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INTRODUCTION 

Congenital heart disease is the most common congenital malformation, and 

accounts for approximately 8 cases per 1,000 life births.1 Five to eight percent of 

patients with congenital heart disease is diagnosed with a transposition of the 

great arteries (TGA). TGA is defined by a concordant atrio-ventricular connection, 

and a discordant ventriculo-arterial connection, creating two parallel circulations. 

Until the mid 1980s, most patients with TGA were palliated with an atrial switch 

operation, leaving the right ventricle (RV) responsible for the systemic circulation.2, 

3 Patients with congenitally corrected transposition of the great arteries (ccTGA) 

have a double discordance; the atria are connected to the opposite ventricles, and 

the ventricles to the opposite arteries. Circulation is not impaired, and surgery 

early in life mostly unnecessary. However, in patients with a ccTGA too, the RV is 

responsible for the systemic circulation. 

 

Mid-term survival is relatively good, with more than 80% of TGA patients reaching 

adulthood.4 However, complications, such as arrhythmias, tricuspid valve 

regurgitation, and reduced exercise capacity, are common, and frequently relate to 

systemic RV dysfunction.5 Accurate diagnostic tools are essential for the clinical 

follow-up of systemic RV function, and evidence based treatment regimens are 

crucial to halt the deterioration of systemic RV function, and provide these young 

patients with a better future. 

 

Systemic RV dysfunction 

Many pathophysiological pathways have been described to play a role in the 

development of systemic RV dysfunction. Already early in life, the myocardium 

becomes severely damaged due to extensive cardiac surgery. As a result of the 

atrial switch operation, the RV becomes responsible for the systemic circulation, 

and is therewith exposed to a constant pressure overload. The RV hypertrophies, 

causing demand ischemia, with subsequent further deterioration of systemic RV 

function. 6 Morphologic abnormalities of the tricuspid valve are frequent, especially 



in patients with a ccTGA, leading to a high incidence of tricuspid valve 

regurgitation. The systemic RV dilates, due to the increased volume load, and its 

function deteriorates even further.7, 8 Although neuroendocrinal activation 

compensates for the diminished contractility at first, it will eventually overstrain the 

already failing ventricle. 9 

 

Therapy 

Although treatment regimens of patients with left ventricular failure are well 

established, clinical management of patients with systemic RV dysfunction remains 

challenging. In theory, patients with systemic RV dysfunction would benefit from 

treatment with diuretics, β-blockers, angiotensin converting enzyme (ACE) 

inhibitors, and angiotensin II receptor antagonists (ARBs). However, conclusive 

evidence on the effect of these medications is lacking. This is mainly due to the 

rarity of the condition, and the heterogeneity of the patient group, which makes 

prospective and sufficiently powered research difficult.  

 

Diagnostic imaging modalities 

For careful follow-up of adult patients with a systemic RV, accurate diagnostic tools 

are essential. Echocardiography remains the first choice imaging modality for the 

systemic RV, as it is non-invasive, widely available, and cost-effective. Systemic RV 

deterioration has been extensively studied by means of echocardiography, and it is 

known that both systolic and diastolic RV function are diminished in adult TGA 

patients.10, 11 Notwithstanding the diminished function of the systemic RV, it 

remained unclear which echocardiographic parameters best predicted a patient’s 

clinical condition. Currently, Cardiovascular Magnetic Resonance (CMR) Imaging is 

considered to be the gold standard for the evaluation of systemic RV volumes and 

function. CMR can provide any desired imaging plane, and does not rely on 

geometric assumptions to calculate systemic RV ejection fraction.12, 13 However, 

20% of patients with a systemic RV is pacemaker or ICD dependent, and an 

increasing number of patients with a failing systemic RV benefits from cardiac 



resynchronization therapy.14-16 As most intra-cardiac devices are currently 

considered to be CMR incompatible, these patients are unsuitable to undergo CMR. 

Multidetector Row Computed Tomography (MDCT) provides a reliable alternative 

for CMR in these patients. 

 

The objectives of this thesis are to obtain more insight in the cardiac 

pathophysiology of adult patients with a systemic RV due to an atrially switched 

TGA, or a ccTGA. In addition, we aim to outline the therapeutic possibilities for 

these patients, and to assess which imaging modalities are best suited to evaluate 

the systemic RV. In addition, we aim to evaluate whether physical exercise adds to 

patients’ clinical and psychological well-being. 

 

OUTLINE OF THIS THESIS 

Treatment regimens in patients with systemic RV dysfunction remain equivocal. 

Chapter 2 reviews the pathophysiology of systemic RV dysfunction, and describes 

all therapeutic possibilities for these patients. It concludes that little evidence is 

available on the treatment of systemic RV dysfunction, and that large-scale, 

prospective research is warranted to overcome this hiatus. In response to chapter 

2, Szymañski argued that most studies on treatment regimens in patients with a 

systemic RV remain inconclusive, due to vague inclusion criteria, and 

heterogeneous patient populations. 16 We agree with Szymañski, although we 

argue that the absolute number of adult patients with a systemic RV does not 

allow for narrow inclusion criteria. To overcome the lack of evidence based 

therapy, we set-up a multi-center, double-blind, randomized controlled trial to 

evaluate the effect of Angiotensin-II receptor antagonists on systemic RV function, 

of which we present the rationale and design in chapter 3. 

In chapter 4 we describe the different mechanisms in which patients with 

an atrially switched TGA, and patients with a ccTGA increase their cardiac output 

during exercise. Whereas ccTGA patients increase both stroke volume and heart 

rate during exercise, patients with an atrially switched TGA lack the ability to 



increase stroke volume, and are primarily dependent on an increase in heart rate. 

To conserve a normal cardiac response to stress seems crucial, as those patients 

who show abnormal response to stress Cardiovascular Magnetic Resonance (CMR) 

Imaging, have a substantially higher risk of adverse outcome, as is stated in 

chapter 5. Physical exercise could positively effect cardiac function in patients 

with a systemic RV. Chapter 6 demonstrates that daily physical exercise is 

positively associated with increased exercise capacity and favorable quality of life. 

We recommend to alleviate current conservative guidelines regarding physical 

exercise in patients with a systemic RV. To definitely prove the value of exercise 

and its safety, we conducted an international, prospective randomized controlled 

trail, in which patients were randomized to participate in an exercise training 

program, or to refrain from such a program. As described in chapter 7, exercise 

training increases exercise capacity in patients with a systemic RV, and can be 

performed safely. 

The role of several diagnostic imaging modalities in the evaluation of the 

systemic RV had not been properly evaluated. Currently, CMR is considered the 

gold standard for the evaluation of systemic RV volumes and function. However, 

methods of delineating the cavity relative to the hypertrophied trabeculations and 

papillary muscles were inconsistent. In chapter 8 we state that cavity delineation 

inside the myocardium of the RV, but outside the trabeculations and papillary 

muscles is the method of preference, as this approach takes less time and gives 

more reproducible values. Twenty percent of patients with a systemic RV are 

dependent on intra-cardiac devices, and therefore unsuitable to undergo CMR. The 

reliability of Multirow Detector Computed Tomography (MDCT) as an alternative to 

CMR is discussed in Chapter 9. Indeed, MDCT provides a reliable alternative for 

CMR for the evaluation of volumes and function in patients with a systemic right 

ventricle, although larger variability between measurements should be taken into 

account. However, patient selection should be restrictive, to avoid unnecessary 

exposure to radiation and contrast agents. Although CMR is considered the gold 

standard to assess systemic right ventricular function, echocardiography remains 



the first choice imaging modality in these patients. In chapter 10 we determine 

that qualitative assessment of systemic RV function and tricuspid annulus plane 

systolic excursion (TAPSE), as measured by echocardiography, best predict a 

patient’s clinical condition.  

 The majority of patients with a systemic RV has undergone surgery early in 

life. Late complications, such as tricuspid valve regurgitation, are frequently seen 

and often require additional surgical intervention. Surgical correction of the leaking 

tricuspid valve increases a patient’s functional status, as is described in chapter 

11. In comparison with tricuspid valve replacement, tricuspid valvuloplasty is 

associated with an increased risk of recurrence of regurgitation. 

 Sexuality is receiving increased attention in patients with acquired heart 

disease, in whom it is affected. Chapter 12 describes that many aspects of 

sexuality are affected in adult patients with four different types of congenital heart 

disease. As sexuality is an important aspect of quality of life in these patients, we 

advise physicians to be receptive to discuss the issue and provide patients with 

adequate therapy. 

 Mackie et al. published an article stating that 61% of patients with 

congenital heart disease are lost to follow-up at the age of 18, in the Canadian 

province of Quebec. In response to this publication, we outline the Dutch situation 

in chapter 13. There are approximately 25,000 adult patients with congenital 

heart disease in the Netherlands. Thanks to the success of the CONCOR database, 

the Dutch national registry and DNA-bank of adult patients with congenital heart 

disease, we know that a mere third of adult patients with congenital heart disease 

fail to receive cardiac care in the Netherlands. 

In chapter 14 all studies presented in this thesis are summarized, and 

future directions for research on adult patients with a systemic RV are discussed. 



 

Reference List 

 

 1. McMahon B, McKeown T, Record RG. The incidence and life expectation of children with 

congenital disease. Br Heart J. 1953; 15:121-9. 

 2. Mustard WT. Succesful two-stage correction of transposition of the great vessels. Surgery. 

1964; 55:469-72. 

 3. Senning A. Surgical correction of transposition of the great vessels. Surgery. 1966; 

59:334-6. 

 4. Wilson NJ, Clarkson PM, Barratt-Boyes BG, Calder AL, Whitlock RM, Easthope RN, Neutze 

JM. Long-term outcome after the mustard repair for simple transposition of the great 

arteries. 28-year follow-up. J Am Coll Cardiol. 1998; 32:758-65. 

 5. Roos-Hesselink JW, Meijboom FJ, Spitaels SE, van DR, van Rijen EH, Utens EM, McGhie J, 

Bos E, Bogers AJ, Simoons ML. Decline in ventricular function and clinical condition after 

Mustard repair for transposition of the great arteries (a prospective study of 22-29 years). 

Eur Heart J. 2004; 25:1264-70. 

 6. Hornung TS, Bernard EJ, Jaeggi ET, Howman-Giles RB, Celermajer DS, Hawker RE. 

Myocardial perfusion defects and associated systemic ventricular dysfunction in 

congenitally corrected transposition of the great arteries. Heart. 1998; 80:322-6. 

 7. Chow PC, Liang XC, Cheung EW, Lam WW, Cheung YF. New two-dimensional global 

longitudinal strain and strain rate imaging for assessment of systemic right ventricular 

function. Heart. 2008; 94:855-9. 

 8. Lundstrom U, Bull C, Wyse RK, Somerville J. The natural and "unnatural" history of 

congenitally corrected transposition. Am J Cardiol. 1990; 65:1222-9. 

 9. Bolger AP, Sharma R, Li W, Leenarts M, Kalra PR, Kemp M, Coats AJ, Anker SD, Gatzoulis 

MA. Neurohormonal activation and the chronic heart failure syndrome in adults with 

congenital heart disease. Circulation. 2002; 106:92-9. 

 10. Bos JM, Hagler DJ, Silvilairat S, Cabalka A, O'Leary P, Daniels O, Miller FA, Abraham TP. 

Right ventricular function in asymptomatic individuals with a systemic right ventricle. J Am 

Soc Echocardiogr. 2006; 19:1033-7. 

 11. Eyskens B, Weidemann F, Kowalski M, Bogaert J, Dymarkowski S, Bijnens B, Gewillig M, 

Sutherland G, Mertens L. Regional right and left ventricular function after the Senning 

operation: an ultrasonic study of strain rate and strain. Cardiol Young. 2004; 14:255-64. 

 12. Grothues F, Moon JC, Bellenger NG, Smith GS, Klein HU, Pennell DJ. Interstudy 

reproducibility of right ventricular volumes, function, and mass with cardiovascular 

magnetic resonance. Am Heart J. 2004; 147:218-23. 



 13. Lorenz CH, Walker ES, Graham TP, Jr., Powers TA. Right ventricular performance and 

mass by use of cine MRI late after atrial repair of transposition of the great arteries. 

Circulation. 1995; 92:II233-II239. 

 14. Diller GP, Okonko D, Uebing A, Ho SY, Gatzoulis MA. Cardiac resynchronization therapy for 

adult congenital heart disease patients with a systemic right ventricle: analysis of 

feasibility and review of early experience. Europace. 2006; 8:267-72. 

 15. Gelatt M, Hamilton RM, McCrindle BW, Connelly M, Davis A, Harris L, Gow RM, Williams 

WG, Trusler GA, Freedom RM. Arrhythmia and mortality after the Mustard procedure: a 

30-year single-center experience. J Am Coll Cardiol. 1997; 29:194-201. 

 16. Szymanski P, Klisiewicz A, Hoffman P. Therapeutic options for systemic right ventricular 

failure. Heart. 2009; 95:1950-1. 

 

 



Michiel M Winter, Berto J Bouma, Maarten Groenink, Thelma C Konings, 
Jan GP Tijssen, Dirk J van Veldhuisen, Barbara JM Mulder

TWO
TWO



 

BRIEF SUMMARY 

The number of adult patients with a systemic right ventricle (RV) is steadily 

increasing. Survival is relatively good in these patients, but deterioration of the 

systemic RV seems inevitable. Although therapeutic options for patients with LV  

failure are well established, their role in patients with systemic RV  failure is often 

undefined. To appreciate the potency of LV failure therapy in patients with a 

systemic RV, insight into pathophysiology of systemic RV failure and into recent 

developments in therapeutic research are indispensible. This review provides these 

insights, and will facilitate and ameliorate therapeutic decision making in patients 

with a systemic RV.  



 

INTRODUCTION 

The number of adult patients with a congenital heart defect is steadily increasing, 

due to constant improvements in cardiac surgery. A substantial portion of these 

patients has a morphologic RV supporting the systemic circulation (e.g. patients 

with congenitally corrected transposition of the great arteries (ccTGA) and patients 

with complete transposition of the great arteries (TGA) after an atrial switch 

operation). Patients with ccTGA have a double discordance; the atria are 

connected to the opposite ventricles, and the ventricles to the opposite arteries. 

Although circulation is not impaired, the RV supports the systemic circulation. In 

patients with complete TGA the atria are concordantly connected to the ventricles, 

whereas the ventricles are connected discordantly to the arteries, creating 2 

parallel circulations. Until the mid 1980s, most patients with TGA were palliated 

with an atrial switch operation, leaving the RV responsible for the systemic 

circulation.1 Complications early in life are common in both groups, with 

dysfunction of the systemic RV being the most important contributor to morbidity 

and mortality.2  

 In 2000 there were approximately 11,000 adult patients with a TGA in the 

United States of America alone, and many more worldwide.3 As patients are now 

reaching adulthood, they are becoming a more commonly seen patient group in 

the adult cardiology department. Unfortunately, exact knowledge on the 

pathophysiology of commonly seen complications and evidence based treatment 

regimens are lacking. This is caused by difficulties in performing prospective and 

sufficiently powered research in this small and heterogeneous patient group. 

 

MECHANISMS OF RIGHT VENTRICULAR DYSFUNCTION 

Although progressive deterioration of systemic right ventricular function is common 

in patients with a systemic RV, its exact cause is largely unknown.2 Many 

pathophysiological pathways have been described to play an important role. 

Damage to the myocardium in the peri-operative period could importantly 

influence right ventricular function later in life, both in atrially switched TGA 



 

patients and in ccTGA patients with associated anomalies.4 Moreover, the 

geometry of the RV makes the RV more suitable to handle a volume overload, and 

less suitable to handle the constant pressure overload of the systemic circulation.5 

This pressure overload causes systemic right ventricular hypertrophy, which 

reduces myocardial capillary density and flow reserve. This creates demand 

ischemia, further deteriorating the systemic right ventricular function.6 Data on 

whether the deterioration due to demand ischemia is caused by secondary 

myocardial scarring remain contradictory.7 The often seen anomalous anatomy of 

the coronary arteries in TGA and ccTGA patients, may aggravate the mismatch in 

oxygen supply/demand.8 The tricuspid valve becomes insufficient, as a result of 

dilatation of the valve annulus and of morphologic abnormalities of the tricuspid 

valve. The tricuspid valve regurgitation causes additional strain to the stressed 

ventricle due to an increase in volume overload.2, 4, 9 Moreover, arrhythmias are 

frequently seen and contribute to the deterioration of systemic right ventricular 

function.10 More general heart failure mechanisms are also triggered by the failing 

systemic RV. Neuroendocrinal activation causes vasoconstriction, fluid retention, 

ventricular remodelling, and myocardial necrosis, apoptosis and fibrosis. Although 

these processes compensate for the diminished contractility at first, they will 

eventually overstrain the failing ventricle.11 

Consequently, the pathophysiology of systemic right ventricular dysfunction 

is multi-factorial. Surgical intervention, morphological aspects and physiological 

processes all contribute to the deterioration of the systemic right ventricular 

function as well as to the decline of the patient’s clinical status (figure 1).  



 

Figure 1. Pathophysiological pathways of systemic right ventricular dysfunction. 
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THERAPEUTICAL OPTIONS 

Although treatment regimens of patients with left ventricular failure are well 

established, clinical management of patients with systemic right ventricular 

dysfunction remains challenging. Left ventricular failure is most often caused by 

coronary artery disease, hypertension and dilated cardiomyopathy, whereas the 

development of systemic right ventricular dysfunction is more complicated, as 

mentioned above. This possibly necessitates a different therapeutic approach. Until 

now, no convincing data have been published on the effect of standard left 

ventricular failure regimens in patients with systemic right ventricular dysfunction.  

 

Pharmacological therapy 

ß-adrenergic receptor blockers (ß-blockers) lower both left ventricular failure 

related morbidity and mortality.12 The beneficial effects of ß-blockers are achieved 

by their ability to restore the efficiency of the adrenergic signalling pathway and by 

their cardioprotective properties (e.g. decelerating norepinephrine mediated 

myocardial fibrosis, altering genetic expression, and thereby influencing left 



 

ventricular remodelling).13 Theoretically, treatment with ß-blockers would be 

equally beneficial in patients with systemic right ventricular failure, as there is no 

difference in ß-adrenergic receptor density between the RV and the LV, and the 

down-regulation of the ß1-receptors in the failing LV is similar to that of the failing 

RV.14 However, depressing sinus node function, and atrioventricular conduction 

time and prolonging atrial refractory period could exacerbate pre-existing 

bradycardia and AV-block in patients with a systemic RV. Several studies have 

been performed on ß-blocker therapy in patients with a systemic RV, showing 

promising but divergent results. Three studies found positive results of ß-blocker 

therapy, with an increase in systemic right ventricular ejection fraction or exercise 

duration, or a trend toward such an increase.15-17 However, Giardini et al. found no 

improvement in systemic right ventricular ejection-fraction or in degree of tricuspid 

regurgitation in 31 patients after 10 ± 7 months of treatment with a ß-blocker 

(table 1).18 Sufficiently powered, prospective trials are needed to definitely 

establish the role of ß-blocker treatment in patients with a systemic RV. 

No convincing evidence is available for the use of Angiotensin Converting 

Enzyme (ACE) inhibitors and Angiotensin II receptor blockers (ARB) in patients 

with a systemic RV either. Although their role in the treatment of patients with left 

ventricular failure is well established, it is far from clear that they should be 

prescribed in patients with systemic right ventricular dysfunction.19 Several studies 

have been performed on the effect of ACE inhibitors and ARBs in patients with a 

systemic RV with equivocal conclusions. In 4 recent studies, no significant effects 

on exercise capacity and cardiac function were found (table 1).20-23 Lester et al. 

found a significant improvement in both exercise time and right ventricular ejection 

fraction.24 Although adverse drug reactions to afterload reducing therapy have 

been described (e.g. hypotension, dizziness, fatigue and nausea) in other heart 

failure studies, no such effects were documented in patients with a systemic RV. 

However, most studies were underpowered, had short follow-up periods or had a 

retrospective study set-up. In theory, one would expect a predominantly positive 

effect of ACE-inhibitors or ARBs in patients with a systemic RV, as the renin-



 

angiotensin-aldosteron system is activated in all patients with cardiac failure, 

irrespective of the affected ventricle.11 In patients with left ventricular failure ACE-

inhibitors and ARBs diminish the effects of increased Angiotensin II levels, slowing 

down the progressive deterioration of the LV and improving morbidity and 

mortality.19 As the angiotensin II receptor density of the RV is equal to the 

receptor density in the LV, both ventricles should be equally susceptible for these 

medications.25 However, arguments against the treatment of patients with a 

systemic RV with ACE-inhibitors and ARBs are also postulated. Activation of the 

renin-angiotensin-aldosteron system could be a necessary compensatory 

mechanism in patients with pressure overloaded systemic RV, as is seen in patients 

with a pressure overloaded subpulmonary RV (e.g. patients with chronic cor 

pulmonale).26 Concluding, the need to implement ACE inhibitors and ARBs in the 

standard therapy of patients with a systemic RV remains speculative. 

Diuretics are still essential for symptomatic treatment of patients with left 

ventricular failure.27 No scientific evidence exists for the role of these medications 

in the treatment of patients with systemic right ventricular failure. However, the 

need for such evidence is questionable, as empirical prescription of diuretics to 

alleviate right ventricular failure related symptoms is common and harmless. 

Aldosterone antagonists could add to the positive effects of diuretics, by reducing 

aldosterone induced fibrosis. Reducing serum aldosterone levels leads to lower 

morbidity and mortality in patients with left ventricular failure. 28 Currently, no data 

are available for patients with a systemic RV. 

In summary, the evidence base for the implementation of left ventricular 

failure treatment regimens in patients with a systemic RV is poor. However, 

harmful effects of these drugs in patients with a systemic RV have not been 

described. Therefore, the pragmatic use of drugs seems appropriate until the 

results of sufficiently powered, prospective trials in these patients become 

available. 
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Table 1. Summary of trials with  ß-blockers, ACE-inhibitors and ATII-antagonists in patients with a systemic right 
ventricle 

 
 

 

Cardiac devices 

As medicinal options are not always sufficient to relieve symptoms, more 

aggressive measures are often needed. This involves the implantation of cardiac 

devices, as well as surgical intervention. Pacemaker implantation is often 

performed to restore physiologic cardiac rhythm, with more than 20% of 

pacemaker dependency reported in the adult population of both ccTGA and TGA 

patients.4, 10 Furthermore, new device technology for patients with left ventricular 

failure is upcoming and could be a promising addition to standard device therapy 



 

in patients with a systemic RV. Resynchronization therapy is known to relief 

symptoms in patients with left ventricular failure who are on maximal medical 

treatment and who meet the criteria set by several resynchronization therapy trials 

(e.g. New York Heart Association class III/IV, ventricular dilatation, ventricular 

dysfunction, and QRS-duration > 120 msec).29 Likewise, in patients with a systemic 

RV, ventricular function might improve with cardiac resynchronization therapy. 

Diller et al. found that up to 9% of all patients with a systemic RV meet the above 

mentioned criteria for resynchronization therapy, and could possibly benefit from 

resynchronization therapy. Until now, specific resynchronization therapy criteria for 

patients with a systemic RV are unavailable, and screening for ventricular 

dyssynchrony is seldom performed.30 

Although implantable cardioverter-defibrillators do not prevent or treat 

systemic right ventricular dysfunction, they are placed with increasing frequency in 

patients with congenital heart disease. Surgical scars, cellular injury caused by 

hypoxia and ventricular dilatation could lead to malignant arrhythmias and sudden 

death, with atrially switched TGA patients being most susceptible.31 It is assumed 

that most sudden cardiac deaths in these patients are related to atrial tachycardias 

in combination with systemic right ventricular failure. Therefore, the prevention of 

sudden death should primarily be focussed on the prevention of these atrial 

arrhythmias.32 Only limited data are available on the implications of implantable 

cardioverter-defibrillators implantation in patients with congenital heart disease. 

Alexander et al. demonstrated appropriate device therapy in 28% of patients 

within 2 years after implantable cardioverter-defibrillators implantation for 

secondary prevention. However, complications were common with inappropriate 

device therapy in 25%, lead failure in 16% and infections in 3%. Moreover, only 5 

patients with TGA were included in this retrospective study.33  

 

Cardiothoracic surgery 

The fact that patients with TGA are now reaching adulthood is predominantly due 

to the improvements in cardiothoracic surgery. Numerous associated anomalies 



 

frequently necessitate (re-)intervention at some point in these patients’ lives. 

Tricuspid valve insufficiency is often seen, particularly in ccTGA patients, and 

replacement of the insufficient valve should be considered at the earliest sign of 

right ventricular dysfunction, as long-term survival seems closely correlated with 

the pre-operative ejection fraction. Reports have been published stating a 10-year 

survival of 100% in ccTGA patients with good pre-operative right ventricular 

function (≥ 44% right ventricular ejection fraction measured by means of 

echocardiography), and only 19,5% 10-year survival in those with lower pre-

operative right ventricular ejection fraction (overall 10-year survival was 67.5%).34 

However, surgical intervention is not without risk, with early deaths in 10% of 

operated patients, and the necessity to re-operate in another 25% of patients.34 

Prospective and sufficiently powered studies are essential to determine whether 

positive long-term survival through early intervention outweighs these risks, before 

persuading young, asymptomatic patients to undergo such intervention. 

If all of the above mentioned strategies fail, 2 surgical options remain to 

release the systemic RV from its constant overload; anatomic correction of the 

systemic RV and orthotopic heart transplantation. Anatomically correcting patients 

with a systemic RV has been described in both ccTGA and atrially switched TGA 

patients.35, 36 The procedure should only be performed after retraining of the 

subpulmonary LV by pulmonary artery banding to handle systemic pressures. 

However, the capability of the subpulmonary LV to adapt to the increased pressure 

decreases with age, which diminishes the number of eligible adult patients. 37  

Moreover, complications are numerous, and a mortality rate of up to 28% of 

patients 8 years after surgery has been reported.37, 38 To set indications for such 

extensive surgical intervention, prospective follow-up studies are highly needed. 

However, banding the pulmonary artery in itself can cause a positive change in left 

ventricular geometry, improving tricuspid valve leaflet coaptation, and reducing 

right ventricular volume overload.37 

Although challenging for both patient and clinician, orthotopic heart 

transplantation can become an unavoidable therapeutic possibility. Nowadays, 



 

heart transplantation is a well established treatment strategy for patients with end-

stage left ventricular failure, with survival rates up to 69.8% for 5 years after 

transplantation.39 Results have been published in patients with complex congenital 

heart disease, like transposition of the great arteries, with overall survival 

estimates similar to those of patients without congenital heart disease. Male 

patients and children (after the neonatal period) tend to have the best prognosis.40  

 

CONCLUSIONS 

Progressive dysfunction of the systemic right ventricle is an inevitable complication 

in patients with corrected TGA. The exact pathophysiology remains unclear, but 

seems multi-factorial and heterogeneous. Although treatment regimens for left 

ventricular failure are well established, convincing data on the treatment of 

patients with a systemic right ventricle remain sparse. Combined efforts to perform 

prospective, randomized trials could overcome this shortcoming and provide these 

patients with an optimal long term treatment and a better future. 

 

 

 



 

 

Reference List 

 

 1. Mustard WT. Succesful two-stage correction of transposition of the great vessels. Surgery. 

1964; 55:469-72. 

 2. Roos-Hesselink JW, Meijboom FJ, Spitaels SE, van DR, van Rijen EH, Utens EM, McGhie J, 

Bos E, Bogers AJ, Simoons ML. Decline in ventricular function and clinical condition after 

Mustard repair for transposition of the great arteries (a prospective study of 22-29 years). 

Eur Heart J. 2004; 25:1264-70. 

 3. Marelli AJ, Mackie AS, Ionescu-Ittu R, Rahme E, Pilote L. Congenital heart disease in the 

general population: changing prevalence and age distribution. Circulation. 2007; 115:163-

72. 

 4. Lundstrom U, Bull C, Wyse RK, Somerville J. The natural and "unnatural" history of 

congenitally corrected transposition. Am J Cardiol. 1990; 65:1222-9. 

 5. Becker AE, Anderson RH. How should we describe hearts in which the aorta is connected 

to the right ventricle and the pulmonary trunk to the left ventricle? Am J Cardiol. 1983; 

51:911-2. 

 6. Hornung TS, Bernard EJ, Jaeggi ET, Howman-Giles RB, Celermajer DS, Hawker RE. 

Myocardial perfusion defects and associated systemic ventricular dysfunction in 

congenitally corrected transposition of the great arteries. Heart. 1998; 80:322-6. 

 7. Fratz S, Hauser M, Bengel FM, Hager A, Kaemmerer H, Schwaiger M, Hess J, Stern HC. 

Myocardial scars determined by delayed-enhancement magnetic resonance imaging and 

positron emission tomography are not common in right ventricles with systemic function in 

long-term follow up. Heart. 2006; 92:1673-7. 

 8. Hauser M, Bengel FM, Hager A, Kuehn A, Nekolla SG, Kaemmerer H, Schwaiger M, Hess J. 

Impaired myocardial blood flow and coronary flow reserve of the anatomical right systemic 

ventricle in patients with congenitally corrected transposition of the great arteries. Heart. 

2003; 89:1231-5. 

 9. Chow PC, Liang XC, Cheung EW, Lam WW, Cheung YF. New two-dimensional global 

longitudinal strain and strain rate imaging for assessment of systemic right ventricular 

function. Heart. 2008; 94:855-9. 

 10. Gelatt M, Hamilton RM, McCrindle BW, Connelly M, Davis A, Harris L, Gow RM, Williams 

WG, Trusler GA, Freedom RM. Arrhythmia and mortality after the Mustard procedure: a 

30-year single-center experience. J Am Coll Cardiol. 1997; 29:194-201. 



 

 11. Bolger AP, Sharma R, Li W, Leenarts M, Kalra PR, Kemp M, Coats AJ, Anker SD, Gatzoulis 

MA. Neurohormonal activation and the chronic heart failure syndrome in adults with 

congenital heart disease. Circulation. 2002; 106:92-9. 

 12. MERIT-HF Study Group. Effect of metoprolol CR/XL in chronic heart failure: Metoprolol 

CR/XL Randomised Intervention Trial in Congestive Heart Failure (MERIT-HF). Lancet. 

1999; 353:2001-7. 

 13. Hall SA, Cigarroa CG, Marcoux L, Risser RC, Grayburn PA, Eichhorn EJ. Time course of 

improvement in left ventricular function, mass and geometry in patients with congestive 

heart failure treated with beta-adrenergic blockade. J Am Coll Cardiol. 1995; 25:1154-61. 

 14. Bristow MR, Ginsburg R, Umans V, Fowler M, Minobe W, Rasmussen R, Zera P, Menlove R, 

Shah P, Jamieson S. Beta 1- and beta 2-adrenergic-receptor subpopulations in nonfailing 

and failing human ventricular myocardium: coupling of both receptor subtypes to muscle 

contraction and selective beta 1-receptor down-regulation in heart failure. Circ Res. 1986; 

59:297-309. 

 15. Doughan AR, McConnell ME, Book WM. Effect of beta blockers (carvedilol or metoprolol 

XL) in patients with transposition of great arteries and dysfunction of the systemic right 

ventricle. Am J Cardiol. 2007; 99:704-6. 

 16. Josephson CB, Howlett JG, Jackson SD, Finley J, Kells CM. A case series of systemic right 

ventricular dysfunction post atrial switch for simple D-transposition of the great arteries: 

the impact of beta-blockade. Can J Cardiol. 2006; 22:769-72. 

 17. Lindenfeld J, Keller K, Campbell DN, Wolfe RR, Quaife RA. Improved systemic ventricular 

function after carvedilol administration in a patient with congenitally corrected 

transposition of the great arteries. J Heart Lung Transplant. 2003; 22:198-201. 

 18. Giardini A, Lovato L, Donti A, Formigari R, Gargiulo G, Picchio FM, Fattori R. A pilot study 

on the effects of carvedilol on right ventricular remodelling and exercise tolerance in 

patients with systemic right ventricle. Int J Cardiol. 2006. 

 19. Effect of enalapril on survival in patients with reduced left ventricular ejection fractions 

and congestive heart failure. The SOLVD Investigators. N Engl J Med. 1991; 325:293-302. 

 20. Dore A, Houde C, Chan KL, Ducharme A, Khairy P, Juneau M, Marcotte F, Mercier LA. 

Angiotensin receptor blockade and exercise capacity in adults with systemic right 

ventricles: a multicenter, randomized, placebo-controlled clinical trial. Circulation. 2005; 

112:2411-6. 

 21. Hechter SJ, Fredriksen PM, Liu P, Veldtman G, Merchant N, Freeman M, Therrien J, 

Benson L, Siu S, Webb G. Angiotensin-converting enzyme inhibitors in adults after the 

Mustard procedure. Am J Cardiol. 2001; 87:660-3, A11. 



 

 22. Robinson B, Heise CT, Moore JW, Anella J, Sokoloski M, Eshaghpour E. Afterload reduction 

therapy in patients following intraatrial baffle operation for transposition of the great 

arteries. Pediatr Cardiol. 2002; 23:618-23. 

 23. Therrien J, Provost Y, Harrison J, Connelly M, Kaemmerer H, Webb GD. Effect of 

angiotensin receptor blockade on systemic right ventricular function and size: A small, 

randomized, placebo-controlled study. Int J Cardiol. 2008. 

 24. Lester SJ, McElhinney DB, Viloria E, Reddy GP, Ryan E, Tworetzky W, Schiller NB, Foster E. 

Effects of losartan in patients with a systemically functioning morphologic right ventricle 

after atrial repair of transposition of the great arteries. Am J Cardiol. 2001; 88:1314-6. 

 25. Urata H, Healy B, Stewart RW, Bumpus FM, Husain A. Angiotensin II receptors in normal 

and failing human hearts. J Clin Endocrinol Metab. 1989; 69:54-66. 

 26. Perez-Calvo J, Civeira F, Ferrando J, Martinez-Rodes P, Torralba MA, Banzo J, Prats E, 

Bueno J. The effects of enalapril on exercise capacity and right ventricular function in 

patients with chronic cor pulmonale. An Med Interna. 2000; 17:527-32. 

 27. Bayliss J, Norell M, Canepa-Anson R, Sutton G, Poole-Wilson P. Untreated heart failure: 

clinical and neuroendocrine effects of introducing diuretics. Br Heart J. 1987; 57:17-22. 

 28. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, Palensky J, Wittes J. The 

effect of spironolactone on morbidity and mortality in patients with severe heart failure. 

Randomized Aldactone Evaluation Study Investigators. N Engl J Med. 1999; 341:709-17. 

 29. Abraham WT, Fisher WG, Smith AL, DeLurgio DB, Leon AR, Loh E, Kocovic DZ, Packer M, 

Clavell AL, Hayes DL, Ellestad M, Trupp RJ, Underwood J, Pickering F, Truex C, McAtee P, 

Messenger J. Cardiac resynchronization in chronic heart failure. N Engl J Med. 2002; 

346:1845-53. 

 30. Diller GP, Okonko D, Uebing A, Ho SY, Gatzoulis MA. Cardiac resynchronization therapy for 

adult congenital heart disease patients with a systemic right ventricle: analysis of 

feasibility and review of early experience. Europace. 2006; 8:267-72. 

 31. Walsh EP. Interventional electrophysiology in patients with congenital heart disease. 

Circulation. 2007; 115:3224-34. 

 32. Triedman JK. Arrhythmias in adults with congenital heart disease. Heart. 2002; 87:383-9. 

 33. Alexander ME, Cecchin F, Walsh EP, Triedman JK, Bevilacqua LM, Berul CI. Implications of 

implantable cardioverter defibrillator therapy in congenital heart disease and pediatrics. J 

Cardiovasc Electrophysiol. 2004; 15:72-6. 

 34. van Son JA, Danielson GK, Huhta JC, Warnes CA, Edwards WD, Schaff HV, Puga FJ, Ilstrup 

DM. Late results of systemic atrioventricular valve replacement in corrected transposition. 

J Thorac Cardiovasc Surg. 1995; 109:642-52. 



 

 35. Imai Y, Sawatari K, Hoshino S, Ishihara K, Nakazawa M, Momma K. Ventricular function 

after anatomic repair in patients with atrioventricular discordance. J Thorac Cardiovasc 

Surg. 1994; 107:1272-83. 

 36. Mee RB. Severe right ventricular failure after Mustard or Senning operation. Two-stage 

repair: pulmonary artery banding and switch. J Thorac Cardiovasc Surg. 1986; 92:385-90. 

 37. Poirier NC, Yu JH, Brizard CP, Mee RB. Long-term results of left ventricular reconditioning 

and anatomic correction for systemic right ventricular dysfunction after atrial switch 

procedures. J Thorac Cardiovasc Surg. 2004; 127:975-81. 

 38. Daebritz SH, Tiete AR, Sachweh JS, Engelhardt W, von BG, Messmer BJ. Systemic right 

ventricular failure after atrial switch operation: midterm results of conversion into an 

arterial switch. Ann Thorac Surg. 2001; 71:1255-9. 

 39. Smith L, Farroni J, Baillie BR, Haynes H. Heart transplantation an answer for end-stage 

heart failure. Crit Care Nurs Clin North Am. 2003; 15:489-94. 

 40. Chen JM, Davies RR, Mital SR, Mercando ML, Addonizio LJ, Pinney SP, Hsu DT, Lamour JM, 

Quaegebeur JM, Mosca RS. Trends and outcomes in transplantation for complex 

congenital heart disease: 1984 to 2004. Ann Thorac Surg. 2004; 78:1352-61. 

 

 



 



MM Winter, BJ Bouma, BJ Mulder

P Szymañski, A Klisiewicz, P Hoffman

TWO / SEQUENCE
TWO / SEQUENCE



TO THE EDITOR 

In the recent paper presenting the latest insights into the therapeutic options for 

patients with systemic right ventricles, Winter et al.1 argued that ‘‘the pragmatic 

use of angiotensin converting enzyme inhibitors and b blockers in these patients 

seems appropriate’’. However, they also concluded that ‘‘the evidence base for the 

implementation of left ventricular failure treatment regimens in patients with a 

systemic right ventricle is poor’’ and that ‘‘most studies were underpowered, had 

short follow-up periods, or had a retrospective study set-up’’. 

There is, however, another important reason for the failure to demonstrate 

the efficacy of angiotensin converting enzyme inhibitors, angiotensin II and b 

blockers in patients with systemic right ventricles. The use of renin–angiotensin–

aldosterone axis inhibitors with systemic right ventricles has been based on 

extrapolation from the results of classic heart failure trials, but these drugs were 

used indiscriminately in patients with systemic right ventricles in all published 

intervention studies, irrespective of the presence or absence of systolic 

dysfunction, of the patients’ symptoms, or the degree of neurohumoral activation.  

The population of  patients with a systemic right ventricle is 

heterogeneous, however. In our series,2 only about half had impaired systolic 

function, a quarter had symptomatic right ventricular dysfunction and another 

quarter had asymptomatic right ventricular dysfunction. These finding were similar 

to those found by other authors and are concordant with the variable degree of 

neurohumoral activation in patients with systemic right ventricles. In our patients, 

about two-thirds had normal levels of angiotensin II and almost 40% had normal 

aldosterone levels (submitted for publication). These observations are comparable 

to those reported by Dore et al.3 and are not surprising, because normal renin–

angiotensin–aldosterone axis activity is also seen in patients with asymptomatic left 

ventricular dysfunction and chronic stable heart failure.4 

The majority of patients with systemic right ventricles are asymptomatic or 

mildly symptomatic and have minimal baseline activation of the renin-angiotensin-

aldosterone system. They are therefore, in away, similar to patients with left 



ventricular failure dysfunction participating, for instance, in the SOLVD trial.5 In 

this trial it was estimated, that the treatment of 1000 such patients with enalapril 

for about 3 years would prevent 56 premature deaths over 10 years.5 If this 

outcome was applied directly to the approximately 11.000 adult American patients 

with complete transposition of the great arteries, it would prevent about 600 

deaths from right ventricular failure. 

The important problem, therefore, is the need for appropriately defined 

population(s) of patients with systemic right ventricles, in which it is possible to 

distinguish the efficacy of pharmacotherapy in those who are symptomatic or 

asymptomatic, orwho have preserved or impaired function of the systemic right 

ventricle. These matters can only be properly examined by a multicentre 

randomised trial. 

Until the results of such a trial are available, it is pragmatic to use 

angiotensin enzyme converting inhibitors in patients with symptomatic and 

asymptomatic systemic right ventricular dysfunction2 as well as in patients with 

elevated and ‘‘high normal’’ blood pressure readings,  irrespective of right 

ventricular function.6 
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THE AUTHORS’ REPLY 

We thank Dr. Szymañski for his critical review of our paper on the therapeutic 

options for patients with a systemic right ventricle.1 We agree with the author that 

studies on the effect of angiotensin converting enzyme (ACE) inhibitors, and 

angiotensin II receptor (AT-II) antagonists are hampered by the large 

heterogeneity of the patient population, and that strict definition of the study 

population is of key importance. 

However, the largest impediment in performing trials in patients with a 

systemic right ventricle is to obtain sufficient power, due to the rarity of the 

condition.2 Dr. Szymañski argues that patients with a systemic right ventricle 

resemble, in a way, patients with left ventricular failure as were studied in the 

SOLVD trial. Although the SOLVD investigators were able to set up two separate 

studies to investigate the effect of enalapril (in symptomatic (n=2500) and in 

asymptomatic (n=4600) patients with ventricular dysfunction),3 the number of 

patients with a systemic right ventricle does not allow for such specific population 

definition. Moreover, all patients with a systemic right ventricle are at increased 

risk of developing ventricular dysfunction.1 Therefore, the role of ACE inhibitors 

and AT-II antagonist should be clarified for all patients, irrespective of their current 

clinical condition. 

Nevertheless, we agree with the author that a large-scale, multi-center, 

prospective randomized trial is urgently required to provide us with reliable 

information on the role of ACE inhibitors and AT-II antagonists in the treatment 

regimen of patients with a systemic right ventricle. Currently, we are engaged in 

such a trial, in which almost 100 patients with a systemic right ventricle are 

randomized to receive either valsartan of placebo for the duration of 3 consecutive 

years. Although  we have chosen to use broad inclusion criteria for our study, 

extensive subgroup analyses will be performed which could overcome the problem 

of heterogeneity and identify those patients who are most likely to benefit from 

these medications.  
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ABSTRACT 

Background: Angiotensin II receptor blockers (ARB’s) have been proven 

beneficial in left ventricular failure. In patients with a morphologic right ventricle 

supporting the systemic circulation, its efficacy has not yet been established.  

Methods: We designed a multicenter, prospective, randomized, double-blind, 

placebo-controlled trial studying the effect of valsartan in patients with a systemic 

right ventricle due to a congenitally or surgically corrected transposition of the 

great arteries. The primary endpoint is the change in right ventricular ejection-

fraction as measured by Cardiovascular Magnetic Resonance (CMR) or 

multidetector row cardiac computed tomography (MDCT) in case of pacemaker 

patients. 

Conclusion: This large prospective, double blind randomized placebo controlled 

trial will establish the role of ARBs (valsartan) in the treatment of patients with a 

systemic right ventricle. 

 



 

BACKGROUND 

Patients with complete transposition of the great arteries (TGA) who were treated 

with an atrial switch operation as well as patients with a congenitally corrected 

transposition (ccTGA) of the great arteries function with a systemic right ventricle 

(RV).1, 2 Although midterm survival is favorable, deterioration of RV function usually 

starts early in life.3-8 In addition, both ventricular and supraventricular arrhythmias 

are relatively common.9 Both progressive RV dysfunction and arrhythmias are 

important contributors to morbidity and mortality in patients with a systemic RV.10 

These late complications led to a shift towards the application of the arterial switch 

procedure, in which the morphological left ventricle becomes the systemic ventricle. 

This is currently the standard treatment for newborns with complete 

transposition.11 

However, most TGA-patients now seen at the adult cardiology department 

have undergone an atrial switch procedure. Unfortunately, the use of 

pharmacological agents aiming to slow down deterioration of systemic right 

ventricular function, though widely applied empirically, is not underpinned by 

literature.12 This is caused by the small size and heterogeneity of this patient group, 

which complicates prospective and sufficiently powered research. At present, there 

is no evidence-based foundation for the use of pharmacological agents in the 

attenuation of RV deterioration in adults with congenital heart disease. In patients 

with LV failure the role of Angiotensin Converting Enzyme (ACE) inhibitors and 

Angiotensin II Receptor Antagonists (ARBs) is well established, and is known to 

decrease both mortality and morbidity.13, 14 As the renin-angiotensin system is 

activated in all patients with cardiac failure, regardless of the affected ventricle, 

one would expect a similar beneficial effect in patients with a systemic RV.15 To 

date, only few small studies have been performed on the effect of ACE inhibitors 

and ARBs in patients with a systemic RV.16-20 These studies suffered from short 

follow-up, a small number of patients, inaccurate endpoints or retrospective study 

design. Moreover, results are contradictory. Therefore, a large prospective 

sufficiently powered trial, with a long follow-up, evaluating the use of ARBs in 



 

patients with a morphologic right ventricle supporting the systemic circulation is 

warranted. 

 

STUDY OVERVIEW 

We designed a prospective multicenter, double blind, randomized placebo-

controlled trial to evaluate the effect of ARBs (valsartan) on RV ejection fraction 

(EF). Primary hypothesis of this study is that ARBs improve systemic RV EF as 

measured by CMR or MDCT. Secondary hypotheses are that ARBs decrease 

systemic RV volumes, the incidence of (supra-) ventricular arrhythmias, serum 

neurohormone levels, and improve maximal exercise capacity and quality of life. 

The study is being conducted in six tertiary referral centers in the Netherlands, of 

which three were added one year after study initiation to augment the enrollment 

rate. The protocol has been approved by the institutional ethics committees of 

each participating center. The authors are solely responsible for the design and 

conduct of this study, all study analyses, the drafting and editing of the paper and 

its final contents. The study is supported by an unrestricted grant from Novartis 

Pharma, the Netherlands. The trial is registered at http://www.controlled-

trials.com/ISRCTN52352170/52352170. A flow chart of the study design is shown 

in figure 1.  

 

Subject selection 

Patients of 18 years and over with systemic RV due to ccTGA or surgically 

corrected TGA, treated in one of the participating centers (Academic Medical 

Center Amsterdam, University Medical Center Utrecht, Radboud University 

Nijmegen Medical Centre, University Medical Center Groningen, Erasmus Medical 

Center Rotterdam, and Leiden University Medical Center) were eligible to 

participate in the study. Inclusion and exclusion criteria are detailed in Table 1. 

Potential candidates were identified via the CONCOR database, a national database 

and DNA bank of adult patients with congenital heart disease.21 If a patient met all 

inclusion, and none of the exclusion criteria, the patient was invited to the 



 

outpatient clinic for a detailed explanation of the study and asked for informed 

consent. 

 

Randomization and masking 

Subjects were randomly assigned in 1:1 ratio to the valsartan or placebo treatment 

groups, using randomly permuted blocks of 6 or 4, stratified by site. 

Randomization was performed by the hospital pharmacy of the Academic Medical 

Center in Amsterdam, which acted as a third party. Consequently, both patients 

and study personnel are blinded to the treatment. 

 

Table 1. 

Pregnant or nursing women (a pregnancy test is offered to every female patiënt

within fertile age)

Desire to have children during follow-up

Current treatment of hypertension with an ACE-inhibitor or an Angiotensin II

Receptor Blocker, which cannot be discontinued

Myocardial infarction, stroke or open heart surgery in the previous four weeks

Previous heart transplant, or expected heart transplant within the next six months

Plasma creatinine level > 205 ųmol/L

All adult patients with a systemic right ventricle due to a congenitally or surgically 

Inclusion criteria

Incapability of giving informed consent

Inclusion criteria

Hypersensitivity to valsartan or any of its help substances

Hypersensitivity to intravenous contrast agents

Known bilateral renal artery stenosis

Plasma potasium level > 5.5 mmol/L

 



 

Figure 1: Flow diagram for the trial 

CPET Cardiopulmonary exercise testing; QoL Quality of life questionnaires; CMR Cardiovascular 

magnetic resonance; MDCT multidetector row cardiac computed tomography, CONCOR national 

database and DNA bank of adult patients with congenital heart disease 

 

 



 

Study medication 

Patients in the valsartan group started on 160mg once daily. After two weeks the 

dose was increased to 160 mg twice daily if renal function remained normal. 

Patients in the placebo group were given a similar regimen. Patients who were 

already on ACE inhibitors or ARBs discontinued these at least four weeks prior to 

commencing with the trial medication. Other medication was noted, but continued. 

There is no data on the appropriate dose of valsartan in the treatment of the 

systemic right ventricle. Consequently, the dose was chosen for its hemodynamic 

and hormonal effects in the left ventricle, which have been reported by Latif and 

Baruch. 22, 23 

 

OUTCOME MEASURES 

Study measures (i.e. extensive history-taking, physical examination, CMR or MDCT, 

(24-hours ambulatory) electrocardiography, echocardiography, blood analysis, 

cardiopulmonary exercise testing and quality of life questionnaires) were obtained 

in all participating patients at baseline. They will be repeated after a three year 

follow-up period. Echocardiography is performed yearly (Figure 1). 

 

Clinical data and definitions: 

Cardiovascular Magnetic Resonance 

CMR was performed in all patients at baseline and will be repeated at three year 

follow-up to establish the primary endpoint. CMR imaging acquisition was 

performed with a 1.5 Tesla scanner using a standardized protocol to diminish inter-

observer variability between the different centers.24-27 

After determining the long and short axis, a steady state free procession 

sequence (SSFP) with retrospective electrocardiographic triggering was acquired to 

visualize 2-, 3- and 4-chamber views. These views were used to obtain multi-phase 

contiguous 8 mm short axis slices perpendicular to the ventricular septum 

encompassing the total heart. These sequences were individually adjusted to 

acquire short axis slices with optimal spatial and temporal resolution. Typical 



 

parameters were: flip angle: 50-70 degrees; repetition time: 3-4 msec; echo time: 

1-2 msec; temporal resolution: 40 msec, 1-2 X 1-2 mm / pixel in-plane spatial 

resolution, 8 mm slice thickness, and 1 mm interslice gap. This resulted in 9 to 15 

slices to cover the whole heart. CMR images were acquired during repeated end-

expiratory breath holds. 

 

Multi-row Detector Computed Tomography 

MDCT was performed in all patients with contraindications for CMR at baseline and 

will be repeated at three year follow-up to establish the primary endpoint. A 

Brilliance-64 CT-scanner (120 kVolt; average 500mAs) was used for cardiac images. 

Data were obtained by contrast enhanced, ECG-gated cardiac MDCT in cranio-

caudal direction, during inspiratory breath-hold. Patients received 90 mL of a 

contrast medium (70 mL at a flow rate of 5.0 mL/s, followed by a 20 mL bolus at a 

flow rate of 3.5 mL/s, and a 40 mL bolus of saline at a flow rate of 3.5 mL/s) 

containing 300 mg of iodine (Iomeron 300, Bracco Imaging SpA, Milan, Italy). Axial 

images of 10 cardiac phases were acquired in steps of 10% of the RR-interval. To 

depict the entire heart 60 to 80 slices were made each with 2mm thickness and no 

interslice gap. From these 12-15 short-axis reconstructions are created, which 

were used for functional analysis.  

 

CMR and MDCT image analysis 

For MDCT and CMR image analysis we used MASS Analytical Software System 

(Medis, Leiden, the Netherlands). Cine loops were used to choose end-diastole and 

end-systole. End diastole was defined as the phase with the largest RV (and LV) 

volume and end systole as the phase with the smallest RV (and LV) volume. The 

slices at the base of the heart were considered to be in the ventricle if the blood 

was at least half surrounded by ventricular myocardium. To optimize differentiation 

between ventricle and atria and vessels in the basal slices, 4-chamber views in 

phase with short-axis views were available in the CMR group. Trabeculations and 

papillary muscles were considered part of the ventricular cavity.28 The sums of the 



 

traced contours in end diastole en end systole were used to calculate end diastolic 

volume and end systolic volume using a disc summation technique. End diastolic 

volumes and end systolic volumes were used to calculate stroke volume and 

ejection fraction. Stroke volume was defined as end diastolic volume – end systolic 

volume, and EF as [(end diastolic volume – end systolic volume) / end diastolic 

volume ] X 100%. 

 

Electrocardiography: 

A 12 lead electrocardiogram (ECG) was registered in all patients at each visit.  

 

24-hour ambulatory electrocardiography: 

24-hour ambulatory ECG was performed at baseline and will be repeated at three 

years follow-up. A 24-hour ambulatory ECG was acquired with a 3 channel Holter-

monitor during normal out-of-hospital activities. The ECG-registration was analyzed 

for the presence of (supra-) ventricular arrhythmias. Any complaints during the 

ambulatory ECG were noted and compared to the registration. 

 

Echocardiography 

All patients underwent transthoracic echocardiographic examination (Vivid 7, GE 

Medical Systems, Horten, Norway; Sonos 7500, Philips, Best, The Netherlands) at 

baseline and at one year intervals throughout the study period to evaluate systolic 

and diastolic function. Parasternal and apical views were obtained according to the 

recommendations of the American Society of Echocardiography.29 

Echocardiography was performed for qualitative and quantitative assessment of 

systolic function of the systemic RV and the subpulmonary LV. Tricuspid and mitral 

annular plane systolic excursion (TAPSE / MAPSE) were measured by M-mode, 

Tissue Doppler Imaging (TDI) were obtained to measure peak systolic myocardial 

velocities at the tricuspid and mitral annuli. Diastolic function of the systemic RV 

and the subpulmonary LV was determined using an apical 4-chamber view, with 

trans-tricuspid, and trans-mitral pulsed wave Doppler curves, and pulsed wave TDI 



 

curves. The severity of tricuspid regurgitation was quantified according to 

recommendations of American Society of Echocardiography’s Nomenclature and 

Standards Committee and The Task Force on Valvular Regurgitation.30 Systemic 

and pulmonary venous inflow was measured using color and pulsed wave Doppler. 

Flow velocity in the baffle was evaluated using Doppler flow patterns.  

 

Cardiopulmonary exercise testing: 

Cardiopulmonary exercise testing (CPET) was performed in all patients at baseline 

and will be repeated at three years follow-up. Before exercise respiratory flow 

volume loops were acquired and maximal breathing capacity was determined. 

CPET was performed to assess maximal exercise capacity, and maximal heart rate, 

according to the guidelines of the American Thoracic Society.31 Patients were 

placed on a cycle ergometer to perform continuous measurements of minute 

ventilation, oxygen consumption (V’O2), carbon dioxide production (V’CO2), heart 

rate, blood pressure and electrocardiography (Jaeger Oxycon pro, Wuerzburg, 

Germany). Work load was increased by 5 to 15 Watt in a stepwise manner, 

depending on the individually predicted maximum exercise capacity and in such a 

way that calculated maximal effort was attained in approximately 10-15 minutes. 

All patients were exercised to their maximum exercise capability. 

 

Neurohormone levels: 

At baseline concentrations of the neurohormones norepiniphrine, epinephrine, 

angiotensin converting enzyme, aldosterone and N-terminal pro brain natriuretic 

peptide (NT-proBNP) were measured. After three years follow-up the 

measurements will be repeated.’ 

 

Statistical considerations 

Sample size calculation was based on change in right ventricular ejection fraction 

as measured by CMR; the primary outcome variable. Assuming a standard 

deviation of 10%, 102 patients are required to obtain an 80% power to detect a 



 

5.6% difference in ejection-fraction between the two treatment groups with a two-

sided alpha of 0.05. Considering a possible drop-out of 20%, at least 128 patients 

need to be included. The difference of 5.6% was chosen as differences between 

baseline and follow-up were expected to be to be subtle and, in contrast to the 

small studies to date, we aimed for a study with a substantial population. 

For statistical analyses SPSS 16.0 (SPSS Inc., Chicago, Illinois) for 

Windows is used. A 2-tailed probability value of < 0.05 is used as a criterion for 

statistical significance. Descriptive data will be presented as numbers with 

percentage, or as mean with standard deviation, or median with range, as 

appropriate. The primary analysis will be according to the intention-to-treat 

principle. Chi square for qualitative data and independent t-tests for quantitative 

data will be applied to detect differences between the valsartan group and placebo 

group at baseline. If there are significant differences between groups on 

parameters that could influence study outcome, we will perform covariate-adjusted 

comparisons as a secondary analysis. Differences between baseline and follow-up 

within groups will be assessed using a paired t test. To detect differences in the 

endpoints between the valsartan and placebo group, again chi square and 

independent t-test will be applied. 

Covariate by treatment group interaction tests will be performed to analyze 

whether there are differences in treatment effects between subgroups. Predefined 

subgroups are 1). patients with an atrially switched TGA versus ccTGA, 2). patients 

with isolated TGA (simple TGA) versus patients with TGA in conjunction with other 

cardiac lesions (complex TGA) 3). patients who have undergone a Mustard versus 

a Senning operation, 4)  

 

TIME LINE AND STUDY ENROLEMENT 

Patients were enrolled in the study from October 2006 until April 2009 (Figure 2). 

Of 277 eligible patients 88 (32%) gave informed consent. There were no 

significant differences between eligible patients that consented and eligible 

patients that refused participation (table 2). Of all consenting patients 19 (22%) 



 

discontinued their involvement before the end of the study at three year follow-up. 

Of these 19 patients 13 refused exclusion examinations and were consequently lost 

to follow-up. Reasons for discontinuation included symptomatic hypotension, 

fatigue, pregnancy-wish, and malaise. One patient developed elevated liver 

enzymes and was afraid to continue study medication. Since inclusion, one patient 

has died. The primary cause of death was pulmonary (respiratory complications 

caused by bronchiectasis). Table 3 summarizes the baseline characteristic of the 

study population.  

 

Table 2. Baseline comparison between participating and non-participating patients

p value*

Age (years) 35.7 ± 9.8 33.7 ± 8.2 0.077

Male 35.0 ± 8.9 32.6 ± 7.7 0.068

Female 36.9 ± 11.3 35.8 ± 8.9 0.584

Male 0.654

Transposition 0.768

ccTGA

Simple TGA

Complex TGA

Data are number of patients (percentage) or mean ± standard deviation; * test of 

significance for differences between eligible patients that consented and eligible 

patiënts that refused participation. Chi square test for categorial variables and

independent t-tes for continuous variables. ccTGA = congenitally corrected trans-

position of the great arteries; TGA = transposition of the great arteries

57 (64.8%) 134 (67.5)

Characteristics (n=88)

Consent No Consent

Eligible

49 (25.9%)24 (27.3%)

39 (44.3%) 92 (48.7%

(n=189)

25 (28.4%) 48 (25.4%)

 

 

DISCUSSION 

This is the first large multi-center, randomized, double blind, placebo-controlled 

trail that evaluates the long term effect of ARBs on the function of the systemic RV 

and hopes to establish its purpose in patients with a systemic RV. In 2005 Dore et 

al. performed a multi-center, randomized, double blind, placebo-controlled, 



 

crossover trial, which did not show improvement of exercise capacity in 29 patients 

with a systemic RV treated with losartan for 15 weeks. However, the long term 

effect of RAS inhibition on the deteriorating RV was not studied, as the follow-up 

period was relatively short.  

 

Figure 2: Flow diagram of patient enrollment 

*These patients discontinued their participation during the trial and refused exclusion 

examinations and are consequently lost to follow-up. CONCOR national database and DNA bank 

of adult patients with congenital heart disease; RV right ventricle 

 

 

 

 

 



 

In patients with a systemic RV late complications are common and often 

relate to RV dysfunction. The mechanisms behind systemic RV deterioration seem 

to be multifactorial. Surgical interventions, morphological aspects of the RV and 

physiological processes are all known to contribute to the deterioration of the 

systemic RV. Treatment regimens for patients with LV failure have been well 

established. Inhibition of the RAS system has been shown to diminish ventricular 

remodeling and improve morbidity and mortality.13, 14 However, the role of ACE 

inhibitors and ARBs in the treatment of patients with a failing RV, whether systemic 

of subpulmonary, remains unclear. Although some of the pathophysiological 

mechanisms of RV dysfunction differ from those in LV failure, the RAS-system is 

activated in both left and right ventricular failure and angiotensin II receptor 

density is similar in right and left ventricles.15, 32 Consequently, in theory patients 

with a failing RV are likely to benefit from ACE-inhibitors or ARBs. Until today, only 

few small trials with short follow-up have been performed with equivocal results.16-

20 

 Major cardiac events, cardiac transplantation, and (cardiac) death could 

be considered superior endpoints, compared to RV ejection fraction. However, 

these events are relatively rare, even though complications are quite common in 

this population. Performing a placebo-controlled trial that assesses differences in 

hard clinical endpoints seems unrealistic in these patients, as it would involve very 

large patient numbers and very long follow-up period.  

Although the sample size calculation for this study indicates that 128 

patients need to be included, only 88 patients consented. The sample size 

calculation that aimed at detecting a small difference of 5.6% is based on an 

estimation of 10% for the standard deviation for the difference in RV ejection 

fraction at baseline and at three year follow-up as measured by CMR. The analysis 

of the 75 patients who have undergone or will undergo exclusion examinations will 

still have an 80% power to detect a 7% difference in RV ejection fraction. 

Patients with a congenitally or surgically corrected TGA display a wide 

range of symptoms, both in variety and severity. Many patients remain 



 

asymptomatic for a very long period, have no complications and do not use cardiac 

medication. These patients might be less inclined to participate in a study, as they 

feel that they have little to gain. Conversely, symptomatic patients might hope to 

improve as a result of the study-medication, and could be more likely to participate. 

This might create an inclusion bias, favoring symptomatic patients. However, a 

comparison between patients who were included and those that refused 

participation did not show significant differences, although in particular male 

subjects tended to be slightly older (table 3). 

 

Table 3. Baseline characteristics study population

Age at inclusion (years) 35.7 ± 9.8

Male

Transposition

ccTGA

Simple TGA

Complex TGA

RVEF (%) 40.1 ± 9.51

LVEF (%) 52.3 ± 10.6

NYHA III/IV

V'O2peak (% of predicted) 78.1 ± 20.8

of the great arteries; V'O2peak = maximal exercise

capacity.

Characteristics (n=88)

Consent

8 (9%)

57 (64.8%)

25 (28.4%)

24 (27.3%)

39 (44.3%)

Data are number of patients (percentage) or 

mean ± standard deviation. ccTGA = congenittally 

corrected transposition of the great arteries; LVEF

= left ventricular ejection fraction; NYHA = New 

York Heart Association class; RVEF = right

ventricular ejection fraction; TGA = transposition 

 

 

CONCLUSIONS 

This prospective multicenter, double blind, randomized placebo-controlled trial may 

establish the role of ARBs (valsartan) in the treatment of patients with a systemic 

RV, and might provide these patients with a long-term and evidence based 

treatment option. 
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ABSTRACT 

Background: Conflicting data have been published on the differences in cardiac 

response to exercise between patients with an atrially switched transposition of the 

great arteries (TGA), and patients with a congenitally corrected TGA (ccTGA). The 

purpose of our study was to evaluate the differences in cardiac response to 

exercise in these 2 patient groups with a systemic right ventricle (RV).  

Methods: Thirty four patients (62% male; mean 35, range 21-69 years) with a 

systemic RV (20 with an atrially switched TGA and 14 with a ccTGA) were included. 

Exercise test with Portapres® measurements were performed to assess maximal 

exercise capacity (V’O2peak), cardiac index, stroke volume index, and heart rate 

augmentation. Cardiac function was assessed by Cardiovascular Magnetic 

Resonance or Computed Tomography, and serum NT-proBNP levels.  

Results: We found that both groups were able to significantly augment cardiac 

index during exercise. Cardiac index augmentation during exercise was positively 

related to V’O2peak (r=0.37, p<0.05), and independent of resting cardiac function. 

Although the increase in cardiac index during exercise was similar in both patients 

with TGA and with ccTGA, mechanisms to achieve this increase differed between 

groups. ccTGA patients increased both stroke volume and heart rate during 

exercise. Atrially switched TGA patients augmented heart rate during exercise, but 

failed to increase stroke volume.  

Conclusion: Mechanisms to achieve cardiac output augmentation differ between 

ccTGA patients and TGA patients. We suggest that therapeutic approaches should 

be tailored to the specific patient group to avoid counterproductive effects. 



 

INTRODUCTION 

Advances in treatment strategies have caused a steady increase in the prevalence 

of adult patients with a congenital heart defect. 1 A substantial portion of these 

patients have a morphologic right ventricle (RV) supporting the systemic 

circulation, for example patients with a transposition of the great arteries (TGA) 

who have undergone an atrial switch procedure (Mustard or Senning operation), 

and patients with a congenitally corrected TGA (ccTGA). These patients are known 

to develop systemic right ventricular dysfunction, have an abnormal cardiac 

response to stress, and a reduced exercise capacity. 2, 3 

Maximal exercise capacity is an important prognostic factor for patients 

with a systemic right ventricle.4 Maximal exercise capacity is directly related to the 

ability to increase cardiac output during exercise, which is done by increasing 

stroke volume, heart rate or both. Conflicting data have been published on the 

different mechanisms used to achieve cardiac output augmentation between 

atrially switched TGA patients and patients with a ccTGA. 3, 5-8 Therefore, the aim 

of our study was to evaluate cardiac response to exercise in patients with a 

systemic RV, and to evaluate the differences in cardiac response between ccTGA 

and TGA patients. Moreover, we determined the relation between resting cardiac 

function and cardiac response to exercise in both patient groups. 

 

MATERIALS AND METHODS 

Patient characteristics 

A cross-sectional study was performed in 34 consecutive patients with a systemic 

RV. The Institutional Review Board of the participating tertiary referral center 

approved the study protocol, which conformed to the ethical guidelines of the 1975 

Declaration of Helsinki. Written informed consent was obtained from all patients 

prior to participation in the study. 

 

 



 

 

Cardiopulmonary exercise test 

For the assessment of exercise capacity we performed a symptom limited 

cardiopulmonary exercise test according to the guidelines of the American Thoracic 

Society.9 Patients were placed on a cycle ergometer in the upright position and 

continuous measurements were made of minute ventilation, oxygen consumption 

(V’O2), carbon dioxide production (V’CO2), heart rate, blood pressure and 

electrocardiography (Jaeger Oxycon pro, Wuerzburg, Germany). Work load was 

increased by 5 to 15 Watt in a stepwise manner, depending on the individually 

predicted maximum exercise capacity and in such a way that calculated maximal 

effort should be attained in approximately 10-15 minutes. All patients were 

exercised to their maximum exercise capability. V’O2peak was determined as the 

largest value in the terminal phase of exercise. Measured cardiopulmonary exercise 

test parameters were compared with predicted normal values from Wasserman 

and co-workers, and reported as percentages of predicted. 10 Calibration of the 

system was done prior to every test according to manufacturer specifications. 

 

Heart rate, stroke volume and cardiac output 

The Portapres® model 2 device (TNO-TPD Biomedical Instrumentation, the 

Netherlands) continuously measured heart rate, and beat-to-beat arterial pressure 

through a cuff wrapped around the left middle finger. 11, 12 In short, a pressure 

waveform is constructed by clamping the finger volume through servo-loop-

controlled photoplethysmography, from which systolic, diastolic and mean arterial 

blood pressure are calculated. Modelflow® (TNO-BMI). 13 Calculations provided 

changes in stroke volume, cardiac output and total peripheral resistance, and were 

derived using the Beatscope Software for Windows, ver. 1 (TNO-TPD Biomedical 

Instrumentation). 14. Thirty second averages of stroke volume, heart rate, and 

cardiac output were used for calculations. Cardiac output and stroke volume were 

corrected for body surface area; cardiac index (L/min/m2) and stroke volume index 

(ml/m2). 



 

 

Cardiovascular Magnetic Resonance (CMR) 

Cardiovascular Magnetic Resonance Imaging was performed to assess systemic 

right ventricular function. A 1,5 Tesla scanner (Siemens Avanto, Erlangen, 

Germany), with retrospective electrocardiographic triggering was used with a 

standard steady-state free-precession sequence with the following parameters: flip 

angle: 50-70 degrees; repetition time: 3-4 msec; echo time: 1-2 msec; temporal 

resolution: 40 msec, 1-2 X 1-2 mm / pixel in-plane spatial resolution, 8 mm slice 

thickness, and 4 mm interslice gap. For image analysis MASS Analytical Software 

System (Medis, Leiden, the Netherlands) was used. Cine loops were used to chose 

end-diastole and end-systole. Trabeculations and papillary muscles were 

considered part of the ventricular cavity. 15 The slices at the base of the heart were 

considered to be in the ventricle if the blood was at least half surrounded by 

ventricular myocardium. End-diastolic volumes and end-systolic volumes were used 

to calculate stroke volume and ejection fraction. Stroke volume was defined as 

end-diastolic volume - end-systolic volume, and ejection fraction as [(end-diastolic 

volume - end-systolic volume) / end-diastolic volume] X 100%. 

 

Multidetector Row Computed Tomography 

For the assessment of right ventricular function of patients unsuitable for 

cardiovascular magnetic resonance imaging, Multidetector Row Computed 

Tomography was used. A Philips Brilliance-64 Computed Tomography scanner (120 

kVolt; average 500 mAs) was used to obtain cardiac images. Axial images of 20 

cardiac phases were obtained in steps of 10% of the RR-interval. To cover the 

whole heart 60-80 slices were made, each with a 2 mm thickness and no interslice 

gap. Short-axis reconstructions were made after the Multidetector Row Computed 

Tomography was performed. For Multidetector Row Computed Tomography image 

analysis MASS Analytical Software System (Medis, Leiden, the Netherlands) was 

used. For contour tracing and end-diastolic volume, end-systolic volume and 



 

ejection fraction calculations we used the cardiovascular magnetic resonance 

imaging protocols.  

 

Serum NT-proBNP 

Venous blood samples were drawn prior to the performance of the cardiovascular 

exercise test. NT-proBNP measurements are subsequently quoted as plasma 

concentrations (ng/L).16, 17 

 

Statistical analysis 

For statistical analyses SPSS 16.0 (SPSS Inc., Chicago, Illinois) for Windows was 

used. P values < 0.05 were considered statistically significant. The descriptive data 

are presented as mean with standard deviation if normally distributed or as median 

with range as appropriate. A logarithmic transformation was performed for NT-

proBNP levels. Comparison of continuous variables between groups were made by 

unpaired Student’s t-tests. In case of skewed distribution, the Mann-Whitney U test 

was used. Changes within groups in heart rate, stroke volume (index), cardiac 

output and cardiac index at rest and in response to exercise were analyzed using a 

paired-samples t test. The relation between cardiac response and maximum 

exercise capacity activity was assessed by linear regression analysis, as was the 

predicting value of resting cardiac function on cardiac response to exercise. 

Multivariate analysis was performed to assess the influence of age and gender on 

differences found within and between groups. 

 

RESULTS 

Patient characteristics 

Thirty four consecutive patients (62% male, 34.7 ± 12.0 years old) with a systemic 

RV (14 with a ccTGA and 20 with an atrially switched TGA) were included in the 

study. Eleven patients had a permanent pacemaker at the time of inclusion. Pacing 

modes were DDD-R in 5 patients, VVI in 3 patients, and AAI in 2 patients. One 



 

patients had an Implantable Cardioverter Defibrillator. Patient characteristics are 

summarized in table 1. 

 

Cardiac function 

Cardiac volumes and function were assessed by means of CMR in 21 patients, and 

by means of CT-scan in 13 patients (11 patients with a permanent pacemaker, 1 

patient with a Implantable Cardioverter Defibrillator, and 1 metal worker 

respectively). We found no differences in right ventricular ejection fraction 

between the CMR group and the CT-scan group. 

 

Exercise capacity and cardiac response 

Symptom limited cardiopulmonary exercise tests could be performed without 

complications in all patients. One patient’s exercise test was aborted prematurely 

by the attending physician due to the development of an atrial arrhythmia; after 

the initiation of anti-arrhythmic drugs the exercise test was repeated successfully 2 

weeks later.18 

 
 

p Value

Age (years) <0.05

<0.05

Systolic Blood Pressure (mmHg) 124 ± 14 123 ± 15 125 ± 12 N.S.

Diastolic Blood Pressure (mmHg) 82 ± 12 83 ± 13 80 ± 11 N.S.

N.S.

N.S.

N.S.

Log N-terminal prohormone brain natriuretic peptide (ng/L) 2.4 ± 0.5 2.5 ± 0.6 2.4 ± 0.4 N.S.

- ml/min 1952 ± 581 2076 ± 572 1775 ± 569 N.S.

- ml/kg/min 26 ± 7 27 ± 8 24 ± 7 N.S.

- % predicted 79 ± 26 73 ± 16 87 ± 35 N.S.

Systemic right ventricular ejection fraction 38 ± 7 36 ± 7 40 ± 8 N.S.

* Data are mean value ± standard deviation, as median (range), or as number of patients (percent).

ccTGA = congenitally corrected transposition of the great arteries; TGA = transposition of the great arteries; % predicted = percentage of predicted. 

Table 1. Baseline characteristics

Characteristics All patients* (n=34) TGA* (n=20) ccTGA* (n=14)

35 (21 - 69) 30 (21 - 39) 41 (23 - 69)

Male 21 (62%) 16 (80%) 5 (36%)

B - blockade 6 (18%) 3 (15%)

Medication

5 (36%)

3 (21%)

4 (29%)7 (35%)Other cardiac medication 11 (32%)

Maximal exercise capacity 

Pacemaker in situ 11 (32%) 6 (30%)

 
 
 
 



 

Mean cardiac output increased significantly during exercise in both patient 

groups, and there were no differences in cardiac output augmentation between 

patients with ccTGA and patients with an atrially switched TGA (table 2). Mean 

stroke volume at rest was significantly lower in patients with a ccTGA, compared to 

patients with an atrially switched TGA. However, this difference was mainly due to 

the fact that, compared to the atrially switched TGA group, the ccTGA group 

consisted of significantly more female patients (p < 0.05); the contribution of the 

underlying congenital heart defect was statistically non-significant (p = NS).19 

Although patients with a ccTGA showed a statistically significant stroke volume 

augmentation during exercise, no such change was seen in the atrially switched 

TGA group. Both patient groups showed a statistically significant increase in heart 

rate during exercise. However, this increase was significantly higher in patients 

with a atrially switched TGA, compared to patients with a ccTGA. Individual cardiac 

response to exercise is visualized in figure 1. None of the above mentioned 

parameters were significantly influenced by differences in age or gender between 

the 2 patient groups, except for resting stroke volume as mentioned above. 

Moreover, we found no significant differences in stroke volume, heart rate, and 

cardiac output augmentation between patients with and without permanent 

pacemakers (independent of the mode of pacing or the underlying arrhythmia), 

nor between patients on ß-blockers or other cardiac medication and those without 

medication.  

Overall, cardiac output augmentation was found to correlate with V’O2peak 

(ml/kg/min) (figure 2). 

 

Ventricular function and cardiac index augmentation 

We found no relation between RV ejection fraction at rest and cardiac index 

augmentation, nor between serum NT-proBNP levels at rest and cardiac index 

augmentation. These findings were applicable to the entire group of patients with 

a systemic RV, as well as to the separate patient groups. 

 



 

 

p Value †

Mean SD p Value Mean SD p Value Mean SD p Value

CI (L/min/m2) Rest 4 ± 1 4 ± 1 4 ± 1 N.S.

Exercise 9 ± 2 9 ± 2 8 ± 2 N.S.

Change 5 ± 2 < 0.001 5 ± 2 < 0.001 4 ± 2 < 0.001 N.S.

SVI (ml/m2) Rest 55 ± 18 60 ± 17 47 ± 16 < 0.05 ‡

Exercise 66 ± 18 68 ± 17 63 ± 20 N.S.

Change 11 ± 20 < 0.01 8 ± 23 N.S. 16 ± 15 < 0.01 N.S.

HR (bpm) Rest 76 ± 15 70 ± 14 83 ± 13 < 0.05

Exercise 137 ± 21 140 ± 23 133 ± 18 N.S.

Change 62 ± 24 < 0.001 70 ± 25 < 0.001 50 ± 19 < 0.001 < 0.05

* Data are mean values ± standard deviations; † p Value of difference between TGA and ccTGA patients; ‡ gender differences are of statistically 

significant influence on p value. 

bpm = beats per minute; ccTGA = congenitally corrected transposition of the great arteries; CI = cardiac index; HR = heart rate; L/min = litres per

minute; ml = millilitre; RV = right ventricle; SVI = stroke volume index; TGA = transposition of the great arteries.

Characteristics

Table 2. Cardiac response to exercise in patients with a systemic RV

All patients* (n=34) ccTGA* (n=14)TGA* (n=20)

 

 

DISCUSSION 

The ability to increase cardiac output during exercise is positively associated with 

V’O2peak in patients with a systemic RV, and seems independent of resting cardiac 

function. Although cardiac output augmentation during exercise is similar among 

patients with a systemic RV, the mechanisms used to achieve this increase differ 

between patient groups. In patients with a ccTGA, cardiac output augmentation 

was achieved by an increase in stroke volume as well as in heart rate. On the other 

hand, in patients with an atrially switched TGA cardiac output augmentation was 

primarily achieved by an increase in heart rate during exercise, as many of these 

patients failed to increase stroke volume.  

Conflicting data have been published on the hemodynamic response to 

exercise in patients with a ccTGA. Some authors found an increase in heart rate 

during exercise comparable to healthy controls, 5, 7 whereas others found an 

inability to achieve sufficient increase in heart rate in these patients. 20, 21 Our 

present findings are in agreement with the former 2 authors, as we found an 

appropriate heart rate response to exercise in patients with a ccTGA.  

 



 

 

Figure 1. Cardiac response to exercise in patients with a systemic RV. 

Individual heart rate, stroke volume index, and cardiac index response to exercise of patients with 

an atrially switched TGA and with a ccTGA.        Indicates mean value in rest and during exercise. 
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Figure 2. Relation between change in cardiac output and during exercise and exercise capacity in 

patients with a systemic right ventricle. 

Patients with a systemic right ventricle who have the ability to increase CO during exercise, have 

a better exercise capacity. 

 

 

0 5 10
0

20

40

60

r = 0.37
p < 0.05

Cange in Cardiac Index (L/min/m2)

V
O

2
p

e
a
k
 (
m

l/
k
g

/m
in

)

 

 

Although heart rate response to exercise was less in ccTGA patients, compared to 

atrially switched TGA patients, this does not necessarily indicate an inability to 

further increase heart rate. As stroke volume increases significantly during exercise 

in patients with a ccTGA, a further increase in heart rate could be unnecessary to 

obtain sufficient cardiac output augmentation. 

 Similar equivocal results have been published on the hemodynamic 

response to exercise in patients with an atrially switched TGA. Although most 

articles describe a normal heart rate response during exercise,3, 7, 22, 23 Ohuchi et al. 

found a significantly lower peak heart rate in atrially switched TGA patients 

compared to healthy controls. 24 Failure to augment stroke volume during exercise 

is a more consistent finding in this patient group, 3, 7, 25-27 and is known to be 

progressive over time. 28 Several mechanisms are found to contribute to the 

decreased stroke volume augmentation in patients with an atrially switched TGA. 

Preload restrictions caused by the atrial baffle hamper adequate ventricular filling 



 

in these patients. Moreover, myocardial blood flow is frequently impaired, and 

coronary flow reserve decreased, which could importantly contribute to inadequate 

SV augmentation.29-31 Although we found no echocardiographic evidence of atrial 

baffle obstruction in any of our patients, and did not further investigate myocardial 

blood flow, our findings are consistent with the above mentioned results; most 

atrially switched TGA patients fail to increase stroke volume during exercise, and 

cardiac output augmentation is primarily caused by the increase in heart rate.  

 It is known that V’O2peak is positively associated with prognosis and with 

wellbeing in patients with a systemic RV 32. As cardiac output augmentation during 

exercise is directly related to V’O2peak, the importance of cardiac output 

augmentation preservation is evident. The differences in cardiac output 

augmentation between ccTGA and atrially switched TGA patients indicate that the 

diagnostic and therapeutic approach should be tailored to the specific patient 

group. 

 

Limitations 

Our study is limited by low patient numbers. However, found differences between 

the 2 patient groups are of such extend that it suggests overall applicability. 

 

CONCLUSIONS 

Patients with a systemic RV have the capability to augment cardiac output during 

exercise. This cardiac output augmentation is positively related with exercise 

capacity, and appears unrelated to resting cardiac function. However, the 

mechanisms by which cardiac output augmentation is achieved differs importantly 

between patient groups. Therefore, diagnostic and therapeutic approach should be 

tailored to the specific patient group to avoid undesirable and counterproductive 

effects. 
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ABSTRACT 

Background: Previous studies demonstrated that ventricular response to stress 

Cardiovascular Magnetic Resonance (CMR) is frequently abnormal in patients with 

a systemic right ventricle (RV). However, the clinical implications of these findings 

remained unknown. We sought to evaluate whether abnormal response to stress 

CMR predicts adverse outcome in patients with a systemic RV.  

Methods: Thirty-nine adult patients (54% male; mean age 26, range 18-65 years) 

with a systemic RV underwent stress CMR to determine the response of RV 

volumes and ejection fraction (EF). During follow-up, cardiac events, defined as 

hospitalization for heart failure, cardiac surgery, aborted cardiac arrest, or death, 

were recorded. The prognostic value of an abnormal response to stress, defined as 

lack of a decrease in RV end systolic volume (ESV) or lack of an increase in RV EF, 

was assessed.  

Results: We frequently observed an abnormal response to stress, as RV ESV did 

not decrease in 17 patients (44%), and RV EF did not increase in 15 patients 

(38%). After a mean follow-up period of 8.1 years, 8 (21%) patients had reached 

the composite endpoint. The inability to decrease RV ESV during stress was 

predictive for cardiac events with a hazard ratio of 2.3 (95%CI 1.19-88.72; 

p=0.034), as was the inability to increase RV EF with a hazard ratio of 2.3 (95%CI 

1.31-81.59; p=0.027). 

Conclusions: Stress CMR potentially has important prognostic value in patients 

with a systemic RV. Patients with a systemic RV who show abnormal cardiac 

response to stress have a substantially higher risk of adverse outcome. 

 

 



 

INTRODUCTION 

The number of adult patients with congenital heart disease has grown rapidly over 

the past few decades.1 A substantial portion of patients have a morphological right 

ventricle (RV) that sustains the systemic circulation, i.e. patients with a 

transposition of the great arteries (TGA) after a Mustard or Senning operation, and 

patients with a congenitally corrected transposition of the great arteries (ccTGA). 

Although mid-term survival is acceptable in these patients, complications are 

common, and frequently relate to dysfunction of the systemic RV.2 Therefore, 

careful follow-up of RV function is the cornerstone in the clinical care for patients 

with either TGA or ccTGA. 

Cardiovascular magnetic resonance imaging (CMR) is a widely applied 

imaging modality that provides a reliable diagnostic tool for the detection of 

depressed RV function. As such, CMR is frequently used to guide medical therapy 

and to select patients for surgical interventions.3, 4 The use of stress CMR, either 

with supine bicycle ergometry or dobutamine infusion, could facilitate early 

detection of systemic RV dysfunction. Previous studies in which the value of stress 

CMR was evaluated, demonstrated that ventricular response to stress was 

frequently abnormal in patients with a systemic RV.5-8 It was observed that these 

patients often lack the ability to increase contractility during stress, even when 

they are asymptomatic.8, 9 These findings suggest that stress CMR provides the 

possibility to detect subclinical RV dysfunction at an early stage, and could help 

identify those patients that require medical or surgical intervention. However, the 

main limitation of these studies was that the relation between the abnormal 

response to stress CMR and clinical outcome remained unclear, which questioned 

the clinical applicability of stress CMR.10 Therefore, the current study aimed to 

evaluate the relation between cardiac response to stress CMR and cardiac events 

in patients with a systemic RV. 

 

 

 



 

METHODS 

Patient population and study protocol 

The study was a two-center investigation, and was set-up to evaluate the 

ventricular response to stress in patients with TGA or ccTGA and a systemic RV. 

Patients with a systemic RV (n=39; 54% male; age 26 ± 8 years) were included in 

1999 and 2000. Patients were excluded from participation if they were younger 

than 18 years, had (previous) cardiac arrhythmias, had an intra-cardiac device, or 

had concomitant cardiac lesions. All patients underwent either dobutamine stress 

CMR (n=18) in the Academic Medical Centre, Amsterdam, or supine bicycle 

ergometry CMR (n=21) in the Leiden University Medical Centre.9, 10 After baseline 

stress CMR evaluation, patients were regularly followed-up at the out-patient clinic 

for adult congenital heart disease. During follow-up, the occurrence of all cardiac 

events were recorded. Cardiac events were defined as: hospitalization for heart 

failure, cardiac surgery, aborted out-of-hospital cardiac arrest or cardiac death. We 

performed a Cox’s regression analysis in which the relation between the cardiac 

response to stress CMR and the occurrence of cardiac events during follow-up was 

assessed.  

The ethics committees of the participating tertiary referral centers approved the 

study protocol, and the study protocol complies with the Declaration of Helsinki. All 

participating patients provided written informed consent. The current study was 

funded by an unrestricted educational grant from Novartis Pharma, the 

Netherlands. The authors are solely responsible for the design and conduct of this 

study, all study analyses, the drafting and editing of the paper and its final 

contents.  

 

Stress CMR acquisition 

The supine bicycle ergometry CMR acquisition protocol has previously been 

published by Roest et al.11 In short, image acquisition was performed using a 

Philips Gyroscan ACS/NT 1.5 Tesla MR scanner (Philips Medical Systems, Best, the 

Netherlands) in the Leiden University Medical Center. Exercise was performed on a 



 

MR-compatible bicycle ergometer. Volumetric indexes of the systemic RV were 

obtained from a short axis stack of 10 images with a slice thickness of 10 mm and 

a 1 mm slice gap. We used an ultra-fast, turbo field echo planar imaging MR 

technique with the following parameters: repetition time = 14 ms, echo time = 4.8 

ms, flip angle 30 degrees, imaging matrix 128 X 140, field of view 420 X 120 mm. 

The protocol was repeated at submaximal exercise, which was defined as 60% of 

peak oxygen consumption, as determined by stationary bike cardiopulmonary 

exercise testing one day prior to CMR. After reaching a steady heart rate, the 

individual performed a breath hold of 8 cardiac cycles to obtain 2 short-axis 

images. This procedure was repeated 5 times to obtain 10 short-axis images. 

The dobutamine stress CMR acquisition protocol has previously been 

published by Tulevski et al.9 In short, image acquisition was performed using a 

Siemens 1.5 Tesla MR scanner (Vision, Siemens, Erlangen, Germany) in the 

Academic Medical Center, Amsterdam. Volumetric indexes of the systemic RV were 

obtained from a short axis stack of 12-14 images with a slice thickness of 10 mm 

and a 0 mm slice gap. We used an ultra-fast, turbo field echo planar imaging MR 

technique with the following parameters: repetition time = R-R interval, echo time 

= 4.8 ms, flip angle 20 degrees, imaging matrix 256 X 256, field of view 350 mm. 

Dobutamine was administered through a venous line with an initial dose of 5 

ųg/kg/min, which was increased after 3 minutes by 5 ųg/kg/min every 3 minutes 

up to a maximal dose of 15 ųg/kg/min. The CMR protocol was repeated 3 minutes 

after reaching the maximal dose.  

Previous studies on cardiac response to stress demonstrated that healthy 

individuals increase cardiac output during exercise through a reduction in end 

systolic volume and a subsequent increase in ejection fraction.12 Therefore, we 

defined an abnormal response to stress as the inability to decrease systemic right 

ventricular end systolic volume during stress (end systolic volume at rest – end 

systolic volume at stress ≤ 0 ml), and/or the inability to increase systemic right 

ventricular ejection fraction during stress (ejection fraction at rest – ejection 

fraction stress ≥ 0%). 



 

CMR image analysis 

For image analysis, the MASS Analytical Software System (Medis, Leiden, the 

Netherlands) was used. Image analysis was performed by a single observer in 

2009, who was blinded for patient characteristics and outcome. Cine loops were 

used to choose end diastole and end systole. End diastole was defined as the 

phase with the largest RV area and end systole as the phase with the smallest RV 

area. The slices at the base of the heart were considered to be in the ventricle if 

the blood was at least half surrounded by ventricular myocardium. Trabeculations 

and papillary muscles were considered part of the ventricular cavity.13 Four-

chamber view cine loop movies in phase and slice with the short axes views were 

used in case the distinction between the ventricles, atria and great vessels was 

unclear. Tracing was performed manually on each end diastolic and end systolic 

short-axis view. The sums of the traced contours in end diastole and end systole 

were used to calculate end diastolic volume and end systolic volume using a disc 

summation technique. End diastolic volume and end systolic volume were used to 

calculate stroke volume and ejection fraction. Stroke volume was defined as end 

diastolic volume – end systolic volume, and ejection fraction as [(end diastolic 

volume – end systolic volume) / end diastolic volume] X 100%. Data on 

reproducibility of CMR image analysis has been published previously by our 

group.14 

 

Statistical methods 

For statistical analyses SPSS 16.0 (SPSS Inc., Chicago, Illinois) for Windows was 

used. A 2-tailed probability value of < 0.05 was used as a criterion for statistical 

significance. The descriptive data are presented as number (percentage), or as 

mean with standard deviation, or median with range, as appropriate. Chi-square 

and unpaired t-tests were performed to assess differences between subgroups in 

categorical and continuous variables, respectively. A survival analysis was 

performed to assess the relation between an abnormal response to stress at 

baseline and the occurrence of adverse events during follow-up. For this purpose, 



 

the patient population was divided into two groups. The first group consisted of 

patients who had a normal ventricular response to stress; the second group of 

patients had an abnormal response to stress, as defined above. Kaplan-Meier 

survival charts were generated to depict the difference in incidence of adverse 

events between the two groups and Log-rank tests were used to assess whether 

the survival curves differed significantly. In addition, the prognostic value of an 

abnormal response to stress was assessed using Cox’s proportional hazard 

regression analysis. For each stress CMR-derived variable, which was categorized 

as either normal or abnormal, a univariate hazard ratio (HR) with corresponding 

95% confidence intervals (CI) was calculated. Furthermore, the univariate HRs 

were adjusted for age, and sex to obtain the multivariate HRs. 

 

RESULTS 

Thirty-nine adult patients (54% male; mean age 26.4, range 18.4 – 65.2 years) 

underwent stress CMR at baseline. The characteristics of these patients are 

summarized in table 1. At baseline, 26 patients (67%) were in NYHA functional 

class I, 13 (33%) patients were in NYHA functional class II and none were in NYHA 

class III or IV. Six patients were diagnosed with ccTGA, and 33 patients were 

diagnosed with complete TGA (19 had undergone a Mustard, and 14 had 

undergone a Senning operation). Patients with ccTGA were older at the time of 

baseline stress CMR investigation, as compared to patients with an atrially 

switched TGA (34.3 ± 16.3 years vs. 24.9 ± 4.6 years, p<0.01). Patients who had 

undergone a Mustard operation were significantly older compared to patients who 

had undergone a Senning operation (26.6 ± 4.3 years vs. 22.7 ± 4.2 years; 

p<0.05). There were no differences in gender distribution or in NYHA class 

between the TGA and ccTGA patients, nor between patients with a previous 

Mustard and Senning operation. 

 



 

Table 1. Baseline characteristics

26.4 ± 8.0 33.0 ± 13.3 42.5 ± 19.6

I

II

* Data are number of patients (percentage), or mean ± standard deviation. 

ccTGA = congenitally corrected transposition of the great arteries; NYHA = New York

Heart Association; TGA = transposition of the great arteries.

Death

(n =8)

2 (67%)

1 (33%)

(n =3)

2 / 16 / 2

Male 21 (54%) 4 (50%)

33 / 6

NYHA class 26 (67%)

13 (33%) 2 (25%) 2 (67%)

All patients Cardiac event

6 (75%)

TGA / ccTGA

Characteristics (n =39)

Age (years)

 

 

Ventricular Response to Stress CMR 

CMR parameters are summarized in table 2. Stress CMR was well tolerated by most 

patients, as only 1 dobutamine-stress examination was discontinued due to a 

supraventricular tachycardia with a heart rate around 260 beats/min that was 

managed by carotid sinus massage.6 At baseline we found no differences in resting 

end diastolic volume, end systolic volume, stroke volume and ejection fraction 

between patients with an atrially switched TGA and patients with a ccTGA. Resting 

end diastolic volume was significantly larger at baseline in patients with a Mustard 

operation, compared to those with a Senning operation (158.1 ± 48.7 ml vs. 127.8 

± 22.2 ml; p<0.05), however, no differences in end systolic volume, stroke volume 

and ejection fraction were observed between these two groups. 

Overall, systemic RV end diastolic volume decreased during stress (147.6 

± 44 ml vs. 135.6 ± 51.9 ml; p=0.01), as did end systolic volume (68.0 ± 29.9 ml 

vs. 60.01 ± 33.9 ml; p=0.01). Subsequently, systemic RV stroke volume remained 

unchanged (79.4 ± 22.8 ml vs. 75.5 ± 23.3 ml; p=N.S.). Systemic RV ejection 

fraction increased significantly during stress (54.7 ± 9.5% at rest vs. 57.3 ± 8.1% 

during stress; p<0.05). Furthermore, heart rate increased from 68.5 ± 12.1 beats 

per minute to 141.6 ± 33.6 beats per minute (p<0.001). There were no 



 

statistically significant differences in cardiac response to stress between patients 

with an atrially switched TGA, and patients with a ccTGA, nor between patients 

with a Mustard operation, and patients with a Senning operation.  

An abnormal systemic RV response to stress was frequently observed. In 

17 patients (44%), end systolic volume remained equal or even increased during 

exercise. In addition, 15 patients (38%), showed no increase, or a decrease in RV 

ejection fraction during stress, 2 of whom showed normal response in end systolic 

volume.  

 

Table 2. Systemic RV volumes and function at rest and response to stress.

end diastolic volume (ml) 148 ± 44 156 ± 69 178 ± 112

end systolic volume (ml) 68 ± 30 77 ± 50 92 ± 83

stroke volume (ml) 79 ± 23 79 ± 24 86 ± 35

ejection fraction (%) 55 ± 10 53 ± 9 52 ± 14

end diastolic volume (ml) -12 ± 28 -2 ± 18 -9 ± 29

end systolic volume (ml) -8 ± 18 3 ± 15 -2 ± 22

stroke volume (ml) -4 ± 16 -4 ± 5 -7 ± 7

ejection fraction (%) 3 ± 8 -1 ± 7 4 ± 10

* Data are mean ± standard deviation. 

Death*

(n =8) (n =3)

All patients* Cardiac event*

Rest

Characteristics (n =39)

∆ Stress - Rest

 

 

Abnormal Response to Stress and Future Cardiac Events 

After a mean follow-up period of 8.1 years; range 0.5 to 9.8 years, 8 (21%) 

patients had reached the composite endpoint of hospitalization for heart failure 

(n=2), intra-cardiac surgery (n=2, both tricuspid valve replacement), aborted out-

of-hospital cardiac arrest (n=1), or cardiac death (n=3), with an annual event rate 

of 2.5%. (figure 1) 



 

Figure 1. Kaplan-Meier survival curve for freedom from cardiac events plotted for follow-up 

duration after stress CMR in all patients (n=39). 
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Univariate analysis showed that older age at baseline was significantly 

associated with worse outcome (HR 1.1; 95% CI 1.0-1.1; p=0.02). The other 

baseline patient characteristics; sex, NYHA class at baseline, type of condition 

(ccTGA vs. TGA), type of operation (Mustard vs. Senning), and higher age (≥ 2 

years) at Mustard/Senning operation, were not associated with the risk of cardiac 

events during follow-up. In addition, end diastolic volume, end systolic volume, 

stroke volume, and ejection fraction measured at rest were not predictive for 

future cardiac events, nor for cardiac death.  An abnormal cardiac response to 

stress, on the other hand, was related to the occurrence of cardiac events during 

follow-up. As can be readily seen in figure 2, both the absence of a decrease in 

systemic RV end systolic volume during stress, as well as the absence of an 

increase in systemic RV ejection fraction during stress were predictive of future 

cardiac events. The absence of a reduction in end systolic volume was a risk factor 

for cardiac events in the univariate analysis (HR=1.58; 95% CI 0.98-24.1; 

p=0.054), and remained a risk factor for cardiac events after adjusting for age and 

sex (HR=2.33; 95% CI 1.19-88.72; p=0.034). The inability to increase ejection 

fraction was a risk factor for cardiac events in the univariate analysis (HR=1.81; 



 

95% CI 1.23 – 30.37; p=0.027), and remained a risk factor in the multivariate 

analysis (HR=2.34; 95% CI 1.31-81.59; p=0.027). An abnormal response to stress 

was not predictive for cardiac death. The stress related changes in end diastolic 

volume, increase stroke volume, and heart rate during stress, were not predictive 

for future cardiac events, nor for cardiac death. 

 

 

Figure 2. Kaplan-Meier survival curve for freedom from cardiac events plotted for follow-up 

duration after stress CMR in a. patients with (n=22) versus patients without (n=17) the ability to 

decrease systemic right ventricular end systolic volume (ESV) during stress, and in b. patients 

with (n=24) versus patients without (n=15) the ability to increase systemic right ventricular 

ejection fraction (EF) during stress. 

 

 

 

DISCUSSION 

The present study, for the first time, demonstrates that stress CMR is a valuable 

prognostic tool in patients with a systemic RV. Patients with a systemic right 

ventricle, who show no decrease in RV end systolic volume or no increase in RV 

ejection fraction during stress, have a significantly higher risk of future cardiac 

events. 

The diagnostic and prognostic value of stress CMR in patients with 

acquired heart disease has already been established. Dobutamine stress CMR has 

been proven useful to detect myocardial ischemia in patients with chest pain,15-18 
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and to predict future myocardial infarction and cardiac death in patients with 

coronary artery disease.19, 20 Moreover, in patients with mildly to moderately 

reduced LV ejection fraction stress CMR is prognostic for future myocardial 

infarction and cardiac death.21 On the other hand, patients without inducible 

ischemia during stress CMR, and with a resting ejection fraction > 40% are known 

to have excellent cardiac prognosis.20 Notwithstanding the knowledge on the 

prognostic role of stress CMR in patients with acquired heart disease, the 

predictive value of stress CMR in patients with congenital heart disease was 

unknown.22 

Previous studies on stress CMR in patients with a systemic RV have 

demonstrated that these patients often show an abnormal cardiac response to 

stress.6, 7, 9 In healthy individuals, end systolic volume decreases, whereas end 

diastolic volume remains unchanged during stress, causing an increase in both 

stroke volume and ejection fraction.12, 23 Frequently, the systemic RV of patients 

with an atrially switched TGA lack the ability to increase myocardial contractibility 

during stress, as they often show no decrease in end systolic volume, and no 

subsequent increase in stroke volume and ejection fraction during stress.5, 8, 24 

Moreover, it is known that patients with a systemic RV have a reduced ability to 

increase heart rate during exercise, due to chronotropic incompetence, which 

further diminishes the increase in cardiac output during stress.8, 25 Overall, we 

found an adequate chronotropic response to stress, with a substantial increase in 

heart rate during stress in all patients. However, our study demonstrates that 

almost half of the patients could not decrease end systolic volume and almost one 

third of patients could not increase ejection fraction during stress. This is the first 

study in which an abnormal cardiac response to stress is demonstrated to be 

prognostic for future cardiac events in patients with a systemic RV. These findings 

suggest that impaired myocardial contractility during stress identifies a more 

deteriorated state of the systemic RV, and thus relates to worse patient outcome 

as observed in the current study.  



 

At the time of stress CMR most patients were in NYHA functional class I, 

and none were NYHA class III or IV. Moreover, RV ejection fraction was not 

impaired in most patients, as compared to RV ejection fraction of subjects with 

normal cardiac anatomy.26 Survival analysis revealed that neither functional status 

nor resting RV function was predictive for the occurrence of adverse events. Stress 

CMR, however, facilitates the detection of cardiac dysfunction that is not apparent 

at rest.9 Subsequently, stress related cardiac dysfunction demonstrated to be 

predictive of adverse events during long-term follow-up, in the current study. 

Hence, stress CMR provides timely detection of systemic RV dysfunction and could 

thus guide early therapeutic intervention to prevent or decelerate further 

ventricular deterioration and the occurrence of cardiac events.27 However, 

sufficiently powered, prospective trials are needed to establish the role of early 

therapeutic intervention in asymptomatic or minimally symptomatic patients with a 

systemic RV and an abnormal response to stress. 

Although CMR is considered an accurate and non-invasive tool to assess 

systemic RV volumes and function, there are some limitations for the use of stress 

CMR.13, 28, 29 For example, 20% of patients with a systemic RV is pacemaker 

dependent, and an increasing number of patients with a failing systemic RV 

benefits from cardiac resynchronization therapy.30 As most intra-cardiac devices 

are considered to be CMR incompatible, these patients are unsuitable to undergo 

CMR. Moreover, studies in patients with coronary artery disease have proven 

dobutamine infusion to be safe, although ventricular ectopy and atrial arrhythmias 

were seen when administrating high doses of dobutamine (40 ųg/kg/min).21 As no 

trials had been performed addressing safety issues when performing stress CMR in 

patients with a systemic RV, we chose to administer dobutamine at a maximum 

dosage of 15 ųg/kg/min dobutamine, which is known to be sufficient to assess 

contractile reserve.31-33  In the present study, one examination was discontinued 

due to supra-ventricular tachycardia (260 beats per minute), which was managed 

with carotid sinus massage. Although our study was not set-up to evaluate safety 

issues, this was the only complication that we experienced. 



 

Limitations 

As with most studies on CMR in patients with congenital heart disease, the number 

of patients included in the study was relatively small. Larger-scaled studies should 

be pursued to definitely establish the value of our findings. However, despite the 

relatively small sample size and possible bias in favor of healthier patients, we 

were still able to show that patients with a systemic RV, who show no decrease in 

RV end systolic volume or increase in RV ejection fraction during stress, have a 

significantly higher risk of future cardiac events. Our study was importantly limited 

by the inability to perform adequate flow measurements at the time of baseline 

data acquisition. Therefore, our data could not be corrected for potential tricuspid 

valve regurgitation, or baffle stenosis/leakage. As it is known that tricuspid valve 

regurgitation predicts for reverse outcome in patients with a systemic RV, some of 

the complications reported in our study could have been due to tricuspid valve 

regurgitation, rather than to abnormal stress response. Another limitation is the 

fact that we used two different CMR image acquisition protocols (in the Leiden 

University Medical Center, and in the Academic Medical Center in Amsterdam), as 

well as two different stress protocols (dobutamine stress and physical exercise 

CMR). 34 Nonetheless, the current study was set-up to evaluate the prognostic 

value of an abnormal cardiac response to stress for each individual patient, 

irrespective of the diagnostic modality used, and not to compare patients from 

different medical centers, or to compare two different diagnostic modalities. We 

excluded patients with irregular rhythms to avoid the risk of life-threatening 

arrhythmias during stress, and patients with intra-cardiac devices because of CMR 

incompatibility. This could have lead to a biased sample, favoring healthier patients 

with lower risk of cardiac events.  

 

 

 

 

 



 

CONCLUSION 

Stress CMR potentially has important prognostic value in patients with a systemic 

RV. Patients with a systemic RV who are unable to decrease end systolic volume, 

or to increase ejection fraction during stress have a substantially higher risk of 

future cardiac events. 
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ABSTRACT 

Exercise is recommended in patients with left ventricular failure. Although right 

ventricular failure is common in patients with a systemic right ventricle (RV), no 

data are available on the effect of physical activity in these patients. The aim of 

this study was to evaluate the relation of physical activity and cardiac function, 

exercise capacity and quality of life in patients with a systemic RV. Forty-seven 

patients (64% male, mean age 35, range 21-69 years) with a systemic RV (31 with 

an atrially switched transposition of the great arteries (TGA) and 16 with a 

congenitally corrected TGA) were included. Cardiac function was assessed by 

Cardiovascular Magnetic Resonance or Computed Tomography, exercise tests and 

serum N-terminal prohormone brain natriuretic peptide (NT-proBNP) levels. 

Habitual physical activity was assessed using the SQUASH questionnaire, and 

quality of life using the SF-36. Mean systemic right ventricular ejection fraction was 

impaired (36.8±7.8%), as was maximal exercise capacity (78.5±23.9% of 

predicted). NT-proBNP level was increased (median 269, range 34-4476 ng/L). 

Mean SQUASH score was 6808±3241, indicating a decreased level of habitual 

physical activity. Although patients’ scores on mental quality of life domains were 

comparable to the general population, scores on most physical quality of life 

domains were significantly lower. SQUASH scores were found to be a significant 

predictor for exercise capacity (p<0.01) and physical quality of life (p<0.001). 

However, we found no relation between SQUASH scores and right ventricular 

ejection fraction or NT-proBNP. In conclusion, physical activity in patients with a 

systemic RV is positively associated with exercise capacity and quality of life, 

irrespective of cardiac performance.  



 

INTRODUCTION 

The American Heart Association recommends patients with left ventricular failure 

to participate in exercise training.1 Not only does physical activity improve exercise 

capacity and quality of life in these patients, it also decreases heart failure related 

morbidity and mortality.2-6 These improvements seem to be irrespective of a 

patient’s cardiac function at the time exercise training is commenced.4 Despite 

these improvements seen with exercise in patients with left ventricular failure, 

available data on the effect of physical activity in adult patients with systemic right 

ventricular failure are limited. The prevalence of patients with a systemic right 

ventricle (RV) has increased steadily over the last decades to 0.04 per 1,000 living 

adults in 2000,7 and right ventricular dysfunction is a common complication in 

these patients.8 Currently, a large number of patients with a systemic RV leads a 

sedentary lifestyle caused by overprotection by their parents and physicians. This 

reticence could have unintentional counterproductive effects. In children with 

congenital heart defects physical activity has a proven beneficial effect, both on 

exercise capacity and on a psychosocial level.9, 10 These results could well be 

applicable to adult patients with a systemic RV. The present study evaluates the 

relation of habitual physical activity and cardiac function, exercise capacity and 

quality of life in patients with a systemic RV.  

 

METHODS 

A cross-sectional study was performed among 47 patients with a systemic RV. The 

Institutional Review Boards of all participating institutions approved the study 

protocol. Written informed consent was obtained from all patients prior to 

participation in the study.  

Cardiovascular Magnetic Resonance Imaging was performed to assess 

systemic right ventricular function. A 1,5 Tesla scanner (Siemens Avanto, Erlangen, 

Germany), with retrospective electrocardiographic triggering was used with a 

standard steady-state free-precession sequence with the following parameters:  

flip angle: 50-70 degrees; repetition time: 3-4 msec; echo time: 1-2 msec; 



 

temporal resolution: 40 msec, 1-2 X 1-2 mm / pixel in-plane spatial resolution, 8 

mm slice thickness, and 4 mm interslice gap. For image analysis MASS Analytical 

Software System (Medis, Leiden, the Netherlands) was used. Cine loops were used 

to chose end-diastole and end-systole. Trabeculations and papillary muscles were 

considered part of the ventricular cavity. The slices at the base of the heart were 

considered to be in the ventricle if the blood was at least half surrounded by 

ventricular myocardium. End-diastolic volumes and end-systolic volumes were used 

to calculate stroke volume and ejection fraction. Stroke volume was defined as 

end-diastolic volume - end-systolic volume, and ejection fraction as [(end-diastolic 

volume - end-systolic volume) / end-diastolic volume] X 100%.11 

For the assessment of right ventricular function of patients unsuitable for 

cardiovascular magnetic resonance imaging, Multidetector Row Computed 

Tomography was used. A Philips Brilliance-64 Computed Tomography scanner (120 

kVolt; average 500 mAs) was used to obtain cardiac images. Axial images of 20 

cardiac phases were obtained in steps of 10% of the RR-interval. To cover the 

whole heart 60-80 slices were made, each with a 2 mm thickness and no interslice 

gap. Short-axis reconstructions were made after the Multidetector Row Computed 

Tomography was performed. For Multidetector Row Computed Tomography image 

analysis MASS Analytical Software System (Medis, Leiden, the Netherlands) was 

used. For contour tracing and end-diastolic volume, end-systolic volume and 

ejection fraction calculations we used the cardiovascular magnetic resonance 

imaging protocols.  

Blood samples for N-terminal prohormone brain natriuretic peptide (NT-

proBNP) assessment were drawn into vacuum-sealed containers containing heparin 

gel (Becton Dickinson, NJ, USA) and immediately centrifuged using a PK110 

centrifuge (ALC, Winchester, VA, USA), and stored at -80°C. NT-proBNP analysis 

was performed on an Modular E170 bench top analyser utilising a 

chemiluminescent assay with a coefficient of variation < 5% (Roche Diagnostics, 

Lewes, UK). NT-proBNP measurements are subsequently quoted as plasma 

concentrations (ng/L).12, 13 



 

Cardiopulmonary exercise tests were performed to assess maximal 

exercise capacity, according to the guidelines of the American Thoracic Society.14 

Patients were placed on a cycle ergometer and continuous measurements were 

made of minute ventilation, oxygen consumption (V’O2), carbon dioxide 

production, heart rate, blood pressure and electrocardiography (Jaeger Oxycon 

pro, Wuerzburg, Germany). Work load was increased by 5 to 15 Watt, depending 

on the predicted maximum exercise capacity and in such a way that maximal effort 

was attained within approximately 10-15 minutes. Exercise tests were considered 

valid if the patient reached anaerobic threshold, defined as having a respiratory 

exchange ratio > 1.0. In case of uncertainty whether the anaerobic threshold was 

reached, the venous lactate level was determined. Patients with a venous lactate 

level > 4.0 mmol/L were also considered to have reached anaerobic threshold. 

Measured cardiopulmonary exercise test parameters were compared with predicted 

normal values from Wasserman and co-workers.15 Calibration of the system 

occurred prior to every test according to manufacturer specifications. 

Patient’s habitual physical activity was assessed using the Short 

QUestionnaire to ASsess Health-enhancing physical activity (SQUASH).16 The 

SQUASH was developed by the Dutch National Institute of Public Health and the 

Environment and contains questions on habitual activities with respect to 

occupation, leisure time, household, transportation means and other daily 

activities. Patients were requested to fill out the number of days per week, the 

average time per day and the intensity in which the activity was performed. Based 

on a patient’s self reported effort an individual activity score is calculated by 

multiplying the intensity of the activity (Ainsworth’s compendium of Physical 

activities) with the number of minutes the activity was performed per week.17 

Patients’ SQUASH scores were compared with published population norms.16 

Health related quality of life was assessed by means of the Dutch 

translation of the Medical Outcomes Study Short Form 36 item health survey (SF-

36).18 The SF-36 is a generic multi-item questionnaire comprising of 36 questions 

on 8 domains (physical functioning, role functioning physical, bodily pain, general 



 

health perception, vitality, social functioning, role functioning emotional, and 

mental health). Scores range from 0 to 100, with higher scores representing better 

quality of life. The 8 domains were combined into 2 higher-ordered clusters; the 

Physical Component Summary and the Mental Component Summary. Patients’ SF-

36 scores were compared with published age- and gender-matched Dutch 

reference population norms. 

For statistical analyses SPSS 12.0.1 (SPSS Inc., Chicago, Illinois) for 

Windows was used. The descriptive data are presented as mean with standard 

deviation if normally distributed or as median with range as appropriate. 

Comparison of continuous variables between groups were made by unpaired 

Student’s t-tests. In case of skewed distribution, the Mann-Whitney U test was 

used. P values < 0.05 were considered statistically significant. The relation 

between Physical Activity, Cardiac Function, Exercise Capacity, and Quality of Life 

was assessed by linear regression analysis. Multivariate analysis was performed to 

evaluate the influence of age and gender on the above mentioned analyses. The 8 

dimensions of the SF-36 scores were converted to standard scores on the basis of 

the scores of an age- and gender- matched representative reference sample of the 

Dutch population. A standard score indicates how many standard deviations the 

observed SF-36 score falls below or above the score from the reference population. 

Consequently the score of the reference population is set at 0.19 The study 

population was compared with reference values from the literature, to elaborate 

the differences between the scores of the SF-36 and the SQUASH.16, 18 

 

RESULTS 

Between September 2006 and February 2008, 47 patients were included in this 

study. Baseline characteristics are presented in table 1.  

Thirty-one patients were eligible to undergo cardiovascular magnetic 

resonance imaging for the evaluation of cardiac volumes and function. In 16 

patients we performed computed tomography scans. Cardiac function was 

impaired in almost all patients with a systemic RV. There were no significant 



 

differences in age and gender, nor in mean right ventricular ejection fraction 

between the cardiovascular magnetic resonance and the computed tomography-

scan group. 

Symptom limited cardiopulmonary exercise tests were performed 

successfully (mean respiratory exchange ratio 1.1 ± 0.1) and without complications 

in all patients. One patient’s exercise test was aborted prematurely due to the 

development of an atrial arrhythmia. Anti-arrhythmic drugs were initiated and the 

exercise test was repeated successfully 2 weeks thereafter. Overall, maximal 

exercise capacity as a percentage of predicted (V’O2peak % predicted) was 

decreased in patients with a systemic RV.14 

 

 

p Value

Age (years) <0.05

<0.05

76 ± 15 77 ± 17 73 ± 13 N.S.

Systolic Blood Pressure (mmHg) 125 ± 14 125 ± 15 125 ± 12 N.S.

Diastolic Blood Pressure (mmHg) 81 ± 11 81 ± 11 79 ± 11 N.S.

N.S.

N.S.

N.S.

Anti-coagulant N.S.

Diuretics N.S.

N.S.

N-terminal prohormone brain natriuretic peptide (ng/L) N.S.

- % predicted 79 ± 24 76 ± 16 84 ± 34 N.S.

- ml/kg/min 26 ± 7 27 ± 7 24 ± 7 N.S.

6808 ± 3240 7241 ± 3090 5997 ± 3461 N.S.

* Data are mean value ± standard deviation, as median (range), or as number of patients (percent).

ACE = Angiotensin Converting Enzyme; ccTGA = congenitally corrected transposition of the great arteries; SQUASH = short questionnaire to assess   

health-enhancing physical activity; TGA = transposition of the great arteries; % predicted = percentage of predicted. 

269 (34 - 4476) 258 (49 - 2265) 377 (34 - 4476)

Characteristics

23 (74%) 7 (44%)

TGA* (n=31)All patients* (n=47)

Male

10 (32%) 5 (31%)

2 (13%)

7 (23%) 4 (25%)

1 (3%) 1 (6%)

Pacemaker in situ

Medication

15 (32%)

30 (64%)

Maximal exercise capacity 

SQUASH

9 (19%)

6 (13%)

2 (4%)

B - blockade

ACE inhibitor / Angiotensin Receptor Blocker

Anti-arrhythmic medication

11 (23%)

7 (23%)

Weight (kg)

ccTGA* (n=16)

4 (13%) 2 (13%)

8 (17%) 6 (19%) 2 (13%)

35 (21 - 69) 30 (21 - 41) 43 (23 - 69)

Table 1. Baseline characteristics

 

 

 

Patients with a systemic RV had a mean SQUASH score of 6808 ± 3241, 

which is significantly lower compared to the general Dutch population (mean 

SQUASH score 7850 ± 3066); p < 0.05.16 However, not all patients scored below 

average; 17 patients had SQUASH scores over 7850.  



 

Generally, patients perceived similar quality of life compared to the general 

Dutch population on mental health domains, but scored significantly lower on 

physical health domains. Strikingly, scores on the domain of bodily pain were 

significantly higher in patients, signifying less pain, compared to the general 

population (figure 1). 

Linear regression analysis showed that patient’s self reported habitual 

physical activity (SQUASH score) was an independent predictor for V’O2peak and for 

the Physical Component Summary, adjusted for age and gender. These findings 

were not influenced by right ventricular ejection fraction or serum NT-proBNP 

levels. There was no statistically significant relation between patient’s SQUASH 

score and right ventricular ejection fraction and serum NT-proBNP levels. The 

SQUASH score was not related to a patient’s mental health status, as determined 

by Mental Component Summary (figure 2).    

 

 

Figure 1. Health related Quality of Life. 

The 8 domains of the 36 item Short Form compared with general population norms in 47 patients 

with a systemic right ventricle. BP = bodily pain; GH = general health; MH = mental health; PF = 

physical functioning; RE = role functioning emotional; RP = role functioning physical; SF = social 

functioning; VT = vitality. * Significant difference with the general population of p < 0.001; † 

Significant difference with the general population of p < 0.05. Data are presented as mean ± 2 

SD 
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Figure 2. The relation between habitual physical activity and 1a. exercise capacity as percentage of predicted; 1b. right ventricular ejection 

fraction; 1c. serum NT-proBNP level; and 2a. physical component summary; 2b. mental component summary. * SQUASH: Short Questionnaire to 

ASsess Health-enhancing physical activity. 
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DISCUSSION 

Patients with a systemic RV who are physically active in daily life have an 

enhanced exercise tolerance and experience favourable physical wellbeing, 

compared to those who are physically less active. These advantages are 

irrespective of a patient’s cardiac function as determined by cardiovascular 

magnetic resonance imaging or computed tomography scan and serum NT-proBNP 

levels. 

To our knowledge, this is the first study to evaluate the influence of 

physical activity in patients with a systemic RV. Although habitual physical activity 

was significantly lower in patients with a systemic RV compared to the general 

population, we found a positive association between physical activity and a 

patient’s exercise capacity and quality of life. 

Exercise tests were performed with only 1 minor complication, 

strengthening the hypothesis that physical activity is not only beneficial, but can 

generally be performed safely in patients with complex congenital heart defects 

like TGA. However, the complexity of the congenital cardiac condition and the 

heterogeneity of the patient group makes the need for individual evaluation, 

before exercise recommendations are given, indisputable. Contact sports should be 

avoided in patients with a potential harmful effect of trauma (e.g. patients with 

mechanical valves or a permanent pace-maker). Holter registration and exercise 

tests can rule-out potentially malignant arrhythmias. 20, 21 Moreover, our study was 

not specifically designed to address safety issues, and larger patient numbers are 

required to definitely establish safety of exercise in this patient group.  

For the present study, ccTGA patients and patients with an atrially 

switched TGA were considered as 1 group. However, ccTGA patients differ from 

atrially switched TGA patients, as they often not diagnosed until adulthood, and 

remain asymptomatic until a later age.22, 23 Moreover, associated anomalies are 

frequent and differ between ccTGA and the atrially switched TGA patients. 

Although we found no differences in RV ejection fraction, serum NT-proBNP levels 



 

and V’O2peak between the 2 patient groups, this could be due to small patient 

numbers, differences in age, or in pathophysiology.  

The absent relation between ejection fraction and exercise capacity 

suggests that maximal exercise capacity might be determined by various other 

physical variables. Many patients with a systemic RV are pacemaker dependent, or 

have some degree of tricuspid valve regurgitation. To determine the influence of 

these parameters, larger patient numbers are required. The positive effects of a 

physically active lifestyle on exercise capacity and quality of life could be the other 

way around: patient’s who have good exercise tolerance and who experience an 

enhanced quality of life could automatically be more active in daily life. However, 

the known positive results of exercise in patients with left ventricular failure, 

strengthens our interpretation of the found data in patients with a systemic RV. An 

exercise intervention study is needed to definitely confirm our findings. 

In conclusion, physical activity in patients with a systemic RV is positively 

associated with enhanced exercise capacity and favourable quality of life, 

irrespective of a patient’s cardiac function. 
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ABSTRACT 

Aims. The aim of this prospective, randomized trial was to evaluate whether 

exercise training in adult patients with a systemic right ventricle (RV) improves 

exercise capacity, serum NT-proBNP levels and quality of life. 

Methods and results. Fifty-four adult patients (46% male; age 33±10 years) 

with a systemic RV, were randomized to an intervention group (n=28) with 3 

training sessions per week for 10 consecutive weeks, and a control group (n=26). 

At baseline, and follow-up, we determined maximal exercise capacity (V’O2peak), 

serum NT-proBNP levels, and quality of life by means of the SF-36, and the 

TAAQOL Congenital Heart Disease questionnaires. Paired samples t-tests 

demonstrated that VO2peak increased with 7%, from 27±7 to 29±7 ml/kg/min; 

p=0.01, in the intervention group, and remained unchanged in the control group 

(26±9 versus 26±8 ml/kg/min; p=N.S). No significant changes in serum NT-

proBNP levels were found in the intervention group (416±636 versus 400±623 

ng/L, p=N.S.), nor in the control group (319±419 versus 301±371 ng/L, p=N.S.). 

Quality of life remained unchanged in the intervention group, as well as in the 

control group. None of the patients in the intervention group had to discontinue 

the training program due to adverse events. 

Conclusions: In adult patients with a systemic RV exercise training improves 

exercise capacity, and can be performed safely. We recommend to revise 

restrictive guidelines, and to encourage patients to become physically active. 

 



 

 

INTRODUCTION 

The prevalence of congenital heart disease (CHD) in the adult population has 

increased steadily over the last decades.1 A substantial portion of these patients 

has a morphological right ventricle (RV) that sustains the systemic circulation, i.e. 

patients with a transposition of the great arteries (TGA) after a Mustard or Senning 

operation, and patients with a congenitally corrected transposition of the great 

arteries (ccTGA). Currently, the large majority of patients with a systemic RV 

survive until adulthood. However, these patients often have decreased ventricular 

function, and reduced exercise capacity in comparison to their peers.2, 3  

The American Heart Association recommends patients with acquired heart 

disease to engage in physical exercise,4 as it is safe, increases exercise capacity 

and improves quality of life in these patients.5-9 Few small studies have 

demonstrated similar beneficial effects of exercise training in heterogeneous 

groups of patients with CHD, especially in children and adolescents.10, 11 Despite 

the positive effect of exercise training in these patient groups, there are no data on 

the effect of exercise training in adult patients with a systemic RV. Positive results 

in children with CHD should not be adopted indiscriminately to the complex 

population of adult patients with a systemic RV, as complications primarily occur in 

adulthood. On the other hand, positive results as described above, combined with 

the benefits of exercise training in adult patients with congestive heart failure, 

suggest that patients with a systemic RV could benefit from exercise. Currently, 

European guidelines on exercise and sports participation are restrictive, due to the 

limited availability of literature. 12, 13 This could lead to physicians’ reluctance to 

advise patients with a systemic RV to engage in physical activity, with possibly 

counterproductive effects. 

The primary aim of our study was to determine whether exercise training 

improves maximal exercise capacity in adult patient with a systemic RV. 

Additionally, we aimed to determine whether exercise training decreases serum N-

terminal prohormone brain natriuretic peptide (NT-proBNP) levels and improves 

quality of life in these patients.  



 

 

METHODS 

Patient characteristics 

The study was an multi-centre prospective, randomized, controlled trial, and was 

set-up to evaluate the effect of exercise training on exercise capacity, serum NT-

proBNP levels and quality of life in adult patients with a systemic RV.  

In the Netherlands, the study population was identified through the 

CONgenital COR vitia (CONCOR) database, the national database and DNA-bank 

for adult CHD,14 and, in Italy, through the echocardiography database of the 

Paediatric Cardiology and Adult Congenital Unit, at the University Medical Center in 

Bologna. Exclusion criteria were mental or physical incapability to participate in a 

home-based exercise training program, the presence of exercise-induced 

arrhythmias, symptomatic myocardial ischemia, a resting systolic blood pressure > 

200 mmHg and/or diastolic blood pressure > 110 mmHg, New York Heart 

Association (NYHA) class III or IV, pregnancy during the training period, and non-

cardiac co-morbidity that could affect exercise performance or that could 

aggravate by exercise. 

Sample size calculation was based on the primary endpoint of change in 

V’O2peak (ml/kg/min) as determined by cardiopulmonary exercise test.15, 16 Based on 

a standard deviation of 2.5 we calculated that 52 patients were required to obtain 

80% power to detect a difference of 2 ml/kg/min in V’O2peak between the two 

treatment groups after 10 weeks with a 2 sided α of 0.05.  

One hundred forty one patients were eligible to participate in the study, 

and were contacted by telephone by a member of the research team. Patient 

inclusion was conducted in the Netherlands (n=105) in April and May 2009, in Italy 

(n=36) in September and October 2009. The study complies with the Declaration 

of Helsinki, locally appointed ethics committees have approved the research 

protocol and informed consent was obtained from the subjects prior to their 

participation in the study. The study was registered at http://trialregister.nl. 

Identifier: NTR1909. 

 



 

 

Exercise training program 

Consenting patients were randomized, stratified by sex, and country, to a). 

commence with an exercise training protocol for the duration of 10 consecutive 

weeks (the intervention group), or b). refrain from this exercise training protocol 

for the duration of 10 consecutive weeks (the control group). Patients started the 

training protocol within one week after all baseline procedures had been 

performed. The training protocol was home-based, and consisted of 3 sessions of 

steps aerobics per week for the duration of 10 consecutive weeks. The training 

sessions were set-up as follows: all patients warmed-up for 5 minutes at 60% of 

maximal heart rate, as determined by baseline cardiopulmonary exercise testing, 

before starting a 32 minute interval training. The interval training consisted of 5 

times 4 minutes of steps aerobics, starting at 75% and incrementing to 90% of 

maximal heart rate during the 10 week training protocol, alternated with 4 times 3 

minutes of steps aerobics at 60% of maximal heart rate. Each training session was 

terminated by a 5 minute cool-down period at 60% of maximal heart rate.16 

Participating patients, both in the intervention and the control group, were 

requested to continue habitual daily activities, even if these included regular 

physical exercise. 

To obtain the desired exercise intensity all patients randomized to the 

exercise training protocol received a Cresta Metal Line PM-233 (Sabre, the 

Netherlands) heart rate wrist watch, to monitor their heart rate during the training 

sessions. To improve compliance with the training protocol and to ensure safety, 

each patient received a weekly email asking them about their progress. Patients 

who did not respond to this email were contacted by telephone. All patients were 

instructed to immediately cease the exercise program and contact a physician if 

they experienced chest pain, palpitations, dizziness or other distressing symptoms.  

 

Cardiopulmonary exercise tests 

Cardiopulmonary exercise tests were performed twice in all patients, once prior to 

randomization, and a second time after the 10 week follow-up period. 



 

 

Cardiopulmonary exercise tests were performed to assess maximal exercise 

capacity, and maximal heart rate, according to the guidelines of the American 

Thoracic Society.17 Patients were placed on an upright cycle ergometer and breath-

by-breath analysis were made of minute ventilation, oxygen uptake (V’O2), carbon 

dioxide elemination (V’CO2), heart rate, blood pressure and electrocardiography 

(Jaeger Oxycon pro, Wuerzburg, Germany). Work load was increased by 5 to 15 

Watt/minute in a stepwise manner, depending on the individually predicted 

maximum exercise capacity and in such a way that calculated maximal effort was 

attained in approximately 10-15 minutes. All patients were exercised to their 

maximum exercise capability. We averaged V’O2 using a 10 second time interval to 

determine V’O2peak as the largest value in the terminal phase of exercise. Measured 

cardiopulmonary exercise test parameters were compared with predicted normal 

values from Wasserman and co-workers.18 Calibration of the system occurred prior 

to every test according to manufacturer specifications. 

 

Serum NT-proBNP 

Blood samples for NT-proBNP assessment were drawn twice, once prior to 

randomization, and a second time after a 10 week follow-up period. Samples were 

analyzed locally, and in a standardized fashion.19, 20 

 

Quality of Life 

Quality of life was assessed prior to randomization, and after a 10 week follow-up 

period using 2 different quality of life questionnaires. Health related quality of life 

was assessed by means of the Dutch and Italian translations of the Medical 

Outcomes Study Short Form 36 item (SF-36) health survey.21 The SF-36 is a 

generic multi-item questionnaire comprising of 36 questions on 8 domains 

(physical functioning, role functioning physical, bodily pain, general health 

perception, vitality, social functioning, role functioning emotional, and mental 

health). Scores range from 0 to 100, with higher scores representing better quality 

of life. The 8 domains were combined into 2 higher-ordered clusters; the Physical 



 

 

Component Summary and the Mental Component Summary. Patients’ SF-36 scores 

were compared with published age- and gender-matched reference population 

norms. 

In addition, quality of life was assessed by means of the Dutch and Italian 

translations of the CHD – TNO/AZL Adult Quality of Life (CHD-TAAQOL) 

questionnaire.22 The CHD-TAAQOL was developed as a disease specific tool for 

measuring health-related quality of life in adults with congenital heart defects.22 It 

contains 26 items covering three subscales: symptoms or limitations during the 

previous month, worries during the previous month, and impact of the medical 

examinations. Each item consists of two questions. First, the presence (1: no; 2: 

yes) or frequency (1: never; 2: occasionally; 3: often) of occurrence of each 

complaint or limitation during the last month is scored. If a problem occurred, the 

degree it bothers the respondent is assessed on a 4-point scale (1: not at all to 4: 

very much). The scores were transformed to a 0-100 scale, with higher scores 

representing better quality of life. Convergent and discriminate validity showed 

satisfactory coefficients.22 

All patients were asked whether they had been consulted by their treating 

cardiologist in regard to sports participation, and whether they had been advised 

positively or negatively toward sports participation. Patients were subsequently 

asked whether they had engaged in sports in the year prior to inclusion in the 

study. 

 

Statistical analysis 

For statistical analyses SPSS 16.0 (SPSS Inc., Chicago, Illinois) for Windows was 

used. A 2-tailed probability value of < 0.05 was used as a criterion for statistical 

significance. The descriptive data are presented as numbers with percentage, or as 

mean with standard deviation, or median with range, as appropriate. Chi-squared 

and unpaired t-tests, or Mann-Whitney U tests if appropriate, were performed to 

assess differences in baseline characteristics between the intervention, and the 

control group, and between the Dutch, and Italian patients, in categorical and 



 

 

continuous variables, respectively. Changes in exercise capacity, serum NT-proBNP 

levels, and quality of life during follow-up were assessed for all patients in the  

intervention and the control group who completed both baseline and follow-up 

investigations, using a two-tailed paired t test. 

 

RESULTS 

Patient characteristics 

Fifty-five patients (45% male; mean age 32.6±9.9 years) consented to participate 

in the study. One patient was excluded from participation after baseline procedures 

had been performed, as she developed ventricular bigeminy during the recovery 

phase of the baseline exercise test. Subsequently, 54 patients (46% male, mean 

agen 32.5±9.9, of whom 36 in the Netherlands (47% male; mean age 33.6±9.3 

years), and 18 in Italy (44% male; mean age 30.1±11.1 years) were randomized. 

The intervention (n=28) and control group (n=26) were well balanced on baseline 

characteristics, including age, type of condition, type of corrective surgery, NYHA 

classification, presence of pacemaker and medicinal use. Baseline characteristics 

are summarized in table 1. There were no changes in the use of medications 

during the study period in any of the participating patients. 

 There were no significant differences in baseline characteristics between 

the Dutch and the Italian patient population, except for the age at repair (NL: 

median 8 (2 – 57) months vs. IT: median 6 (1 – 10) months; p=0.05).  

 

Compliance and safety 

In total, 8 patients did not complete the protocol, 4 in the intervention group, 4 in 

the control group. Two patients underwent pacemaker battery replacement during 

follow-up. Two patient withdrew from the study due to personal circumstances, 4 

other patients decided to withdraw from the study after a few weeks without 

apparent reason. There were no differences in baseline characteristics between 

patients who withdrew from the study, compared to those who completed the 

study. 



 

 

 Exercise tests could be performed without complications in all patients. 

One baseline exercise test was aborted due to nausea of the patient, but was 

repeated successfully 6 hours later. As stated above, one patients developed 

ventricular bigeminy in the recovery phase, and was excluded from participating in 

the study. During the training protocol, one patient sustained calf injury during 

exercise, and had to discontinue the protocol for two weeks. No other complaints 

and/or complications were reported.  

 

Cardiopulmonary exercise tests 

At baseline, we found no differences in hemodynamic and exercise parameters 

between the intervention and the control group. At baseline, no differences were 

observed between the Dutch and the Italian patient population. The intervention 

group showed a 7% increase in V’O2peak (27±7 to 29±7 ml/kg/min; p=0.01) during 

the 10 week follow-up period, whereas V’O2peak remained unchanged in the control 

group. Figure 1. Resting systolic blood pressure decreased during follow-up in the 

intervention group (p=0.01). We found no changes in any of the hemodynamic 

and exercise parameters during follow-up in the control group (table 2). 

 
Laboratory tests 

At baseline, there were no differences in serum NT-proBNP levels between the 

intervention and the control group, nor between the Dutch and Italian patient 

population. No significant changes in serum NT-proBNP levels were observed 

during follow-up in the intervention and the control group (table 2). 

 

Quality of life 

At baseline, there were no differences in quality of life between the intervention 

and the control group. The Dutch patients were less worried about their disease 

(TAAQOL-CHD), compared to their Italian peers (NL: 86.7±10.5 vs. IT: 76.9±13.2; 

p=0.004). As can be readily seen in table 2, quality of life remained unchanged 

during follow-up in intervention and the control group. 



 

 

 

Table 1. Baseline characteristics

p-value

Age (years) 32.5 ± 10 30.9 ± 10 34.1 ± 10 N.S.

N.S.

1.87 ± 0.19 1.88 ± 0.19 1.87 ± 0.2 N.S.

N.S.

TGA: Mustard / Senning N.S.

TGA: age at repair (months) N.S.

I / II N.S.

Pacemaker in situ N.S.

Medication

B - blocker N.S.

ACE / ATII N.S.

Diuretics N.S.

Anti-arrhythmic drugs N.S.

No medication N.S.

80 ± 13 80 ± 11 81 ± 16 N.S.

arteries.

4 (15%)

2 (8%)

11 (42%)

Characteristics (n =54) (n =26)

Total Intervention Control

(n =28)

NYHA class 38 /16

Male 25 (46%) 15 (52%)

21 / 7

BSA (m2)

10 (38%)

17 / 9

7 (27%)

18 / 17 8 / 12 10 / 5

16 (1-57) 19 (1-57)

TGA / ccTGA 35 / 19 20 / 8 15 / 11

arteries; NYHA = New York Heart Association functional class; TGA = transposition of the great

FU (days)

14 (26%) 7 (24%)

20 (37%) 10 (36%)

6 (11%)

25 (46%)

8 (15%)

14 (50%)

11 (2-36)

Data are mean ± standard deviation; number of patients (percentage); number of patients /

number of patients. ACE = angiotensin converting enzyme inhibitor; ATII = angiotensin II receptor 

antagonist; BSA = body surface area; ccTGA = congenitally corrected transposition of the great

6 (21%)13 (24%) 7 (27%)

4 (14%)

4 (14%)

10 (38%)

 

 

 

 The majority of patients (n=34; 63%) had been consulted by their 

cardiologist on sports participation, whereas 13 (24%) had not been consulted, 

and 7 (13%) could not remember. Twenty-five (73%) patients who had been 

consulted, had received positive advise, and 26 (48%) patients stated that they 

had engaged in any form of sports participation in the year prior to participating in 

the current study. The latter patient group had similar baseline V’O2peak, and serum 

NT-proBNP levels, compared to patients who had not engaged in sports 



 

 

participation. However, at baseline, sporting patients had increased physical quality 

of life (SF-36) and less worries (TAAQOL-CHD), compared to non-sporting patients. 

We found no differences in the number of patients who had received advise, and 

who stated that they had engaged in sports participation between the intervention 

and the control group, nor between the Dutch, and the Italian patients.  

 

 

Figure 1. Changes in maximal exercise capacity at baseline and follow-up. 

Changes in maximal exercise capacity (V’O2peak) for the training (left panel), and the control (right 

panel) group, at baseline and after 10 weeks. 
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DISCUSSION 

This randomized controlled trial demonstrates that exercise training increases 

exercise capacity in adult patients with a systemic RV. Moreover, high-intensity 

exercise training can be performed safely in these patients. Serum NT-proBNP 

levels, and quality of life remained unchanged during 10 consecutive weeks of 

exercise training.  

 



 

 

Table 2. Exercise response

p-value p-value

Systolic blood pressure, rest (mmHg) 115 ± 12 109 ± 7 .024 119 ± 16 118 ± 14 N.S.

Systolic blood pressure, max (mmHg) 159 ± 21 163 ± 24 N.S. 159 ± 23 165 ± 27 N.S.

Heart rate, rest (beats/minute) 75 ± 15 70 ± 12 N.S. 79 ± 10 77 ± 14 N.S.

Heart rate, max (beats/minute) 155 ± 28 160 ± 29 N.S. 149 ± 35 149 ± 32 N.S.

Cardiopulmonary exercise testing

VO2max (ml/kg/min) 27 ± 7 29 ± 7 .012 26 ± 9 26 ± 8 N.S.

VO2max (ml/min) 2043 ± 558 2219 ± 547 .009 1994 ± 752 1939 ± 660 N.S.

VO2max (% pred) 70 ± 18 76 ± 20 .009 74 ± 18 76 ± 18 N.S.

VCO2max (ml/min) 2240 ± 731 2457 ± 619 .042 2197 ± 977 2011 ± 772 N.S.

Ventilation (L/min) 7.4 ± 1.9 8.0 ± 1.8 N.S. 6.4 ± 1.7 6.3 ± 2.1 N.S.

Laboratory testing

416 ± 636 400 ± 623 N.S. 319 ± 419 301 ± 371 N.S.

Quality of Life

SF-36 Mental health component -0.04 ± 0.85 -0.16 ± 0.80 N.S. 0.05 ± 0.88 0.15 ± 0.73 N.S.

Physical health component 0.08 ± 0.81 0.21 ± 0.68 N.S. -0.24 ± 0.98 -0.25 ± 1.02 N.S.

CHD-TAAQOL Symptoms 87 ± 9 89 ± 11 N.S. 86 ± 13 85 ± 13 N.S.

Worries 81 ± 12 81 ± 15 N.S. 88 ± 12 91 ± 11 N.S.

Impact 87 ± 8 86 ± 8 N.S. 85 ± 10 85 ± 8 N.S.

Data are mean ± standard deviation; L/min = litre per minute; ml/kg/min = mililitre per kilogram per minute; ml/min = mililitre per minute;

% pred = percentage of predicted.

NT-proBNP (ng/L)

Characteristics Follow-upBaseline

Intervention (n =24) Control (n =22)

Hemodynamics

Baseline Follow-up

 

 

To our knowledge, this is the first trial to demonstrate the benefits of 

physical exercise in adult patients with a systemic RV. Previous studies have 

universally demonstrated that exercise training increases exercise capacity.5, 8, 10, 23-

26 However, results on serum NT-proBNP levels and quality of life are equivocal. 

Arad et al. found NT-proBNP levels to remain unchanged after 4.5 months of 

exercise training, whereas others describe a significant decrease of these levels, 

after nine months of training with a similar protocol.27, 28 Our study showed no 

decrease in serum NT-proBNP levels after 10 weeks of training in adult patients 

with a systemic RV. Although systemic RV dysfunction is the most frequently seen 

complication in the adult systemic RV population, levels are generally not elevated 

to the extent of left-sided heart failure patients. This could significantly decrease 

the value of NT-proBNP as a marker of ventricular dysfunction. In addition, serum 

NT-proBNP levels are usually elevated during exercise, especially in patients with 



 

 

ventricular dysfunction.29 A relative elevation in our intervention group, who 

experience an increased level of daily physical activity, could have blurred our 

results on a potential positive effect of exercise on the myocardium.  

In general, V’O2peak is limited in adult patients with a systemic RV. This is 

primarily due to their inability to increase cardiac output during exercise, caused by 

an incompetent chronotropic response, inadequate ventricular filling through the 

atrial baffle, and decreased coronary flow reserve.30 Furthermore, similar to 

healthy individuals, V’O2peak is determined by peripheral factors (i.e. endothelial 

function, muscle mass, muscle oxygenation etc.). Improvements in our patient 

population seem predominantly peripheral, with an increase in V’O2peak, a decrease 

in resting systolic blood pressure, but no significant change is serum NT-proBNP 

levels.8 Further investigation is warranted to obtain information on how peripheral 

improvements are achieved. 

At baseline, we found that patients who had stated that they were 

engaged in sports participation had increased quality of life. This is in line with 

previous findings by our group.25 However, it remained unclear whether sports 

participation increased quality of life, or whether increased quality of life motivated 

patients to engage in sports participation. The 10 week training protocol did not 

result in an improvement in quality of life in adult patients with a systemic RV. 

These findings are contrary to the overall perception on the effect of exercise on 

quality of life. Most authors describe an improvement in quality of life after 

exercise training, both in patients with acquired heart disease,5, 25, 31 as well as with 

CHD.10, 23 However, it is known that, in general, quality of life in adult patients with 

CHD is excellent, and comparable to the standard population.32, 33 We found similar 

high quality of life scores, which do not allow for much improvement. Moreover, 

power calculation was performed based on the primary outcome measure 

(V’O2peak), which could have led to insufficient power to observe changes in quality 

of life. 

Whether exercise training decreases cardiac morbidity and mortality 

remains controversial. Belardinelli et al. found significantly lower mortality in the 



 

 

trained, compared to the untrained patients with left-sided congestive heart failure. 

In addition, a recent paper by Giardini et al. demonstrated that increased V’O2peak 

was positively associated with event-free survival in adult patients with a systemic 

RV.34 These data suggest that an increase in patients’ V’O2peak through exercise 

could have a subsequent positive effect on event-free survival. On the other hand, 

a recent paper by O’Conner et al. describe no such differences between groups in 

a similar patient population.5, 35 To evaluate the effect of exercise training on 

cardiac morbidity and mortality in adult patients with a systemic RV, a large-scaled 

study with a long-term exercise training program is warranted. However, feasibility 

of such a study is questionable, as patient numbers are low, and major cardiac 

events, and (cardiac) death are relatively rare.  

We chose to enroll consenting patients in a 10-week, high-intensity, home-

based, interval exercise training protocol. Recent studies have proven a superior 

cardiovascular effect of interval training, in comparison to continuous training in 

patients with congestive heart failure.26, 36 Wisløff et al. found that patients 

enrolled in the high-intensity interval training were more motivated to perform the 

training, and showed a greater increase in V’O2peak, and quality of life, and a more 

significant decrease in pro-BNP levels, compared to those in the continuous 

training program.26 Moreover, a study by Meyer et al. demonstrated superior 

cardiac output increase in the interval training group, compared to the continuous 

training group.36 It is known that home-based exercise training protocols can be 

performed safely and successfully.37, 38 In addition, we expected a home-based 

training program to increase willingness to participate in the study, and to improve 

compliance in this relatively young and socially active patient population.  

The American Heart Association recommends exercise training for patients 

with left ventricular failure, as it safe and beneficial.4 On the other hand, the 

European Society of Cardiology states that, as literature on exercise and sports 

participating in patients with CHD is limited, a restrictive attitude seems wise in 

these patients.13 Notwithstanding the restrictive guidelines, 63% of participation 

patients had received advise on sports participation, of whom 73% positive, by 



 

 

their treating cardiologist. Moreover, 48% of patients had already engaged in 

sports participation. Results from the current study suggest that restrictive 

guidelines could have unintentional counterproductive effects. Further research is 

warranted to obtain information on the effect of exercise training in patients with 

other congenital cardiac conditions, as alleviation of restrictive guidelines seems to 

be appropriate. 

 

Limitations 

As in many studies on adult patients with a systemic RV, the number of patients 

included in this study was relatively small. Larger-scaled studies should be pursued 

to definitely establish the value of our findings. Power calculation was performed 

based on our primary endpoint; a change in V’O2peak. Power calculations based on 

the secondary endpoints could have resulted in a higher number of patients 

required for this study, and could have increased the likelihood to identify 

significant changes in serum NT-proBNP levels and quality of life. The exercise 

training protocol was home-based, which makes verification of compliance difficult. 

Previous studies had established that home-based exercise can be performed 

successfully.37, 38 In addition, all patients were contacted on a weekly basis to verify 

and secure compliance. Patients in NYHA functional class III and IV were excluded 

from participating in the study. We are the first to enroll patients with a systemic 

RV in a (home-based) training protocol, and somewhat restrictive inclusion criteria 

seemed appropriate. On the other hand, as exercise training is found to be safe in 

adult patients with advanced congestive heart failure, one would not expect major 

safety issues in adult patients with systemic RV failure. 

 

 

 

 

 



 

 

CONCLUSION 

The results of this longitudinal study, demonstrate that exercise training improves 

exercise capacity in adult patients with a systemic RV. Moreover, the current study 

showed that high-intensity exercise training can be performed safely. Patients with 

a systemic RV should be encouraged to engage in regular exercise, and restrictive 

guidelines should be re-evaluated. 
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ABSTRACT 

Background: The method used to delineate the boundary of the right ventricle 

(RV), relative to the trabeculations and papillary muscles in cardiovascular 

magnetic resonance (CMR) ventricular volume analysis, may matter more when 

these structures are hypertrophied than in individuals with normal cardiovascular 

anatomy. This study aimed to compare two methods of cavity delineation in 

patients with systemic RV.  

Methods: Twenty-nine patients (mean age 34.7 ± 12.4 years) with a systemic RV 

(12 with congenitally corrected transposition of the great arteries (ccTGA) and 17 

with atrially switched (TGA) underwent CMR. We compared measurements of 

systemic RV volumes and function using two analysis protocols. The RV 

trabeculations and papillary muscles were either included in the calculated blood 

volume, the boundary drawn immediately within the apparently compacted 

myocardial layer, or they were manually outlined and excluded. RV stroke volume 

(SV) calculated using each method was compared with corresponding left 

ventricular (LV) SV. Additionally, we compared the differences in analysis time, and 

in intra- and inter-observer variability between the two methods. Paired samples t-

test was used to test for differences in volumes, function and analysis time 

between the two methods. Differences in intra- and inter-observer reproducibility 

were tested using an extension of the Bland-Altman method.  

Results: The inclusion of trabeculations and papillary muscles in the ventricular 

volume resulted in higher values for systemic RV end diastolic volume (mean 

difference 28.7 ± 10.6 ml, p<0.001) and for end systolic volume (mean difference 

31.0 ± 11.5 ml, p<0.001). Values for ejection fraction were significantly lower 

(mean difference -7.4 ± 3.9%, p<0.001) if structures were included. LV SV did not 

differ significantly from RV SV for both analysis methods (p=NS). Including 

structures resulted in shorter analysis time (p<0.001), and showed better inter-

observer reproducibility for ejection fraction (p<0.01).  

Conclusions: The choice of method for systemic RV cavity delineation 

significantly affected volume measurements, given the CMR acquisition and 



 

analysis systems used. We recommend delineation outside the trabeculations for 

routine clinical measurements of systemic RV volumes as this approach took less 

time and gave more reproducible measurements.  



 

BACKGROUND 

The number of adult patients with a congenital heart defect is steadily increasing 

with the constant improvement of cardiac surgery. A substantial portion of these 

patients has a morphologic right ventricle (RV) supporting the systemic circulation 

(e.g. patients with a congenitally corrected transposition of the great arteries 

(ccTGA) or a complete transposition of the great arteries (TGA) after an atrial 

switch operation). Medium term survival in patients with a systemic RV is relatively 

good. However, long-term outcome is unknown, and morbidity is worrisome, with 

RV dysfunction, tricuspid valve regurgitation, and arrhythmias being the main 

constituents.1-4 

Assessment of ventricular function is of particular importance, as 

European guidelines consider it an important part of preoperative assessment, 

(peri-operative) management and follow-up of patients with any congenital heart 

defect. 5 Moreover, decisions on the timing of surgical intervention in patients with 

a systemic RV are frequently based on RV function. 6, 7 Therefore, the importance 

of having an accurate and reproducible diagnostic tool for the evaluation and 

follow-up of systemic RV volumes and function is evident.  

For the assessment of subpulmonary LV and systemic RV volumes and 

function Cardiovascular Magnetic Resonance (CMR) is considered the gold 

standard. 8-15 In individuals with normal cardiac anatomy the influence of 

trabeculations and papillary muscles on measured ventricular volumes seems of 

marginal importance. The differences in measured ventricular volumes and 

function when these structures are included in the ventricular cavity, compared to 

when structures are excluded, are small and unlikely to influence clinical decision 

making.16, 17 However, patients with a systemic RV pose a challenge, as the 

method of delineating the cavity relative to the hypertrophied trabeculations and 

papillary muscles could affect RV volume and function measurements. 18  

To our knowledge, no study has ever addressed the issue of CMR 

analysis methods in this patient group. Aim of the present study was to evaluate 

the impact of trabeculations and papillary muscles on systemic RV measurements, 



 

by comparing a CMR analysis method in which trabeculations and papillary muscles 

were included in the RV volume to an analysis method in which these structures 

were excluded from RV volume (figure 1). Additionally, differences in analysis time 

and intra- and inter-observer reproducibility between analysis methods were 

evaluated. 

 

Figure 1. Four chamber image from a multi-phase steady-state free precision sequence of the 

highly trabeculized systemic RV in a patient with an atrially switched TGA (a) and in a patient with 

a congenitally corrected TGA (b). 

 
 
 
 
 

 

 

 

 

 

METHODS 

Study population 

A total of 29 adult patients (69% male, mean age 34.7 ± 12.4 years) with a 

systemic RV underwent CMR for the evaluation of RV volumes and function. 

Twelve patients had a ccTGA, 17 patients an atrially switched TGA. The 

Institutional Review Boards of all three participating tertiary referral centers 

approved the study protocol. Written informed consent was obtained from all 

patients prior to participation in the study.  

 

Image acquisition 

Image acquisition was performed by CMR, using a 1,5 Tesla scanner (Siemens 

Avanto, Erlangen, Germany), using standardly available sequences to assess 

RV 

RV 

a b 



 

ventricular volumes. After visualizing the long and short axes of the heart, a multi-

phase steady-state free precession sequence (SSFP) with retrospective 

electrocardiographic triggering was applied to visualize two-chamber, three-

chamber and four-chamber views. Guided by these views, a multislice and 

multiphase SSFP sequence was applied perpendicular to the ventricular septum, 

encompassing the total heart. These sequences were individually adjusted to 

acquire short axis slices with optimal spatial and temporal resolution. Typical 

parameters were: flip angle: 50-70 degrees; repetition time: 3-4 msec; echo time: 

1-2 msec; temporal resolution: 40 msec, 1-2 X 1-2 mm / pixel in-plane spatial 

resolution, 8 mm slice thickness, and 1 mm interslice gap. This resulted in 9 to 15 

slices to cover the whole heart. CMR images were acquired during repeated end-

expiratory breath holds. 

 

Image analyses 

For CMR image analysis two independent observers (MW, FB) used MASS 

Analytical Software System (Medis, Leiden, the Netherlands). Cine loops were used 

to choose end diastole (ED) and end systole (ES). ED was defined as the phase 

with the largest RV (and left ventricular (LV)) area and ES as the phase with the 

smallest RV (and LV) area. The slices at the base of the heart were considered to 

be in the ventricle if the blood was at least half surrounded by ventricular 

myocardium. Cine loop movies in phase and slice were used in case the distinction 

between the ventricles, atria and great vessels was unclear. Moreover, four-

chamber views in phase with the short axis views were available. Tracing was 

performed manually on each ED and ES short-axis view. 

The sums of the traced contours in ED and ES were used to calculate ED 

volume (EDV) and ES volume (ESV) using a disc summation technique. EDV and 

ESV were used to calculate Stroke Volume (SV) and Ejection Fraction (EF). SV was 

defined as EDV – ESV, and EF as [(EDV – ESV) / EDV] X 100%. 

 

 



 

CMR analysis methods  

All contours were traced twice, using two different tracing methods. Both the 

systemic RV, and the subpulmonary LV were subjected to both analysis methods. 

Method A: Contour tracing was first performed including the papillary muscles and 

trabeculations in the ventricular cavity, by tracing immediately within the 

apparently compact layer of the myocardium. A continuous movie display of the 

slice being evaluated was used to enhance differentiation between trabeculations, 

papillary muscles and the ventricular free wall. Although the exclusion of complex 

RV trabeculations and papillary muscles is relatively easy in ED, optimal 

differentiation is especially important in the ES phases as trabeculations and 

papillary muscles compress and fold during systole making the end-systolc border 

of trabeculations and blood volume less distinct. This method resulted in smooth 

contours (figure 2, method A). Method B: Contour tracing was then performed 

excluding the papillary muscles and trabeculations from the ventricular volume. 

This was done by tracing around these structures if attached to the ventricular wall 

and by tracing them separately if not attached to the ventricular wall. This resulted 

in irregular endocardial contours (figure 2, method B).  

To ensure that found differences would only be due to the impact of 

papillary muscles and trabeculations both analysis methods were performed on the 

same ED and ES phases, and the same slices for each patient. Duration of RV 

volume and function analysis was recorded for both analysis methods. 

 

Statistical methods 

For statistical analyses SPSS 12.0.1 (SPSS Inc., Chicago, Illinois) for Windows was 

used. P values < 0.05 were considered statistically significant. The shift between 

the two tracing methods was compared with the two-tailed paired t test, 

calculating mean, standard deviation and statistical significance of the differences. 

The agreement between the two tracing methods was assessed and visualized with 

the method and plots as described by Bland and Altman. 19 Agreement between RV 



 

SV and LV SV for both analysis methods was assessed using a two-tailed paired t 

test. 

Intra- and inter-observer reproducibility of the two analysis methods was 

determined from the mean value and the differences between the two 

measurements. The coefficient of variability was calculated as the standard 

deviation of the difference of the paired measurements divided by the mean of the 

average of the paired measurements, and expressed as a percentage. An 

extension of the Bland-Altman method was used to assess the statistical 

significance of differences in intra- and interobserver reproducibility between the 

two analysis methods. A log transformation of the squared differences between the 

two measurements was performed. If the squared difference was zero, we 

replaced the value by the next smallest value multiplied by 0.5. A two-tailed paired 

t test of the logged squared differences was performed thereafter.20  

 

RESULTS 

Differences in measured volumes and function (Table 1) 

Including trabeculations and papillary muscles in the systemic RV volume (Method 

A) resulted in significantly higher outcome measures for EDV with a mean 

difference of 28.7 ml (95% CI 24.7 – 32.7, p<0.001), and for ESV with a mean 

difference of 31.0 ml (95% CI 26.7 – 35.4, p<0.001), compared to when 

structures were excluded from the ventricular volume (Method B). This resulted in 

a significantly lower calculated systemic RV EF with a mean difference of 7.4 % 

(95% CI -8.9 – -5.9, p<0.001). No significant changes were found for SV and CO. 

Bland-Altman plots were used to visualize the systematic differences between 

Method A and B (figure 3). 

 

 

 

 



 

Figure 2. Assessment of systemic right ventricular volumes using two different analysis 

protocols. 

Short axis view from a multi-phase steady-state free precision sequence in end systole (left) and 

end diastole (right) obtained in a patient with an atrially switched TGA demonstrating the two 

analysis protocols. Method A depicts the inclusion of trabeculations and papillary muscles in the 

ventricular cavity. Method B depicts the exclusion of trabeculations and papillary muscles from the 

ventricular cavity. LV = left ventricle. 
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Parameter* p Value Percentage diff.

EDV (ml) 208 ± 55 179 ± 49 29 ± 11 < 0.001 15

ESV (ml) 132 ± 49 101 ± 42 31 ± 11 < 0.001 27

SV (ml) 75 ± 18 78 ± 18 - 2 ± 6 0.061 3

CO (ml) 5327 ± 1457 5478 ± 1438 - 151 ± 427 0.067 3

EF (%) 37 ± 8 45 ± 9 - 7 ± 4 < 0.001 18

*Absolute diff. = Absolute difference; CO = cardiac output; CV = coefficient of variability; EDV = end diastolic volume; EF = ejection fraction; ESV = 

† Data are mean values ± standard deviation

Table 1. Measurements of systemic right ventricular volumes and function by means of CMR 

end systolic volume; Percentage diff. = Percentage difference; SV = stroke volume. 

Structures excluded † (n=29)Structures included † (n=29) Absolute diff.

 

 

 We found no statistically significant differences between RV SV and LV 

SV, when trabeculations and papillary muscles were included in the RV and LV 

volumes (75.5 ± 18.5 ml vs. 71.1 ± 23.9 ml; p = NS), neither when structures 

were excluded from the RV and LV volumes (77.8 ± 18.4 ml vs. 69.3 ± 22.3 ml, p 

= NS). 

Analysis time was significantly shorter when using Method A (20 ± 3 

min) compared to Method B (26 ± 4 min); p<0.001. 

 

Observer reproducibility 

Analysis Method A lead to a lower coefficient of variability for all outcome 

measures compared to Method B. This indicates superior intra- and inter-observer 

reproducibility when including trabeculations and papillary muscles in the 

ventricular volume compared to excluding these structures. Although these 

differences were not found to be statistically significant for the intra-observer 

measurements, we found statistically significant difference in the inter-observer 

reproducibility of systemic RV SV (p<0.05) and EF (P<0.01), favoring the inclusion 

of structures in the ventricular volume (Table 2).  



 

Figure 3. Bland-Altman plots demonstrate on the X-axis the mean value of Method A and Method 

B for each parameter (a. mean end diastolic volume; b. mean end systolic volume; c. mean 

stroke volume; d. mean ejection fraction), and on the Y-axis the difference between the two 

analysis methods for the same parameter. The solid line represents the mean value of the 

difference for each method, the dotted lines represent ± 2SD. RVEDV = right ventricular end 

diastolic volume; RVEF = right ventricular ejection fraction; RVESV = right ventricular end systolic 

volume; ml = millilitre; SD = standard deviation; RVSV = right ventricular stroke volume. The ‘A’ 

or ‘B’ behind parameters indicate that values were obtained using Method A or Method B 

respectively. 
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p Value

Parameter* Average † CV* (%) Average † CV* (%)

EDV (ml) 212 -5 ± 13 6.1 178 -4 ± 27 15.2 0.65

ESV (ml) 139 -4 ± 9 6.7 106 -0.02 ± 8 7.5 0.68

SV (ml) 74 -1 ± 7 9.4 71 0.4 ± 10 14.4 0.94

CO (ml) 5082 -99 ± 483 9.5 4884 16 ± 707 14.5 0.93

EF (%) 35.6 0.1 ± 2 5.8 41.1 0.01 ± 3.2 7.7 0.38

p Value

Parameter* Average † CV* (%) Average † CV* (%)

EDV (ml) 213 -7 ± 21 10.0 181 -8 ± 24 13.5 0.11

ESV (ml) 139 -5 ± 18 12.7 108 -4 ± 20 18.5 0.07

SV (ml) 74 -2 ± 9 12.2 73 -4 ± 12 16.8 < 0.05

CO (ml) 5104 -144 ± 649 12.7 5060 -337 ± 868 17.1 0.10

EF (%) 35.7 -0.1 ± 2.7 7.5 41.4 -0.6 ± 5.3 12.8 < 0.01

*CO = cardiac output; CV = coefficient of variability; EDV = end diastolic volume; EF = ejection fraction; ESV = end systolic volume; SV stroke 

volume. 
† Data are mean values ± standard deviation of the average and the difference of the paired observations 

Table 2. Intra- and inter-observer reproducibility of measurements.

Intra-observer reproducibility

Inter-observer reproducibility

Including structures in volume (n=20) Excluding structures from volume (n=20)

Difference †

Difference †

Difference †

Difference †

Including structures in volume (n=20) Excluding structures from volume (n=20)

 

 

DISCUSSION 

Including trabeculations and papillary muscles in the systemic RV cavity lead to a 

substantially higher measured EDV and ESV and a substantially lower calculated 

EF, compared to excluding these structures from the volume of the cavity. 

Although the influence of these structures on measured ventricular volumes in 

individuals with normal cardiac anatomy seems of marginal clinical importance,17, 21 

their influence on systemic RV volumes was found to be striking. Moreover, there 

were statistically significant differences in analysis time and in reproducibility 

between CMR analysis methods. 

Although CMR is considered the most accurate diagnostic tool for the 

assessment of ventricular volumes and function, 11, 12, 22-24, there is no consensus in 

the literature on the role of trabeculations and papillary muscles. In anatomically 

normal hearts, Lorenz et al. excluded trabeculations and papillary muscles from the 

LV and the RV cavity,12 whereas Rominger et al. chose to include these 

structures.25 Most authors, however, refrained from specifying the role of 



 

trabeculations and / or papillary muscles in their analysis method.26-29 Similar 

incompleteness in methodology of CMR analysis is seen in literature regarding 

patients with congenital heart defects, and with systemic RVs in specific. Although 

Helbing et al. excluded papillary muscles and the moderator band from the RV 

cavity of patients with congenital heart defects,30 and Lidegram et al. chose to 

include both structures in the cavity of the systemic RV,31 most authors are less 

specific on the role of these structures in their analysis method.11, 23, 32  

The influence of trabeculations and papillary muscles on LV and RV 

measurements in healthy subjects and patients with known cardiac disease 

(patients with congenital heart defects were excluded) has been studied 

previously, using similar analysis protocols as were used in our study.17, 33 In 

anatomically normal hearts, both Sievers et al. and Papavassiliu et al. found 

significant differences in measured left and right ventricular volumes and function 

when comparing both CMR analysis protocols. However, both authors concluded 

that the observed differences in ventricular volumes and function were too small to 

influence clinical decision making, and advised the inclusion of all structures in the 

ventricular cavity. Including structures not only shortened analysis time, 

Papavassiliu et al. also demonstrated superior reproducibility for several outcome 

measures when using this analysis protocol.17, 34 Our observations in systemic RVs 

differ from those of Sievers and Papavassiliu, as we found systematic and large 

differences in measured systemic RV volumes and function between the two 

analysis methods. This study indicates the importance of a consistent approach to 

cavity delineation relative to the trabeculations and papillary muscles, to avoid 

misinterpretation of measurements and erroneous clinical decision making.6, 35  

Although the true values of systemic RV volumes and function remain 

unknown, and in spite of tricuspid valve regurgitation in some patients, we found 

no significant differences between the measured RV and LV SV by either method of 

analysis. However, delineation of the RV cavity boundary outside the trabeculations 

and papillary muscles had the advantages of shorter analysis time and better inter-

observer reproducibility. We therefore recommend the use of this approach in 



 

routine CMR measurements of systemic RV volumes, at least when comparable 

systems for CMR acquisition and volume analysis are being used. 

 

Study limitations 

The sample size of 29 patients in two distinct clinical categories is relatively small. 

The methods used were not suitable for determining which of the analysis 

approaches measured systemic RV volumes more accurately. Measurements of 

systemic RV mass were not attempted, and remain challenging given the relative 

amount of trabeculated RV myocardium. The slice thickness of 8 mm may not have 

been optimal for clear delineation of the trabeculations, making the definition of 

the boundaries between trabeculations and blood, and between trabeculations and 

apparently compact myocardium hard to define in some cases. Moreover, as 

myocardial boundaries were first defined at end diastole, detecting the 

corresponding boundary at end systole could be difficult, due to elimination of 

blood from the inter-trabecular spaces at end systole. The important issue of inter-

study reproducibility was not addressed by this study. Between studies, volume 

measurements might be affected by variation in the relative positioning of the 

basal short axis slice, and by variables such as the shimming of the magnet and 

the reliability of ECG triggering.  

 

CONCLUSION 

We found the method of systemic RV cavity delineation to affect the 

measurements of cavity volume, given the CMR acquisition and analysis systems 

used. We recommend cavity delineation inside the apparently compact 

myocardium of the RV but outside the trabeculations and papillary muscles for 

routine clinical measurements of systemic RV volumes as this approach took less 

time and gave more reproducible values.  
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ABSTRACT 

Background: Twenty percent of patients with a systemic right ventricle (RV) is 

pacemaker dependent, and unsuitable to undergo Cardiovascular Magnetic 

Resonance (CMR) imaging. The aim of this study was to evaluate whether 

Multidetector Row Computed Tomography (MDCT) could provide a reliable 

alternative for CMR in these patients. 

Methods: Thirty-five patients with a systemic RV underwent MDCT (n=15; 47% 

male; 32±8 yrs), or CMR (n=20; 80% male; 35±12 yrs). Systemic RV end diastolic 

volume, end systolic volume, stroke volume, and ejection fraction were obtained. 

Intra- and interobserver variability for both modalities were assessed and 

compared.  

Results: We found the intra-, and the interobserver variability of volumes and 

function measurements of the systemic RV obtained with MDCT to be higher 

compared to those obtained with CMR. However, these differences in variability did 

not reach statistical significance, the only exception being the interobserver 

variability of systemic right ventricular stroke volume (12% with CMR vs. 32% with 

MDCT; p<0.01).  

Conclusions: MDCT provides a reliable alternative for CMR for volumes and 

function assessment in patients with a systemic right ventricle, although larger 

variability between measurements should be taken into account. However, patient 

selection should be restrictive, to avoid unnecessary exposure to radiation and 

contrast agents.  

 



 

   

BACKGROUND 

Patients with a complete transposition of the great arteries (TGA) who underwent 

an atrial switch operation in the past and patients with a congenitally corrected 

transposition of the great arteries (ccTGA) have a morphologic right ventricle (RV) 

supporting the systemic circulation. Due to improvements in palliative cardiac 

surgery early in life, the number of adult patients with a systemic RV has increased 

dramatically over the past few decades.1 Although long-term outcome in these 

patients is unknown, morbidity is worrisome, with tricuspid valve regurgitation, 

arrhythmias, and RV dysfunction being the main constituents.2, 3  

Reliable assessment of systemic right ventricular volumes and function is 

important for clinical decision making, to follow-up therapeutic intervention, and to 

properly execute clinical research.4-7 Currently, Cardiovascular Magnetic Resonance 

(CMR) is considered the gold standard for accurate and reproducible systemic right 

ventricular volumes and function assessment.8-11 However, 20% of patients with a 

systemic RV is pacemaker dependent,12, 13 and an increasing number of patients 

with a failing systemic RV benefits from cardiac resynchronization therapy.14, 15 As 

most intra-cardiac devices are considered to be CMR incompatible, these patients 

are unsuitable to undergo CMR. Multidetector Row Computed Tomography (MDCT) 

could provide a reliable alternative for CMR in these patients. 

Although the accuracy of MDCT measurements is relatively well 

documented, no studies have been performed on the reproducibility of 

measurements.16-18 Therefore, the objective of our study was to evaluate intra- 

and interobserver variability of systemic right ventricular volumes and function 

measurements by MDCT, in comparison to CMR, in patients with a systemic RV. 

 

METHODS 

Patient characteristics 

A cross-sectional study was performed among 35 consecutive patients with a 

systemic RV, 23 patients with an atrially switched TGA, and 12 with a ccTGA. 



 

   

The Human Research Committees of all participating institutions approved 

of the study protocol, and the study protocol conforms the ethical guidelines of the 

1975 Declaration of Helsinki. Written informed consent was obtained from all 

patients prior to participation in the study. 

  

Image acquisition  

For Multidetector Row Computed Tomography (MDCT) image acquisition, we used 

a Philips Brilliance-64 Computed Tomography scanner (120 kV; average 400 mAs). 

All scans were obtained in the cranio-caudal direction, during inspiratory breath-

hold. Patients received 90 mL of a contrast medium (70 ml at a flow rate of 5.0 

mL/s, followed by a 20 ml bolus at a flow rate of 3.5 mL/s, and a 40 ml bolus of 

saline at a flow rate of 3.5 mL/s) containing 300 mg of iodine (Iomeron 300, 

Bracco Imaging SpA, Milan, Italy). The scan was automatically commenced after 

contrast detection in the systemic RV and the descending aorta. The contrast 

detection threshold was set at 150 Hounsfield Units. A standard scan protocol was 

observed in all patients. To cover the whole heart 60-80 slices were made, each 

with a 2 mm thickness and no interslice gap. Ten sets of reconstructions at every 

10% (0-90%) of the RR-interval were performed. From these axial images, multi-

planar reformations in the short-axis orientation, with a slice-thickness of 6 mm, 

and no interslice gap, were made. This resulted in 12 to 15 short-axis 

reconstructions, which were used for functional analysis. Short-axis reconstructions 

were made after the MDCT was performed. Figure 1. 

For Cardiovascular Magnetic Resonance (CMR) image acquisition we used 

a 1,5 Tesla scanner (Siemens Avanto, Erlangen, Germany), using standardly 

available sequences to assess ventricular volumes. After visualizing the long and 

short axes of the heart, a multi-phase steady-state free precession sequence 

(SSFP) with retrospective electrocardiographic triggering was applied to visualize 2-

chamber, 3-chamber and 4-chamber views. Guided by these views, a multislice 

and multiphase SSFP sequence was applied perpendicular to the ventricular 

septum, encompassing the total heart.  



 

   

Figure 1. Short axis view in end diastole obtained in a patient with an atrially switched TGA, by 

a). Multidetector Row Computed Tomography, and b). Cardiovascular Magnetic Resonance. 
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These sequences were individually adjusted to acquire short axis slices with 

optimal spatial and temporal resolution. Typical parameters were: flip angle: 50-70 

degrees; repetition time: 3-4 msec; echo time: 1-2 msec; temporal resolution: 40 

msec, 1-2 X 1-2 mm / pixel in-plane spatial resolution, 8 mm slice thickness, and 1 

mm interslice gap. This resulted in 9 to 15 slices to cover the whole heart. CMR 

images were acquired during repeated end-expiratory breath holds. 

 

Image analysis 

For MDCT and CMR image analysis we used MASS Analytical Software System 

(Medis, Leiden, the Netherlands). Cine loops were used to choose end-diastole and 

end-systole. End diastole was defined as the phase with the largest right 

ventricular (and left ventricular (LV)) volume and end systole as the phase with the 

smallest right ventricular (and LV) volume. The slices at the base of the heart were 

considered to be in the ventricle if the blood was at least half surrounded by 

ventricular myocardium. To optimize differentiation between ventricle and atria 

and vessels in the basal slices, 4-chamber views in phase with short-axis views 



 

   

were available in the CMR group. Trabeculations and papillary muscles were 

considered part of the ventricular cavity.19 The sums of the traced contours in end 

diastole en end systole were used to calculate end diastolic volume and end 

systolic volume using a disc summation technique. End diastolic volumes and end 

systolic volumes were used to calculate stroke volume and ejection fraction. Stroke 

volume was defined as end diastolic volume – end systolic volume, and ejection 

fraction as [(end diastolic volume – end systolic volume) / end diastolic volume ] X 

100%. 

Contours were traced 3 times by 2 independent observers (SR, MW). The 

first observer analyzed all scans twice, with a minimal interval of 2 weeks between 

the first and second scan analysis, and blinded to the previous results. The second 

observer analyzed the scans once, blinded to the results of the first observer. 

 

Statistics 

For statistical analyses SPSS 16.0 (SPSS Inc., Chicago, Illinois) for Windows was 

used. P values <0.05 were considered statistically significant. The descriptive data 

are presented as mean with standard deviation if normally distributed, or as 

median with range as appropriate. Intra- and interobserver measurement 

variability was determined from the mean values and the differences between the 

2 measurements, and visualized with the methods and plots as described by Bland 

and Altman. The coefficient of variability was calculated as the standard deviation 

of the difference of the paired measurements divided by the mean of the average 

of the paired measurements, and expressed as a percentage. The statistical 

comparison of any differences in reproducibility of MDCT and CMR measurements 

was assessed with an extension of the Bland-Altman methods. Therefore, a log 

transformation of the squared differences between the 2 measurements was 

performed. If the squared difference was 0, we replaced the value by the next 

smallest value multiplied by 0.5, before log transformation. A 2-tailed paired t-test 

of the logged squared differences of MDCT versus CMR was performed thereafter. 

20, 21 



 

   

RESULTS 

Patient characteristics 

A total of 35 adult patients (66% male, mean age 33.6 ± 10.7 years) with a 

systemic RV were included in the study, 23 patients with an atrially switched TGA, 

and 12 patients had a ccTGA.  

CMR was performed in 20 patients, whereas 15 patients underwent MDCT 

(14 patients with a permanent pacemaker, 1 patient with an implantable 

cardioverter-defibrillator). There were no statistically significant differences in age, 

type of TGA, and NYHA functional class between patients who underwent CMR and 

MDCT. All CMR and MDCT scans were undertaken without complications. Patient 

characteristics are summarized in table 1. 

 
 

p Value

Age (years) 33.6 ± 10.7 34.8 ± 12.5 31.9 ± 8.0 N.S.

0.05

NYHA Class I N.S.

II N.S.

III N.S.

IV N.S.

Atrially switched TGA N.S.

* Data are mean value ± standard deviation, or as number of patients (percent). CMR = cardiovascular magnetic resonance;

MDCT = multidetector rowcomputed tomography; TGA = transposition of the great arteries; p value indicates the difference

beteen patients who underwent CMR vs. MDCT.

Male

Table 1. Baseline characteristics

Characteristics All patients* (n=35) CMR* (n=20) MDCT* (n=15)

23 (66%) 13 (65%) 10 (67%)

23 (66%) 16 (80%) 7 (47%)

0% 0% 0%

77% 75% 80%

9% 5% 13%

7%20%14%

 
 
 

Systemic right ventricular volumes and function assessment 

Systemic right ventricular volumes and function assessment by CMR and MDCT 

was performed 3 times; twice by a single observer, and once by a second 

observer. We found no statistically significant differences in intra-observer 

variability of end diastolic volume, end systolic volume, stroke volume and ejection 

fraction between measurements obtained by CMR, compared to MDCT. Moreover, 



 

   

we found no statistically significant differences in interobserver variability of end 

diastolic volume, end systolic volume, and ejection fraction between measurements 

obtained by CMR, compared to MDCT. However, CMR had superior interobserver 

reproducibility for stroke volume measurements compared to MDCT (12% 

variability with CMR vs. 32% variability with MDCT; p<0.01). Figure 2. Although 

these differences were statistically non-significant, the coefficient of variability was 

higher for all measurements performed with MDCT, except for the inter-observer 

variability of end systolic volumes (13% with CMR vs. 12% with MDCT; p=N.S.). 

Intra- and interobserver variability data are summarized in table 2. 

 

 

p-value

Parameter Average CV Average CV

EDV (ml) 212 -5 ± 13 6% 294 -11 ± 36 12% N.S.

ESV (ml) 139 -4 ± 9 7% 200 -19 ± 35 18% N.S.

SV (ml) 74 -1 ± 7 9% 96 5 ± 15 16% N.S.

EF (%) 36 0.1 ± 2 6% 35 5 ± 9 25% N.S.

p-value

Parameter Average CV Average CV

EDV (ml) 213 -7 ± 21 10% 277 -22 ± 34 12% N.S.

ESV (ml) 139 -5 ± 18 13% 189 -5 ± 22 12% N.S.

SV (ml) 74 -2 ± 9 12% 89 -17 ± 29 32% <0.01

EF (%) 36 -0.1 ± 3 8% 35 -6 ± 7 20% N.S.

Data are mean values ± standard deviation of the average and the difference of the paired observations 

CV = coefficient of variability; EDV = end diastolic volume; EF = ejection fraction; ESV = end systolic
volume; SV stroke volume. P-value indicates difference in coefficient of variability between CMR and MDCT.

Difference Difference

Difference Difference

Inter-observer variability

CMR (n=20) MDCT (n=15)

Table 2. Intra- and inter-observer variability of measurements.

Intra-observer variability

CMR (n=20) MDCT (n=15)



 

   

 
Figure 2. Bland-Altman plots demonstrating the intra-observer (left side), and inter-observer 

(right side) variability of right ventricular a). end diastolic volume, b). end systolic volume, c). 

stroke volume, and d). ejection fraction. On the X-axis the mean value of both measurements, 

and on the Y-axis the difference between measurements. The ▲ represent measurements 

performed with MDCT, the    represent the mean of the differences between 

MDCT measurements. The  represent measurements performed with CMR, the   

represent the mean of the differences between CMR measurements. 
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DISCUSSION 

In the current study, we found no statistically significant differences in 

reproducibility of systemic right ventricular volumes and function measurements 

performed by MDCT, compared to CMR. Our findings indicate that MDCT provides 

a reliable alternative for volumes and function assessment in patients with a 

systemic RV, who are unsuitable to undergo CMR.  

In patients with normal cardiac anatomy MDCT is already considered to be 

a reliable alternative for CMR for measurements of ventricular volumes and 

function measurements.16, 22 However, the feasibility of routine use of MDCT in 

patients with a systemic RV cannot simply be extrapolated from these data, as the 

morphology of the systemic RV differs substantially from the subpulmonary RV. 

The complex geometric shape of the systemic RV, its extensive trabeculations and 

poor acoustic windows, make standard geometric assumptions impossible, and 

function assessment challenging.23-26 Subsequently, quantitative assessment of the 

systemic RV with frequently used diagnostic modalities, such as echocardiography, 

is difficult.27, 28 MDCT, similar to CMR, has the ability to provide any desired 

imaging plane and do not rely on geometric assumptions to calculate right 

ventricular volume. However, its role in patients with a systemic RV had not yet 

been established. 

The establishment of MDCT as a reliable alternative for CMR is important, 

as 20% of patients with a systemic RV is pacemaker dependent, and an increasing 

number of patients is receiving cardiac resynchronization therapy, or implantable 

cardiac defibrillators (ICD).12, 13, 29 Although data on CMR compatibility and safety 

of intra-cardiac devices remain limited and controversial, most intra-cardiac devices 

are currently considered to be CMR incompatible.30 One study reports encouraging 

results on device safety when scanning patients with certain devices, if the right 

precautions are taken.31 However, others have described a variety of mechanisms 

by which CMR could affect pacemaker- and ICD-function. The magnetic forces 

could attract and displace the pacemakers and ICDs,32 and could lead to reed 

switch activation in sporadic cases.30 Moreover, radiofrequent energy could cause 



 

   

heating of the intra-cardiac leads.33 In summary, whether scanning patients with 

pacemakers and ICD is contraindicated remains disputable, as contraindications 

are predominantly theoretical, and clinical data are limited.30 To obtain valid and 

accurate information on CMR compatibility and safety of intra-cardiac devices 

further research is warranted.  

There are several restrictions that should be taken into account before 

MDCT is performed. Firstly, we found remarkable differences in reproducibility 

between MDCT and CMR, although they were not statistically significant. These 

differences are most likely due to differences in image acquisition and image 

analysis between the 2 modalities. In MDCT temporal resolution remains limited in 

comparison with CMR, making MDCT more sensitive to cardiac motion and making 

the definition of end systolic and end diastolic time points less precise.34 Artificially 

lowering a patient’s heart rate partially overcomes this problem, but is not 

desirable as this could change functional parameters. On the other hand, MDCT 

provides excellent spatial resolution, which, in combination with the administered 

contrast, enhances differentiation between blood and myocardium.35 The lower 

reproducibility of MDCT parameters could also be due to differences in image 

analysis between MDCT and CMR. Although the protocol we used to draw contours 

was the same in the CMR group as in the MDCT group, the analytical software 

could not provide us with a 4-chamber view in phase with the short axis view in 

the MDCT group. This made differentiation between ventricles, atria and vessels in 

the basal slices challenging.  

Another important difference with CMR, is patients’ exposure to radiation 

and contrast agents during MDCT. Although the effective radiation dose per scan 

was around 14 mSv in our study, effective radiation doses of up to 32 mSv per 

scan have been reported. 36 The possible impact of this large quantity of radiation 

should not be taken lightly. Einstein et al. and Hurwitz et al. have reported that 

MDCT derived coronary angiography, with an effective radiation dose ranging from 

12 to 32 mSv, causes a significant increase in risk of both lung and breast cancer, 

especially in younger and female patients. 37, 38 There are strategies by which 



 

   

radiation dose can be reduced, without reducing image quality to an unacceptable 

level; patients should only be scanned when in stable sinus rhythm, tube voltage 

can be lowered to 100 or 80 kV in small subjects or children, and the scan volume 

should be accurately specified prior to scanning.36, 39 Beside radiation, the 

administered contrast agent imposes a risk factor for patients undergoing MDCT. 

The risk of contrast-induced nephropathy is significant, especially in patients with 

risk factors, such as pre-existing renal function impairment or diabetes mellitus.40 

The risk of contrast-induced nephropathy can be reduced by prophylactic 

treatment with acetylcysteine and hydration, but proper risk assessment of all 

patients prior to MDCT remains of key importance.41, 42 However, thorough patient 

selection remains the best way to avoid any unnecessary exposure to radiation or 

contrast agents. 

As with most studies on MDCT or CMR in patients with congenital heart 

disease, our study is limited by a relatively small number of patients. Moreover, we 

compared two different groups of patients; those who underwent CMR, and those 

who underwent MDCT. However, we found no differences in characteristics 

between patients who underwent CMR, compared to those who underwent MDCT, 

except for sex distribution. All patients who underwent MDCT were unsuitable to 

undergo CMR, due to the presence of intra-cardiac devices. We could have 

performed MDCT in patients without intra-cardiac devices to overcome this 

limitation, but chose not to unnecessarily expose these young patients to radiation 

and contrast agents. 

 

CONCLUSIONS 

Multidetector Row Computed Tomography provides a reliable alternative for 

Cardiovascular Magnetic Resonance for volumes and function assessment in 

patients with a systemic right ventricle, although larger variability between 

measurements should be taken into account. Patient selection should be 

restrictive, to avoid unnecessary exposure to radiation and contrast agents.  
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ABSTRACT 

Background: Ventricular systolic and diastolic function, as measured by 

echocardiography, are diminished in patients with a systemic right ventricle (RV). 

As the clinical implications of these finding remained unknown, we aimed to 

identify echocardiographic parameters of systolic and diastolic ventricular function 

that are independent determinants of the clinical condition in these patients. 

Methods: Forty-six adult patients (61% male; mean age 33 [range 18-69] years) 

with a systemic RV underwent echocardiography to assess qualitative and 

quantitative systolic and diastolic function of the systemic RV and the 

subpulmonary left ventricle (LV). Uni- and multivariate linear regression analyses 

were performed to identify independent echocardiographic determinants for NYHA-

class, maximal exercise capacity (V’O2peak) and NT-proBNP levels. 

Results: We found qualitative assessment of RV and LV function to be 

significantly associated with NYHA class (RV: β=0.26; p=0.05 and LV: β=0.82; 

p<0.01), V’O2peak (RV: β=-10.4; p<0.05 and LV: β=-18.4; p<0.05) and NT-proBNP 

levels (RV: β=0.58; p<0.01 and LV: β=1.40; p<0.001). Tricuspid annulus plane 

systolic excursion (TAPSE) was significantly associated with NYHA class (β=-0.92; 

p=0.001), V’O2peak (β=18.5; p=0.05), and serum NT-proBNP levels (β=-1.00; 

p<0.05). Associations between quantitative parameters of systolic subpulmonary 

LV function and clinical parameters were less distinct. We found no associations 

between RV and LV diastolic function and clinical parameters.  

Conclusions: Qualitative function of the systemic RV and the subpulmonary LV, 

and TAPSE, are determinants of clinical condition in patients with a systemic RV. 

These patients’ clinical condition could not be determined by echocardiographically 

measured diastolic RV function, and systolic and diastolic LV function. 



 

  

INTRODUCTION 

Patients with a complete transposition of the great arteries (TGA) who have 

undergone an atrial switch operation in the past, and patients with a congenitally 

corrected transposition of the great arteries (ccTGA) have a morphologic right 

ventricle (RV) that supports the systemic circulation. Due to improvements in 

palliative cardiac surgery early in life, the number of adult patients with a systemic 

RV is steadily increasing.1 Although long-term outcome is unknown, morbidity is 

worrisome, with RV dysfunction and reduced exercise capacity being the main 

constituents.2-4 Therefore, careful follow-up of ventricular function is the 

cornerstone in the clinical care for these patients, and having reliable diagnostic 

tools and parameters is of key importance. 

Echocardiography remains the first choice diagnostic imaging modality for 

the evaluation of ventricular function in adult patients with a systemic RV, as it is 

non-invasive, widely available and cost-effective. Several studies have been 

performed evaluating systolic, and diastolic function of the systemic RV by 

echocardiography.5-10 It is generally known that both systolic and diastolic function 

are diminished in patients with a systemic RV. However, data on which 

echocardiographically derived parameter of systolic, and diastolic right ventricular 

function are associated with patients’ clinical condition are equivocal. Most authors 

describe difficulties in finding echocardiographic parameters that can reliably 

determine exercise capacity and serum NT-proBNP levels in patients with a 

systemic RV.11-15 Furthermore, little emphasis has been made to investigate the 

systolic and diastolic function of the subpulmonary LV, and its potential influence 

on these patients’ clinical condition.5, 16-19  

Therefore, the current study aimed to identify which echocardiographic 

parameters are determinants of the clinical condition of adult patients with a 

systemic RV, as determined by New York Heart Association (NYHA) functional 

class, maximal exercise capacity (V’O2peak) and serum N-terminal prohormone Brain 

Natriuretic Peptide (NT-proBNP) levels. 

 



 

  

METHODS 

Patient characteristics 

A cross-sectional study was performed in 50 patients with a systemic RV, who 

visited the outpatient clinic of the Academic Medical Center in Amsterdam, or the 

University Medical Center in Nijmegen. Written informed consent was obtained 

from all patients prior to their echocardiography. The Institutional Review Boards 

of the two participating institutions approved the study protocol.  

  

Echocardiography 

All patients underwent transthoracic echocardiographic examination to evaluate 

systolic and diastolic function (Vivid 7, GE Medical Systems, Horten, Norway). All 

echocardiographic images were acquired and recorded digitally, and analyzed 

offline using dedicated software (EchoPac Dimension, GE Vingmed). Parasternal 

and apical views were obtained according to the recommendations of the American 

Society of Echocardiography.20 Pulsed and color-coded tissue Doppler imaging 

(TDI) recordings were obtained from an apical 4-chamber view. All studies were 

analyzed by a single echocardiographer, with more than 5 years experience in 

echocardiography in adult patients with congenital heart disease, who was blinded 

to clinical information. Patients in whom more than half of the echocardiographic 

parameters could not be obtained due to poor acoustic windows were excluded. 

Systolic function. Echocardiography was performed for qualitative and 

quantitative assessment of systolic function of the systemic RV and the 

subpulmonary LV. Qualitative (“eye-balling”) right ventricular/left ventricular 

function was subdivided into 4 groups representing 1). good, 2). mildly impaired, 

3). moderately impaired, and 4). severely impaired right ventricular/left ventricular 

function. Tricuspid / mitral annular plane systolic excursion (TAPSE / MAPSE) were 

assessed by placing the M-mode cursor oriented to the junction of the tricuspid / 

mitral annular plane with the right ventricular / left ventricular lateral wall, in the 4-

chamber view, and measuring the extent of systolic motion of the valvular rings 

toward the apex.21 



 

  

To obtain peak systolic velocities at the tricuspid and mitral annuli, we 

used pulsed TDI recordings at the lateral wall with the ultrasound beam parallel to 

the direction of the annular motion. TDI was also used for global strain analysis. A 

digital loop was acquired from a parasternal short axis view at the mid-ventricular 

level, apical 4-chamber, and apical-2 chamber views. We traced along the right 

ventricular / left ventricular endocardial border at the end-systolic frame. The 

strain curve was extracted from the gray-scale images using EchoPac Dimension 

software. Peak strain was defined as the peak negative value on the strain curve 

during the entire cardiac cycle. The reference timing point was defined at the end 

diastole (the peak of the R wave on the electrocardiogram tracing) with the timing 

of systole defined as aortic valve opening and closure determined by sampling 

right ventricular outflow tract pulsed wave Doppler. Figure 1.  

 

Figure 1. Example illustrating echocardiographic image of patient with an atrially switched 

transposition of the great arteries. Four-chamber view depicting the enlarged systemic right 

ventricle. 
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Diastolic function. In the apical 4-chamber view, using the trans-tricuspid, 

and trans-mitral pulsed wave Doppler curves, peak early (E-peak) and late (A-

peak) diastolic velocities, and their ratio (E/A) were measured or calculated.20 On 

the pulsed wave TDI curves, peak annular early (E’) and late (A’) diastolic 

velocities were measured for both the systemic RV, and the subpulmonary LV. The 

ratio of early to late annular velocity (E’/A’) was determined as a parameter of 

diastolic function for both ventricles, as well as the RV and LV filling index, by the 

ratio of transtricuspid, and transmitral flow velocity to annular velocity (E/E’). 

The severity of tricuspid regurgitation was quantified according to 

recommendations of American Society of Echocardiography’s Nomenclature and 

Standards Committee and The Task Force on Valvular Regurgitation.22 We 

quantified tricuspid regurgitation as none, mild, moderate, and severe. The 

parasternal short axis view was used to identify the presence of left ventricular 

outflow tract obstruction. 

  

Serum NT-proBNP 

Venous blood samples were drawn in all patients to measure plasma 

concentrations of NT-proBNP (ng/L).23, 24  

 

Cardiopulmonary exercise test 

On the same day as the echocardiography and blood analysis, we performed a 

symptom limited cardiopulmonary exercise test according to the guidelines of the 

American Thoracic Society, for the assessment of maximal exercise capacity.25 

Patients were placed on a cycle ergometer in the upright position and continuous 

measurements were made of minute ventilation, oxygen consumption (V’O2), 

carbon dioxide production (V’CO2), heart rate, blood pressure and 

electrocardiography (Jaeger Oxycon pro, Wuerzburg, Germany). Work load was 

increased by 5 to 15 Watt in a stepwise manner, depending on the individually 

predicted maximum exercise capacity, and in such a way that calculated maximal 

effort would be attained in approximately 10-15 minutes. All patients were 



 

  

exercised to their maximum exercise capability. V’O2peak was determined as the 

largest value in the terminal phase of exercise. Measured cardiopulmonary exercise 

test parameters were compared with predicted normal values from Wasserman 

and co-workers, and reported as milliliters/kilogram/minute and as a percentage of 

predicted.26 Calibration of the system was done prior to every test according to 

manufacturer specifications. 

 

Statistics 

For statistical analyses SPSS 16.0 (SPSS Inc., Chicago, Illinois) for Windows was 

used. P values <0.05 were considered statistically significant. The descriptive data 

are presented as mean with standard deviation if normally distributed or as median 

with range, as appropriate. A logarithmic transformation was performed for NT-

proBNP levels to stabilize the variance of the sample.27 Chi-square and unpaired t-

tests, or by the Mann-Whitney test if data were not normally distributed, were 

performed to assess differences between subgroups in categorical and continuous 

variables, respectively. Univariate linear regression analysis was performed for 

each echocardiographic variable to determine whether it was associated with each 

clinical parameters. Echocardiographic parameters that were associated with 

clinical parameters in univariate regression analysis were entered into a stepwise 

multivariate regression analysis model, to evaluate which echocardiographic 

parameters were independently associated with clinical parameters. For biological 

reasons, age and sex were also entered as independent variables in the 

multivariate analysis.  

 

RESULTS 

Patient characteristics 

Fifty patients with a systemic RV underwent echocardiography. In 4 patients (8%) 

more than half of the echocardiographic parameters could not be obtained due to 

poor acoustic window. Subsequently, 46 adult patients (61% male; mean age 33 

years, range 18-69 years) with a systemic RV were included in the study. Sixteen 



 

  

patients had a ccTGA, 30 patients an atrially switched TGA. The ccTGA patients 

were significantly older, compared to the TGA patients, but were well balanced for 

all other baseline characteristics. Baseline characteristics are summarized in table 

1. 

We found age to be negatively associated with V’O2peak (β=-0.39; p<0.01), 

and positively associated with serum NT-proBNP levels (β=0.46; p=0.001). Female 

patients had significantly higher levels of V’O2peak, compared to male patients (90.8 

± 29.4% vs. 74.3 ± 15.9%; p<0.05).  

 

 

Table 1. Baseline characteristics

p-value

Age (years)  <0.05

N.S.

Sinus rhythm N.S.

Pacemaker in situ N.S.

I / II-IV N.S.

N.S.

- ml/kg/min 27 ± 7 28 ± 7 26 ± 8 N.S.

- % predicted 81 ± 23 77 ± 17 87 ± 32 N.S.

Medication

B - blocker N.S.

ACE / ATII N.S.

Diuretics N.S.

Anti-arrhythmic drugs N.S.

No medication N.S.

1.9 ± 0.2 1.9 ± 0.5 1.9 ± 0.5 N.S.

Data are mean ± standard deviation; mean (range) number of patients (percentage); number of 

patients / number of patients. ACE = angiotensin converting enzyme inhibitor; ATII = angiotensin II 

receptor antagonist; BSA = body surface area; ccTGA = congenitally corrected transposition of 

the great arteries; NYHA = New York Heart Association functional class; TGA = transposition of 

6 (13%)

31 (67%)

2 (4%)

20 (67%)

Male 28 (61%) 21 (70%)

BSA (m2)

8 (17%)

475 (34-4476) 710 (34-4476)

12 (26%) 8 (27%)

2 (4%)

ccTGA

2 (7%)

4 (13%)

(n =30)

3 (19%)

7 (44%)

4 (25%

1 (3%)

5 (17%)

0 (0%)

2 (13%)

11 (69%)

Characteristics (n =46) (n =16)

Total TGA

the great arteries; % predicted = percentage of predicted

33 (18-69) 29 (21-41) 41 (18-69)

NYHA class 35 / 11 24 / 6 11 / 5

33 (72%) 23 (77%) 10 (63%)

345 (49-2314)

VO2peak

NT-proBNP

1 (6%)

 
 



 

  

 

Echocardiography 

Qualitative assessment showed impaired function of the systemic RV in the 

majority of patients, with 7 (15%) patients having good right ventricular function, 

and 20 (44%), 17 (37%), and 2 (4%) patients having mildly impaired, moderately 

impaired and severely impaired right ventricular function, respectively. Patients 

with an atrially switched TGA were equally affected as compared to patients with a 

ccTGA. Left ventricular function was good in 42 (91%) patients, 3 patients had 

mildly impaired, and 1 (2%) patient had moderately impaired left ventricular 

function. The latter 4 patients also had moderately or severely impaired right 

ventricular function. Echocardiographic parameters are summarized in table 2. 

Tricuspid regurgitation was present in almost all patients, with only 1 patient (2%) 

with no tricuspid regurgitation, 24 patients (52%) with mild tricuspid regurgitation, 

17 patients (37%) with moderate tricuspid regurgitation, and 1 (2%) patient with 

severe tricuspid regurgitation. Left ventricular outflow tract obstruction was 

present in 2 (4%) patients. 

 

Echocardiography and clinical parameters 

We found significant associations among clinical parameters. NYHA functional class 

was negatively associated with both V’O2peak (β=-0.643; p<0.001), and positively 

associated with serum NT-proBNP levels (β=0.444; p=0.002). NT-proBNP levels 

are negatively associated with V’O2peak (β=-0.516; p<0.001). 

Using univariate regression analysis we found qualitative right ventricular 

function to be significantly associated with patients’ NYHA functional class 

(β=0.26; p=0.05), as were quantitative left ventricular function (β=0.82; 

p=0.002), and TAPSE (β=-0.92; p=0.001). Both qualitative right ventricular, and 

left ventricular function were significantly associated with V’O2peak (β=-10.35; 

p=0.02 and β=-18.37; p=0.04, respectively), as was TAPSE (β=18.48; p=0.05), 

and left ventricular peak systolic velocity (β=3.05; p=0.002). Qualitative right 

ventricular, and left ventricular function were significantly associated with serum 



 

  

NT-proBNP levels (β=0.58; p=0.004 and β=1.40; p<0.001, respectively), as were 

TAPSE and MAPSE (β=-1.00; p=0.02, and β=-0.16; p=0.03, respectively).  

 

 

Characteristics Mean SD Mean SD Mean SD

Systolic Function

LV Qualitative Assessment 1.1 ± 0.4 1.1 ± 0.4 1.1 ± 0.3 N.S.

MAPSE 1.9 ± 0.5 1.8 ± 0.4 2.2 ± 0.6 N.S.

Peak systolic velocity (m/s) 9.0 ± 3.4 7.8 ± 2.3 11.2 ± 4.2 < 0.01

Strain (%) -34.5 ± 18.6 -28.5 ± 14.2 -45.7 ± 20.9 < 0.01

RV Qualitative Assessment 2.3 ± 0.8 2.4 ± 0.8 2.0 ± 0.7 N.S.

TAPSE 1.3 ± 0.4 1.3 ± 0.4 1.4 ± 0.4 N.S.

Peak systolic velocity (m/s) 7.2 ± 2.0 6.9 ± 1.8 7.6 ± 2.3 N.S.

Strain (%) -25.2 ± 10.0 -23.4 ± 10.0 -28.5 ± 9.4 N.S.

Diastolic Function

LV Early diastolic velocity (m/s) 0.92 ± 0.23 0.97 ± 0.19 0.81 ± 0.26 < 0.05

Atrial velocity (m/s) 0.48 ± 0.30 0.40 ± 0.31 0.62 ± 0.25 < 0.05

E/A ratio < 0.05

TDI Early diastolic velocity (m/s) 0.12 ± 0.05 0.12 ± 0.04 0.13 ± 0.06 N.S.

TDI Atrial velocity (m/s) 0.06 ± 0.06 0.03 ± 0.02 0.12 ± 0.05 < 0.001

E'/A' 2.25 ± 1.16 2.18 ± 1.17 2.36 ± 1.17 N.S.

E/E' ratio N.S.

RV Early diastolic velocity (m/s) 0.87 ± 0.22 0.83 ± 0.20 0.95 ± 0.26 N.S.

Atrial velocity (m/s) 0.46 ± 0.31 0.34 ± 0.23 0.65 ± 0.34 < 0.01

E/A ratio N.S.

TDI Early diastolic velocity (m/s) 0.09 ± 0.04 0.80 ± 0.04 0.11 ± 0.04 < 0.01

TDI Atrial velocity (m/s) 0.04 ± 0.02 0.03 ± 0.02 0.05 ± 0.02 < 0.01

E'/A' 3.35 ± 2.75 4.65 ± 2.74 1.25 ± 0.76 < 0.001

E/E' ratio < 0.05

second; TGA = transposition of the great arteries; % = percent.

and ccTGA patients; ccTGA = congenitally corrected transposition of the great arteries; m/s = metres per 

9.3 (4.3-37) 10.5 (4.3-37) 8.7 (4.6-17)

* Data are mean values ± standard deviations, or mean (range); † p Value of difference between TGA 

7.6 (2.6-53) 9.1 (3.6-17) 6.2 (2.6-53)

1.9 (0.8-10) 2.3 (1.0-10) 1.6 (0.8-4.6)

Table 2. Echocardiography

1.7 (0.7-7.6) 0.7 (0.7-7.6) 1.4 (0.8-2.6)

All patients* 

(n =46)

TGA*            

(n =30)

ccTGA*        

(n =16)

p   

Value
†

 
 

 



 

  

Figure 2 and figure 3. We found no statistically significant association 

between right ventricular peak systolic velocity, and right and left ventricular strain 

measurements. Table 3. None of the diastolic echocardiographic parameters were 

associated with clinical parameters, except for subpulmonary left ventricular A’ and 

V’O2peak (β=148.91; p=0.015). We found no statistically significant associations 

between the presence or severity of tricuspid regurgitation, or the presence of 

subvalvular pulmonary valve stenosis and echocardiographic or clinical parameters.  

 

 

Figure 2. Qualitative assessment of systemic RV and the subpulmonary LV function is associated 

to V’O2peak and serum NT-proBNP levels.  

Bar charts depicting the relation between qualitative assessment of systemic right ventricular and 

the subpulmonary left ventricular function and a.) V’O2peak (percentage of predicted) and b.) 

serum NT-proBNP levels (ng/L). 
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Figure 3. Title: The relation between TAPSE and a). V’O2peak, and b). serum NT-proBNP levels 46 

patients with a systemic right ventricle. 

The relation between tricuspid annular peak systolic excursion (TAPSE), a). V’O2peak (percentage 

of predicted) and b). serum NT-proBNP levels. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Univariate and Multivariate echocardiographic determinants of NYHA class, V'O2peak, and serum NT-proBNP levels

Variable β p Value β 95% CI p value Variable β p Value β 95% CI p value

Age 0.02 0.07 Age 0.02 0.07

Sex -0.12 0.60 Sex -0.12 0.60

Qualitative RV function 0.26 0.05 Qualitative LV function 0.82 0.002 0.66 0.12 - 1.20 0.02

TAPSE -0.92 0.001 -0.92 -1.42 - -0.42 0.001

Variable β p Value β 95% CI p value Variable β p Value β 95% CI p value

Age 0.80 0.007 0.83 0.33 - 1.34 0.002 Age 0.80 0.007

Sex 15.53 0.02 15.65 4.01 - 27.28 0.01 Sex 16.53 0.02 15.22 3.05 - 27.38 0.02

Qualitative RV function -10.35 0.02 Qualitative LV function -18.37 0.04

TAPSE 18.48 0.05 23.73 8.31 - 39.15 0.003 Peak Systolic Velocity 3.05 0.002 2.90 1.16 - 4.65 0.002

Variable β p Value β 95% CI p value Variable β p Value β 95% CI p value

Age 0.04 0.001 0.040 0.02 - 0.07 <0.001 Age 0.04 0.001 0.03 0.009 -0.054 0.007

Sex 0.23 0.48 Sex 0.23 0.48

Qualitative RV function 0.58 0.004 0.61 0.28 - 0.94 0.001 Qualitative LV function 1.40 <0.001 1.04 0.37 - 1.71 0.003

TAPSE -1.00 0.02 MAPSE -0.16 0.03 -0.16 -0.27 - -0.03 0.02

NYHA = New York Heart Association; TAPSE = tricuspid annular peak systolic excursion; V'O2peak = maximal exercis capacity

Univariate

Univariate

NT-proBNP

Multivariate

Multivariate

Multivariate

Multivariate

Multivariate

NT-proBNP

Univariate

Univariate

Univariate

NYHA class

Right Ventricle

V'O2peak

Univariate

Left Ventricle

NYHA class

Multivariate

V'O2peak

 



 

  

DISCUSSION 

The present study, for the first time, shows that qualitative systemic right 

ventricular and subpulmonary left ventricular function, as determined by 

echocardiography, are independent determinant of patients’ clinical condition. Most 

quantitative echocardiographic parameters of systolic right ventricular and left 

ventricular function were not related to a patient’s clinical condition, except for 

TAPSE, nor were echocardiographic parameters of diastolic function. 

 Several studies have been performed evaluating the feasibility of 

echocardiographic measurements of ventricular function in patients with a systemic 

RV, with equivocal results.11, 28-30 The current study found that qualitatively 

assessed  ventricular function is associated with these patients’ clinical condition. 

However, a major drawback to qualitative assessment of ventricular function, is 

the subjectivity of the measurement. Previously, others recognized this drawback, 

as they found substantial disagreement in qualitative function assessments 

between interpreting echocardiographers.30, 31 To curtail this drawback, and obtain 

valid echocardiographic measurements in patients with such complex congenital 

heart disease, echocardiography should only be performed by experienced 

echocardiographers. 

Previously, several authors found significant associations between 

echocardiographically derived systolic systemic right ventricular function and 

clinical parameters,11, 29, 30 others encounter difficulties in finding systolic 

echocardiographic parameters that can reliably determine exercise capacity and 

serum NT-proBNP levels in these patients.12, 14 Surprisingly, the most frequently 

used echocardiographic parameters, such as qualitative assessment of ventricular 

function and TAPSE, were hardly ever evaluated in these studies. Our study 

focused primarily on these commonly used, and easily obtained echocardiographic 

parameters, and demonstrates their usefulness in daily clinical practice. From our 

results, the association between quantitative subpulmonary left ventricular function 

and a patient’s clinical condition remains unclear. Although several authors have 



 

  

described a quantitatively diminished subpulmonary left ventricular function, its 

influence on a patient’s condition is yet to be established.17, 18 

In the current study we found none of the TDI derived echocardiographic 

parameters to be related to the patient’s clinical condition, whereas other 

echocardiographic parameters did relate to clinical parameters. This could be due 

to a less favorable variability of TDI derived measurements. Data on variability of 

echocardiographically derived parameters are sparse. Although Tamborini et al. 

found very low variability for TAPSE and for peak systolic velocity in patients with 

normal cardiac anatomy, the variability of strain measurements is equivocal.21, 32 

Studies on variability of echocardiographic parameters in patients with a systemic 

RV have not yet been performed. The present study was not set-up to evaluate 

variability of echocardiographic parameters, as a single observer assessed all 

echocardiograms.  

The association between echocardiographically measured diastolic 

ventricular function and clinical parameters was absent in patients with an atrially 

switched TGA or a ccTGA. These findings confirm previously published data, 

describing the non-existing relation between diastolic function and a patient’s 

clinical condition.13, 33 We did find, however, significant differences in diastolic 

function between these 2 subgroups. Not surprisingly, the atrial contribution to 

diastolic ventricular filling was especially impaired in patients with an atrially 

switched TGA, in whom the rigid, non-contracting atrial baffle generates increased 

atrial pressures, and prevents adequate atrial emptying.34, 35 Although we could not 

identify an association between diastolic ventricular function and clinical 

parameters, our findings of diminished diastolic function in patients with a systemic 

RV should not be taken lightly. In patients with normal cardiac anatomy diastolic 

heart failure causes similar morbidity compared to systolic heart failure, and only 

slightly less mortality.35, 36 This poor prognosis could well be the same in patients 

with diastolic dysfunction of the systemic RV. Further investigation is therefore 

warranted, to evaluate the clinical consequence of diminished diastolic function in 

these patients. 



 

  

As with most studies on echocardiography in patients with congenital heart 

disease, the number of patients included in the study was relatively small, and the 

group was fairly heterogeneous. We chose to include both patients with an atrially 

switched TGA, as well as patients with a ccTGA. Although being two different 

cardiac conditions, the pathophysiology of systemic RV dysfunction, and the 

aetiology of morbidity and mortality are very similar.4 These limitations could have 

caused the fact that we could not find a clear association between diastolic 

ventricular function, and clinical parameters. On the other hand, finding diastolic 

echocardiographic parameters to predict exercise tolerance and ejection fraction 

proved to be difficult in the past.14 Moreover, despite the low number of patient 

included, and the heterogeneity of the groups, we were able to demonstrate a 

clear association between systolic ventricular function and patients’ clinical 

condition.   

 

CONCLUSION 

Qualitative systemic right ventricular and subpulmonary left ventricular function, 

and TAPSE, as determined by echocardiography, are independent determinants of 

the clinical condition of patients with a systemic RV. The clinical condition of these 

patients could not be determined by echocardiographically measured diastolic right 

ventricular function, nor by systolic and diastolic left ventricular function.  



 

  

 

Reference List 

 

 1. Marelli AJ, Mackie AS, Ionescu-Ittu R, Rahme E, Pilote L. Congenital heart disease in the 

general population: changing prevalence and age distribution. Circulation. 2007; 115:163-

72. 

 2. Engelfriet P, Boersma E, Oechslin E, Tijssen J, Gatzoulis MA, Thilen U, Kaemmerer H, 

Moons P, Meijboom F, Popelova J, Laforest V, Hirsch R, Daliento L, Thaulow E, Mulder B. 

The spectrum of adult congenital heart disease in Europe: morbidity and mortality in a 5 

year follow-up period. The Euro Heart Survey on adult congenital heart disease. Eur Heart 

J. 2005; 26:2325-33. 

 3. Voskuil M, Hazekamp MG, Kroft LJ, Lubbers WJ, Ottenkamp J, van der Wall EE, 

Zwinderman KH, Mulder BJ. Postsurgical course of patients with congenitally corrected 

transposition of the great arteries. Am J Cardiol. 1999; 83:558-62. 

 4. Winter MM, Bouma BJ, Groenink M, Konings TC, Tijssen JG, van Veldhuisen DJ, Mulder BJ. 

Latest insights in therapeutic options for systemic right ventricular failure: a comparison 

with left ventricular failure. Heart. 2008. 

 5. Bos JM, Hagler DJ, Silvilairat S, Cabalka A, O'Leary P, Daniels O, Miller FA, Abraham TP. 

Right ventricular function in asymptomatic individuals with a systemic right ventricle. J Am 

Soc Echocardiogr. 2006; 19:1033-7. 

 6. Bullock-Palmer RP, Rohen A. Congenitally corrected transposition of the great arteries 

(CCTGA) initially presenting in the sixth decade. Echocardiography. 2009; 26:1118-20. 

 7. Enar S, Singh P, Douglas C, Panwar SR, Manda J, Kesanolla SK, Nanda NC. Live/real time 

three-dimensional transthoracic echocardiographic assessment of transposition of the 

great arteries in the adult. Echocardiography. 2009; 26:1095-104. 

 8. Eyskens B, Weidemann F, Kowalski M, Bogaert J, Dymarkowski S, Bijnens B, Gewillig M, 

Sutherland G, Mertens L. Regional right and left ventricular function after the Senning 

operation: an ultrasonic study of strain rate and strain. Cardiol Young. 2004; 14:255-64. 

 9. Rentzsch A, bd El Rahman MY, Hui W, Helweg A, Ewert P, Gutberlet M, Lange PE, Berger 

F, bdul-Khaliq H. Assessment of myocardial function of the systemic right ventricle in 

patients with D-transposition of the great arteries after atrial switch operation by tissue 

Doppler echocardiography. Z Kardiol. 2005; 94:524-31. 

 10. Tulevski II, Dodge-Khatami A, Groenink M, van der Wall EE, Romkes H, Mulder BJ. Right 

ventricular function in congenital cardiac disease: noninvasive quantitative parameters for 

clinical follow-up. Cardiol Young. 2003; 13:397-403. 



 

  

 11. Li W, Hornung TS, Francis DP, O'Sullivan C, Duncan A, Gatzoulis M, Henein M. Relation of 

biventricular function quantified by stress echocardiography to cardiopulmonary exercise 

capacity in adults with Mustard (atrial switch) procedure for transposition of the great 

arteries. Circulation. 2004; 110:1380-6. 

 12. Lissin LW, Li W, Murphy DJ, Jr., Hornung T, Swan L, Mullen M, Kilner P, Gatzoulis MA. 

Comparison of transthoracic echocardiography versus cardiovascular magnetic resonance 

imaging for the assessment of ventricular function in adults after atrial switch procedures 

for complete transposition of the great arteries. Am J Cardiol. 2004; 93:654-7. 

 13. Tan JL, Prati D, Gatzoulis MA, Gibson D, Henein MY, Li W. The right ventricular response 

to high afterload: comparison between atrial switch procedure, congenitally corrected 

transposition of the great arteries, and idiopathic pulmonary arterial hypertension. Am 

Heart J. 2007; 153:681-8. 

 14. Wilson NJ, Neutze JM, Rutland MD, Ramage MC. Transthoracic echocardiography for right 

ventricular function late after the Mustard operation. Am Heart J. 1996; 131:360-7. 

 15. Winter MM, Bouma BJ, van Dijk AP, Groenink M, Nieuwkerk PT, van der Plas MN, 

Sieswerda GT, Konings TC, Mulder BJ. Relation of physical activity, cardiac function, 

exercise capacity, and quality of life in patients with a systemic right ventricle. Am J 

Cardiol. 2008; 102:1258-62. 

 16. Janousek J, Tomek V, Chaloupecky VA, Reich O, Gebauer RA, Kautzner J, Hucin B. Cardiac 

resynchronization therapy: a novel adjunct to the treatment and prevention of systemic 

right ventricular failure. J Am Coll Cardiol. 2004; 44:1927-31. 

 17. Pettersen E, Lindberg H, Smith HJ, Smevik B, Edvardsen T, Smiseth OA, Andersen K. Left 

ventricular function in patients with transposition of the great arteries operated with atrial 

switch. Pediatr Cardiol. 2008; 29:597-603. 

 18. Reich O, Voriskova M, Ruth C, Krejcir M, Marek J, Skovranek J, Hucin B, Samanek M. 

Long-term ventricular performance after intra-atrial correction of transposition: left 

ventricular filling is the major limitation. Heart. 1997; 78:376-81. 

 19. Tulevski II, Zijta FM, Smeijers AS, Dodge-Khatami A, van der Wall EE, Mulder BJ. Regional 

and global right ventricular dysfunction in asymptomatic or minimally symptomatic 

patients with congenitally corrected transposition. Cardiol Young. 2004; 14:168-73. 

 20. Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R, Feigenbaum H, Gutgesell H, 

Reichek N, Sahn D, Schnittger I, . Recommendations for quantitation of the left ventricle 

by two-dimensional echocardiography. American Society of Echocardiography Committee 

on Standards, Subcommittee on Quantitation of Two-Dimensional Echocardiograms. J Am 

Soc Echocardiogr. 1989; 2:358-67. 



 

  

 21. Tamborini G, Pepi M, Galli CA, Maltagliati A, Celeste F, Muratori M, Rezvanieh S, Veglia F. 

Feasibility and accuracy of a routine echocardiographic assessment of right ventricular 

function. Int J Cardiol. 2007; 115:86-9. 

 22. Zoghbi WA, Enriquez-Sarano M, Foster E, Grayburn PA, Kraft CD, Levine RA, 

Nihoyannopoulos P, Otto CM, Quinones MA, Rakowski H, Stewart WJ, Waggoner A, 

Weissman NJ. Recommendations for evaluation of the severity of native valvular 

regurgitation with two-dimensional and Doppler echocardiography. J Am Soc Echocardiogr. 

2003; 16:777-802. 

 23. Koch AM, Zink S, Singer H. B-type natriuretic peptide in patients with systemic right 

ventricle. Cardiology. 2008; 110:1-7. 

 24. Tulevski II, Groenink M, van der Wall EE, van Veldhuisen DJ, Boomsma F, Stoker J, Hirsch 

A, Lemkes JS, Mulder BJ. Increased brain and atrial natriuretic peptides in patients with 

chronic right ventricular pressure overload: correlation between plasma neurohormones 

and right ventricular dysfunction. Heart. 2001; 86:27-30. 

 25. ATS/ACCP Statement on cardiopulmonary exercise testing. Am J Respir Crit Care Med. 

2003; 167:211-77. 

 26. Wasserman K, Hansen JE, Sue DY, Stringer W.W., Whipp BJ. Principles of Exercise Testing 

and Interpretation. Fourth edition ed. Lippincott Williams & Wilkins; 2005. 

 27. Bland M. An Introduction to Medical Statistics. 3 ed. Oxford Medical Publications; 2000. 

 28. Eidem BW, O'Leary PW, Tei C, Seward JB. Usefulness of the myocardial performance index 

for assessing right ventricular function in congenital heart disease. Am J Cardiol. 2000; 

86:654-8. 

 29. Norozi K, Buchhorn R, Alpers V, Arnhold JO, Schoof S, Zoege M, Geyer S, Wessel A. 

Relation of systemic ventricular function quantified by myocardial performance index (Tei) 

to cardiopulmonary exercise capacity in adults after Mustard procedure for transposition of 

the great arteries. Am J Cardiol. 2005; 96:1721-5. 

 30. Salehian O, Schwerzmann M, Merchant N, Webb GD, Siu SC, Therrien J. Assessment of 

systemic right ventricular function in patients with transposition of the great arteries using 

the myocardial performance index: comparison with cardiac magnetic resonance imaging. 

Circulation. 2004; 110:3229-33. 

 31. Puchalski MD, Williams RV, Askovich B, Minich LL, Mart C, Tani LY. Assessment of right 

ventricular size and function: echo versus magnetic resonance imaging. Congenit Heart 

Dis. 2007; 2:27-31. 

 32. Gondi S, Dokainish H. Right ventricular tissue Doppler and strain imaging: ready for clinical 

use? Echocardiography. 2007; 24:522-32. 



 

  

 33. Watanabe M, Ono S, Tomomasa T, Okada Y, Kobayashi T, Suzuki T, Morikawa A. 

Measurement of tricuspid annular diastolic velocities by Doppler tissue imaging to assess 

right ventricular function in patients with congenital heart disease. Pediatr Cardiol. 2003; 

24:463-7. 

 34. How to diagnose diastolic heart failure. European Study Group on Diastolic Heart Failure. 

Eur Heart J. 1998; 19:990-1003. 

 35. Vasan RS, Larson MG, Benjamin EJ, Evans JC, Reiss CK, Levy D. Congestive heart failure 

in subjects with normal versus reduced left ventricular ejection fraction: prevalence and 

mortality in a population-based cohort. J Am Coll Cardiol. 1999; 33:1948-55. 

 36. O'Connor CM, Gattis WA, Shaw L, Cuffe MS, Califf RM. Clinical characteristics and long-

term outcomes of patients with heart failure and preserved systolic function. Am J Cardiol. 

2000; 86:863-7. 

 

 



 



Roderick WC Scherptong, Hubert W Vliegen, Michiel M Winter, Eduard R Holman, 
Barbara JM Mulder, Ernst E van der Wall, Mark G Hazekamp

ELEVEN
ELEVEN



ABSTRACT 

Background. In patients with a right ventricle (RV) in systemic position, tricuspid 

valve surgery for regurgitation beyond adolescence is subject of debate.  The aim 

of this study was to evaluate complications, survival and benefit of tricuspid 

surgery in adult patients with an atrial-level correction for transposition of the 

great arteries or congenitally corrected transposition of the great arteries.  

Methods & Results. All adult patients (n=16; 7 male, 9 female; age: 35 ± 11 

yrs) who underwent tricuspid valvuloplasty (TVP, n=8) or replacement (TVR, n=8) 

in the period 1999-2008 were included. Complications and survival were analyzed 

and post-operative changes in RV function and functional class were evaluated. 

Tricuspid regurgitation was graded 1 to 4 according to the severity, right 

ventricular dysfunction was graded 1 to 4 (1;no dysfunction – 4; severe 

dysfunction) and functional status was determined according to NYHA class. 

Although complications occurred in eleven patients, all could be managed 

adequately. Three patients respectively died 109, 180 and 659 days after surgery, 

the first patient after TVR the latter two after TVP. Overall, tricuspid valve function 

improved (grade 3.1 ± 0.8 to 0.9 ± 1.0; P = 0.001), functional class improved (2.7 

± 0.6 to 2.1 ± 0.8; P = 0.007), whereas RV function remained unchanged. After 

TVP, however, recurrent moderate TV regurgitation was frequently observed (n= 

3; 37%).  

Conclusions. Mortality is low after tricuspid surgery in adult patients with mild to 

moderate RV dysfunction. In general, tricuspid valve function and functional class 

improve significantly after operation, whereas systemic RV function is preserved. 

TVP however, is associated with a high recurrence rate of regurgitation. 



INTRODUCTION 

Patients with congenitally corrected transposition of the great arteries (ccTGA) and 

patients with atrially corrected transposition of the great arteries (acTGA), have a 

morphologically right ventricle (RV) that sustains the systemic circulation.1-3 In 

these patients, regurgitation of the systemic atrioventricular valve, the tricuspid 

valve (TV), is a common finding. When TV regurgitation becomes severe, it is 

associated with RV failure and decreased survival.4 In adolescent or younger 

patients, it can be opted to treat this surgically by retraining the left ventricle by 

means of pulmonary artery banding and subsequent relocation of the left ventricle 

into systemic position. In adults beyond the second decade of life however, results 

of these operations are still mainly negative.5-7 Another surgical option, which is 

replacement or repair of the TV, is controversial, as the amount of data 

demonstrating favorable survival after these operations is currently insufficient. 

The only large study so far, in which beneficial effects of TV replacement are 

demonstrated, is the study by van Son et al. published in 1995, which reports the 

follow-up of 40 patients with ccTGA who were operated for TV regurgitation.8 In 

other reports, attempts to repair the TV are described as largely unsuccessful in 

patients with ccTGA and in these reports consideration for the above described 

double switch procedure is advocated.9,10 Study results of TV operations in patients 

with acTGA are even scarcer than in ccTGA. The general opinion in literature is 

that the role of TV surgery, as a treatment option for patients with acTGA and 

impending RV failure, should be limited.11 However, studies that focus on 

systematic evaluation of TV surgery in adult patients with acTGA and RV 

dysfunction are lacking.12-15 Therefore, the aim of this study was to evaluate 

complications, survival and benefit of tricuspid valvuloplasty (TVP) or replacement 

(TVR) as the first option in patients with important tricuspid regurgitation and a 

dysfunctional right ventricle in systemic position. 

 

 

 



METHODS 

Patient population 

All patients, either referred form other medical centers or from the outpatient clinic 

of our center with ccTGA or acTGA, who underwent TVP or TVR for tricuspid 

regurgitation between 1998 and 2008, were included in this study. Patients were 

considered for surgery when the combination of important tricuspid regurgitation 

(grade 3 or 4) and mild to moderate systemic RV dysfunction was present on 

echocardiographic evaluation. RV function had to be sufficiently preserved, as 

tricuspid surgery in later stages of RV dysfunction had poor outcome in previous 

studies.8,16 Furthermore, only those patients with functional impairment who were 

in New York Heart Association (NYHA) class 2 or 3 were regarded suitable for 

elective tricuspid surgery. Cardiac function and anatomy was evaluated pre-

operatively with cardiac magnetic resonance imaging or multi slice computed 

tomography if a recent evaluation was not available. These evaluations were also 

used to assess whether concomitant procedures, including baffle and/or conduit 

revisions, were necessary. 

 

Study protocol 

Complications related to the procedure, survival and operation benefit in terms of 

TV competence, RV function and NYHA class were evaluated. First, primary 

diagnosis (ccTGA or acTGA), previous operations and pre-operative TV 

competence, RV function and NYHA class were noted. Second, the type of 

procedure (TVP or TVR) and concomitant procedures were documented. Thirdly, 

we observed post-operative complications and finally, to assess operation benefit, 

we analyzed post-operative changes in RV function, tricuspid valve competence 

and functional class during follow-up. 

 

Complications and survival 

Post operative complications were categorized into: arrhythmia, low cardiac output 

(defined as persistently low arterial pressures, in the post-operative period, not 



responding to plasma volume expansion), renal insufficiency, infection and 

rethoracotomy. Maximum survival was defined as the period between the first day 

post-operative until the last available follow-up date or until the occurrence of the 

composite endpoint death or recurrent severe tricuspid regurgitation. Differences 

in survival were compared between the TVP and TVR procedure. 

 

Operation benefit 

Echocardiography was used for the assessment of RV and TV function. For the 

purpose of this study, the echocardiograms, made pre-operatively and during 

periodical follow-up after surgery, were reviewed for RV and TV function. The 

echocardiographic evaluations were done three weeks, three months and ten 

months after operation. Tricuspid regurgitation was graded 1 to 4 according to the 

severity. RV function was analyzed semi-quantitatively and classified as either 

normal (1), mildly depressed (2), depressed (3) or severely depressed (4).17, 18 

Furthermore, patient functional status was assessed pre- and post-operatively 

according to NYHA class. 

 

Operative technique 

All patients were operated by the same surgeon, through median (re)sternotomy 

using total cardio pulmonary bypass, mild-to-moderate hypothermia and combined 

with antegrade perfusion of a crystalloid cardioplegic solution. The TV was 

approached via either the right atrium (acTGA) or via the atrial septum and left 

atrium (ccTGA). Initially, TVP was intended in all patients. For this type of surgery, 

a classical Carpentier-Edwards or the newer Edwards MC3 annuloplasty ring 

(Edwards LifeSciences Inc, Irvine, CA, USA) was used. However, when pre- or 

intraoperatively, either the quality of the TV leaflets was regarded insufficient (eg. 

dysplastic tricuspid leaflets), or when significant leaflet tethering was present, it 

was decided to replace rather than repair the TV. Moreover, when during the 

operation the initial TVP did not result in reduction of regurgitation, the TV was 

also replaced within the same operation. For this procedure, a CarboMedics 



bileaflet mechanical prosthesis (Sulzer CarboMedics Inc, Austin, Tex, USA), a St. 

Jude Medical mechanical prosthesis (St. Jude Medical Inc, St. Paul, MN, USA) or a 

Medtronic Mosaic porcine bioprosthesis (Medtronic Inc, Minneapolis, Minn, USA) 

was used.   

 

Statistical analysis 

SPSS (12.0.1, SPSS Inc, Chicago, IL, USA) was used for statistical analysis. Data 

are presented as mean ± standard deviation (SD), unless mentioned otherwise. 

Due to the small number of patients, the Friedman test and the Mann-Whitney U-

test were used to compare pre- and postoperative TV function, RV function and 

functional class. Kaplan-Meier curves were drawn and the logrank test was used to 

compare the difference between the TVP and TVR procedure. P-values <0.05 were 

considered statistically significant.  

The authors had full access to and take full responsibility for the integrity of the 

data. All authors have read and agree to the manuscript as written.  

 

RESULTS 

Sixteen patients were operated, nine with ccTGA and seven with acTGA. 

Characteristics of these patients are summarized in Table 1. Pre-operatively, grade 

3.1 ± 0.8 TV regurgitation was observed. Most patients exhibited mildly depressed 

RV function (n=12) and pre-operative functional class according to NYHA was 2.7 

± 0.6. An overview of how patients were operated is depicted in figure 1.  In 

fourteen patients the mechanism of tricuspid regurgitation was regarded 

malcoaptation of  the tricuspid leaflets. This was either due to annular dilatation 

with intact leaflets (n=9) or due to structural abnormalities of the TV other than 

Ebstein(-like) malformations (n=5). In eleven patients, TVP was initially attempted. 

In three cases, this procedure did not result in improved TV competence, and it 

was decided to do TVR in the same operation. In four patients the TV leaflets were 

Ebstein-like or had important other malformations and in one patient the tricuspid 

annulus was too severely dilated to perform TVP, therefore TVR was done directly 



in these cases. In nine patients, concomitant procedures, mainly conduit or baffle 

revisions (n=6), were performed. 

 

Table 1. Baseline characteristics

Age (years) 34.2 ± 14.5 35.0 ± 5.9

Previous operations 

VSD closure

ASD closure

TVP

PVR

PA banding

Mustard

Senning

Current operation

TVP

TVR

Concomitant procedures

Conduit/baffle revision

Mini MAZE procedure

VSD closure

PA banding

valvuloplasty; TVR, tricuspid valve replacement; VSD, ventricular septal 

defect.

2

5

1

5

1

Characteristics (n=9)

ccTGA acTGA

(n=7)

2

2

4

2

2 4

1

1

3

Data are number of patients (percentage); acTGA, atrial correction for

transposition of the great arteries; ASD, atrial septal defect; ccTGA, 

congenitally corrected transposition of the great arteries; PA,

pulmonary artery; PVR, pulmonary valve replacement; TVP, tricuspid 

 

 

Complications and survival 

In Table 2, all major, post-operative complications are summarized. One patient, 

operated acutely after explantation of an infected ICD, died 109 days post-

operative. This patient suffered from a multitude of complications and eventually 

died from therapy refractory sepsis.  Arrhythmia was the most frequently 

encountered short-term complication, occurring in eight patients. In one patient, 

recurrent ventricular fibrillation was observed post-operatively which required ICD 

implantation, five patients suffered from supraventricular tachycardia which was 

treated with cardioversion in three and with medication in two. One patient 



suffered from sinus arrest and one patient had AV block, both treated with 

pacemaker insertion.  

 

Figure 1. Operative approach to patients 

In total, 16 patients were operated, 9 ccTGA and 7 acTGA patients. Annular dilatation was the 

main mechanism of tricuspid regurgitation, but valvular abnormalities were also present. In three 

patients, the initial attempt to repair the tricuspid valve was unsuccessful and a “secondary” 

tricuspid valve replacement was done. acTGA, atrially corrected transposition of the great 

arteries; ccTGA, congenitally corrected transposition of the great arteries; TR, tricuspid 

regurgitation; TV, Tricuspid valve; TVP, tricuspid valvuloplasty; TVR, tricuspid valve replacement. 

 

 

 

Another complication that occurred frequently was low cardiac output caused by 

ventricular failure (n=5), requiring placement of an intra aortic balloon pump in 

three patients and inotropic support in two patients. One patient was operated for 

gastric perforation and in another patient a rethoracotomy for persistent bleeding 

was performed.  Five patients had renal insufficiency that required temporary 

dialysis with continuous veno-venous hemofiltration. 

Fifteen patients were discharged in good condition after a mean duration 

of in hospital stay of 27 ± 28 days. Two patients died in the period after discharge. 

One patient was successfully resuscitated after an episode of ventricular fibrillation 

180 days after operation, but died subsequently from ventricular failure, without 

signs of recurrent TR. The other patient died from recurrent TR and cardiac failure 



659 days after surgery, before adequate treatment could be initiated. Follow-up of 

patients ranged from 92 days to 3101 days after operation with a 1-year survival 

rate of 86.7%.  

 

Table 2. Postoperative complications

None

Rethoracotomy

Death

5 (31%)4 (25%) 1 (6%)

0 1 (6%) 1 (6%)

5 (31%)3 (19%)2 (13%)

Complications TPV TotalTVR

Infection 1 (6%)

Arrhythmia 3 (19%) 5 (31%)

1 (6%)

Low cardiac output

8 (50%)

2 (13%)

2 (13%)

Renal insufficiency 2 (13%) 3 (19%) 5 (31%)

1 (6%) 1 (6%)

Data are number of patients (percentage). TPV = tricuspid valvuloplasty; TVR = 

tricuspid valve replacement.  

 

Kaplan-Meier curves (Figure 2) for the composite end-point death or recurrent 

severe tricuspid regurgitation revealed that TVR exhibited better survival as 

compared to patients who underwent TVP, the difference in survival, however was 

not statistically significant (P = 0.09). 

 

Operation benefit 

Overall, tricuspid function and functional class improved significantly after 

operation, whereas RV function remained stable. In figure 3 it can be readily seen 

that tricuspid competence improved significantly after TVP and, as can be 

expected, after TVR. After TVP however, tricuspid function was not substantially 

improved in three patients (2 ccTGA, 1 acTGA) on post-operative 

echocardiographic evaluation. Therefore, the overall improvement of tricuspid 

function was less prominent as compared to TVR. Furthermore, three patients 

developed recurrent TV regurgitation resulting in grade 2.6 ± 0.5.regurgitation at 

10.7 ± 1.9 months of follow-up after TVP. After TVR, on the other hand, the 



improvement of tricuspid competence was maintained at 10.7 ± 1.9 months of 

follow-up, as can be expected. RV function, which was classified normal (grade 1) 

to severely depressed (grade 4), remained unchanged post-operatively and at 10.7 

± 1.9 months follow-up, see Figure 3.  

 

Figure 2. Survival curves for the composite end-point death or recurrent tricuspid regurgitation 

A trend towards less favourable survival characteristics for patients who underwent tricuspid 

valvuloplasty was observed, however not statistically significant. TVP, tricuspid valvuloplasty; 

TVR, tricuspid valve replacement 

 

 

Pre-operatively, RV function was classified 2.2 ± 0.7 and at maximum follow-up 

(3.2 ± 1.9 years) RV function was 2.0 ± 0.9. Moreover, no differences in RV 

function were noted pre-operatively and during follow-up between patients who 

underwent TVP and patients who underwent TVR. Overall, NYHA class improved 

from 2.7 ± 0.6 to 2.1 ± 0.8 (P= 0.007), 3.2 ± 1.7 months after surgery. At 3.2 ± 

1.9 years follow-up, functional class was 2.0 ± 0.9. Again, there was no difference 

in NYHA class between TVP and TVR pre-operatively or during follow-up. 

 

 



DISCUSSION 

In the current study we systematically evaluated, complications, survival and 

benefit of TV surgery for substantial regurgitation in patients with a dysfunctional 

right ventricle in systemic position. Key findings were firstly that a high incidence 

of post-operative complications was observed. Furthermore, overall TV 

competence and functional class improved after operation. Finally, the survival 

characteristics of TVP appeared less favorable as compared to TVR. 

The incidence of complications, related to the procedure, was high in our 

population. However, all complications were treated successfully in those patients 

who were operated electively and the presence of complications was not related to 

worse outcome. In the largest study on TV operations, so far, by van Son et al. 

comprising of 40 patients with ccTGA, similar types of post operative complications 

were described (arrhythmia, bleeding, infection) and a relation between post 

operative complications and adverse outcome was also not reported.8 In another 

report by Beauchesne et al. on patients with ccTGA, post-operative complications 

were again not related to post-operative outcome.19 Therefore, provided that 

surgical treatment of TV regurgitation in patients with a right ventricle in systemic 

position is exclusively performed in specialized centers, complication rate should 

generally not be a reason to refrain from these operations. 

Three patients, all with previous Mustard corrections, died in our 

population, making up a 1-year survival rate of 86.7 %. In one of these patients, 

the cause of death was TV incompetence and associated systemic ventricular 

failure after tricuspid valvuloplasty. In the other patients, TV incompetence and 

systemic ventricular dysfunction was present but not indubitably related to the 

cause of death (sepsis, ventricular arrhythmia). In the previously mentioned study 

by van Son et al., a survival rate of 78.0% at 5 years and 60.7% at 10 years was 

reported.8 In other, smaller studies on patients with ccTGA, in which survival 

characteristics of TV surgery were reported as part of a larger study, 1-year 

survival rates range from 63% to 100%.10, 18-23 To our knowledge, no studies are 

available that report data solely on TV operations in patients with acTGA. 



Incidentally, survival characteristics are reported as unfavourable in small groups 

of patients (n=3), with 1-year survival rates of 25% to 33%, which is much lower 

than the 1-year survival rate in our group of acTGA patients (71.4%).13, 15, 24 

In general, TVP was intended in all patients. However, in patients with 

structural leaflet malformations or severe leaflet tethering, which was noted either 

pre-operatively or during surgery, it was decided to perform TVR. In these 

patients, the risk for recurrent TR after TVP was regarded higher as compared to 

patients with intact tricuspid leaflets, without signs of tethering. 25, 26 In our 

population, tricuspid competence demonstrated a significant improvement after 

operation. However, the results of TVP were less promising than the results of 

TVR. After TVP, the improvement was less prominent than after TVR and the rate 

of recurrence of regurgitation was relatively high after TVP (37%). Therefore, 

when comparing the survival curves of the TVP procedure to the TVR procedure, 

although not statistically significant, there seems to be a disadvantage for TVP. In 

our population, RV function remained stable during follow-up and no differences in 

RV function were noted between patients who underwent TVP and patients who 

underwent TVR. It should be noted that in most patients, the pre-operative degree 

of RV dysfunction was generally mild (n=12), and it could be questioned whether 

an important improvement in RV function is expected after TV surgery. The sparse 

results of earlier studies suggest that TV surgery in early stages of RV dysfunction 

is superior to TV surgery in more advanced stages of RV dysfunction.8, 10, 16, 19 

Therefore, the strategy in most patients was to consider TV surgery on the basis of 

functional impairment, also when mild RV dysfunction was present. Although no 

improvement in RV function was observed on echocardiographic evaluation, 

functional class did improve in our population. A mechanism that may underlie this 

observation is that improved competence of the TV leads to more effective output 

of the systemic ventricle, whereas the ejection fraction might even decline. Before 

surgery, stroke volume is partially regurgitated back into the systemic atrium, 

whereas after surgery stroke volume completely attributes to cardiac output, 

leading to overall better function. 



Figure 3. Follow-up of tricuspid function, right ventricular function and functional class. 

Significant improvement of tricuspid function was observed both after tricuspid valve 

replacement (TVR) as well as tricuspid valve plasty (TVP). After TVP however, the 

improvement was less prominent and recurrent tricuspid regurgitation was frequently 

observed. Right ventricular function remained stable during follow-up and there was no 

difference between patients who underwent TVP and patients who underwent TVR. NYHA 

class improved significantly both after TVP as well as TVR. The P-values denote the 

significance of the improvement after TV surgery separately for TVP and TVR. * P<0.01 for 

the difference in TV competence between TVP and TVR. NYHA, New York Heart Association; 

RV, right ventricular; TV, tricuspid valve 

 



Secondly, visual assessment of right ventricular function, although generally 

accepted, may not reveal subtle but important changes in RV function. Other 

imaging modalities, like cardiac magnetic resonance imaging, may demonstrate 

improved rather than stable RV function on the long term. 

The combination of TR and progressive RV dysfunction is a frequent 

finding in patients with ccTGA or acTGA. It is associated with a rapid decline in 

functional class, decreased survival and surgical treatment is mostly warranted.27 

Selection of the optimal surgical strategy, specifically in the “older” patients (3rd to 

4th decade of life), is a complicated issue. It could be postulated that either 

relocation of the (morphologically) left ventricle in systemic position or cardiac 

transplantation, is the surgical treatment of choice in these cases. However, results 

after relocation of the left ventricle into systemic position, in terms of survival and 

benefit, are discouraging in the adult TGA population.28, 29 The option of cardiac 

transplantation is probably the superior option from a functional point of view. 

Unfortunately, donor organs are scarcely available and cardiac transplantation can 

only be applied in a limited number of patients. Hence, cardiac transplantation as a 

treatment option in the approach to TGA patients with TR and a dysfunctional right 

ventricle remains difficult. The results from our population, which is relatively old 

(34.2 ± 14.5 years in the ccTGA group and 35.0 ± 5.9 years in the acTGA group), 

demonstrate that TVR and TVP are associated with low mortality and improvement 

of functional class. Therefore, it could be regarded as a first option in patients with 

a systemic right ventricle and TR. It should however be noted that survival 

characteristics tend to be worse after TVP, mainly caused by a high recurrence rate 

of TR. Tricuspid leaflet tethering may be the mechanism behind the recurrence of 

TR after TVP. 

 

Limitations 

In the current study, semi-quantitative analysis of tricuspid and right ventricular 

function with echocardiography was used. Cardiac magnetic resonance imaging 

provides a more accurate modality for estimation of right ventricular function. 



However, an important number of patients have pacemakers and could not 

undergo magnetic resonance imaging. For consistency, we therefore chose 

echocardiography for comparison of data during follow-up. As another limitation, 

which is present in most studies on patients with congenital heart disease, the 

study population was small. Therefore, the results of this study remain to be 

confirmed prospectively in a larger patient population. 

 

CONCLUSIONS 

Mortality is low after tricuspid surgery in patients with a right systemic ventricle. 

Although the incidence of post-operative complications is high, this should not be a 

reason to refrain from these operations. Short-term results demonstrate that 

tricuspid valve replacement in patients with a dysfunctional right ventricle is 

associated with an improvement of tricuspid valve function, stable right ventricular 

function and improvement of functional class. Valvuloplasty, which is associated 

with a high recurrence rate of regurgitation, is not advisable in this group of 

patients and tricuspid valve replacement should therefore be performed preferably. 
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ABSTRACT 

Data on relational and sexuality issues in adult patients with congenital heart 

disease (CHD) are scarce. The current study aimed to evaluate relational and 

sexual behavior, satisfaction, and functioning in a representative sample of 

patients with CHD and their partners. In addition, we aimed to evaluate the 

relation between sexuality parameters and quality of life. Relational and sexuality 

issues were assessed using a Sexuality Questionnaire in 133 patients (52% male, 

37±13 years) with CHD (43 coarctation of the aorta, 42 transposition of the great 

arteries, 36 Marfan syndrome, and 12 Eisenmenger syndrome), and 74 partners. 

Quality of life was assessed using the SF-36. Data were compared to an age- and 

sex-matched control group (n=3642). Seventy one percent of patients with CHD 

was involved in a relationship, which is significantly less compared to controls 

(79%, p<0.05). Nonetheless, patients perceived their relationship as more 

satisfactory compared to controls (p<0.05). Overall, sexual satisfaction was equal 

in patients compared to controls, although they perceived lower body esteem 

(p<0.001), decreased sexual esteem (p<0.05), and more distress during sex 

(p<0.001). Patients reported no more erectile and lubrication problems compared 

to partners, and controls. We found significant associations between most 

relational, and sexual parameters and quality of life. In conclusion, many aspects 

of sexuality are affected in adult patients with CHD, whereas their partners remain 

relatively unaffected. Moreover, sexuality is an important aspect of quality of life in 

these patients. We advise physicians to be receptive to discuss sexuality issues, 

and provide patients with adequate therapy. 

 



 

 

INTRODUCTION 

Sexuality is considered an important aspect of quality of life in patients with 

acquired heart disease, and is receiving increased attention.1-3 It is known that 

patients with acquired heart failure suffer from loss in sexual interest, decreased 

sexual frequency, decline of sexual satisfaction, and increased incidence of sexual 

dysfunction.1, 2 Although changes in patients’ sexuality seem to have no negative 

influence on marital relationships, partners are known to suffer from distress 

during sexual contact, and from a decrease in frequency of sexual contact.1, 3 

Sexuality in patients with congenital heart disease (CHD) could well be equally 

affected, as their physical condition is often diminished, complications are 

numerous and the use of medication is high.4-6 Nonetheless, knowledge on 

sexuality in adult patients with CHD remains sparse. Only few studies have been 

performed on the subject, focusing primarily on young, male patients or on 

reproductive issues in female patients with CHD.7-11 To overcome this hiatus in 

current knowledge, the present study aimed to evaluate both relational as well as 

sexual behavior and satisfaction, and sexual functioning in a representative sample 

of adult patients with CHD, and their partners. Additionally, we evaluated the 

influence of relational and sexuality issues on these patients’ quality of life. 

 

METHODS 

Adult patients with CHD were derived from the CONCOR registry, the Dutch 

national registry of adult patients with CHD.12 Two-hundred thirty-one patients (70 

patients with Marfan syndrome, 69 patients with coarctation of the aorta, 67 

patients with transposition of the great arteries, and 25 patients with Eisenmenger 

syndrome) were eligible to participate in the study, and were  contacted by 

telephone (from November 2008 till May 2009) to request their participation. 

Patients with partners were asked to request their current partner’s participation. 

An age- and sex-matched control group (n = 3642) was used to compare patients 

and their partners with the Dutch population. The control group was recruited by 

the Rutgers Nisso Group, the Dutch Expert Center on Sexuality, using the internet 



 

 

panel Euroclix (>200,000 members). Recruitment was performed from November 

2005 till February 2006. The first 2,000 subjects were randomly recruited from this 

panel, after which specific groups of subjects were requested to participate in the 

study to obtain a representative sample form the Dutch population.13  

The study complies with the Declaration of Helsinki, and has been 

approved the ethics committees of all participating tertiary referral centers.  

Patients’ and their partners’ relational and sexual behavior, satisfaction, 

and functioning were evaluated using a 169-item sexuality questionnaire, which 

was developed for this study in collaboration with the Rutgers Nisso Group.13 The 

questionnaire consisted of 5 domains. Appendix 1. In summary, ‘subjective health 

perception’ focused on patients’ current health perception. ‘Relational satisfaction’ 

contained questions on marital status and satisfaction with current relationship,14 

whereas ‘sexual satisfaction’ contained questions on sexual behavior and sexual 

perception.15 ‘Sexual functioning’ included gender-specific sexual dysfunction, 16 

and ‘sexuality and cardiac condition’ focused on heart disease related emotional 

and physical problems in relation to sexuality.17 For the latter domain, data were 

not obtained from the general population. All subjective sexuality scores range 

from 1 to 5, except sexual distress, which was scored 1 to 4, with higher scores 

representing a more positive sexual attitude. Additionally, patients were asked 

whether they were interested to receive additional information on sexuality and 

their disease. 

Health related quality of life was assessed by means of the Dutch 

translation of the Medical Outcomes Study Short Form 36 item health survey (SF-

36),18 which comprises of 36 questions on 8 domains (physical functioning, role 

functioning physical, bodily pain, general health perception, vitality, social 

functioning, role functioning emotional, and mental health). Scores range from 0 to 

100, with higher scores representing better quality of life. The 8 domains were 

combined into 2 higher-ordered clusters; the Physical Component Summary (PCS) 

and the Mental Component Summary (MCS). Patients’ SF-36 scores were 



 

 

compared with published age- and gender-matched norms from a Dutch reference 

population . 

For statistical analyses SPSS 16.0 (SPSS INC., Chicago, Illinois) for 

Windows was used. Statistical significance was set at p < 0.05. Descriptive data 

are presented as mean with standard deviation if normally distributed or as median 

with range as appropriate. The 8 dimensions of the SF-36 scores were converted 

to standard scores on the basis of the scores of an age- and gender-matched 

representative reference sample of the Dutch population. A standard score 

indicates how many standard deviations the observed SF-36 score falls below or 

above the score from the reference population. Consequently the score of the 

reference population is set at 0.19 Linear regression analysis were used to identify 

and estimate risk factors for decreased relational and sexual parameters. 

Comparison of discrete variables was performed using the Chi-square or Fisher’s 

exact test. Comparison of continuous variables between 2 groups was performed 

using an unpaired Student’s T-tests, or the Mann-Whitney test if data were not 

normally distributed, and comparison of continuous variables among 3 or more 

groups was performed using the ANOVA or Kruskal-Wallis test and post hoc tests 

with a Bonferroni correction.  

 

RESULTS 

Of the 231 eligible patients, 223 (97%) could be reached telephonically, of whom 

209 (90%) agreed to participate. A total of 133 patients returned their 

questionnaires, as did 73 partners. Figure 1. There were no statistically significant 

differences in cardiac condition, sex, or age between patients who did, and who 

did not return the questionnaire, nor between patients and their partners. Table 1. 

The control group was age- and sex-matched and consisted of 3642 subjects (50% 

male, 40 ± 12 years). 

 

 



 

 

Table 1. Baseline characteristics

Age (years)

I

II - IV

Medication

B - blocker

ACE / ATII

Diuretics

Other medication

No medication

* Data are years [range]; number of patients (percentage). ACE = angiotensin converting enzyme inhibitor; ATII = angiotensin II receptor antagonist; CoA = 

coarctation of the aorta; ES = Eisenmenger syndrome; MS = Marfan syndrome; NYHA = New York Heart Association; TGA = transposition of the great 

arteries.

12 (100%)

-42 (32%)

54 (41%) -

7 (17%)7 (16%)

13 (30%)

-

61 (46%)

47 (35%)

8 (6%)

14 (33%)-

- 3 (7%)

- 26 (61%)

4 (11%)29 (69%)

3 (7%)

21 (50%)

15 (42%)9 (21%)

12 (100%)

MS (n=36)Partners (n=73)

0 (0%)

2 (17%)

4 (33%)

1 (8%)27 (75%)

16 (44%)

0 (0%)

ES (n=12)

43 [23-75]

4 (33%)

0 (0%)

39 [18-63]

14 (39%)

32 (89%)

4 (11%)

NYHA class 102 (77%)

TGA (n=42)

35 [23-75]

25 (60%)

31 (74%)

11 (26%)

37 [19-71] 36 [19-69]

Male 69 (52%) 30 (41%) 26 (60%)1821 (50%)

37 [18-75]

Characteristics Patients (n=133) CoA (n=43)Controls (n=3642)

40 [19-69]

- 39 (91%)

31 (23%) - 4 (9%)

-

-

-

-

-

-

 

 

 

Figure 1. Inclusion of patients with CHD and their partners. 

 

 
 

Total 
n=231 

Accept 
n=209 

partners (n=94) 

Reject 
n=14 

Not returned 
n=76 

partners (n=21) 

Total returned* 
n=133 

partners (n=73) 

Total not returned 
n=90 

partners (n=21) 

• withdrawal (n=34)  

• no response (n=42) 

Telephone contact 

Contact 
n=223 

No contact 
n=8 

Patients receive questionnaries 

*Total returned: 
- Coarctation of the Aorta (n=43) 
- Transposition of the great Arteries (n=42) 
- Marfan Syndrome (n=36) 
- Eisenmenger Syndrome (n=12) 



 

 

In the sexuality questionnaire, patients report their subjective health 

perception to be similar compared to their partners and the Dutch population 

(patients 2.2±0.7; partners 2.1±0.7; population 1.9±0.7). Patients’ SF-36 scores 

were significantly lower on the PCS, but equal on the MCS compared to the general 

population (-0.2±0.9 vs. 0; and 0.1±1.0 vs. 0). Physical quality of life was 

particularly diminished in patients with Marfan Syndrome and the Eisenmenger 

Syndrome, with no differences in mental quality of life among groups. Figure 2. 

Patients with CHD were less likely to be involved in a relationship 

compared to the general Dutch population (71% vs. 79%; p<0.05), although 

those patients who were involved in a relationship perceived their relationship as 

more satisfactory, as did their partners (patients 4.3±0.5; partners 4.3±0.4; 

population 4.1±0.6; p<0.01). Relational satisfaction was positively associated with 

both the PCS, and the MCS (r=0.2; p<0.05 and r=0.4; p<0.001, respectively). 

The total number of sexual partners in their lifetime was significantly lower 

in patients, and their partners, compared to the general population (patients 

5.4±7.6; partners 3.4±2.9; population 7.5±9.2; p<0.001). The average frequency 

of sexual contact in current relationship was equal between patients and the 

population, with lower figures only for patients with Eisenmenger syndrome 

(patients with Eisenmenger syndrome: <1 time/month; all other groups: >1 

time/month; p<0.05). Although sexual satisfaction was equal among patients, 

partners, and the population (patients 1.5±0.7; partners 1.3±0.5; population 

1.5±0.8), sexual contact caused distress in both patients and their partners, as 

compared to the control group (patients 1.0±1,1; partners 1.1±1.1; population 

0.6±0.6). Figure 3. Both sexual behavior and sexual satisfaction were important 

factors of quality of life, as the frequency of having sexual contact was positively 

associated with the PCS (r=0.2; p<0.05) and sexual satisfaction was related to 

both PCS, and MCS (r=0.3; p<0.01, and r=0.3; p<0.01, respectively). The number 

of sexual partners, and the level of distress during sexual contact were not related 

to quality of life.  

 



 

 

 
Figure 2. Quality of Life in adult patients with CHD. 

The Physical Component Summary and the Mental Component Summary of the 36 item Short 

Form, among the 4 patient groups. Data are presented as mean ± 2 SD. * Significant difference 

with other group of p<0.01; † Significant difference with other group of p<0.001. CoA = 

coarctation of the aorta; ES = Eisenmenger syndrome; MS = Marfan syndrome; TGA = 

transposition of the great arteries. 
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We found that 42% of male patients experienced difficulties in either 

obtaining, and/or maintaining an erection during sexual contact, whereas 42% of 

partners, and 54% of healthy subjects experienced similar difficulties (p=N.S.). We 

found no relation between congenital cardiac defect, use of medication, or NYHA 

class and the occurrence of erectile problems. There was no relation between the 

presence of erectile problems and quality of life. Sixty-six percent of female 

patients had difficulties in obtaining, and/or maintaining sufficient vaginal 

lubrication for sexual contact, against 51% of partners, and 56% of healthy 

subjects, which was not statistically significant. Although we found no relation 

between lubrication difficulties and cardiac defect, or medication use, patients with 

lubrication difficulties had higher NYHA class (1.4±0.7 vs. 1.1±0.2; p<0.05). 

Female patients with difficulties in obtaining, and/or maintaining lubrication had 

significantly lower MCS (-0.5±1.2 vs. 0.4±0.8; p<0.05). 



 

 

Figure 3. Sexual satisfaction and sexual distress. 

Sexual satisfaction (a.), and levels of distress during sexual contact (b.) on a 1 to 5 scale among 

the general population, partners, and patient groups. Data are presented as mean ± 2 SD. * 

Significant difference with other group of p<0.05; † Significant difference with other group of 

p<0.01. CoA = coarctation of the aorta; ES = Eisenmenger syndrome; MS = Marfan syndrome; 

part. = partners; pop. = general population; TGA = transposition of the great arteries. 
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Figure 4. Body esteem and sexual esteem. 

Body esteem (a.), and sexual esteem (b.) on a 1 to 5 scale among partners, and patient groups. 

Data are presented as mean ± 2 SD. * Significant difference with other group of p<0.05; † 

significant difference with other group of p<0.01; ‡ significant difference with other group of 

p<0.001. CoA = coarctation of the aorta; ES = Eisenmenger syndrome; MS = Marfan syndrome; 

part. = partners; TGA = transposition of the great arteries. 
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Patients with the Eisenmenger Syndrome experience increased physical 

discomfort during sexual contact compared to partners, and other patient groups 

(p=0.01), whereas we found no differences among other patient groups. Overall, 

we found no relation between physical discomfort during sexual contact and age, 

or use of medication. However, increased NYHA class was related to physical 

discomfort during sex (r=0.4; p<0.001). Overall, physical discomfort during sexual 

contact was negatively associated with both PCS and MCS (r=0.42; p<0.001, and 

r=0.3; p<0.001, respectively). Patient’s body esteem was low in comparison to 

their partners (2.5 vs. 3.4; p<0.001), as was sexual esteem (3.2 vs. 3.5; p<0.05). 

Figure 4. Body esteem, and sexual esteem were positively associated with PCS and 

MCS (body esteem: r=0.3; p<0.001, and r=0.3; p<0.001; sexual esteem: r=0.5; 

p<0.001, and r=0.3; p<0.001). 

 Most patients (62.5%) stated that they felt the need to talk about sexuality 

issues. However, 80.6% of these patients would talk solely to their partners about 

these matters, whereas a mere 11.6% of patients would seek professional help. 

 

DISCUSSION 

Adult patients with CHD describe their relationships as highly satisfactory 

compared to the general population, although they are less likely to be involved in 

one. Overall sexual satisfaction is normal, although both patients and partners 

experience increased levels of distress, and patients stated more physical 

discomfort during sex. Patients with CHD have low body esteem and low sexual 

esteem, and they feel that their sex-life is negatively influenced by their cardiac 

defect. Moreover, sexuality is an important aspect of quality of life in these 

patients.  

 Three aspects are known to predominantly influence sex life of patients 

with acquired heart disease in a negative way; the decline in physical condition, 

changes in mental condition, and pharmacological therapy.3 Adult patients with 

CHD face similar challenges, as their physical condition is frequently diminished, 

complications are numerous, 4, 6 and the majority of patients being dependent on 



 

 

pharmacological therapy.20 Notwithstanding the known impact of a cardiac 

condition on sexuality, only a few small studies had been performed on sexuality in 

adult patients with CHD, none of which included these patients’ partners. 7-11 

 We found adult patients with CHD to be less likely to be involved in a 

relationship, compared to their peers. Although not confirmed by our results, this 

could be caused by a low self-perceived body image due to morphologic 

differences, smaller stature, and surgical scars.9, 21, 22 Moreover, physical 

manifestations of a cardiac condition could lead to fear of being rejected by a 

potential partner.23 On the other hand, those patients who are involved in a 

relationship judge their relationship as highly satisfactory. These findings confirm 

previous reports stating that the majority of patients with CHD are capable of 

maintaining normal marital relations.24 

Additionally, we found sexual behavior to differ significantly in adult 

patients with CHD compared to the general Dutch population. These findings are in 

line with those of Reid et al. and Lyon et al. who found lower rates of sexual 

activity in adolescents with CHD.9, 22 Scars and cyanosis in adult patients with CHD 

increases self-consciousness and decreased body image, which could account for 

the decreased levels of sexual activity in these patients.21, 25 Distress during sexual 

contact has previously been described in both patients with acquired heart disease, 

and their partners.26 Although patients with CHD are chronically affected by their 

condition, anxiety on possible complications could play a role in the distress. 

Partners are mostly confronted with their partner’s condition at a later age. The 

lack of thorough knowledge on the condition could well be the cause of increased 

anxiety.  

Physical discomfort during sexual contact, as defined by exhaustion, pain, 

insensibility, tremor and a lack of energy during sex, was most pronounced in 

patients with Eisenmenger syndrome, which is not surprising, as sex equals light to 

moderate exercise. 27 Jaarsma et al. described the relation between a heart failure 

patients’ 6-minute walk distance and level of sexual functioning, indicating that 

disease severity negatively influences sexuality.1 Besides patients with 



 

 

Eisenmenger syndrome, patients with Marfan syndrome stated that their disease 

negatively influenced their sexuality. As the latter groups consists of a 

heterogeneous patient population, with an overall relatively low cardiac burden, 

there could be an important mental component.2, 28 

 Adult patients with CHD did not suffer more from erectile or lubrication 

difficulties than their peers. Moreover, we found no relation between cardiac 

defect, or the use of cardiac medication and sexual dysfunction in these patients. 

These findings are in contrast with the report of Cook et al., who found patients on 

B-blockers and ACE-inhibitor to be more likely to experience erectile problems.29 

Low patient numbers could be the cause for our negative results on the effect of 

cardiac medication on sexual dysfunction.   

Quality of life was influenced by almost all relational and sexual 

components that were examined. Although we found only a minority of patients to 

be interested in professional help on sexuality issues, we advise physicians to be 

receptive to discuss this important issue. Patients who raise questions should be 

made aware of the fact that their cardiac condition and medication could have 

negative influence on their sexuality. To dispel the threshold to discuss sexuality is 

important, as psychological or pharmaceutical treatment of sexual problems could 

increase both sex life, and the overall quality of life in patients with CHD.  

Currently, there are no internationally validated questionnaires to measure 

relational and sexual health. We feel that our questionnaire gives a representative 

view on relational and sexual health in this specific patient group. Our study was 

performed in patients with 4 different types of CHD. Nonetheless, we consider our 

study population to be representative for a much larger group of patients with 

CHD, as it comprises of patients with minor mental and physical limitations, to 

patients with more pronounced limitations. A substantial number of patients did 

not complete, or return the questionnaires. This could be due to the extent of the 

questionnaire, and to the private character of the questions.  

 



 

 

The control group completed the questionnaires on the internet, whereas patients 

received the questionnaires at their home address, which could have caused 

different privacy expectations between these groups. In addition, control group 

information was collected 3 years prior to patient information.  
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TO THE EDITOR 

In their recent paper, Mackie et al. demonstrated that 61% of adult patients with 

congenital heart disease (CHD) in Quebec fail to receive cardiac follow-up.1 In the 

Netherlands we found that only one third (n≈8,000) of adult patients with CHD fail 

to receive cardiac follow-up. Therefore, caution with extrapolating these data to 

other nations is recommended. 

On average 200,000 children are born in the Netherlands each year. With 

a birth prevalence of around 8 per 1,000 live births,2 and an overall survival rate 

until adulthood of 85% since the early ‘70, there are an estimated 25,000 adult 

(and 25,000 pediatric) survivors of CHD in the country.3, 4 In 2000, the 

Interuniversity Cardiology Institute of the Netherlands and the Netherlands Heart 

Foundation took the initiative to develop a national registry and DNA-bank of adult 

patients with CHD; CONCOR. In January 2009, over 10,000 patients were 

registered in CONCOR, including almost all patients followed-up in one of the 8 

Dutch university hospitals (n=7,500), and 2,500 patients from non-university 

hospitals. Moreover, trained research nurses have visited all non-university 

hospitals in the Netherlands, and were able to identify another 7,000 adult patients 

with CHD who are yet to be included in the registry. In summary, thanks to the 

success of CONCOR we know that 17,000 patients receive cardiac care in the 

Netherlands, which leaves approximately 8,000 patients that fail to receive cardiac 

care. These numbers are significantly lower compared to the 61% described by 

Mackie et al.1 

We postulate that there are two main reasons for this discrepancy. Mackie 

et al. state that the prevalence of CHD is 4.09 per 1000 adults, whereas our 

calculation is founded on the birth prevalence of 8 per 1000 live births. Using 

different methods to calculate the number of patients with CHD, subsequently 

leads to different numbers of patients who are lost to follow-up. A second 

explanation for the discrepancy between the number of patients that fail to receive 

cardiac care could be the geographic differences between Quebec and the 



 

Netherlands. Being 37 times smaller, with twice the number of inhabitants, it is 

never an issue to receive adequate cardiac care close to home. 

Although the number of patients that fail to receive follow-up is lower in 

the Netherlands compared to Quebec, we still thought it was unacceptably high. 

To increase awareness of this problem and retrieve patients with CHD that were 

lost to follow-up we initiated a nationwide media campaign entitled: “Wanted! 

8000 Heart Patients”. Six months ago we started our campaign with billboards 

throughout the country, which generated attention by patients and the media. 

Until now, our campaign has lead to articles in newspapers and magazines, and to 

exposure on national radio and television. Within the first 6 months, we received 

applications from over 800 subjects with CHD. The success of our campaign is a 

great stimulus to continue our efforts to increase awareness in the general 

population, and retrieve those patients who are lost to follow-up. 
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THE AUTHORS’ REPLY 

We appreciate the letter from Winter et al about our study entitled, “Children and 

Adults With Congenital Heart Disease Lost to Follow-Up: Who and When?”.1  

The collaborative effort in the Netherlands among healthcare providers who 

care for patients with adult congenital heart disease (ACHD) should be admired for 

raising public awareness and for bringing previously lost patients back into ACHD 

care. We agree with these authors that variation in rates of loss to follow-up 

inevitably exists. These differences likely relate to a variety of factors, including not 

only differences in geography, as Winter and colleagues point out, but also 

differences in healthcare funding, availability of ACHD expertise, and resources 

available to identify and seek patients lost to follow-up. As we pointed out in the 

Discussion section of our article, patients with ACHD face challenges with 

employability and insurance,2 and in jurisdictions without universal healthcare 

coverage, unlike Canada and the Netherlands, the proportion of patients with 

ACHD lost to follow-up may be even higher.  

There are several important differences in the methodology that we used 

and the methodology described by Winter et al. We followed a cohort consisting of 

all people born with congenital heart disease in Quebec in 1983 who were 

diagnosed before 6 years of age and were still alive in 2005. Therefore, we were 

certain as to the denominator (ie, the number of patients needing follow-up). 

Winter and colleagues have estimated the ACHD population in the Netherlands at 

25 000, but this is not based on an actual measurement. With an adult population 

in February 2009 of approximately 12.9 million,3 we would anticipate that the 

ACHD population in the Netherlands would actually number 52 700 adults if its 

prevalence among adults is similar to the 4.09/1000 measured in Quebec.4  

Although the number of patients with ACHD still receiving cardiology care is 

important, so too is the training and expertise of the treating cardiologist(s). The 

Netherlands group acknowledges that 9500 patients were receiving cardiology care 

in nonuniversity hospitals. Many patients with ACHD in Canada also are not 

followed up in specialized ACHD centers. Media campaigns and patient driven 



 

organizations5 may help us close this gap. Unfortunately, the number of ACHD-

trained cardiologists is insufficient to meet the needs of this rapidly growing 

population. To that end, we may follow the example set by our colleagues in the 

Netherlands by initiating a media campaign entitled, “Wanted: ACHD Doctors!” 
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Samenvatting 

De afgelopen decennia is het aantal patiënten met een aangeboren hartafwijking 

sterk toegenomen. Een substantieel aantal van deze patiënten heeft een 

morfologische rechter ventrikel die functioneert als systeemventrikel, namelijk 

patiënten met een transpositie van de grote vaten (TGA) die in het verleden een 

Mustard of een Senning operatie hebben ondergaan en patiënten met een 

congenitaal gecorrigeerde transpositie van de grote vaten (ccTGA). De middellange 

termijn overleving is redelijk goed. Echter, deze patiënten ondervinden vele 

complicaties, waarbij voornamelijk gedacht dient te worden aan een verminderde 

inspanningstolerantie, ritmestoornissen en dysfunctie van de systemische rechter 

ventrikel (RV). Dit proefschrift richt zich op de klinische conditie van patiënten met 

een systemische RV, de diagnostische opties en de therapeutische mogelijkheden.  

 Hoofdstuk 1 gaf een overzicht van de pathofysiologie van systemisch RV 

falen en de complicaties en klinische consequenties die daarmee samengaan. 

Daarnaast beschreven we kort de diagnostische en therapeutische mogelijkheden 

voor deze patiënten. In hoofdstuk 2 wijdden we verder uit over de 

pathofysiologie van de complicaties die optreden bij patiënten met een 

systemische RV en de beschikbare therapeutische mogelijkheden om die 

complicaties te bestrijden. We concludeerden dat het ontstaan van systemisch RV 

falen onontkoombaar lijkt, maar dat pathofysiologie ervan nog niet geheel 

opgehelderd is. Helaas bleek er geen overtuigend bewijs over welke therapie het 

meest geschikt zou zijn voor deze patiënten. Uiteraard is het van groot belang om 

deze patiëntengroep een adequate en evidence-based behandeling te kunnen 

bieden. Vandaar dat wij een multi-center, dubbel-blind, prospectief en 

gerandomiseerd onderzoek hebben opgezet, waarvan wij de achtergrond en de 

opzet presenteerden in hoofdstuk 3. Hoofdstuk 3 gaf een uitgebreide 

beschrijving van het onderzoek, waarvoor 89 patiënten, uit 6 academische centra 

in Nederland, gerandomiseerd werden voor het gebruik van valsartan, een 

angiotensine II receptor blocker, of placebo. De primaire uitkomstmaat van de 



studie is het effect van valsartan op de functie van de systemische RV, gemeten 

door middel van cardiale MRI. Als secundaire uitkomstmaten hebben wij gekozen 

voor het effect van valsartan op de volumina van de systemische RV, de maximale 

inspanningscapaciteit van patiënten, het voorkomen van ritmestoornissen en de 

kwaliteit van leven. Wij verwachten de analyses van dit onderzoek in september 

2011 te kunnen verrichten. 

Het is bekend dat patiënten met een systemische RV een verminderde 

inspanningscapaciteit hebben. Over het algemeen wordt de inspanningscapaciteit 

bepaald door de mogelijkheid de cardiac output te laten stijgen tijdens inspanning. 

Patiënten met een TGA na een Mustard of Senning operatie verhogen de cardiac 

output op een andere manier dan patiënten met een ccTGA. In hoofdstuk 4 

hebben we getracht de verschillen in mechanismen ter verhoging van de cardiac 

output te ontrafelen. Onze resultaten toonden aan dat patiënten met een ccTGA in 

staat zijn zowel het slagvolume, alsmede de hartfrequentie te laten stijgen tijdens 

inspanning. Patiënten met een atriaal gecorrigeerde TGA, daarentegen, zijn 

voornamelijk afhankelijk van het stijgen van de hartfrequentie tijdens inspanning, 

aangezien een groot aantal van deze patiënten geen verandering van het 

slagvolume liet zien. De belangrijkste reden hiervoor is de aanwezigheid van het 

intra-atriale conduit, dat adequate vulling van de ventrikels tijdens inspanning 

verhinderd. In hoofdstuk 5 toonden wij het belang aan van een normale cardiale 

stress reactie bij volwassen patiënten met een systemische RV. Normaalgesproken 

daalt het eind systolisch volume, bij een gelijkblijvend eind diastolisch volume, 

waardoor zowel het slagvolume alsook de ejectie-fractie stijgen. Wij vonden dat 

patiënten met een systemische RV, die niet in staat waren hun eind systolisch 

volume te laten dalen, of hun ejectie-fractie te laten stijgen, een groter risico 

liepen op cardiale events. Ook Hoofdstuk 6 was gewijd aan de 

inspanningstolerantie van patiënten met een systemische RV. In dit hoofdstuk 

beschreven wij de positieve relatie tussen dagelijkse lichamelijke activiteit, de 

inspanningstolerantie en de kwaliteit van leven bij patiënten met een systemsiche 

RV. De resultaten waren positief, maar het bleef onduidelijk of lichamelijke 



activiteit de inspanningstolerantie verhoogde en de kwaliteit van leven verbeterde, 

of dat de relatie andersom was; een hoge inspanningstolerantie en een goede 

kwaliteit van leven leiden tot een lichamelijk actief bestaan. Om deze vraag naar 

behoren te kunnen beantwoorden hebben wij een internationaal, prospectief en 

gerandomiseerd onderzoek opgezet, waarvan we de resultaten in hoofdstuk 7 

presenteerden. Het doel van het onderzoek was om te bepalen of een 

inspanningsprogramma een stijgig van de inspanningstolerantie teweeg brengt, 

alsmede een daling van het serum NT-proBNP niveau en een verbetering van de 

kwaliteit van leven. In totaal werden er 55 patiënten gerandomiseerd, 37 in 

Nederland en 18 in Italië, naar een interventie groep, waarvoor een 10 weken 

durend trainingsschema werd opgesteld, en een controle groep. De maximale 

inspanningscapaciteit van de patiënten in de interventie groep steeg, terwijl de 

inspanningscapaciteit van de patiënten in de controle groep gelijk bleef. Niemand 

hoefde het inspanningsprogramma te staken ten gevolge van cardiale problemen. 

Deze resultaten toonden aan de de conservatieve richtlijnen aan herziening toe zijn 

en dat patiënten zouden moeten worden gestimuleerd om lichamelijk actief te 

worden.  

Zoals eerder vermeld lijkt RV falen onontkoombaar in volwassen patiënten 

met een systemische RV. Het is daarom van groot belang om goede diagnostische 

mogelijkheden te hebben, waarmee we de functie van de RV te kunnen 

beoordelen en vervolgen. Momenteel wordt cardiale MRI gezien als de gouden 

standaard voor de evaluatie van de volumina en de functie van de systemische RV. 

Echter, deze evaluatie wordt sterk bemoeilijkt door het ontbreken van duidelijke 

begrenzing van de systemische RV wand door de aanwezigheid van trabekels en 

papillair spieren. In hoofdstuk 8 hebben we getracht de impact van deze intra-

cardiale structuren op de volumina en functie metingen te analyseren. Analyses 

werden 2 maal verricht, éénmaal werden intra-cardiale structuren meegenomen in 

de ventriculaire ruimte, éénmaal werden structuren daarbuiten gelaten. De 2 

meetmethoden leverden een verschil in ejectie-fractie op van 7,4%. Wij 

concludeerden dat het includeren van intra-cardiale structuren in de ventriculaire 



ruimte de voorkeur verdient, aangezien deze methode beter reproduceerbaar en 

minder tijdrovend bleek. In hoofdstuk 9 beantwoordden we de vraag of cardiale 

CT een betrouwbaar alternatief biedt voor cardiale MRI. Twintig procent van de 

patiënten met een systemische RV is afhankelijk van een pacemaker en daardoor 

ongeschikt om cardiale MRI te ondergaan. Onze resultaten lieten zien dat cardiale 

CT inderdaad een betrouwbaar alternatief biedt, al moet er rekening worden 

gehouden met eens iets mindere reproduceerbaarheid van de data. Het blijft hoe 

dan ook belangrijk een restrictief beleid te voeren ten aanzien van de cardiale CT, 

om onnodige blootstelling aan straling en contrast te voorkomen. Ondanks het feit 

dat cardiale MRI wordt beschouwd als de gouden standaard voor de evaluatie van 

de volumina en de functie van de systemische RV, wordt echocardiografie nog 

steeds het meest gebruikt. In hoofdstuk 10 lieten we zien met welke 

echocardiografische parameters we de klinische conditie van een patiënt met een 

systemische RV kunnen bepalen. Het bleek dat voornamelijk de kwalitatieve 

beoordeling van de ventrikel functie correleerde met de klinische conditie van de 

patiënt. Op de TAPSE na, bleken kwantitatieve echocardiografische parameters 

ongeschikt op de klinische conditie van de patiënt te beoordelen. 

In hoofdstuk 11 beschreven we het positieve effect van chirurgische 

correctie van de insufficiënte tricuspidalisklep. Tricuspidalisklepinsufficiëntie komt 

veel voor bij patiënten met een systemische RV en behoeft vaak chirurgisch 

ingrijpen. Uit ons onderzoek is gebleken dat de kans op re-lekkage van de 

tricuspidalisklep kleiner is bij tricuspidalisklepvervanging in plaats van een 

tricuspidalisklepplastiek.  

De laatste twee hoofdstukken van mijn proefschrift richtten zich op een 

grotere groep van patiënten met een aangeboren hartafwijking. Zo analyseerden 

we in hoofdstuk 12 het relationele en seksuele functioneren en welbevinden in 

een representatieve groep patiënten met een aangeboren hartafwijking en hun 

partners. Daarnaast keken we naar het effect van relationele en seksuele zaken op 

de kwaliteit van leven van deze patiënten. Het bleek dat patiënten met een 

aangeboren hartafwijking problemen ondervonden van hun seksualiteit en dat 



deze problemen de kwaliteit van leven van deze patiënten aantastte. Partners 

ondervonden deze problemen nauwelijks. We adviseerden cardiologen om 

seksualiteit bespreekbaar te maken en om deze patiënten te voorzien van 

adequate therapie.  

Een recent artikel van Mackie et al. beschrijft dat 61% van de patiënten 

met een aangeboren hartafwijking in Quebec, Canada, niet onder cardiologische 

controle zijn. Hoofdstuk 13 is een ingezonden brief waarin wij de Nederlandse 

situatie beschreven. Dankzij de CONCOR-database, de Nederlandse database en 

DNA-bank voor volwassen patiënten met een aangeboren hartafwijking, weten wij 

dat er in Nederland ongeveer 25.000 patiënten met een aangeboren hartafwijking 

zijn, waarvan er ongeveer 8.000 niet onder cardiologische behandeling zijn. Dit is 

een stuk minder dan in Quebec, maar nog altijd te veel. Om ruchtbaarheid aan dit 

probleem te geven en deze vermiste patiënten op te sporen zijn we een landelijke 

campagne begonnen. Deze campagne bleek succesvol; tot op heden hebben zich 

al 1000 personen aangemeld. 



Summary 

The number of adult patients with congenital heart disease has steadily increased 

over the last few decades. A substantial portion of these patients have a 

morphological right ventricle (RV) that sustains the systemic circulation, i.e. 

patients with a transposition of the great arteries (TGA) after a Mustard or Senning 

operation, and patients with a congenitally corrected transposition of the great 

arteries (ccTGA). Although mid-term survival is acceptable in these patients, 

complications are common, such as arrhythmias and decreased exercise tolerance, 

which frequently relate to dysfunction of the systemic RV. In the current thesis we 

focused on the clinical condition, the diagnostic options, and therapeutic 

possibilities in this young patient group. 

 Chapter 1 gave an overview of the pathophysiology of systemic right 

ventricular dysfunction, the subsequent complications and clinical implications, and 

the diagnostic imaging modalities that can be used to objectify ventricular 

dysfunction. In addition, this chapter briefly touched on the therapeutic options 

that are available to restrain ventricular dysfunction and reduce complications. In 

Chapter 2 we elaborated further on the pathophysiology of complications in adult 

patients with a systemic RV, and the therapeutic possibilities which could reduce 

them. We concluded that progressive dysfunction of the systemic RV is an 

inevitable complication in patients with corrected TGA, although the exact 

pathophysiology remains unclear. Notwithstanding the fact that treatment 

regimens are well established for patients with left ventricular failure, convincing 

data on the treatment of patients with systemic RV failure remain sparse. To 

overcome this problem, and to provide these patients with adequate and evidence 

based care, we set-up a multi-center, double-blind, randomized controlled trial, of 

which we presented the rationale and design in Chapter 3. This chapter outlined 

our trial, in which 89 patients, from 6 tertiary referral centers in the Netherlands, 

are randomized to receive either valsartan, an angiotensin II receptor blocker, 160 

mg twice daily, or placebo. The study’s primary aim is to evaluate the effect of 

valsartan on systemic right ventricular ejection-fraction as measured by 



Cardiovascular Magnetic Resonance Imaging (CMR). Secondary outcome measures 

are the effect of valsartan on right ventricular volumes, maximal exercise capacity, 

arrhythmias, and quality of life. Currently, results of the study are pending, and we 

expect to draw final conclusions in September 2011. 

Patients with a systemic RV are known to have diminished exercise 

capacity. A patients’ exercise capacity is related to the ability to increase cardiac 

output during exercise. Patients with an atrially switched TGA use different 

mechanisms to increase their cardiac output, compared to patients with a ccTGA. 

In chapter 4, we aimed to uncover these different mechanisms. We found that 

patients with a ccTGA, achieve cardiac output augmentation during stress by 

increasing stroke volume as well as in heart rate. On the other hand, patients with 

an atrially switched TGA primarily achieve cardiac output augmentation by an 

increase in heart rate, as many of these patients failed to increase stroke volume. 

The latter failure is most probably due to preload restrictions caused by the rigid 

intra-atrial baffle in these patients, which hampers adequate ventricular filling. In 

chapter 5 we established the importance of a normal cardiac response to stress in 

adult patients with a systemic RV. In healthy individuals, end systolic volume 

decreases, whereas end diastolic volume remains unchanged during stress, 

causing an increase in both stroke volume and ejection fraction. We found that 

patients with a systemic right ventricle, who show no such decrease in RV end 

systolic volume or no increase in RV ejection fraction during stress CMR, had a 

significantly higher risk of future cardiac events. Chapter 6 elaborated further on 

exercise capacity in adult patients with a systemic RV, and described that patients 

with a systemic RV who are physically active in daily life had increased exercise 

capacity, and favourable quality of life, compared to those who are physically less 

active. We found these advantages to be irrespective of a patient’s ejection 

fraction, or serum NT-proBNP level. Notwithstanding these positive results, it 

remained unclear whether exercise capacity and quality of life were increased due 

to physical activity in these patients, or whether patients with high exercise 

capacity and quality of life were subsequently physically more active. To objectify 



the effect of physical exercise in adult patients with a systemic RV, we set-up an 

international, randomized controlled trial, of which the results were presented in 

chapter 7. The aim of the trial was to determine whether exercise training 

improves maximal exercise capacity, decreases serum NT-proBNP levels en 

improves quality of life in these patients. Therefore, we randomized 55 patients, 37 

in the Netherlands and 18 in Italy, to an intervention group, who performed 3 

training sessions for the duration of 10 consecutive weeks, and a control group. 

We found a 7% increase in exercise capacity in the intervention group, with no 

changes in the control group. In addition, none of the patients had to discontinue 

the training program due to adverse events. Lead by our conclusions, we 

recommended to revise restrictive guidelines on physical activity in adult patients 

with congenital heart disease, and to encourage these patients to become 

physically active. 

As stated previously, right ventricular dysfunction seems inevitable, and 

complications are numerous in adult patients with a systemic RV. Therefore, 

careful follow-up of RV function is the cornerstone of clinical care in patients with 

either an atrially switched TGA or a ccTGA. Currently, CMR is considered the gold 

standard for the evaluation of systemic right ventricular volumes and function. 

However, delineation of the ventricular cavity posed a challenge in patients with a 

systemic RV, as the abundance of trabeculations and papillary muscles could affect 

measurements. In chapter 8 we sought to evaluate the impact of trabeculations 

and papillary muscles on systemic RV measurements, by comparing a CMR analysis 

method in which trabeculations and papillary muscles were included in the RV 

volume to an analysis method in which these structures were excluded from RV 

volume. We found a 7.4% difference in measured right ventricular ejection-fraction 

between the analysis methods. Including trabeculations and papillary muscles in 

the ventricular cavity is preferable to excluding these structures, as this approach 

took less time and gave more reproducible measurements. Despite its proven 

clinical value, 20% of patients with a systemic RV are unsuitable to undergo CMR, 

as they are pacemaker dependent. In chapter 9 we proposed that Multidetector 



Row Computed Tomography (MDCT) could provide a reliable alternative to CMR in 

these patients. Indeed we found MDCT to provide a reliable alternative for CMR for 

volumes and function assessment in patients with a systemic RV, although larger 

variability between measurements should be taken into account. Nonetheless, 

patient selection should be restrictive, to avoid unnecessary exposure to radiation 

and contrast agents. Although CMR is the gold standard for assessment of 

systemic right ventricular function, echocardiography remains the imaging modality 

of first choice, as it is widely available, non time consuming, and cost-effective. 

Chapter 10 aimed to assess which echocardiographic parameters are 

determinants of the clinical condition of adult patients with a systemic RV. Our 

results showed qualitatively assessed function of the systemic RV and 

subpulmonary LV to be independent determinant of patients’ clinical condition. 

Most quantitative echocardiographic parameters of systolic right ventricular, except 

for TAPSE, and left ventricular function were not related to a patient’s clinical 

condition, nor were echocardiographic parameters of diastolic function.  

In chapter 11 we described the positive effect of surgical correction of a 

leaking tricuspid valve on a patient’s functional status. Tricuspid valve insufficiency 

is frequently seen in adult patients with a systemic RV, and often requires 

additional surgical intervention. In comparison with tricuspid valve replacement, 

tricuspid valvuloplasty was associated with an increased risk of recurrence of 

regurgitation. 

The final two chapters of this thesis depicted a larger group of patients 

with congenital heart disease. In chapter 12 we aimed to evaluate relational as 

well as sexual behavior and satisfaction, and sexual functioning in a representative 

sample of adult patients with congenital heart disease, and their partners. 

Moreover, we evaluated the influence of relational and sexuality issues on these 

patients’ quality of life. It became clear that many aspects of sexuality were 

affected in adult patients with congenital heart disease, and that sexuality was an 

important aspect of quality of life in these patients. Partners remain relatively 



unaffected. We advised physicians to be receptive to discuss sexuality issues, and 

provide patients with adequate therapy.  

In a recent article Mackie et al. found that 61% of patients with congenital 

heart disease in Quebec fail to receive adequate cardiac follow-up. In response to 

this publication, we outlined the Dutch situation in chapter 13. There are 

approximately 25,000 adult patients with congenital heart disease in the 

Netherlands. Thanks to the success of the CONCOR database, the Dutch national 

registry and DNA-bank of adult patients with congenital heart disease, we know 

the mere 30% of adult patients with congenital heart disease fail to receive cardiac 

care in the Netherlands. However, we considered these numbers to still be 

unacceptably high. To increase awareness of this problem and locate patients that 

are lost to follow-up we initiated a successful nationwide media campaign, through 

which we retrieved 1,000 lost patients. 
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Dankwoord 

Een proefschrift schrijven doe je niet alleen. Velen hebben mij geholpen bij het tot 

stand komen ervan, in het bijzonder de deelnemende patiënten met een 

systemisch rechter hartkamer. Zonder de medewerking van deze bijzondere groep 

patiënten was het niet mogelijk geweest dit proefschrift te schrijven. Ik ben ze 

daarvoor zeer erkentelijk. 

 

Grote dank gaat uit naar mijn promotor, prof.dr. Barbara J.M. Mulder. Beste 

Barbara, ik heb onvoorstelbaar veel van je geleerd. Op zakelijk vlak zijn jouw snelle 

en efficiënte manier van werken bewonderenswaardig en inspirerend. Op menselijk 

vlak zorgden jouw interesse, humor en verhalen voor een ontspannen en plezierige 

werksfeer. 

 

Veel dank ben ik verschuldigd aan mijn co-promotor, dr. Berto. J. Bouma. Beste 

Berto, jouw commentaar op mijn stukken dreef mij soms tot wanhoop (niet wéér 

dat echo-stuk). Echter, jouw ontnuchterende humor en constructieve bijdrages 

maken je tot een geweldige co-promotor. 

 

De overige leden van mijn promotiecommissie, prof.dr. B.A.J.M. de Mol, prof.dr. 

J.G.P. Tijssen, prof.dr. R.J. de Winter, prof.dr. M.G. Hazekamp, prof.dr. N.A. Blom, 

prof.dr. D.J. van Veldhuisen en prof.dr. W. Budts, wil ik hartelijk bedanken voor 

het beoordelen van mijn proefschrift en de bereidheid zitting te nemen in mijn 

promotiecommissie. 

 

Lieve Mariëlle en Jeroen. Wat heb ik een goede tijd met jullie gehad! Als je meer 

dan 40 uur per week praktisch bij elkaar op schoot zit, krijg je een bijzondere 

band. Je verliest een hoop gêne en decorum; je ziet elkaar immers ook als er weer 

een stuk is afgewezen, je slecht geslapen hebt, de computer is vastgelopen of als 

je nóg een MEC-aanvraag moet schrijven. Maar, veel belangrijker, je krijgt een 

bijna broederlijke/zusterlijke band. Zonder jullie had ik nooit zo ontzettend veel 



gelachen, hadden een hoop ‘problemen’ onoverkomelijk geleken, waren de 

congressen een stuk minder gezellig geweest en had ik niet met zoveel plezier 

teruggekeken op deze promotie. Ik vind het fantastisch dat jullie voor altijd mijn 

collega’s zullen zijn en dat jullie op deze belangrijke dag mijn paranymfen willen 

zijn.  

 

Uiteraard is onderzoek binnen de congenitale cardiologie helemaal onmogelijk 

zonder de hulp van de ‘eigen’ congenitaal cardiologen. Beste Maarten, Thelma, 

Rada en Lodewijk, het was een mij een groot genoegen met jullie samen te 

werken. En natuurlijk mijn eigen congenitale collega’s: Zeliha “dit zijn mijn 

toppers!” Koyak, Paul “hoe is het mèt me?!” Luijendijk, Gijs-Jan “Gilles, hoe is de 

sfeer?” Mackaij, Piet “Amstelveen is best dichtbij” de Witte, Klaartje “u máákt ook 

veel mee!” van Engelen, Teodora “moet ik nu een Euro betalen?” Radonic, Dounya 

“kunnen jullie dit even indexeren?” Schoormans en de Utrecht/Amsterdam-dames 

Carianne en Carla. Teun en Marc, veel succes; ’t wordt steeds leuker. De 

congenitale onderzoekers in den lande mag ik zeker niet overslaan. Ali, zonder jou 

was ik voor altijd in het ongewisse gebleven over de emotionele achtbaan die “de 

zwangere vrouw” heet. Roderick, voor de bezoekjes aan jou heb ik met plezier 

mijn garderobe uitgebreid. Beiden, en Saskia, hartelijk dank voor het inplannen, 

verzetten en nog eens verzetten van de vele afspraken. 

 

Een aparte alinea voor de CONCOR-dames, Lia, Irene en Sylvia. Jullie maken ons 

onderzoek mogelijk, niet alleen door de inclusie van (>12.000) patiënten, maar 

vooral door jullie (letterlijk en figuurlijk) warme kamer, jullie goede gevoel voor 

humor en jullie relativeringsvermogen.  

 

De congenitale cardiologie is een relatief klein vakgebied. Hulp van congenitaal 

cardiologen uit de andere academische ziekenhuizen in Nederland is onontbeerlijk. 

Met veel plezier heb ik samengewerkt met dr. Arie van Dijk (UMC St. Radboud in 

Nijmegen), dr. Els Pieper (UMC Groningen), prof.dr. Jolien Roos-Hesselink 



(ErasmusMC Rotterdam), dr. Hubert Vliegen (Leids UMC) en dr. Gertjan Sieswerda 

(UMC Utrecht). 

 

Mijn fantastische studenten! Flip en “Team Winter”, Sabina, Claire en Leonie. Jullie 

hebben een belangrijke bijdrage aan dit proefschrift geleverd, waarvoor ik jullie wil 

bedanken. Het was erg leuk om met jullie samen te werken.  

 

De afdeling cardiologie is rijkelijk bedeeld met leuke groep onderzoekers. Ondanks 

de verschillende vakgebieden zijn wij één team, waarvan ik met veel plezier deel 

uitmaakte. Alexander, Jacobijne, Marcel, Maurice, Krischan, Pieter, Miranda, Jonas, 

Ivo, Niels, Anja, Ronak, Annemarie, Margo, Joost, Wichert, Ze-Yie, Nan, Peter, 

Bimmer, Christian, Wouter, Pieter, Sebastiaan, Imke en Harald bedankt! 

 

Beste Anita, Regina en Lieve. Als geen ander weten jullie hoeveel geregel een 

promotie oplevert. Zonder jullie hulp en ondersteuning had ik het niet gered. 

 

Onderzoek op de afdeling congenitale cardiologie is niet mogelijk zonder de hulp 

van de echo-laboranten, in het bijzonder Rianne. Dank voor jullie samenwerking, 

jullie initiatieven, jullie goede ideeën en jullie geduld. Ook de medewerkers van de 

afdeling longfunctie hebben veel gedaan voor mij en mijn patiënten. Mart, ik vond 

het heel prettig om met je samen te werken en stukken te schrijven. Veel succes in 

het OLVG. Maria, hartelijk dank dat je zo nu en dan met mij de inspanningstesten 

wilde doen. 

 

De dames en heer van de polikliniek, met in het bijzonder Rena, Gomptie, Sofia en 

Milenko. Het inplannen van afspraken is een puzzel, waarvan maar weinigen de 

oplossing kennen. Dank voor jullie inzet! 

 



Met veel plezier heb ik gewerkt voor het ICIN. Het is prettig om een goede 

werkgever te hebben, waar de lijnen kort zijn en de mensen hartelijk en 

behulpzaam. Mijn dank daarvoor. 

 

Uiteraard ook veel dank aan al mijn dierbare vrienden, voor wie ik de afgelopen 

periode veel te weinig tijd heb gehad. Jullie zorgen voor een perfecte balans 

tussen mijn leven in en mijn leven buiten het ziekenhuis. Speciale dank voor 

Chrissie, zonder wiens creatieve brein mijn boekje nooit zo mooi was geworden. 

 

Lieve Joop, Aggie, Veronica, Matthijs en Clara, bedankt voor jullie interesse. Het is 

zover, mijn proefschrift is afgerond. 

 

Lieve oma. Ik vind het een voorrecht om u nog altijd in mijn leven te hebben en 

vind het fantastisch dat u er op deze belangrijke dag bij kunt zijn. 

 

Lieve Ronald, mijn broertje en beste vriend. Een proefschrift schrijven doe je 

voornamelijk alleen, maar zonder jouw humor, relativeringsvermogen en heerlijke 

eten zou het me een stuk zwaarder zijn gevallen. Ik ben er trots op dat ik jouw 

broer ben. Lieve Daisy, een betere schooonzus had ik me niet kunnen wensen. 

 

Het meest dankbaar ben ik mijn ouders. Lieve pap en mam, dank voor jullie 

grenzeloze liefde en eindeloze vertrouwen. Jullie hebben mij geleerd te geloven in 

mezelf, door te zetten en te groeien. Zonder jullie was ik nooit dokter geworden, 

laat staan doctor. Maar belangrijker, jullie hebben mij geleerd te genieten van het 

leven, te lachen, lief te hebben en gelukkig te zijn. Ik hou van jullie.  

 

Lieve Stein. Jij weet als geen ander dat promoveren leuk, maar ook uiterst 

frustrerend kan zijn. Dank voor al je hulp, je luisterend oor, je geduld en vooral 

voor je liefde. Dat laatste is geheel wederzijds. 
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Curriculum Vitae 
 
Michiel Martijn Winter werd op 1 januari 1980 geboren in Haarlem. In 1988 

verhuisde hij naar Maastricht, alwaar hij in 1998 zijn VWO eindexamen behaalde 

aan het Montessori College Maastricht. Datzelfde jaar startte Michiel zijn studie 

geneeskunde aan de Universiteit van Amsterdam. Hij behaalde zijn propedeuse in 

1999 en zijn doctoraal in 2004. Direct na het behalen van het artsendiploma, in 

maart 2006, is hij gestart met zijn promotieonderzoek op de afdeling cardiologie 

van het Academisch Medisch Centrum (AMC) in Amsterdam, met dit proefschrift als 

blijvend resultaat. Het promotieonderzoek werd begeleid door prof.dr. Barbara J.M. 

Mulder, cardioloog, en Dr. Berto J. Bouma, cardioloog. 

 

Op 1 april 2010 is Michiel gestart met de opleiding tot cardioloog. De eerste twee 

jaar beslaan de vooropleiding interne geneeskunde in het AMC (opleider: prof.dr. 

P. Speelman, internist), gevolgd door vier jaar opleiding cardiologie in het AMC 

(opleider: dr. R.B.A. van den Brink, cardioloog). 

 

 


