with

Intervention
without/with

Age, median
(range)

Atrial septal defect

39

19.0

0/39

29/10

31 [18–68]

Tetralogy of Fallot

32

15.6

0/32

26/6

31 [17–65]

Ebstein’s anomaly

31

15.1

1/30

24/7

40 [19–64]

Aortic valve stenosis

14

6.8

0/14

11/3

29 [16–46)]

Transposition of the great arteries (TGA)

13

6.3

0/13

6/6

31 [19–45]

Coarctation of the aorta

13

6.3

0/13

12/2

31 [21–61]

Ventricular septal defect

11

5.4

0/11

8/3

26 [18–68]

Aortic valve insufficiency, congenital

8

3.9

0/8

8/0

36 [20–51]

Tricuspid atresia

8

3.9

1/7

4/4

34 [29–51]

Complete atrioventricular septum defect

6

2.9

0/6

4/2

25 [20–53]

Pulmonary atresia with ventricular septal defect

6

2.9

0/6

3/3

26 [21–40]

Double inlet ventricle

5

2.4

0/5

3/2

34 [23–43]

Congenitally corrected transposition of the great arteries

3

1.5

0/3

2/1

[18–52]

Double outlet right ventricle (Fallot type)

2

1.0

0/2

2/0

27–22

Double outlet right ventricle (TGA type)

2

1.0

0/2

1/1

24–27

Persistent foramen ovale

2

1.0

0/2

1/1

39–53

Pulmonary atresia

2

1.0

0/2

1/1

21–21

Pulmonary valve stenosis

2

1.0

0/2

1/1

29–65

Truncus arteriosus communis

2

1.0

0/2

2/0

26–44

Aortic aneurysm

1

0.5

0/1

1/0

19

Ductus arteriosus

1

0.5

1/0

1/0

27

Mitral valve insufficiency, congenital

1

0.5

0/1

1/0

24

Mitral valve prolapse, congenital

1

0.5

0/1

1/0

30

205

100

3/202

152/53

31 [16–68]

Congenital heart defect

Total

Table 2 Treatment status of the 205 patients included
Treatment status

Frequency

In %

3 out of 205

1.5

202 out of 205

98.5

● Surgical treatment (≥1)

202 out of 205

98.5

o Re-operation (≥1)

110 out of 201

54.7

41 out of 205

20.0

11 out of 41

26.8

No procedure
Surgical treatment and/or intervention

● Interventional treatment (≥1)
o Re-intervention (≥1)
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Figure 3 Number of operations, interventions and re-interventions
for the 205 patients included.

degree AV block (n=1) occurred in patients with atrial
septal defect (n=1), aortic valve stenosis (n=1), complete
transposition (n=1), tricuspid atresia (n=1), or tetralogy of
Fallot (n=2).
Between discharge from rehabilitation and the followup visit no patient was diagnosed with an infectious
endocarditis. One 26-year-old woman with tricuspid atresia
developed a thromboembolic event.
All in all, during follow-up, 19 patients (9.3%) needed
further cardiac interventions (Table 7). One patient
with persistent Ductus arteriosus was listed for lung
transplantation and another patient (Ebstein’s anomaly)
refused recommended corrective surgery.

Table 3 Treatment at the German Heart Center of Munich, representing the indication for rehabilitation measures
Surgical treatment

Pre-rehabilitation measures, frequency (n)

ASD patch closure

42

Homograft implantation

32

Valvuloplasty

24

Mechanical valve replacement

19

Biological valve replacement

17

Conduit/vascular prosthesis

16

Valvuloplasty - and/or replacement + vessel (Bentall-/ David-OP)

14

VSD patch closure

8

Fontan operation

4

Pacemaker implantation

4

PFO closure

2

AVSD patch closure + cleft stitching

2

Mechanical valve replacement + Homograft

1

Mechanical valve replacement + VSD patch closure

1

Other interventions*

10

Total

196

*, resection of the atrial septum and a membrane at the inferior vena cava (partial anomalous pulmonary vein return), baffle revision
and resection of an LVOTO (double outlet right ventricle, aortic coarctation, hypoplasia of the transverse aortic arch and PDA).
Mustard-Brom-operation (TGA), coil-occlusion of the internal thoracic artery (pulmonary atresia with ventricular septal defect). Corrective
surgery (sinus-venosus defect). Atrioseptostomy and aortopulmonary shunt (double inlet left ventricle), relocation of a left superior vena
cava (TGA), total cavopulmonary anastomosis (congenitally corrected transposition), correction of a partial anomalous pulmonary vein
return) (sinus-venosus defect), patch closure of aortal wall defects (ASD). ASD, atrial septal defect; VSD, ventricular septal defect;
PFO, patent foramen ovale; AVSD, atrioventricular septal defect; LVOTO, left ventricular outflow tract obstruction; PDA, patent ductus
arteriosus; TGA, transposition of the great arteries.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Cardiovasc Diagn Ther 2020 | http://dx.doi.org/10.21037/cdt-20-727

Cardiovascular Diagnosis and Therapy, 2020

7

Table 4 Type of congenital heart defect in which a pacemaker or ICD implantation was performed immediately prior to rehabilitative measures
Cardiac diagnosis

Type of arrhytmia

Pacemaker

ICD

Aortic valve stenosis

AVB-3 (n=1)

1

0

Atrial septal defect

AVB-3 (n=1)

1

0

AVB-2 (n=1); AVB-3 (n=1)

2

0

AVB-3 (n=1); SVA (n=1)

2

0

Congenitally corrected transposition of the great arteries

AVB-3 (n=1)

1

0

DORV-TGA

AVB-3 (n=1)

1

0

SVA (n=1); VA (n=1)

1

1

AVB-3 (n=3); SVA (n=2)

5

0

Persistent Foramen Ovale

SVA (n=1)

1

0

Pulmonary atresia + VSD

SVA (n=1)

1

0

Tetralogy of Fallot

SVA (n=2)

2

0

AVB-3 (n=3); SVA (n=2)

5

0

SVA (n=4)

4

0

AVB-2 (n=1); AVB-3 (n=1)

2

0

29

1

Coarctation of the aorta
Complete atrioventricular septal defect

Double inlet ventricle
Ebstein’s anomaly

Transposition of the great arteries
Tricuspid atresia
Ventricular septal defect
Total

AVB, AV-Block 2nd or 3rd degree; SVA, supraventricular arrhythmias; VA, ventricular arrhythmias; DORV-TGA, double outlet right ventricle
- transposition of the great arteries type; VSD, ventricular septal defect.

Table 5 Type of congenital heart defect and number of patients in the various function classes according to Perloff at the time of rehabilitative
measures at admission and discharge
Before

After

I/II versus III/IV

I/II versus III/IV

Atrial septal defect

38 // 1

39 // 0

Tetralogy of Fallot

31 // 1

32 // 0

Ebstein’s anomaly

27 // 4

30 // 1

Coarctation of the aorta

12 // 1

13 // 0

Transposition of the great arterias

12 // 1

13 // 0

Tricuspid atresia

5 // 3

7 // 1

Pulmonary atresia with ventricular septal defect

5 // 1

5 // 1

Double inlet ventricle

4 // 1

4 // 1

Pulmonary valve stenosis

0 // 2

1 // 1

Persistent ductus arteriosus

0 // 1

1 // 0

Other diagnosis*

55 // 0

55 // 0

189 // 16

200 // 5

Cardiac diagnosis

Total

*, aortic valve stenosis, ventricular septal defect, aortic valve insufficiency, complete AV septal defect, congenitally corrected transposition
of the great arteries, pulmonary atresia, double outlet right ventricle (TGA type), truncus arteriosus communis, double outlet right ventricle
(Fallot type), persistent foramen ovale, mitral valve insufficiency, mitral valve prolapse, aortic aneurysm.
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Table 6 Number of patients under medication at different observation times
During hospital stay

At the end of rehabilitation

After rehabilitation

n (%)

n (%)

n (%)

11 [5]

6 [3]

37 [18]

● Diuretics

135 [66]

148 [72]

77 [38]

● ß-Blockers

71 [35]

148 [72]

90 [44]

● ACE inhibitors

21 [10]

27 [13]

28 [14]

● Amiodarone

12 [6]

20 [10]

10 [5]

● Digitalis glycosides

8 [4]

13 [6]

11 [5]

5 (2.5)

3 (1.5)

3 (1.5)

● AT-Blocker

4 [2]

8 [4]

5 (2.5)

● Ca-Antagonists

2 [1]

3 (1.5)

2 [1]

● Anticoagulants, oral

74 [36]

106 [52]

65 [32]

● Platelet inhibitors

12 [6]

10 [5]

10 [5]

● Thyreoid hormones

29 [14]

39 [19]

41 [20]

● Antihyperlipidemic agents

5 (2.5)

7 (3.5)

8 [4]

● other*

94 [46]

122 [60]

85 [41]

39 [19]

0

8 [4]

Medication
Currently no medication
Primary cardiac drugs

● Antiarrhythmics, other

Anticoagulants

Primary non-cardiac drugs

No information

*, others: Proton pump inhibitors, Antihistamines, Antiepileptics, Allopurinol, Antidepressants, Contraceptives, Analgetics, Antibiotics,
Benzodiazepine, Glucocorticoids, Minerals/Vitamins. ACE, angiotensin-converting-enzyme; AT, angiotensin; Ca, calcium.

Out of the six patients, who were “unable to work” at the
end of the rehabilitation measures, three [Ebstein’s anomaly
(n=2), aortic valve insufficiency (n=1)] returned to work
again and one patient retired.
Discussion
For the first time, the present study provides comprehensive
data on the medical rehabilitation of ACHD after previous
treatment in a tertiary care center.
The reason for conducting the present study was that
despite the increasing number of ACHD worldwide,
there are only few structured cardiological rehabilitation
programs and few scientific studies on this specific patient
population. In contrast, rehabilitation measures for acquired
heart disease have been scientifically better investigated.
The currently available data on ACHD derive mostly
from small, uncontrolled studies with very different types

© Cardiovascular Diagnosis and Therapy. All rights reserved.

of CHD, due to the fact that until a few decades ago the
need for specific rehabilitation of patients with CHD was
underestimated (16).
Current study data show that rehabilitation of ACHD
requires consideration of special features that differ
considerably from those of acquired heart disease. The
fact that ACHD often cannot be treated in the same way
as acquired heart disease places tremendous demands on
rehabilitation facilities.
The data from a large cohort of native, surgically or
interventional treated CHD (n=205), which included almost
all types and severity degrees [moderate: 35.1% (n=72);
severe: 41.0% (n=84)] of CHD and syndromes, showed
that many of these patients required medical rehabilitation.
Almost all patients (98.6%; n=202) had received up to six
re-operations or an interventional treatment (26.8%; n=41)
because of their CHD. The age of the included patients was
low (median 31 years; range: 16 and 68 years) compared to

Cardiovasc Diagn Ther 2020 | http://dx.doi.org/10.21037/cdt-20-727

Cardiovascular Diagnosis and Therapy, 2020

9

Table 7 Cardiac interventions after rehabilitation measures
Cardiac diagnosis

Sex, m/f Age (years) Interventions after rehabilitative measures

Aortic valve stenosis

M

16

Pacemaker implantation

Atrial septal defect

F

61

Pacemaker implantation

Double outlet right ventricle (Fallot type)

F

27

Stent implantation in RVOT

DORV-TGA

M

27

Additional RV-PM probe implantation

Ebstein’s anomaly

F

32

Pacemaker implantation

Ebstein’s anomaly

F

19

Amplatzer-ASD-Occluder

Pulmonary atresia + VSD

M

21

VSD closure

Pulmonary valve stenosis

F

29

PDA closure

Tetralogy of Fallot

M

65

Coronary stent

Tetralogy of Fallot

F

65

Pacemaker implantation

Tetralogy of Fallot

M

19

Stent implantation in RV-PA-Homograft and Melody valve

Tetralogy of Fallot

F

36

Pacemaker implantation

Tetralogy of Fallot

M

30

Stent implantation and implantation of a Melody valve

Transposition of the great arteries

F

34

ICD implantation

Transposition of the great arteries

M

36

MV replacement, TV-plastic, MV exchange, pacemaker revision

Transposition of the great arteries

M

29

Tricuspid valve occlusion occlusion

Tricuspid atresia

F

36

Coil closure of veno-venous collaterals

Tricuspid atresia

M

43

Pacemaker implantation

Truncus arteriosus communis

M

26

Balloon dilatation of the pulmonary artery + stent implantation
(pulmonary artery)

M, male; F, female; RVOT, right ventricular outflow tract; DORV-TGA, double outlet right ventricle - transposition of the great arteries type;
RV, right ventricle; PM, pacemaker; ASD, atrial septal defect; VSD, ventricular septal defect; PDA, patent ductus arteriosus; PA, pulmonary
artery; ICD, implantable cardioverter-defibrillator; MV, mitral valve; TV, tricuspid valve.

the age of patients who normally receive rehabilitation due
to acquired heart disease.
Although the majority of CHDs were “repaired” in the
current study, almost all patients exhibited anatomical and/
or functional conditions, residuals and sequelae. These
conditions are typical for the pathological anatomy of the
CHD or the type of therapeutic intervention and may
have a negative impact on the quality of life, performance,
work capacity and longevity. This situation also reflects
the future requirement of modern rehabilitation facilities.
Expectations placed on physicians and nursing staff of a
rehabilitation clinic will be increasing in order to provide
highly-qualified medical care.
One reason for the rising demand is the fact that the
duration of the hospital stays of ACHD after cardiac
operations or interventions or cardiac decompensation is
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becoming shorter and shorter. In addition, post-operative/
interventional complications frequently occur in the first
weeks and months after a hospital stay, i.e., during the
period of rehabilitation. Therefore, physicians and nurses
in rehabilitation facilities must be familiar with CHD and
technically knowledgeable about how to manage specific
complications.
Since CHD patients’ rehabilitation needs are often
complex, rehabilitation should preferably be performed in
an experienced facility with an ACHD-certified (pediatric)
cardiologist and in close cooperation with a supra-regional
ACHD-center that can also provide multidisciplinary
treatment of non-cardiac ACHD problems (6,17,18).
The use of rehabilitation facilities is further complicated
by the fact that therapy goals for successful rehabilitation are
currently not sufficiently defined, only cursory guidelines
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or recommendations exist, and there are no concrete
instructions that cover the needs of the ACHD (18).
In order to meet the needs of this specific patient population
and to take the particularities of symptoms, residuals,
complications and problems into account, the near-term
development of a structure for the practical implementation
of rehabilitation in ACHD is necessary.
The ultimate goal of these efforts is to provide better
care for ACHD, maintain or improve their condition and
performance through an optimized rehabilitation program
and to effect reduced morbidity and mortality. Particular
attention should be paid to similarities with and differences
from established rehabilitation concepts in acquired
cardiovascular diseases (e.g., coronary heart disease,
acquired valve changes or cardiac arrhythmias).
All rehabilitation measures, which are partly identical
to tertiary prevention, share the commonality that they
are intended to alleviate the consequences of the disease,
prevent a recurrence, and prevent the disease from
worsening. Various measures are applied, which primarily
aim to inform patients, educate them, and improve their
physical performance.
Acute- and post-acute phase
In the rehabilitation of ACHD, a distinction between the
acute and the post-acute phase has to be made. In the acute
phase, as in acquired heart disease, a comprehensive initial
diagnosis should be made, which takes into account the
patient’s medical history, examination findings, previous
medical reports and medical findings, resting ECG,
echocardiography, exercise ECG and laboratory findings.
On the basis of this diagnosis, rehabilitation goals must be
set and therapeutic measures prescribed. All therapeutic
goals are worked out together with the patient and focus on
risk stratification, performance assessment and identification
of individual problems (13,19).
In the early rehabilitation period of ACHD, the detection
of periprocedural (postoperative/postinterventional)
conditions and complications, typical for the specific CHD,
is of particular importance. From the patients included in
this study it can be deduced that, in particular, ventricular
dysfunction, heart failure, pulmonary hypertension or
pulmonary vascular disease, cardiac arrhythmias, valve
thromboses, thromboembolism, wound healing disorders,
fever, post-thoracotomy syndromes, thoracic scaffold
pain, anaemia (after intraoperative blood loss, haemolysis),
neurological and neurocognitive deficits, and reactive
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depression or a psychosyndromes are relevant (20,21).
For the management of these patients, it is important to
consider the particularities of CHD. In contrast to acquired
heart disease, ventricular dysfunction and heart failure in
ACHD often affect the right (subpulmonary) ventricle or a
morphologically right systemic ventricle. The assessment
and treatment of impaired hemodynamics depends largely
on the type of CHD and the extent of a ventricular
dysfunction which often already exists preoperatively.
As the current study data show, this condition
particularly affects complex CHD with chronic pressure
or volume stress, e.g., univentricular hearts (after Fontan
surgery), transposition of the great vessels after atrial
switch operation with a systemic right ventricle, as well as
pulmonary vascular disease resulting from a primary leftright shunt or severe heart valve disease, e.g., after repair of
a Tetralogy of Fallot (22-27). These patients often respond
differently to therapeutic measures than patients with
acquired heart disease do (25,27).
In these patients, it is often difficult to detect heart failure
using standard or threshold values (e.g., echocardiography),
as these may be specific for the type of CHD and may
differ from the values for acquired heart disease (e.g.,
Fontan circulation, after atrial redirection or in congenitally
corrected transposition).
In principle, the drugs commonly used in adult
cardiology are also used for ACHD, although the specific
characteristics of CHD must be taken into account (26-31).
Nevertheless, there are many uncertainties regarding
therapeutic measures since comprehensive data from
controlled studies are lacking (32).
As the study also shows, cardiac arrhythmias, especially
in complex CHD, often occur as atrial arrhythmias and
less frequently as ventricular arrhythmias. Particularly
susceptible are native or pre-operated patients with atrial
septal defect, tetralogy of Fallot, transposition of the great
arteries after atrial redirection, functionally univentricular
heart after Fontan surgery or Ebstein’s anomaly (33).
In rehabilitation, the detection and treatment of early
postoperative cardiac arrhythmias is, therefore, of great
importance (4,34). Additionally, it should be known that
supraventricular tachycardias are poorly tolerated and can
cause decompensation or death, especially in complex CHD
(e.g., after atrial inversion, in Fontan circulation, in cyanotic
heart defects, in Eisenmenger’s syndrome) (27).
The secondary goal of antiarrhythmic therapy is to
reduce morbidity, maintain ventricular function and
improve prognosis by preventing sudden cardiac death. Risk
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stratification for sudden cardiac death is difficult in CHD
and must be highly individualized. Rehabilitation measures
should already set the course in the right direction, although
the treatment of complex CHD in particular should be
reserved for specialists due to the special features typical of
the underlying CHD (33-35).
Pulmonary arterial hypertension in ACHD particularly
affects shunt lesions (with the extreme form of
Eisenmenger’s syndrome), congenital obstructions of the
left heart, cyanotic heart disease with increased pulmonary
flow, anomalies of the pulmonary artery and, more recently,
patients with univentricular heart and Fontan circulation
who develop pulmonary vascular disease (36-40).
Also in these patients, the therapy performed has to
take the peculiarities of the CHD into account. The
use of specific measures and highly effective, but not
harmless drugs for pulmonary hypertension treatment,
should be coordinated by specialists (26,27,36,39,41)
This coordination is particularly true for patients with
Eisenmenger’s syndrome (42). Supportive therapy
measures include treatment with diuretics, oxygen,
oral anticoagulants, phlebotomies and compensation
for anemia and/or iron deficiency (41,43). Drugs with
systemic vasodilation (e.g., AT blockers, ACE inhibitors)
are only applicable in special circumstances, but may
also be contraindicated if they amplify an existing rightleft shunt and a consecutive deepening of cyanosis. Of
particular importance is the specific pharmacotherapy with
endothelin antagonists, PDE-5 inhibitors, sGC stimulators,
prostanoids, or IP prostacyclin receptor agonists which can
significantly improve quality of life and prognosis (39).
In ACHD, special attention must be paid after a recently
performed surgery. It is important to note that anaemia in
vitally-associated cyanosis is defined, weighted and treated
differently than in acquired heart disease (43).
Other common early postoperative/interventional
problems concern the detection, evaluation and treatment
of newly-occurring or persistent fever and inflammatory
reactions (leukocytosis, increase of CRP, SPA, procalcitonin, etc.), as seen, for example, in endocarditis early
after valve replacement or in wound infections and wound
healing disorders. In principle, however, the diagnosis and
treatment do not differ significantly from the postoperative
procedures for acquired heart defects (44).
For endocarditis prophylaxis, the physician in the
rehabilitation clinic must be aware of the special features
of ACHD since the incidence of infective endocarditis
is higher than in the general population (45,46). Since

© Cardiovascular Diagnosis and Therapy. All rights reserved.

11

the mortality rate of the disease is still high and patients
are at risk of developing infective endocarditis during
rehabilitation, the rehabilitation clinic should be informed
about typical symptoms (e.g., fever, night sweats, unclear
weight loss, changed findings during auscultation, newly
occurring heart failure) and patients should be advised about
the necessity and practical implementation of endocarditis
prophylaxis.
Rehabilitation in the post-acute phase
In ACHD, advice in the post-acute phase should include
somatic, educational, psychological and social areas. The
somatic area also includes the agreement of rehabilitation
goals and the prescription of therapeutic measures (13,19).
Education should include health promotion and patients
should be instructed about the importance of a healthy
lifestyle. This lifestyle instruction includes the elimination
of nicotine, the acquisition and adherence to a healthy diet,
targeted necessary weight reduction and physical exercise.
In addition, rehabilitative training is provided as required,
e.g., on heart disease, endocarditis prophylaxis and, if
necessary, self-management of oral anticoagulation.
Psychosocial support
The current study has shown that the somatic recovery
and professional-/social integration of the often quite
young patients depends largely on psychological and
social factors. ACHD should be supported in the social
field, in their professional reintegration as well as in their
private environment (e.g., by drawing up a step-by-step
reintegration plan and by initiating benefits for participation
in working life) (47).
Mental stress often exerts a negative influence on the
course of the illness. In some cases, neurological and
neurocognitive deficits as well as reactive depression or
psychosyndromes have existed since childhood (48). For
this reason, screenings for post-traumatic stress disorder,
depression, anxiety or social isolation should be included in
the diagnostics at the beginning of rehabilitation measures
by means of questionnaires and, if necessary, supplemented
by individual interviews (13,49,50).
Physical exercise and resilience in ACHD
ACHD themselves often have limited knowledge about
their heart defects, especially about their physical capacity
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and the purpose/implementation of physical training (51).
Although it is known from patients with acquired heart
disease and chronic heart failure that adapted aerobic
endurance training can improve physical performance,
reduce symptoms, improve quality of life and probably
reduce morbidity and mortality, there is no reliable
data for ACHD. Only small studies show that adapted,
aerobic physical endurance training can improve physical
performance and thus quality of life in ACHD through
improved neurohumoral mechanisms and the adaptation
of peripheral circulation. For this reason, rehabilitation
measures should include a proposal for a specific training
protocol after examining the patient’s individual stress
profile, which can and should be continued at home after
discharge in order to improve resilience, well-being and
other positive psychological changes (52).
In addition to the purely medical issues, a particular
need exists for advice on disability and insurance law, oldage provision, forms of education (school, university,
profession), earning capacity, obtaining a driving license,
airworthiness and often also on pregnancy and inheritance
of heart defects.

Freilinger et al. Outcome of medical rehabilitation in ACHD

addition, the socio-medical classification is discussed with
the patient (including restrictions on benefits and remaining
positive performance) (49).
Limitations
Among the strengths of the current study are the large
sample size of the patients and the inclusion of all types and
severity degrees of CHD. This study has limitations as the
study design was retrospective, therefore, no control group
exists. The study was conducted at a tertiary center for
adults with CHD and at a rehabilitation clinic specialized
in ACHD. As a result, the distribution of patients in terms
of type and severity of the underlying heart defect does
not correspond to the typical patient population as seen
by a general practitioner, internist or cardiologist. The
prevalence of complex abnormalities is probably much
higher in these facilities than in regional hospitals or
in regular cardiology departments. The data presented
is derived solely from patients living in Germany. The
generalization of the conclusions and the transfer to patients
living in other countries or different ethnic groups is
debatable. Further studies are also required in this respect.

Health maintenance and prevention
Acquired co-morbidities, which occur frequently and
have a lasting and unfavorable effect on the natural
course of a CHD, are of particular relevance within a
rehabilitation program for ACHD (53-55). In addition to
acquired cardiovascular diseases (arterial hypertension,
coronary heart disease, valvular diseases, endocarditis),
this occurrence concerns the involvement of other organ
systems, especially the lungs, pulmonary vessels, kidney,
blood, coagulation system, central nervous system and
metabolic disorders (diabetes mellitus, hyperlipidemia,
hyperuricemia). Since ACHD are reaching an increasingly
higher age, education about prevention of aggravation and
complications as well as health promotion is paramount.
Final examination
The final examination includes a review of the drug therapy
and the intended therapeutic goals, the preparation of an
individual training plan for the time after rehabilitation,
recommendations for further treatment (including medical
check-ups, laboratory values, echocardiography) and the
prescription of follow-up and preventive measures (e.g., in
the outpatient coronary-sport groups, physiotherapy). In
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Conclusions
With the primary goal of reducing cardiac morbidity
and mortality, cardiac rehabilitation and prevention
programs for ACHD are an essential part of health care.
Rehabilitation and prevention measures should include the
reduction of typical and known cardiovascular risk factors as
well as social and occupational reintegration. However, the
difference between congenital and acquired heart disease
must always be considered and not all measures applied to
acquired heart disease can be transferred to ACHD.
The existing, rather modest data on rehabilitation and
prevention in congenital heart disease need to be expanded.
Randomized controlled studies on rehabilitation measures
are necessary to prove the efficiency of follow-up treatment
and to develop concepts specific to CHD.
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