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I. Abbreviation 

ADS Allgemeine Depressionsskala 

AS Aortic valve Stenosis 

ASD Atrial Septal Defect 

AVSD AtrioVentricular Septal Defect 

CHD Congenital Heart Disease 

CPET Cardio Pulmonary Exercise Test 

CoA Coarctation of the Aorta 

ES Eisenmenger Syndrome 

HLH Hypoplastic Left Heart 

HRH Hypoplastic Right Heart 

MET Metabolic Equivalent 

PAH Pulmonary Arterial Hypertension 

PFO Patent Foramen Ovale 

PDA Persistent Ductus Arteriosus  

PS Pulmonary valve Stenosis 

TAC Truncus Arteriosus Communis 

TCPC Total CavoPulmonary Connection 

TGA Transposition of the Great Arteries  

ToF Tetralogy of Fallot 

TV Tricuspid Valve 

VSD Ventricular Septal Defect 
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1. Introduction 

 

Survival in congenital heart disease (CHD) has increased substantially due to 

improved surgical techniques, advanced diagnostic methods, and more 

sophisticated medical management.88 Recently, the number of adolescents and 

adults with CHD is rapidly increasing and in the near future, will exceed that of 

the pediatric age group.71  

However, a substantial proportion of this group still expect further medical and 

surgical intervention. In addition, this increasing group of patients has to face 

particular challenges and concerns beyond cardiology like psychosocial issues, 

emotional difficulties, educational delays, sexuality and pregnancy. Patients 

have to cope with these issues in their daily life.38, 75, 101, 115-117 It is for this 

reason that the success of medical, surgical or interventional treatment is no 

longer measured by survival, need for redo-procedures, or cardiac function 

variables, but rather by global physical capacity, or even quality of life.38, 88, 117   

The increased life expectancy now raises another important issue: The need for 

regular physical activity to prevent metabolic diseases like overweight, 

hypertension and diabetes in the future.  

Traditionally, these patients were withheld from physical exercise because of 

the fear of heart failure or sudden cardiac death. Physicians often believe they 

are “on the safe side” when they restrict physical activity coupled with parental 

overprotection in childhood.77, 106 Those patterns of inactivity may lead to 

reduced exercise capacity,30, 80 delayed motor and strength development5, 68 

and overweight.103 All these issues contribute to impairments in social skills and 

psychosocial problems102 and curtail quality of life and probably life expectancy 

in this patient cohort.51 

Nowadays, since several smaller studies have proven that exercise in the 

majority of patients with CHD is safe,33, 40, 108 contemporary consensus 

documents state: “Regular exercise at recommended levels can be performed 

and should be encouraged in all patients with congenital heart disease”.56 

However, they forgot to mention that it might be difficult to promote physical 

activity to those who were forbidden to do so for such a long time. 
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2. Objective 

 

The foundation of this study is based on two major objectives:  

 

1. Gain insight on the daily activity patterns of adolescents and adults with 

 congenital heart disease, as to whether they participate in vigorous or 

 leisurely activities and to analyze how their activities are associated 

 with exercise performance and quality of life. 

 

2. Depict psychological issues like depression and anxiety and their 

 interaction with exercise capacity and quality of life in the vast cohort of 

 patients with congenital heart diseases. 
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3. Medical Background 

 

As shown in Table 1, the human heart bears many different kinds of 

malformations that can appear in isolated or in combined forms. In some cases, 

very complex forms exist including several different single diagnoses. 

Normally CHD are differentiated in cyanotic and acyanotic. For a better 

understanding, this dissertation focused on the ten major subgroups as they are 

presented later on in the research part. This will lead to a better understanding 

of the common heart failures in the future. 

 
Table 1: Prevalence of Congenital Heart Diseases.97 
 

3.1. Isolated Shunts 

Isolated shunts are the most common heart defects that can appear at the level 

of the veins, atria, ventricle and arteries. Generally they were differentiated in 

pre-tricuspid or post-tricuspid, or in the flow or pressure shunts. Regardless of 

the anatomical location, the physiologic consequence of a shunt is the result of 

the shunting of blood from one heart-side to the other. The direction and 

magnitude of shunting are determined by the location, size of the defect and the 

relative compliance of the ventricles (Figure 1). 
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Figure 1: Atrial Septal Defect (left) and Ventricular Septal Defect (right) with a Resultant Left-to-
Right Shunting. 
 

A flow or pre-tricuspid shunt is indicated by an increased blood flow on the level 

of the veins or atria. The anatomic origin of pre-tricuspid shunts is located 

before the blood passes the tricuspid valve. More often than not, this is an Atrial 

Septal Defect (ASD), a Persistent Foramen Ovale (PFO) or a partial 

AtrioVentricular Septal Defect (pAVSD). Partial or total anomalous pulmonary 

venous connections are also forms of pre-tricuspid shunt on the level of the 

veins.  

Due to the pressure gradient, the direction of the shunt is from left-to-right. This 

causes an additional volume load on the right heart side and an increase in lung 

perfusion, which leads to right ventricular dilatation. If left untreated, this leads 

to arrhythmia and right heart failure over the years.10 

On the contrary, a pressure or post-tricuspid shunt’s origin is on the level of the 

ventricles or arteries. Complete AtrioVentricular Septal Defect (cAVSD), 

Ventricular Septal Defect (VSD) and Patent Ductus Arteriosus (PDA) are the 

most common. The aortopulmonary window, a small communication between 

the ascending aorta and the pulmonary artery; and the Truncus Arteriosus 

Communis (TAC) where the embryological structure known as the truncus 
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arteriosus never divides into the pulmonary artery and aorta, are very rare forms 

of post-tricuspid shunts.  

In post-tricuspid shunts, there is also left-to-right shunting with increased 

pulmonary blood flow. The major difference however, is that the shunting blood 

is pumped to the lungs with high pressure from the left ventricle. If untreated,  

majority of patients with unrestrictive shunts at post-tricuspid level will develop 

remodelling of the vascular bed and early irreversible Pulmonary Arterial 

Hypertension (PAH), which leads to irreversible shunt reversal called the 

Eisenmenger Syndrome (Chapter 3.9.). Whereas in patients with pre-tricuspid 

shunting, the development of PAH is delayed over decades. Fortunately, many  

small ASDs or VSDs close spontaneously in early childhood and some of the 

persistent defects in the septal are of small size and not associated with 

hemodynamic burden.  

 

Major shunts with hemodynamic relevance should be closed surgically or 

occluded with a percutaneously placed closure device. When patients show 

symptoms, they typically report fatigue or dyspnea upon exertion. Alternatively, 

the development of sequels like supraventricular arrhythmias, right heart failure, 

paradoxical embolism or syncope may prompt the patient to seek medical 

attention. In those cases, the shunt should be closed surgically or occluded with 

a percutaneously placed closure device to prevent right ventricular dysfunction 

and pulmonary vascular disease in the future.63 

After shunt closure, majority are assumed to be cured without limitations in daily 

life and exercise. Nevertheless, arrhythmia, due to operative scars and heart 

failure, are rare sequels in patients with isolated shunts. 

 

3.2. Aortic Valve Stenosis 

Aortic valve Stenosis (AS) is a narrowing of the aortic valve orifice or of the 

aorta above (supra) or below (sub) the valve. Its severity is determined by the 

obstruction of the blood flow to the Aorta. Due to this obstruction, left ventricular 

pressure increases to maintain the blood pressure in the Aorta. Severity of 

stenosis is typically determined by the pressure gradient across the valve 

measured by ultrasound.  
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To compensate for the increasing resistance at the aortic valve, the muscles of 

the left ventricle thickens to maintain pump function and cardiac output. This 

may not cause any problem at rest, but an increase in output with exercise may 

be limited. The classic symptoms of AS are related to exercise such as angina 

pectoris, and syncope or dyspnea that is caused by an increased demand on 

the heart muscle for oxygen and insufficient coronary filing in the shortened 

diastole.. Therefore, asymptomatic patients should be screened regularly by 

exercise testing if they show symptoms during exercise. Syncope or near-

syncope can also appear because of the Bezold-Jarisch reflex resulting to 

bradycardia and vasodilatation. In addition, shortness of breath due to an 

increased pressure required to fill the left ventricle may appear.  

Patients often are asymptomatic for a long time and their exercise 

performance30 and quality of life78, 80 is best for patients with CHD. Once 

symptoms appear however, survival is dramatically limited.10, 17 Possible 

Intervention could be percutaneous balloon valvuloplasty if the insufficiency 

component of the valve is small. Otherwise, surgical reconstruction or valve 

replacement is required to preserve event free survival. 

Moreover, special relevance should be given to bicuspid aortic valves found in 

2-3 percent of the population. Those patients may be asymptomatic for a long 

time because the deformed valve is not stenotic at birth, but subjected to 

abnormal hemodynamic stress. This may lead to the thickening and calcification 

of the leaflets which results to immobility later in life.10  

 

3.3. Coarctation of the Aorta 

Aortic coarctation (CoA) is a congenital condition whereby the aorta is narrowed 

in the area where the ligamentum arteriosum inserts. This coarctation causes 

an obstruction of the blood flow to the descending thoracic aorta (Figure 2).  
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Figure 2: Coarctation of the Aorta. Descending aorta and its branches are perfused by collateral 
channels from the axillary and internal thoracic arteries through the intercostal arteries. 
 

It is only in severe forms where symptoms like irritability, pale skin or sweating 

or seek physical attention thru a heart murmur during an examination in early 

childhood may be experienced. There are mild forms that may be asymptomatic 

for a long time and the diagnosis is made during routine physical examination, 

when systemic arterial hypertension is observed in the arms, with diminished or 

there is absence in femoral arterial pulses.10 As for patients with aortic stenosis, 

left heart hypertrophy occurs to maintain cardiac output. In contrast to patients 

with aortic stenosis, this hemodynamic burden could be measured in brachial 

blood pressure. Hence, the degree of blood pressure decrease from the right 

arm to the legs could separate those with mild forms from the severe ones and 

serves as a sign for the necessity of intervention. Moreover, due to left 

ventricular adaptation there is no impairment in exercise performance in 

majority of patients with CoA.30, 78  

 

In the past, repair was performed mainly by surgery where the narrowed 

segment with the adjacent ductus arteriosus is restricted and the two ends of 

the aorta are sewn together.24 Recently, ballondilatation or stent implantation is 

also performed. Postoperative complications include residual or recurrent 
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hypertension and coarctation.10 In cases of re-coarctation, the usual method 

used to stretch the area open is catheter intervention. This is done using a 

balloon and/or placing a stent to keep the section open. 

 

Finally, CoA should be considered as a complex cardiovascular syndrome 

rather than an isolated narrowing of the aortic isthmus. Bicuspid aortic valve, 

VSD and cerebral aneurysm are found in many patients with CoA.10 Moreover, 

wall abnormalities were found not only in the ascending and descending aorta. 

This results to an increased stiffness of the aorta and carotid arteries and an 

augmented pulse wave velocity. All of these pathologic conditions, including re-

stenosis, contribute to an increased cardiovascular morbidity and mortality such 

as coronary artery disease, stroke and heart failure.54 

 

3.4. Pulmonary Valve Stenosis 

Same as with patients with aortic stenosis, an obstruction exists due to a 

narrowing, mainly, directly at the orifice of the pulmonic valve which curtails the 

lung perfusion and increases right ventricular pressure; leading to right 

ventricular hypertrophy.10 

When stenosis becomes severe, symptoms like dyspnea upon exertion, 

fatigability or right heart failure may occur. In patients where a foramen ovale is 

apparent, shunting of blood from the right to the left atrium may appear, causing 

cyanosis that might increase under exercise. A surgical intervention should be 

considered, removing the stenosis and, if present, closing the shunt. 

The first palliative surgically procedures to increase lung perfusion were done 

by Alfred Blalock and Helene Taussig.8 Later on Brock procedure12 was used to 

open the valve with a finger punch. Since the 80’s, relief of valvular stenosis is 

normally accomplished easily and safely with percutaneous balloon 

valvuloplasty59 with excellent short and long-term outcome with regards to 

exercise78, quality of life80 and survival18 at any age of the intervention. A valve 

replacement is only required if the leaflets are dysplastic, calcified or if severe 

regurgitation is present.10 
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3.5. Ebstein Anomaly 

Ebstein anomaly is a rare isolated congenital malformation occurring in <1% of 

all cases of CHD. It is characterized by a downward displacement of the 

tricuspid valve into the right ventricle reducing the effectivity of the right 

ventricular volume, an enlarged redundant anterior leaflet and an adherence of 

the septal and/or posterior leaflets to the underlying myocardium. Tricuspid 

regurgitation and right heart failure are the leading clinical findings. Its severity 

is the bases of the different constellations of tricuspid malformation.1, 98 An 

interatrial communication is present in 80% to 94% of patients with Ebstein’s 

anomaly.1, 11 Most often this is a Patent Foramen Ovale that opens with 

increased right atrial pressure. During exercise, these patients suffer from 

cyanosis, dyspnea and exercise intolerance caused by right heart failure and 

interatrial right-to-left shunting (Figure 3).69 

                           
Figure 3: Ebstein’s Anomaly. Showing an atrialized right ventricle 
 
In Ebstein’s anomaly there are patients with mild forms having normal life-spans 

and in good conditions without surgery. Many other patients however, require 

surgery but the appropriate timing for intervention often remains unclear.3, 14 

Nevertheless when functional status deteriorates through an increase in right 

heart size and reduction in systolic function surgery is urgently indicated to 
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preserve right ventricular function.1, 3 A decrease in exercise performance and 

proceeding cyanosis under exercise are also indications for intervention.81  

 

3.6. Tetralogy of Fallot 

Étienne Fallot was the first in describing one of the most common cyanotic CHD 

in 1888. It is characterized by a large ventricular septal defect, an aorta that 

overrides the left and right ventricles, and an obstruction of the right ventricular 

outflow tract which results in right ventricular hypertrophy (Figure 4).36 A more 

contemporary defines “malalignment VSD” as the primary defect resulting in the 

three other findings. 

                             
Figure 4: Tetralogy of Fallot. With substantial obstruction of the right ventricular outflow tract, 
blood is shunted through the ventricular septal defect from right to left. 
 
Brought about by the large VSD, the right and left ventricular pressures are 

similar. Right-to-left shunting of venous blood occurs because of increased 

resistance in the right ventricular outflow tract, the severity of which determines 

the magnitude of shunting.11  

Without surgical intervention, most patients die in childhood. The rate of survival 

is 66 percent at 1 year of age, 40 percent at 3 years, 11 percent at 20 years, 6 

percent at 30 years, and 3 percent at 40 years.4 Hence, complete surgical 
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correction requiring the closure of the VSD and relief of right ventricular outflow 

tract obstruction is performed in infancy. 

 

In this dissertation, patients with Double Outlet Right Ventricle (Aorta and 

pulmonary artery arise both from the right ventricle) or Pulmonary Atresia with a 

Ventricular Septal Defect (PA-VSD) are also referred to the Tetralogy of Fallot 

section. The reason for this grouping is that after the corrective surgery that is 

normally done in infancy, the hemodynamic situation is nearly similar. 

Generally, the VSD was closed with a patch and lung perfusion was relieved 

either with the implantation of an allograft or with a patch in the right outflow 

tract.  

However, stenosis and insufficiency of the conduit usually occur in the sequel 

and force re-operations to avoid right ventricular dysfunction, incidence of 

arrhythmias thru an enlargement of the right ventricle, or even sudden death.11, 

42, 43, 61 Re-intervention is basically done by surgery where the outflow tract is 

renewed with a conduit. Nevertheless, long term survival82 and quality of life80 is 

good in those patients, despite minor limitations in exercise capacity.78 

Fortunately, many patients are already eligible for a percutaneous replacement 

of the pulmonary valve in the catheter lab.9 

 

3.7. Transposition of the Great Arteries   

In Transposition of the Great Arteries (TGA or d-TGA) pathophysiologically the 

aorta arises in an anterior position from the right ventricle and the pulmonary 

artery arises from the left. In order to survive, there must be a communication 

between the two circuits permitted by a PFO, PDA, ASD or VSD (Figure 5). 

Without intervention, prognosis is poor and the mortality rate is up to 90 percent 

by six months of age which makes early surgical intervention essential.11 This 

evolution and progress in surgical intervention of TGA is an important and 

fascinating story of man’s ingenuity in dealing with CHD. 
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Figure 5: Transposition of the Great Arteries (TGA) also named d-TGA  
 
First, palliative procedures described by Blalock and Hanlon7 or Rashkind91  

improved cardiac shunting and eased cyanosis. However, the initial approach 

were two different types of “atrial switch” procedures developed nearly 

simultaneous in the early 60’s by Senning100 and Mustard83 (Figure 6).  

The restored physiologic circulation with in intra-atrial baffle eliminated cyanosis 

and extended survival. However, it was just another palliative procedure, since 

the right ventricle continued to function as a “systemic left ventricle”. Since 

Jatene57 resurrected and superseded the concept, “arterial switch”, also known 

as anatomic procedure, is the method of choice since the early 80’s for almost 

all of the patients born with TGA. Therefore, pulmonary artery and ascending 

aorta are transacted above the valves and switched such as the coronary 

arteries, which result in a normal circulation (Figure 7). 

For research purposes, it is now important to differentiate patients having a 

systemic right ventricle after an atrial switch (Senning and Mustard) from 

patients with systemic left ventricle after an arterial switch (anatomic repair) 

because sequels are completely different. 
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3.7.1. TGA after Atrial Switch (Senning or Mustard) 

The Senning100 and Mustard83 operations revolutionized the care of patients 

with TGA, but along with increasing age, the right ventricle that has to function 

as a systemic ventricle, gets dilated and impaired in its function. 

Baffle obstruction, sinus-node dysfunction and atrial arrhythmias, as well as 

tricuspid regurgitation and right ventricular dysfunction leads to impairment in 

exercise capacity, 45, 78 increased risk of heart failure and sudden death.11, 32, 45  

Surgical repair of the baffle stenosis or replacement of the tricuspid valve and 

pacemaker implantation are common causes for re-operation in addition to 

drugs for heart failure. Heart transplant is the last option for specially selected 

patients. 

                                  
Figure 6: TGA after an atrial switch procedure with in intra-atrial baffle (Mustard procedure) 
 
Even though this procedure has become obsolete, there remains a large cohort 

of adults who underwent atrial redirection in childhood. 

 

3.7.2. TGA after Arterial Switch (anatomic repair) 

Arterial-switch operation replaced the Senning or Mustard operation because of 

an excellent long-term outcome. The main result is the normal ventricular 
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circulation that provokes no dilation in the right heart size. Thus, tricuspid 

regurgitation and right heart failure are, same as arrhythmias, less frequent after 

the anatomic procedure. This results in a better exercise ability in patients after 

the atrial switch.30, 78, 80 

This sophisticated procedure however, bears complications later in life. 

Pulmonary stenosis and stenosis in the pulmonary arteries are the major 

problems caused by a forward displacement of the pulmonary truncus anterior 

to the aorta. 

Moreover, further long term sequels could mean that re-implanting the coronary 

arteries may lead to myocardial ischemia and myocardial infarction. In addition, 

switching the vessels near the valves may lead to insufficiency or stenosis.   

                             
Figure 7: TGA after an aterial switch (anatomic repair)  
 

3.8. Fontan Circulation 

Generally, “Fontan Circulation” is a collective term for those kinds of complex 

CHD not suitable for a bi-ventricular repair. Often it is spoken from a “single 

ventricle”. However, this is incorrect because in almost all patients a dominant 

and an underdeveloped hypoplastic ventricle exist. An absent tricuspid valve 

causes an underdevelopment of the right ventricle leading to a hypoplastic right 
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ventricle. Analogue mitral atresia causes hypoplastic left heart syndrome (HLH). 

Nowadays, these are the most common diagnosis a Fontan procedure is 

indicated. Unfortunately, sometimes it is much more complex (Figure 8). 

 
Figure 8: Double Inlet Left Ventricle with transposition of the great arteries (DILV with l-TGA) 
 

Palliative surgical treatment was first described by Fontan and Baudet37 in 

1971. It involves diverting the venous blood from the right atrium to the 

pulmonary arteries without passing through the morphologic subpulmonary 

ventricle. This eliminated cyanosis and prolonged survival. Over the years, 

several modification developed from Kreutzer65, Björk6 and Lins.67 Arrhythmia 

as a severe long-term sequel resulting from a dilated atrium and operative scars 

could not however be reduced. Thus the major advances in this procedure were 

done by de Leval27 and Marcelletti70 in the late 80’s. The right heart side is now 

completely bypassed by an intra-arterial baffle or an extracardiac conduit and 

the blood flow to the lungs became less turbulent. The generated method was 

named total cavopulmonary connection (TCPC) in either lateral27 or more 

common, extracardiac70 accomplishment (Figure 9). Nevertheless, it still 

remains a palliative and not a corrective surgical treatment of the malformation. 
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Figure 9: Lateral tunnel TCPC with hypoplastic left heart syndrome (left). Extracardiac conduit 
TCPC in a patient with tricuspid atresia and hypoplastic right heart (right) 
 

Since the early 90’s children were treated with a new approach. Normally it is 

structured in three surgical steps during the first two years of life. The advance 

to the classic Fontan is a better hemodynamic condition causing lower 

incidences of obstructions of the cavopulmonary pathway and less arrhythmia 

because of the absence of atrial dilation. This prolongs not only survival, but 

rather provides an improved quality of life and less diminished exercise 

performance in comparison the patients who had undergone a classic Fontan 

procedure.25, 44, 47 

Finally, same as with patients with TGA, there is a large cohort of adults alive 

who underwent the classic Fontan procedure in their childhood. Those should 

be under special surveillance and a possible conversion to a TCPC should be 

carefully discussed. 

 

3.9. Complex Cyanotic Congenital Heart Disease 

Advancements in the treatment of CHD is the result of why many patients with 

cyanotic CHD at birth can now be surgically corrected in infancy or early 

childhood to a normal azyonotic circulation (e.g. ToF, TGA). Those patients with 
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reputed CHD like isolated shunts nowadays, receives attention earlier in life 

avoiding the development of pulmonary hypertension resulting in shunt reversal 

such as Eisenmenger syndrome35, 122 (ES) which is a common reason for 

acquired cyanotic CHD later in life (Figure 10).  

                         
Figure 10: Eisenmenger Syndrome with right-to-left shunt 
 
Nevertheless, there are several patients with cyanotic CHD who had no surgical 

management such as hypoplastic pulmonary arteries or their tremendous 

underlying complexity in remarkably stable situation. 

Their survival depends mainly on the balance of pulmonary to systemic blood 

flow. If pulmonary blood flow is unrestricted, patients suffer from heart failure 

beginning in infancy after the natural decline of pulmonary vascular resistance, 

until they develop pulmonary vascular disease resulting in ES. On the other 

hand, if any kind of pulmonary stenosis is too extensive, they become severely 

cyanotic. Survival is best with a balanced pulmonary blood flow. This situation is 

either achieved by a moderate PS, genuine or after pulmonary arterial banding, 

or by increased pulmonary vascular resistance in ES.53, 79 

Regrettably, during exercise, when systemic vascular resistance drops, 

pulmonary blood flow decreases and cyanosis becomes severe. It is for this 
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reason that exercise capacity and quality of life is at its worse in the cohort of 

patients with CHD.30, 31, 79, 111  

Targets of clinical management are cyanosis, arrhythmia, thromboembolism 

and heart failure.29, 31 However, treatment options are generally limited to 

palliative measures, drugs for the treatment of pulmonary hypertension and very 

selected subgroups of patients may be considered for heart–lung 

transplantation.29 

 

3.10. Uncommon Congenital Heart Disease 

In addition to table 1, there are more various diagnoses and subgroups of CHD 

such as cardiomyopathies, channelopathies, congenital corrected transposition 

of the great arteries or patients with truncus arteriosus communis. However, 

their prevalence is regrettably too small to seek statistical relevance in a single 

centre approach. Thus, for statistics, they are clustered in a separate group 

(“Other”). 
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4. Methods 

 

4.1. Quality of Life Assessment 

To assess depression and health-related quality of life, standardized and well 

evaluated questionnaires were used. The patients received two questionnaires 

at the beginning of the investigation and had to complete them without any help. 

Those lacking reading ability or those cognitively unable to fill in the 

questionnaire without any help were refrained from participation. 

4.1.1. Medical Outcomes Study 36 Item Short Form (SF-36)  

Patients’ quality of life was assessed by the medical outcomes study 36 item 

short form (SF-36). A generic measure of health status or health related quality 

of life, evaluated and used in various specialities of medicine and not specific 

for symptoms of any disease were used. It was also intended for use in 

international studies, as multiple translations were available and their 

comparability has been tested.  

This instrument consisted of 36 questions that can be answered in about 5 

minutes by ticking one of 3–6 given answers. It is a multidimensional instrument 

with eight multi-item components assessing physical functioning (the extent to 

which health limits daily physical activities), role functioning-physical (the extent 

of which physical health interferes with work or other daily activities), bodily pain 

(the extent of bodily pain and its effect on daily life), general health perception, 

vitality, social functioning (the extent to which health interferes with social 

activities), role functioning-emotional (the extent to which emotional problems 

interfere with daily activities), and mental health (a rough score for depression, 

affect, anxiety, etc). A single item component assessed health transition (health 

changes in the past year).  

The score of each component was converted to scales from 0–100 with higher 

scores representing a better quality of life. The self reporting questionnaire with 

a window of four weeks in the German translation with the corresponding 

reference values from Bullinger et al. is used.15, 16  

 



4. Methods 

_______________________________________________________________ 

 26

4.1.2. Allgemeine Depressionsskala (ADS) 

To assess depression, the German translation of the “Center for Epidemiologic 

Studies Depression Scale” from Radloff named “Allgemeine Depressionsskala” 

(ADS) is used.90  

It was designed to measure self-reported symptoms associated with depression 

experienced in the past week. The ASD has been proven to be a reliable 

measure for assessing the number, types, and duration of depressive 

symptoms across racial, gender, and age categories.62, 90, 93 

The long form consists of 20 items retrieving depressive symptoms like 

depressed mood, feelings of guilt and worthlessness, feelings of helplessness 

and hopelessness, psychomotor retardation, loss of appetite, and sleep 

disturbance. With four possible responses to each question, patients report on 

presence and expression of symptoms over the last 7 days. Symptoms were 

summed up. A score of 0 represented no depressive symptoms and a score of 

60 stated a maximal symptomatology.   

According to the German evaluation study55 from Hautzinger & Bailer, individual 

values were summed up and depression was defined as a score higher than 23.  

For a reliable response, the questionnaire contains a “lying score” and patients 

with this score lower than -27 were refrained from statistical analysis.55  

 

4.2. Cardiopulmonary Exercise Test (CPET) 

All patients underwent a symptom limited cardiopulmonary exercise test on a 

bicycle in upright position according to the American College of Cardiology and 

American Heart Association guidelines of 2002.48, 118  

After a 3-minute rest to define baseline values, patients had a 3-minute warm-

up without load, followed by a ramp-wise increase of load with 5, 10, 15, 20 or 

30 W/min depending on the expected individual physical capacity estimated by 

the investigator. The aim was to reach a cycling time of about 8 to 12 minutes 

after warm-up. The end of the CPET was marked by symptom limitation and 

was followed by a 5-minute recovery period, with the first 2-3 minutes cycling 

with minimal load.  
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The exercise test featured a breath by breath gas exchange analysis using a 

metabolic chart (Vmax 229, SensorMedics, Viasys Healthcare, Yorba Linda, 

California). Peak 2OV  was defined as the highest mean uptake of any 30 

second time interval during exercise.  

Reference values (ml/kg/min) were calculated for those 18 years and older 

according to Cooper and Storer.22 

 female:  2OV peak = 5.8 + (62.6 • height(m) – 45.5) • (37.03-0.371 • age(years)) / weight(kg)  

 male:     2OV peak = 5.8 +  (71.6 • height(m) – 51.8) • (44.22-0.394 • age(years)) / weight(kg)  

For patients 12-17 years old, reference values (ml/kg/min) were calculated 

according to Cooper.23 

 female:  2OV peak = (22.5 • height(cm) – 1837.8) / weight(kg) 

male:     2OV peak = (43.6 • height(cm) – 4547.1)  / weight(kg) 

For patients younger then 12 years, the pooled data from both sexes were 

used: 

2OV peak = (37.1 • height(cm) – 3770.6) /  weight(kg) 

 

4.3. Daily Activity Assessment  

Daily physical activity was measured by the triaxial accelerometer RT3 

(Stayhealthy, Monrovia, California, USA) over the next seven days after the 

examination.  

The RT3 is designed as a complete activity recording and measurement system 

for clinical and research applications. Worn on the waist over seven consecutive 

days, it continuously tracks activities throughout the day with the use of piezo-

electric accelerometer technology that measures motion in three dimensions 

and provides tri-axial vector data in activity units. It is only during showering or 

swimming and during bedtime that the accelerometer was taken off.  

In the scientific research, vector magnitudes were used to calculate the three 

dimensions with a sampling epoch of one minute. Daily activity was defined as 

the mean value of activity units over these three days. The daily minutes in 

moderate (3-6 METs) and vigorous activity (>6 METs) were calculated, using 

the published cut-off-points for moderate (> 970 count/min) and vigorous (> 
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2333 counts/min) activity.95 For statistics, the pooled data from moderate to 

vigorous activity representing all activity >3 METs were used. 

According to the contemporary recommendation of the Centre for Disease 

Control and Prevention (CDC), for the average healthy adult to maintain health 

and reduce the risk for chronic disease, the amount of activity should be 30 

minutes a day.87 Recommendation for  patients younger than 18 years was 60 

minutes of moderate to vigorous activity per day according to Centre for 

Disease Control and Pate at al..86  

 

4.4. Statistical Methods 

For skewed data, all descriptive data were expressed in median values and 

interquartile ranges (Q1-Q3).  

Non-parametric Mann-Whitney-U tests were calculated to find differences 

between two diagnostic subgroups. Non-parametric Wilcoxon tests were used 

to compare patients’ data with their individual reference values. Comparisons 

in-between diagnostic subgroups were calculated using a Kruskal-Wallis test. 

Non-parametric Spearmen correlation was applied to find associations between 

the different outcome parameters.  

 

Since data was normally distributed in research Chapter 5.4., descriptive data 

was expressed in mean values ± standard deviation. The Pearson correlation 

was used to find associations between daily activity, exercise capacity and 

quality of life data. Intra-individual differences in activity according to the day of 

the week were tested with a multivariate analysis of variance for repeated 

measurements (MANOVA). 

 

All analyses were performed using PASW Statistics 17.0 (SPSS Inc, Chicago, 

Illinois, USA). P-values <0.05 in a two-sided analysis were considered 

significant. If more variables are tested p-value was adjusted according to 

Bonferroni. 
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5. Study Results and Discussion 

 

5.1. Exercise capacity, quality of life and daily activity in the long-term 

follow-up of patients with univentricular heart and total 

cavopulmonary connection (TCPC)77 

 

Aim of the study 

The objective of the study was to gain insight into the activity patterns of 

patients after TCPC and to determine the different factors on which daily activity 

might depend. 

 

Study subjects 

We investigated patients that had undergone a TCPC in our institution before 

2002. Patients with an earlier Fontan modification converted to a TCPC were 

excluded from the study (Figure 11). 

                   
Figure 11: Patients inclusion. 
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Of 116 eligible patients 17 patients died during follow-up, two had heart 

transplantation and one required a take-down operation. Another 12 moved to 

remote or unknown areas and 18 patients refused to be studied.  

From the total number of 66 patients recruited to our study and examined from 

Oktober 2006 to June 2007, one patient refused to wear the accelerometer, 

three were not able to perform a symptom-limited exercise test due to motoric 

handicaps and another five patients could not fill out the quality of life 

questionnaire (in two for language barriers, in three for mental retardation). So, 

57 patients between 8 and 52 years old completed the whole protocol and were 

included in the study.   

Twenty-one patients had a double inlet left ventricle, 15 tricuspid atresia, eleven 

hypoplastic left heart syndrome, five hypoplastic right heart syndrome, three 

double outlet right ventricle with imbalanced ventricles and two an complete 

atrioventricular septal defect with imbalanced ventricles. Heterotaxy was 

present in three patients. 

Medication consists of oral anticoagulation (53 patients), ACE inhibitor (25), 

diuretics (8), beta-blocker (3) and digoxin (2). 

In 28 patients a lateral tunnel and in 29 patients an extra-cardiac conduit was 

performed in between 1994 and 2001. Median age of the patients at follow-up 

was 14.0 (interquartile range 11.0-17.8 years). TCPC was completed with a 

median age of 5.6 (3.7-8.4) years. In 56% (n=32) of the patients a partial 

cavopulmonary connection (PCPC) was preceding the TCPC. A fenestration 

was created at surgery in 42% (n=24) of the patients with only 4 fenestrations 

open at follow-up.  

Three patients suffered from intermittent or persistent protein-losing enteropathy 

with a total protein level in serum of less than 5.5 g/dl. 

NT-proBNP was within the normal range of less than 480 ng/l in all, but four 

patients.  

The study was in accordance with the declaration of Helsinki (revision 2008). 

The study protocol was approved by the local ethical board (project number 

1568/06). All patients gave written informed consent.  
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Results 

Exercise capacity 

Median peak 2OV  was 25.0 ml/min/kg (20.6-28.7 ml/min/kg) corresponding to 

59.7 % (51-69%) of the age and sex related reference values. 

In children less than 14, exercise capacity was estimated to 62.1% (56.6-

73.9%) of age and sex related reference values, in the teenager and adult 

group mean percentage of relative peak 2OV  was slightly lower with 56.0% 

(47.7-65.5%) of the reference value, outlining that even age and sex corrected 

peak 2OV  decreased with advancing age (Spearman r=-0.339, p=0.010). A 

closer look to the data revealed that especially in males there was not the usual 

increase of exercise capacity during puberty, but rather a progressive decline 

from early adolescence on (Figure 12). 

Exercise capacity was related to NT-proBNP (Spearmen r=-0.322, p=0.017). 

However, we failed to find relations to systemic ventricular morphology, type of 

TCPC, fenestration and protein-losing enteropathy. Exercise cyanosis, defined 

as oxygen saturation below 85 percent during exercise, was observed in twelve 

patients. 

         
Figure 12: Exercise capacity according to age, median measured values (full lines) are 
compared to the median of the individual reference values (dashed lines), depicting that in 
males there is no pubertal increase in exercise capacity and in females there is an enhanced 
decline of exercise capacity starting already in childhood. 
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Quality of life 

Self estimated quality of life was fairly good. In many scales the best imaginable 

result was achieved in many patients (Table 2). 

CHQ-87 (younger than 14 years) SF-36 (14 years or older) 

Dimension Median (Q1-Q3) Dimension Median (Q1-Q3) 

Physical 

functioning   92 (85-96) 

Physical 

function   85 (62.5-91) 

Role-emotional 100 (100-100) Role-physical 100 (75-100) 

Role-behavioural 100 (100-100) Bodily pain 100 (74-100) 

Role-physical 100 (92-100) General health   77 (64-81) 

Bodily pain 100 (73-100) Vitality   65 (52.5-75) 

General behaviour   87 (78-92) Social function 100 (87-100) 

Mental health   78 (71-89) Role-emotional 100 (100-100) 

Self esteem   84 (77-93) Mental health   76 (72-86) 

General health   62 (53-73)   

Family activities   90 (83-99)   

Family cohesion   85 (85-100)   

Table 2: Health related quality of life of children < 14 years (CHQ-87) and adolescents/adults 
14-52 years (SF-36) with univentricular heart after total cavopulmonary connection  
 

Daily activity 

From 57 data samples, median moderate activity was estimated to be 87 

minutes per day (48-112 minutes) and 12 minutes per day (6-24.5 minutes) 

spent in vigorous activity. The pooled data of these two activity intensities were 

98 minutes per day (53-135 minutes). Daily activity was within the 

recommendations of the United Kingdom Expert Consensus Group (≥ 60 

minutes, ≥ 3 MET, ≥ 5 days/week) in 41 patients (72% of the investigated 

patients) (Figure 13).  

Time spent in moderate and vigorous activity correlated significantly with age 

(Spearmen r=-0.506, p<0.001) and exercise capacity expressed as percentage 

of expected (Spearmen r=0.432, p=0.001), representing decreased activity with 
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proceeding age and decreasing exercise capacity. No significant differences 

between males or females were found. 

In the subgroup of children aged younger than 14 the mean activity was 119 

min/day (77-178 minutes, n=28) showing an inverse correlation only to age 

(Spearmen r=-0.451, p=0.016). Patients who were 14 years or older achieved 

73 min/day mean activity (43-118 minutes, n=29) per day with a moderate 

relationship only to exercise capacity (Spearmen r=0.477, p=0.009).  

Neither surgical parameter (extra-cardiac or lateral tunnel TCPC, fenestration, 

prior partial cavopulmonary connection), nor other signs of a failing Fontan 

circulation (protein-losing enteropathy, NT-proBNP) showed any relationship to 

daily activity.  

Only in the children’s group a significant, but weak correlation to the Mental 

Health subscale (Spearmen r=0.380, p=0.046) representing anxiety and 

depressing in the CHQ-87 instrument could be detected. No other relation of 

any scale of the quality of life questionnaires could be found with daily activity in 

our TCPC cohort, even not to vitality or physical functioning. 

Furthermore, seasonal effects in the study period for a higher activity in the 

months at spring were only small and failed significance (Kruskal-Wallis 

X²=13.9, p=0.085).  

                 

Figure 13: Daily time spent in moderate or vigorous physical activity for each TCPC patient by 
patient age for males and females. Reference lines are the age group 50th percentiles for 
normal, healthy children according to Pate and > 17 years of age the recommendations for 
physical activity according to the United Kingdom Expert Consensus Group. 
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Discussion 

Exercise capacity  

This study shows a substantial reduction of exercise capacity, measured as 

peak 2OV  in a cardiopulmonary exercise test, in the TCPC patients. These 

findings are in concordance with previous studies that have reported exercise 

limitations in patients with diverse congenital heart disease30, 50 as well as in 

Fontan patients.46, 73 Like in the longitudinal study of Giardini and colleagues46 

we found a decrease of peak 2OV  in adults over the years even compared to 

the normal decline in healthy subjects. Additionally to this disproportionate 

decline with proceeding age, the gender analysis in our study revealed that 

there was no increase of peak oxygen uptake during puberty in males. This is in 

contrast to healthy male adolescents who increase muscle mass substantially 

during puberty. In our patient group exercise capacity stayed unchanged during 

childhood and declined from early adolescence on. 

Furthermore, we speculated on a better exercise performance in the extra-

cardiac conduit subgroup. Up to now, only electrophysiologic variables could 

show a clinical advantage of an extra-cardiac conduit over a lateral tunnel 

TCPC.2, 28, 85 We also failed to find any differences in exercise capacity. 

However, our extra-cardiac TCPC patients were slightly older at TCPC and at 

follow-up than our lateral tunnel TCPC patients making a realistic comparison 

impossible.  

 

Daily activity 

Nevertheless, our study showed a fairly normal daily activity pattern in our 

TCPC patients. According to the recommendations of the United Kingdom 

Expert Consensus Group, our patient group after total cavopulmonary 

connection mostly complied with the standards for daily activity in moderate (87 

minutes/day) and vigorous (12 minutes/day) exercise. In only 16 of our 57 

patients (28%) a functional reduction of daily activity, missing the recommended 

60 minutes a day, was noted. Therefore, our group of TCPC patients was 

substantially more active than the congenital heart disease groups of McCrindle 

and Massin, who reported reduced physical activity patterns in Fontan 

patients73 and patients after arterial switch operation.72 Compared to 
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McCrindle’s all-kind-of-Fontan group, we speculate that the main factor for 

increased physical activity in our cohort was the better hemodynamic situation 

of the TCPC, representing the contemporary standard of surgical treatment in 

univentricular hearts and outperforming the long-term results of other Fontan 

procedures like atriopulmonary connection or atrioventricular connection.46 

Another factor for increased daily activity might be the changing aftercare 

philosophy of our department within the last five years. Exercise and sport was 

not categorically discouraged. On the contrary, we encourage our patients after 

a solid checkup to attend at school sports and moderate exercise.  

In agreement with other studies in healthy children86, 96 as well as in Fontan 

patients73, we observed a strong age-related decline in physical activity. Only a 

closer look to the individual activity data revealed, that the lack of physical 

activity compared to healthy pears is most prominent in the youngest age group 

below nine, when physical activity in healthy children seems to be most liberate 

throughout life. Overprotection has been reported as an important issue for 

exercise limitation in the younger patients with congenital heart disease.92 It is 

not astonishing that, in accordance to McCrindle73, the youngest children are 

furthest away with regard to daily activity from their healthy counterparts. They 

are usually under close control of their parents and kept away from different 

type of sports and thus controlling their activity even with their exercise capacity 

being closest to normal in this life span.46 Teenagers aged twelve to sixteen 

were less active, but nearer to norm values. With this age, we assume, they 

start to ignore the care from their parents and develop their own activity 

patterns.  

In the adolescent and adult group of 14 years or older effects of aging 

diminished. In that age group there was clear coherence between daily activity 

and exercise capacity. This can be interpreted that only patients with a higher 

exercise capacity show a more active daily life. This might be a sign that indeed 

the reduced exercise capacity curtails the patients daily life despite they do not 

report that in health related quality of life questionnaires (present study,50, 52). In 

this older age group we speculate on this direction of the cause effect 

relationship, as exercise capacity is moderately to severely diminish whereas 

daily activity is close to normal. However, the reduced activity, especially the 
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reduced vigorous activity in early childhood, might be an important contributor 

for deconditioning and proper muscle build-up in childhood and puberty. This 

cause effect relationship, we propose in children, is supported by the fact, that 

none of the investigated variables of heart failure in Fontan patients, for 

example the incidence of sinus node dysfunction or protein-losing enteropathy, 

showed any relation to exercise capacity or daily activity 

 

Daily activity and self-reported quality of life 

In contrast to the patient group 14 years or older we only noted in the children 

subgroup a correlation between daily activity and mental health. This correlation 

outlines, that depression and probably more important anxiety transferred from 

overprotecting parents and health care provider to the young patients is an 

important reason for the diminished activity seen in that age group. 

Furthermore, the lack of correlation between self-estimated vitality and 

objectively measured physical activity seems to be astonishing. However, these 

results are in concordance with McCrindle and colleagues73 who reported only 

poor coherence in perceived general health and decreased physical activity 

patterns after Fontan operation. Other aspects of functional status, as well as 

the answers in a physical activity questionnaire did not show any correlation to 

measured daily activity in their study. Maybe this is the same phenomenon as 

previously reported by Hager et al.52 and in a larger cohort by Gratz et al.50 

comparing objectively measured exercise capacity and self reported physical 

functioning of adults with congenital heart disease. They reported on a 

reasonable misinterpretation of the patients concerning their own physical 

capacity. Others also speculated about this misconception when comparing the 

results of direct psychological tests compared to the results of these subscales 

in self-reported quality of life instruments. 

 

Study limitation 

The measurement of daily activity over the next three consecutive days after 

examination was affected by weekday and weekend alteration. For future 

assessments of daily activity, recording over 1 week should be aspired. 
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Furthermore, the study period should be as small as possible to exclude 

seasonal effects.  

The patients studied here represent a ‘positive’ selection of the total patient 

group of TCPC patients. The excluded patients could either not perform an 

exercise test or could not fill out a quality-of-life questionnaire, had heart 

transplantation or TCPC take-down, or even died during follow-up. So, we can 

only state that patients with a good result of their TCPC can achieve abnormal 

activity pattern in daily life despite severely diminished exercise capacity.
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5.2. Exercise performance and quality of life is more impaired in 

Eisenmenger syndrome than in complex cyanotic congenital heart 

disease with pulmonary stenosis79 

 

Aim of the study 

We aimed to define differences from a single cardiopulmonary exercise test 

between the groups of patients with complex cyanotic congenital heart disease 

with pulmonary stenosis and patients with Eisenmenger syndrome and whether 

they are related to the quality of life. 

 

Study subjects 

We retrospectively analyzed all patients aged fourteen years or older with major 

intra cardiac right-to-left shunts, referred to our exercise laboratory as part of 

their routine follow-up, with progressive cyanosis under exercise. Patients with 

major aorto-pulmonary collateral arteries were excluded. All CPET were 

performed between October 2001 and February 2009.  

In total fifty-eight patients (28 male, 30 female, aged 14-55 years) could be 

studied. Twenty-three of them had hemodynamic relevant pulmonary stenosis 

(PS) or pulmonary arterial banding (PAB). Anthropometric data are shown in 

Table 4. Diagnoses were Double Inlet Left Ventricle in nine patients, 

Transposition of the Great Arteries in five, Congenital Corrected Transposition 

of the Great Arteries with Ventricular Septal Defect in five, as well as Tricuspid 

Atresia, Pulmonary Atresia, Hypoplastic Left Heart Syndrome and Complete 

Atrioventricular Septal defect with unbalanced ventricles in one. 

Thirty-five patients had Eisenmenger syndrome (ES). Twenty one of them had a 

Ventricular Septal Defect, nine Atrial Septal Defect and six Complete 

Atrioventricular Septal Defect. Sixteen Eisenmenger patients were treated with 

vasodilators (9 bosentan, 4 sildenafil, 2 sildenafil and bosentan, 1 sitaxentan). 

The study was in accordance with the declaration of Helsinki (revision 2008). 

Patients agreed to the anonymous publication of their data. 
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Results 

Cardiopulmonary exercise test 

CPET could be performed even in these severely symptomatic patients without 

any incident. Ventilatory threshold could not be determined properly in 18 

patients with ES and two patients with PS. Results are shown in Table 3.  

Exercise capacity displayed as peak 2OV  was severely reduced (13.0 ml/min/kg 

corresponding to 38.6% of age and sex related reference values) and 

ventilatory efficiency expressed as 2COE V/V   slope was markedly increased, 

while PETCO2 was diminished substantially.  

Pulse oxymetric oxygen saturation (SpO2) was reduced at rest and decreased 

severely under exercise. However, SpO2 at rest was strongly correlated to 

peak 2OV  (r=0.436; p=0.001) and 2COE V/V   slope (r=-0.388; p=0.003). Moreover, 

patients with lower oxygen saturation at rest had higher hemoglobin level       

(r=-0.386; p=0.003). 

 

Comparison of diagnostic subgroups 

There were no significant differences between the two subgroups in hemoglobin 

levels, in pulse oxymetric oxygen saturation (SpO2) at rest, and in SpO2 under 

exercise. 

However, there were significant differences in age in between the two 

subgroups. So CPET data were additionally expressed in % of age, body mass, 

height, and sex related reference values (Table 3). 

Exercise capacity displayed in maximal oxygen consumption in ES was worse 

than in cyanotic patients with PS (p=0.044). Moreover, ventilatory efficiency 

expressed as 2COE V/V   slope was more impaired in the ES group (p=0.005) and 

the y-intercept from the 2COE V/V   curve was significant lower in ES (p=0.002). 

End-tidal PETCO2, was reduced in both subgroups but without significant 

difference between the two subgroups (Table 3).  
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Table 3: Anthropometric data and CPET variables according to diagnostic groups compared 
with a two-sided Mann-Whitney-U test (*). 
** In one patient hemoglobin levels were not available 
*** As VT could not be determined properly in all patients VT data are limited to 21 patients 

with PS and 17 patients with ES 
 

Quality of life 

Quality of life measurement was available in only 43 patients (21 PS, 22 ES). 

Fifteen patients (2 PS, 13 ES) were cognitively not able to fill in the quality of life 

questionnaire. Results and p-values of self estimated quality of life were 

displayed in Table 4.  

Self estimated quality of life was significantly reduced in physical functioning, 

role physical, general health, and vitality in correlation to peak 2OV  and 2COE V/V   

slope, but not in correlation to SpO2. The other, more mental components 

showed no differences to the reference values.  

When comparing the PS and the ES group, all median values of the nine 

dimensions were lower in the ES group. However, significance was reached 

only in physical und social functioning (Table 4). 

 
Table 4: Median and interquartile range of self estimated health related quality of life in the 
Eisenmenger Group compared to the pulmonary stenosis group. 
* two-sided Mann-Whitney-U test calculated with % predicted 
** significantly reduced (two-sided Wilcoxon test with reference value) in physical functioning 

(p=1.1E-8), role physical (p=0.018), general health (p=6.7E-8), and vitality (p=0.003) 
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Discussion 

This study showed that patients with cyanotic congenital heart diseases have a 

severely diminished exercise capacity, ineffective ventilation at rest that even 

worsens under exercise. Furthermore, they have a curtailed quality of life 

predominantly in the physical domains. Pulse oxymetric oxygen saturation at 

rest seems to predict exercise capacity and the functional status of patients in 

this study cohort, but not quality of life.  

In most of the investigated criteria, patients with Eisenmenger syndrome 

showed even worse results than patients with cyanotic congenital heart disease 

with pulmonary stenosis.  

 

Safety of exercise testing 

There were no incidents at exercise testing even in that severely cyanotic 

patient group. In concordance with others49, this confirms our policy, to perform 

exercise tests also in severely cyanotic patients, even when SpO2 drops below 

70%, where pulse oxymetry is no longer reliable. However, we always stop the 

exercise test at once when the cyanotic patient starts to complain any 

symptoms that might be referred to cerebral malperfusion or ischemia even if 

criteria of metabolic exhaustion like a respiratory exchange rate >1.1 or 

reaching a plateau in oxygen uptake are not met. In this context it is very 

important to choose an appropriate exercise protocol that does not overstress 

the patients at the beginning and does not provoke inconvenience in the patient.   

 

Exercise capacity 

It is well established, that patients with congenital heart disease show 

diminished exercise capacity that increases with the severity of the underlying 

defect.30, 41, 49, 51, 111 Diller et al. showed that peak 2OV  is a powerful predictor of 

mortality in patients with congenital heart disease30. A peak 2OV  of 15.5 

ml/kg/min was a predictor for mortality in that group combining several 

congenital defects. In our study only 7 (20%) of the ES patients but 15 (65%) 

patients with PS reached this threshold. In concordance to Diller et al.30 and 

Trojnarska et al.110, 111 our study showed the tremendous reduction of peak 2OV  

in patients with persistent cyanotic congenital heart disease. Such as in these 
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two studies the reduction in peak 2OV  was more prominent in patients with ES 

than in cyanotic patients with PS.30, 111 Notwithstanding, there was a mean 

difference in age in-between the two subgroups, what might weakens the 

comparison of exercise capacity. Exercise consumption decreases steeper in 

Fontan patients, which is also a subgroup of congenital heart defects with 

severely limited exercise capacity, than in normal population.47 However, the 

normal decline over a decade is about 10% in healthy people and about 30% in 

Fontan patients. We do not think that a steeper decline of peak 2OV  alone 

accounts for our 45% difference in absolute peak 2OV   values between the two 

subgroups that differ about one decade in age. 

However, as already mentioned as safety issue, CPET to maximum exhaustion 

to assess exercise capacity has important limitations. In our patient groups a 

plateau is rarely reached at peak exercise84 due to muscular exhaustion of the 

legs or the feeling of discomfort in the severely cyanotic patient.20 This 

discomfort cannot be differentiated whether it is a first neurological sign or 

simply a lack of motivation. Also other signs of full metabolic exhaustion are 

rarely achieved as symptoms in this cohort as fatigue, dyspnoea and 

dramatically cyanosis proceed under exercise. Therefore, we can not state that 

measured peak 2OV  really resembled metabolic max 2OV . However, the 

measured peak 2OV  is the maximum the patient reached when they forced 

themselves to exercise as far as it seemed to be acceptable for themselves and 

for the supervising physician. In the comparison between the two groups there 

was a slight trend to a lower respiratory exchange ratio at peak exercise in the 

ES. This might be due to the fact that most of the patients with ES fear 

exercising as they are refrained from any kind of physical activity as 

recommended for patients with pulmonary arterial hypertension without shunt to 

prevent syncope from right heart failure. 

In patients without any shunt, the anaerobic threshold was suggested to provide 

an reliable submaximal parameter for cardiac patients to overcome the need of 

complete exhaustion to determine max 2OV . However the increasing right-to-left 

shunt during exercise show effects on the 2OV  - 2COV  - EV  relation105 that 

often hampers the exact non-invasive determination of the ventilatory threshold. 
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In accordance with Gläser et al.49 we think that this submaximal parameter is of 

less value in cyanotic patients. 

 

Pulse oxymetric oxygen saturation (SpO2) 

Oxygen saturation was severely reduced in this cohort. Same like Diller et al.29 

we found an inverse correlation between hemoglobin levels and oxygen 

saturation at rest. However, neither hemoglobin levels nor oxygen saturation 

showed any differences in-between the diagnostic groups during rest, 

ventilatory threshold or peak exercise.  

In contrast to Gläser et al.49 oxygen saturation measured at rest was associated 

with peak 2OV  and 2COE V/V   slope, stating beneficial results to patients with 

higher SpO2 at rest. As reported in drug studies with endothelin receptor 

antagonism,74, 99 an increase in SpO2 at rest results in a higher exercise 

capacity or prolonged 6-minute walking distance. Thus, SpO2 at rest is an 

important parameter not only for ES, but also for patients with cyanotic 

congenital heart disease to quantify the functional status of the patient and to 

predict exercise capacity. From hemodynamic point of view, a reduced 

pulmonary blood flow with cyanosis limits exercise capacity more than an 

increased pulmonary blood flow at rest with higher cardiac volume load. 

 

Ventilatory inefficiency 

To overcome methodological limitation of peak exercise parameter we focused 

on ventilatory efficiency as a powerful sub-maximal parameter. Thereby, the 

linear relation between carbon dioxide output ( 2COV ) and minute ventilation ( EV ) 

during CPET is used to describe the ventilatory response to exercise expressed 

as 2COE V/V   slope.19 It is fairly independent from the patients’ motivation as the 

relation between 2COE V/V   is linear from the beginning of the exercise test on.19, 

119 Steeper slopes represent a pulmonary ventilation/perfusion mismatch. This 

is the result either by a real ventilation or perfusion problem, but also due to 

increased dead space ventilation at extraordinary hyperventilation19, 104 caused 

by acidosis, CO2-shunting or enhanced ergoreceptor reflex. It is associated with 

poor exercise capacity19, 21, 31 and limited survival31 in patients with heart 

failure19, 21 and with congenital heart disease.45, 111  
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Confirming Dimopoulus et al.31 and Trojnarska et al.110 we found an abnormal 

2COE V/V   slope across all our patients. This is explained by the right to left shunt 

which is increasing at exercise. The shunting desoxyhemoglobin and especially 

the shunting CO2 cause an excessive ventilatory drive at the carotid 

chemoreceptors at exercise. This hyperventilation increases the functional dead 

space ventilation whereas perfusion is not raised adequately because the shunt 

bypasses the pulmonary circulation.105 Furthermore, it has to be assumed that 

an increased ergoreceptor reflex enhances this hyperventilation especially in 

those patients suffering from cardiac cachexia.  

Similar to the aforementioned studies31, 110 patients with ES had a significant 

higher 2COE V/V   slope than the cyanotic patients with cardiac shunts protected 

from PAH by PS. Shunting measured as SpO2 decline at exercise is similar in 

both groups. The additional limitations in ES measured as peak 2OV  and 

elevated 2COE V/V   slope could be explained by a more inhomogeneous lung 

perfusion seen in the ES patients. In contrast, patients in whom the pulmonary 

vasculature is protected from pulmonary vascular remodelling by a PS seem to 

have a less affected lung ventilation/perfusion mismatch and are at least slightly 

able to improve ventilation/perfusion mismatch at the beginning of the exercise. 

To confirm this hypothesis, we also focused on end-tidal CO2 during CPET. In 

healthy people there is an increase of PETCO2 under exercise till the respiratory 

compensation point and then a progressive decline till exhaustion.121 In patients 

with major cardiac shunts or large ventilation/perfusion mismatch there are low 

PETCO2 values at rest that further decline from the beginning of the exercise test 

on.120 This could be shown in our total patient group of cyanotic patients. 

However, we failed to detect differences between the two investigated groups.  

Furthermore we depicted the intercepts from the different 2COE V/V   curves. An 

positive intercept causes the 2COE V/V   to decrease with increasing work rates 

how it is observed in healthy people.26 An intercept equal to zero inversely 

means that 2COE V/V   won’t decrease with increasing work load at the beginning 

of exercise. This phenomenon is almost exclusively seen in PAH patients. 
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Quality of life 

This study shows that quality of life is diminished mainly in the physical 

dimensions. This is in agreement with other studies that outline the rather good 

quality of life in the mental and social domains and the limitations especially in 

the physical domains in the overall group of congenital heart disease.51, 52, 58, 94 

However the comparison of PS and ES patients suggested that ES patients are 

leaving the path of full mental health and compensated social life. This is 

underlined by the fact, that rather many ES patients have to be excluded from 

the SF-36 questionnaire due to cognitive limitations. This uncovers the real 

cognitive status of some patients especially in the ES group. The significantly 

worse self-estimated quality of life in ES patients in some domains outline that 

ES with all its additional burden on cardiovascular and other organ function has 

an overwhelming impact on almost all domains of life quality. This is in 

accordance with Lane et al.66 and Popelova et al.,89 who found a significant 

poorer quality of life in all scales of the SF-36 except in “emotional role” and a 

high incidence of depression in cyanotic patients. 

Furthermore, it is this rather good quality of life in patients with cyanotic 

univentricular hearts, pulmonary stenosis and normal pulmonary vascular 

resistance that retards patients not to undergo transformation in a Fontan-like 

hemodynamic. This operation has excellent results in childhood and early 

adolescence. However in adulthood, this operation has a high mortality and 

even with successful surgery, nobody can guarantee the patient a better clinical 

situation with a passive pulmonary perfusion.    

 

Study limitation 

The study group is small, making statistical analysis underpowered to detect 

subtle differences between the two groups. Especially in the quality of life 

statistic, as well as the relation to CPET variables, results had to be clarified by 

a larger cohort. Moreover, the median age difference of nearly ten years in the 

two subgroups might have affected the data as far as peak 2OV  could have 

decreased steeper with age in these diagnostic groups than in the normal 

population.
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5.3. Minor symptoms of depression in patients with congenital heart 

disease have a larger impact on quality of life than limited exercise 

capacity80 

 

Aim of the study 

Determine the prevalence of depression in the vast cohort of CHD and its 

impact on quality of life and exercise capacity. 

 

Study subjects 

From November 2007 to October 2009, 1684 patients were referred for a 

cardiopulmonary exercise test (CPET) to our laboratory owing to various clinical 

indications. First, we excluded 43 patients without a congenital heart defect. If 

patients were tested more than once, only the first test was included in the 

study. Patients under the age of 14 years were excluded, as the questionnaires 

are not evaluated for that age-group. Furthermore, some patients lacked 

reading ability, had language barrier or mental retardation, or were in a 

prolonged hospitalization in our institution and thus were refrained from 

participation. Forty-three patients refused their participation. After all, our study 

cohort consisted of 787 patients.  

The study was prospectively designed and in accordance with the declaration of 

Helsinki (revision 2008). The study protocol was approved by the local ethical 

board (project number 1931/07). All patients gave written informed consent. 

 

Results 

Since there was an algorithm for the ADS questionnaire for a reliable response 

20 samples were removed from statistical analyze due to a positive “lying 

score”, so that in total 767 samples were statistically analyzed. Anthropometric 

data for the whole group and according to 11 diagnostic groups are presented 

in table 5. 
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ADS score and depression 

ADS score and the prevalence of depression according to diagnostic subgroups 

were presented in table 5. The patients’ ADS scores were significant less than 

their individual reference value (Wilcoxon test, p<0.001). Symptoms of 

depression were found in 66 patients (8.6%). There were no significant 

differences in the ADS scores (% predicted) between the diagnostic subgroups 

(Kruskal-Wallis test, p=0.195).  

Referenced ADS values in “% predicted” were displayed in table 6. 

 

ADS score related to quality of life and exercise capacity 

Quality of life and exercise results according to diagnostic groups were 

presented in table 6.  

ADS score was correlated to all of the nine dimensions of the quality of life 

questionnaire. Especially to the psychosocial domains intermediate and in the 

case of  “mental health” strong correlation was achieved. 

However, the correlation between ADS score and peak VO2 (r=-0.164, p<0.001) 

was rather poor. ADS score showed a better correlation to all dimensions of 

quality of life than peak VO2, even to the SF-36 dimension of “physical 

functioning”. 

 

Discussion 

This study outlined the excellent psychological status in the vast majority of 

patients with CHD also in the field of depression. Astonishingly, only in 8.6% of 

the patients depressive symptoms fulfilled the criteria of depression. However, 

these minor symptoms of depression were strongly correlated to quality of life 

especially to the psychosocial domains and clearly exceeded the impact of 

exercise capacity. 

 

As mentioned above, the prevalence of depression was fairly low with 8.6%. At 

first glimpse we assumed the young median age of 25.6 years in our cohort 

might have reduced the total number of depressive patients. But even corrected 

for age and gender, lower scores persisted in patients with CHD. But a closer 
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view showed that our findings are in line with many other studies who reported 

on excellent psychological status, comparable to standard population.38, 112, 114  

One reason for these results might be that children and adolescents with CHD 

receive more attention than others. The parents involve themselves in a more 

profound way and encourage their children to communicate their physical 

problems as well as their sorrows and fears. This may lead to close bonding 

making mental adjustment to the situation easier.38 Moreover, it is also possible 

that patients are aware of physical restrictions but do not interpret them as 

affecting their life in a negative way, and may adapt to their disease.102 This 

leads to coping strategies reported from Utens et al., that denial mechanisms 

and high achievement motivation possibly lead congenital heart disease 

patients to overrate their emotional states.112 Furthermore, Utens et al.113 

reported on emotional and behavioural problems in children and adolescents 

between 10-18 years. But in their subsequent study adults with CHD obtained 

better scores than healthy peers. Thus they concluded, that these contrasting 

findings may indicate that childhood emotional problems do not persist into 

adulthood.112, 113  

Differences between the diagnostic groups according to ADS score were 

considered to be not significant. Basically, almost all other studies confirming 

this result, that depression and/or quality of life status concerning psychosocial 

domains are independent or only marginally correlated to the underlying defect 

or “severity” of the CHD.38, 51, 52, 64, 66, 76, 102, 107, 113 However, the most of these 

cited studies refers only to the simpler lesions.  

Just a detailed view to the cyanotic subgroup might be warranted. Popelova et 

al.89 reported on a high prevalence of depression in adults with CHD and 

persistent cyanosis. Also Bromberger et al.13 found that emotional disorders 

were more prominent in patients with cyanotic defects and complex lesions. 

Looking at our descriptive data the prevalence of depression in the cyanotic 

group was highest with 13.5%. In general, patients with cyanotic CHD have a 

slightly diminished quality of life concerning psychosocial issues.51, 64, 66 Hence, 

the subgroup of cyanotic patients might be at higher risk to develop this 

emotional disorder and has to be under special surveillance.  

 



5. Study Results and Discussion 

_______________________________________________________________ 

 49

Objectively measured exercise capacity displayed as peak 2OV was only 

marginally affected by symptoms of depression. This is in accordance to earlier 

studies showing that there is no correlation of peak 2OV with the psychosocial 

scales of the SF-36 even in patients with severe lesions.51, 52  

Comparing the impact of depressive symptoms versus exercise capacity on 

quality of life, we cardiologists have to realize that even in some patients with 

severely diminished cardiac performance measured as exercise capacity, this 

exercise capacity is the weaker confounder of quality of life than small shifts in 

the psychological status of the individual. Interestingly, even self-estimated 

“physical function” derived from SF-36 showed numerically less correlation to 

peak 2OV  than to the ADS score. In our earlier studies published by Gratz et 

al.51 and Hager & Hess52 we speculated on the inconsistent prediction of self 

reported functional exercise capacity in patients with CHD. The current study 

showed a possible answer: there is the huge impact of rather small depressive 

symptoms on the self-estimated exercise capacity.  

Nevertheless, our former conclusion is underlined: It is essential to assess 

functional capacity from objective exercise testing and not to rely on the 

patients’ anamnestic reports or self-estimated questionnaires; and it is 

necessary to evaluate quality of life separately in addition to the cardiac function 

variables. However, it has to be mentioned that exercise capacity is related to 

survival in CHD.30 Thus both exercise capacity and quality of life have to be 

independently the aim of medical management. 

 

Study limitations 

This study was performed only in patients receiving regular special surveillance 

for congenital heart disease in our tertiary centre. It has to be mentioned that it 

is standard care in our institution also to focus on psychological issues in all our 

patients. This is not only implemented by the passion of the nurses and medical 

doctors, but also by psychologists employed in the cardiology department to 

look after the psychosocial needs of our paediatric and adult patients with 

congenital heart disease. This might have biased the data towards a better 

psychological outcome in that study. However, the results support our policy. 
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Moreover, refraining patients with language barrier, lacking reading ability or 

mental retardation from participation may biased the date to a higher 

educational or socioeconomic status each in prevalence of depression and 

exercise testing. 
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Diagnosis 

 

n 

 

sex  

female/male 

age 

median (Q1-Q3) 

ADS sum score  

median (Q1-Q3) 

individual reference value 

median (Q1-Q3) 

depression 

prevalence  

 n (percentage) 

Cyanotic 37 22 / 15 31.9 (25.1 - 41.1) 10.0 (6.5 - 18.0) 14.7 (12.8 – 16.1) 5 (13.5%) 

Fontan circulation 57 24 / 33 25.8 (20.5 - 31.3) 9.0 (4.0 - 15.0) 13.5 (12.9 – 16.1) 6 (10.5%) 

TGA after atrial switch 74 32 / 42 27.6 (23.6 – 32.7) 8.0 (5.0 - 17.0) 13.5 (12.9 – 16.1) 6 (8.1%) 

TGA no atrial switch 50 20 / 30 19.8 (16.4 - 33.2) 6.5 (4.0 - 13.25) 13.5 (12.9 – 15.6) 2 (4.0%) 

Tetralogy of Fallot 136 65 / 71 29.9 (19.7 - 33.1) 8.0 (4.25 -15.0) 13.5 (12.9 – 16.1) 13 (9.6%) 

Ebstein anomaly  38 26 / 12 35.0 (26.8 - 47.4) 10.0 (5.0 - 19.5) 14.7 (13.5 – 15.6) 4 (10.5%) 

PS / PR 47 21 / 26 24.9 (19.4 - 30.6) 9.0 (5.0 - 13.0) 13.5 (12.9 – 15.6) 3 (6.4%) 

Coarctation of the aorta 68 15 / 53 24.1 (18.6 - 34.0) 7.0 (3.25 - 12.75) 13.5 (12.9 – 13.5) 1 (1.5%) 

Aortic stenosis 103 26 / 77 23.1 (18.1 - 28.9) 6.0 (3.0 - 12.0) 13.5 (12.9 – 14.4) 8 (7.8%) 

Isolated shunt 90 57 / 33 26.4 (20.0 - 37.0) 9.0 (5.75 - 17.0) 14.7 (13.5 – 16.1) 11 (12.2%) 

Other 67 36 / 31 21.6 (17.4 - 29.4) 9.0 (5.75 - 17.0) 14.7 (12.9 – 16.1) 7 (10.4%) 

  
Total 767 344 / 423 25.6 (19.5 - 33.0) 8.0 (4.0. - 15.0)* 13.5 (12.9 – 16.1)* 66 (8.6%) 

Table 5: ADS score and prevalence of depression according to diagnostic groups. 
ADS score: sum score of depressive symptoms. A score >23 is compatible with the diagnosis of depression.  
* Patients show less depressive symptoms than the reference population (Wilcoxon test, p=4.11×10 -36) 
Kruskall-Wallis test could not find any differences in ADS scores (% of predicted) between the diagnostic groups (p=0.195) 
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Table 6: Results of CPET, ADS and SF-36, presented as percentage of norm values adjusted for age and gender [median (Q1-Q3)] 

 n Peak 2OV  ADS 
Physical 

function 
Role physical Bodily pain General health Vitality Social function Role emotional Mental health 

Health 

transition 

Cyanotic 37 42 (35-54) 73 (40-124) 67 (57-85) 109 (84-114) 114 (77-119) 72 (58-83) 88 (73-108) 96 (81-112) 108 (106-110) 101 (85-117) 96 (93-100) 

Fontan circulation 58 59 (50-71) 61 (26-118) 94 (76-99) 104 (102-113) 112 (95-112) 91 (69-108) 93 (67-114) 107 (84-109) 106 (105-110) 110 (90-122) 94 (94-99) 

TGA after atrial switch 78 68 (53-75) 62 (34-113) 96 (85-104) 102 (104-112) 112 (89-119) 93 (69-107) 96 (69-116) 107 (97-109) 107 (106-110) 104 (88-117) 95 (94-99) 

TGA no atrial switch 52 75 (59-85) 48 (30-88) 99 (84-100) 102 (102-108) 109 (97-115) 90 (74-117) 96 (82-113) 106 (86-108) 106 (105-107) 102 (92-117) 94 (92-96) 

Tetralogy of Fallot 137 73 (61-85) 62 (32-100) 94 (83-101) 104 (102-110) 112 (95-115) 100 (82-121) 95 (74-110) 107 (93-109) 106 (105-108) 106 (91-117) 94 (92-99) 

Ebstein anomaly  40 72 (60-89) 66 (40-139) 97 (77-101) 108 (57-114) 117 (99-123) 88 (69-108) 78 (65-115) 101 (74-112) 108 (75-110) 96 (73-109) 96 (94-101) 

PS/PR 50 81 (68-93) 62 (32-101) 99 (94-104) 103 (98-108) 112 (95-119) 94 (84-107) 103 (75-115) 106 (94-108) 106 (105-110) 110 (87-117) 94 (94-97) 

Coartation of the aorta 70 82 (73-96) 51 (24-96) 99 (93-104) 104 (102-109) 109 (93-113) 94 (81-115) 89 (70-110) 106 (95-108) 106 (105-107) 104 (89-114) 94 (88-96) 

Aortic stenosis 104 87 (74-99) 47 (23-89) 99 (92-104) 104 (102-108) 112 (109-113) 102 (80-121) 99 (79-114) 106 (100-107) 106 (105-106) 107 (89-117) 94 (94-99) 

Isolated shunt 92 80 (68-91) 65 (36-116) 97 (90-104) 108 (81-114) 112 (83-119) 96 (77-116) 88 (66-106) 106 (81-109) 106 (75-110) 104 (89-115) 94 (88-99) 

Other 69 77 (66-91) 51 (30-101) 96 (84-104) 104 (86-111) 113 (109-119) 94 (70-111) 96 (68-104) 106 (90-108) 106 (105-109) 109 (86-117) 94 (88-99) 

total 787 74 (61-87) 61 (30-103) 96 (85-104) 104 (102-112) 112 (94-115) 94 (74-112) 95 (72-111) 106 (93-109) 106 (105-110) 105 (89-117) 94 (92-99) 

Spearman correlation R 

to peak 2OV  (p) 
 

 -0.164 

(5.25 x 10 -6) 

0.391 

(5.49 x 10 -30) 

0.034 

(0.340) 

0.071 

(0.049) 

0.266 

(4.75 x 10 -14) 

0.118 

(9.98 x 10 -4) 

0.075 

(0.036) 

-0.044 

(0.225) 

0.095 

(0.008) 

-0.074 

(0.038) 

Spearman correlation R 

to ADS score (p) 

 -0.164 

(5.25 x 10 -6) 
 

-0.414 

(8.38 x 10 -33) 

-0.301 

(3.33 x 10 -17) 

-0.273 

(2.31 x 10 -14) 

-0.520 

(1.19 x 10 -53) 

-0.645 

(1.75 x 10 -90) 

-0.501 

(5.07 x 10 -50) 

-0.264 

(1.71 x 10 -13) 

-0.740 

(2.41 x 10 -132) 

-0.178 

(8.07 x 10 -7) 
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5.4. Daily physical activity in adults with congenital heart disease is 

positively correlated with exercise capacity but not with quality of 

life78  

 

Aim of the study 

To give a broad overview of the activity patterns of adults with CHD in their daily 

life and to compare daily activity with objective measured exercise capacity and 

quality of life. 

 

Study subjects 

From October 2007 to January 2010 a total of 469 adolescent and adult 

patients with various congenital heart defects completed the health-related 

quality of life questionnaire SF-36 and performed a cardiopulmonary exercise 

test. Afterwards a triaxial accelerometer was given to the patients and worn 

over the next consecutive seven days. Cardiopulmonary exercise test in those 

patients was normal routine evaluation. 

Due to technical problems with the device we had to drop 48 data samples. 

Another 43 data have to be discarded because of insufficient patients’ 

compliance. In 191 cases a full week was recorded. In 155 cases one workday 

and in 32 cases one weekend day was missing. Finally, our cohort consists of 

378 patients (167 female, 28.2 ± 9.1 years) with various CHD.  

The study was prospectively designed and in accordance with the declaration of 

Helsinki (revision 2008). The study protocol was approved by the local ethical 

board (project number 1931/07). Some of the patients’ data were already 

published in our previous study on depression.80 All patients gave written 

informed consent. 

 

Results 

From 378 data samples, study subjects, daily physical activity variables and 

peak oxygen consumption were displayed in table 7. 
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Diagnosis 

 

N 

 

sex  

female/male 

Age  

(years) 

 Moderate activity 

(minutes per day) 

Vigorous activity 

(minutes per day) 

Daily activity* 

(minutes per day) 

 Peak 2OV  

(ml/min/kg) 

Cyanotic 17 7 / 10 29.4 ± 6.4  32.6 ± 35.0 3.6 ± 5.7 36.2 ± 40.5  16.2 ± 5.0 

Fontan circulation 46 22 / 24 27.2 ± 7.1  49.5 ± 34.1 8.0 ± 9.8 57.5 ± 42.1  23.5 ± 8.0 

TGA after atrial switch 59 22 / 37 27.7 ± 5.5  57.8 ± 35.7 8.0 ± 11.0 65.8 ± 42.4  24.8 ± 4.4 

TGA no atrial switch 23 5 / 18 21.3 ± 6.6  62.6 ± 29.0 15.5 ± 20.1 78.1 ± 44.3  30.2 ± 10.4 

Tetralogy of Fallot 66 31 / 35 29.3 ± 9.6  48.3 ± 31.8 5.8 ± 7.1 54.1 ± 35.7  25.6 ± 6.8 

Ebstein anomaly  18 15 / 3 37.8 ± 11.7  37.4 ± 19.9 5.1 ± 7.1 42.4 ± 29.9  21.1 ± 6.4 

Pulmonic Stenosis/Regurge 21 11 / 10 28.2 ± 10.9  50.1 ± 32.5 9.4 ± 11.0 59.5 ± 41.7  28.0 ± 7.6 

Coarctation of the aorta 30 8 / 22 26.1 ± 8.6  57.3 ± 33.5 12.4 ± 11.1 69.7 ± 39.3  32.5 ± 9.1 

Aortic stenosis 45 11 / 34 24.5 ± 8.6  56.5 ± 30.1 12.7 ± 14.6 69.2 ± 39.3  35.1 ± 7.8 

Isolated shunt 36 22 / 14 32.2 ± 7.8  56.4 ± 37.2 9.0 ± 10.2 65.4 ± 42.6  27.2 ± 5.6 

Other 17 11 / 6  31.8 ± 13.2  42.0 ± 17.3 7.7 ± 7.2 49.6 ± 22.2  24.5 ± 6.7 

Total 378 165 /  213 28.2 ± 9.1  51.8 ± 32.7 8.8 ± 11.3 60.7 ± 39.9  26.8 ± 9.1 

Table 7: Patients data according to diagnostic groups 

* pooled data from moderate to vigorous activity representing all activity >3 MET. 
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Daily activity 

Mean daily activity >3 MET was estimated to 60.7 ± 39.9 minutes per day, 

without any significant difference in daily activity in the diagnostic subgroups 

(Figure 14) after correcting the datasheet for age (ANOVA, p=0.098). 

After splitting the data, 51.8 ± 32.7 minutes were of moderate and 8.8 ± 11.3 of 

vigorous intensity. In total 273 of the investigated patients (73.0%) meet the 

recommendation of daily physical activity of at least 30 minutes or more in 

vigorous or moderate activity in adults and at least 60 minutes in adolescents 

(Figure 15).  

      
Figure 14: Mean daily activity and maximum oxygen uptake according to diagnostic subgroups. 
Reference line marks the recommendations for physical activity regarding to ≥ 30 minutes/day, 
≥ 3 MET. 
 

As seen in Figure 14 and Figure 15 males were significantly more active 

achieving 71.4 ± 44.4 minutes of activity per day in contrast to 46.8 ± 27.9 

minutes achieved by females (t-test, p=1.14x10-19). Moreover, there was a 

significant decrease in daily activity with increasing age (Pearson, r= -0.223, 

p=1.25x10-5). 



5. Study Results and Discussion 

_______________________________________________________________ 

 56

                  

Figure 15: Percentage of patients meeting the daily activity recommendations. 
 

Figure 16 showed that interday distribution was stable from Monday to Saturday 

with a slight increase over the weekdays till Friday. Only on Sundays daily 

activity was significantly reduced (MANOVA, p=0.023). 

           
Figure 16: Daily activity according to weekdays with 95% CI (MANOVA, n=191, p=0.023) 
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Exercise capacity 

Exercise capacity assessed as peak oxygen uptake was diminished with 26.8 ± 

9.1 ml/min/kg corresponding to 74.7% ± 19.2% of the age- and sex-related 

reference values. Moreover, peak oxygen consumption decreased with 

proceeding age (r=-0.439, p=3.20x10-19). 

There was a moderate correlation between daily activity and peak 2OV  (r=0.442, 

p=1.82x10-19, Figure 17). 

                 

Figure 17: Coherence of daily activity and peak oxygen uptake according to sex (n=378, 
r=0.442, p=1.82x10-19) 
 

Quality of life 

Self-estimated quality of life was fairly good. In many scales, the best 

imaginable result was achieved in many patients. However, correlations to daily 

activity and exercise capacity were rather poor. 

 

Discussion 

Daily activity in congenital heart disease 

Surprisingly, this study showed that 73% of our investigated patients met the 

recommended 30 minutes for adults and 60 minutes for adolescents of at least 
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moderate activity a day to maintain health and reduce the risk for cardiovascular 

disease. Therewith those patients were just as active as we recommend to their 

healthy peers. 

This is in contrast to many other studies who report on alarmingly diminished 

physical activity. However, these studies focused only on children and 

adolescents with CHD.39, 73, 106 This may indicate that these problems might not 

persist into adulthood. Only Dua et al. presented a small group of 61 adults with 

CHD with physical activity levels being between normal and severely limited.33 

All of these recent studies outlined the need and benefit of physical activity and 

concluded that patients with CHD should be advised to an active lifestyle by 

their physician. This also changed our policy since the middle of this decade on. 

Patient and their parents are now advised in our institution to live an active 

lifestyle and to participate in leisure sports as long as clear contraindications are 

not present. Maybe, our patients have internalized our attitude and this 

paradigm shift changed their activity pattern.  

This was seen already in our previous published study of younger aged Fontan 

patients in which 72% meet the recommendation of daily activity.77 

Nevertheless, we recognized that daily activity was diminished to healthy peers 

especially in the youngest patients, but this seems not to be so dramatically as 

primarily supposed. 

 

Surprisingly, activity was independent of the underlying congenital heart defect 

after correcting the data for age. This implies that all patients with CHD, even 

those with severe lesions, may achieve a normal daily activity pattern as it is 

recommended in the guidelines.60, 86  Nevertheless, a short look might be given 

to the cyanotic subgroup where activity was lowest. Some of this subgroup 

suffers dyspnea and fatigue already at rest making even leisure exercise nearly 

impossible and not advisable. 

As in the healthy population,109 gender differences in daily activity were also 

prominent in our cohort. As shown in the results part and figure 14 males were 

53% more engaged in daily activities than females. Our data confirms the data 

from Fredriksen at. al39 who has already shown the gender differences in 

children with CHD. 
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The steep decline in daily activity with age is also concordant to healthy 

subject.109 It is seen in both sexes but reaching poorer values in woman older 

than 30 years meeting the recommendation in only 37%. This outlines that 

especially females are on higher risk to develop sedentary behaviors than 

males. Therefore, they should be screened about their daily activity and if 

necessary encouraged to stick to an active lifestyle and to participate in leisure 

sports after excluding medical hazards from cardiac residuals. 

 

Looking on interday variability, daily activity was relatively stable from Monday 

to Saturday with slight increase over the week till Friday. These stable 

conditions are concordant to Fredriksen et al.,39 but their patients were not as 

active on Saturday as our cohort. We speculate that this phenomenon is age 

related. Their patients were in mean aged 12.1 years, whereas our cohort was 

in mean 28.2 years. During weekdays everybody is participating in normal work 

or school activities where activity is varying not particularly. Now our cohort of 

adolescents and adults was more engaged in leisure and night activities on 

Friday and Saturday which influenced their daily activity patterns positively. 

Importantly, this participation also in weekend activities in patients with CHD 

implies a good integration to society. 

However, concordant to Fredriksen et al.39, Sunday seems to be the recovery 

day were activity was significant lowest due to a longer sleeping in the morning 

and an earlier resting in the evening. 

 

Daily activity and exercise capacity 

As frequently reported exercise capacity measured as peak 2OV  was reduced in 

almost all patients with CHD and the degree of exercise intolerance was related 

to the underlying anatomical defect.30, 80 However, we could show that exercise 

capacity was higher in patients with more physical activity in patients with an 

univentricular heart after total cavopulmonary connection.77  

Fredriksen et al. already reported on an increased oxygen consumption after a 

5 month training program twice a week.40 Dua et al. confirmed these findings in 

their recent intervention study. After 10 weeks of an individual adjusted home-

based walking program peak oxygen consumption increased significantly in the 
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61 adults with various CHD of all severities. Moreover, they showed that 

exercise is save and feasible in this population and simple daily activity like 

regular walking has already an effect on exercise capacity.34 This is concordant 

to our findings that there was no difference between moderate or vigorous 

activity in our cohort. This implies that a dose of regular moderate activity like 

walking is still enough to enhance aerobic capacity in the broad majority of 

patients with CHD.  

 

Daily activity and quality of life 

Quality of life (QoL) was fairly good, but surprisingly there was only weak 

correlation between daily activity and the physical domains of QoL. This is 

concordant to McCrindle et al. who estimated a relation only to perceived 

general health in Fontan patients. Additionally, in our previous study77 only the 

young children showed a significant relation to mental health. Especially for the 

subscale of “vitality” we assumed stronger relations to activity, but coherence 

was rather poor. Like often reported, there is a discrepancy between 

subjectively answered and objectively measured confounder of QoL in patients 

with CHD. Patients never experienced another situation in their life and thus 

adapt to their disease by coping strategies or denial mechanism.51, 52, 77, 79, 80 

Therefore we suspect that only in intervention studies like described by Dua et 

al.34 and Fredriksen et al.40 shifts in QoL could become obvious in this patient 

group.  

 

Study limitation 

Since our institution policy changed about this millennium and an active lifestyle 

is promoted by our physicians our cohort might be more active than patients 

with CHD being in surveillance somewhere else. The higher proportion of 56% 

males also might have skewed the data to a higher activity level. 
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6. Summary and Clinical Perspective 

 

This thesis showed an excellent adaptation to normal life in patients with CHD. 

Only few need exercise restrictions because of exercise induced arrhythmia or 

ischemia. A great majority leads an active lifestyle, reports on good quality of 

life and psychological wellbeing, even though being limited in their physical 

performance.  

 

Generally, the findings suggest that an active lifestyle should be promoted to 

most patients with CHD. Cardiopulmonary exercise testing is the key to insure 

the safety of activities and to depict limits in exercise capacity to caregivers and 

patients. Several of the older patients with CHD must be educated about active 

lifestyles because the restrictions given to them during childhood still exist in 

their mind. In addition, females particularly have a higher risk to develop 

sedentary behaviors and should therefore be screened with regards to their 

daily activity and, if necessary, be encouraged to stick to an active lifestyle and 

to participate in leisure sports.  

Albeit being active, the great majority is limited in their exercise performance in 

comparison to healthy peers. Those limitations existed since childhood and 

almost all patients have problems in estimating their exercise performances and 

compare them to healthy peers. Therefore, the only way to obtain objective 

information for medical doctors and patients is the cardiopulmonary exercise 

test. If advised to stick to an active lifestyle and to participate in leisure sports, 

patients and doctors should be aware of the objective fitness level and possible 

complications during exercise and not trust the patient’s self-conception. 

 

Moreover, the findings refute the opinion that quality of life is associated with 

exercise performance. Patients with CHD obtain their quality of life from the 

more emotional and mental point of view. Participating in daily life, having 

friends, family and job, is much more important for them to obtain a good quality 

of life than physical fitness. This is the only reason why psychological condition 

in the vast majority of CHD was easier to measure than in healthy peers. 
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Parents and friends involve themselves and encourage the children to 

overcome their physical limitations and to communicate sorrows and fears. 

However, it is of great importance to detect the few who feel restricted because 

the impact on quality of life is tremendous.  

The basic and difficult task now is how to detect patients who feel curtailed in 

their abilities and offer them the right treatment. This is nearly an impossible 

objective for the medical doctors alone and for that reason psychologists should 

support them in detection and offer psychological help to the patients.  

 

In exercise and sports concerns, sports scientists should support medical 

doctors and patients during their outpatient visits. Screening the patients in a 

CPET for their exercise performance or by an accelerometer for their daily 

activity is a need to obtain objective information in order to advice the patients 

appropriately. Only from that information can an individual exercise or can 

sports advice be given. 

Moreover, developing sports programs and supervising exercise intervention 

studies for clinical research is a field where a sports scientist’s help is sought. 
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