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In 1866, J. Langdon Down published the results of his careful observations of the 

characteristic features of a group of patients, providing us with the first description of 

Down syndrome. However, it was not until 1957 that Lejune identified the underlying 

genetic mechanism responsible for Down syndrome. Lejune demonstrated that a 

third copy of chromosome 21 existed in these individuals. Today we know that the 

extra copy of chromosome 21 accounts for 95% of all cases of Down syndrome. Over 

the last 144 years, we have learned much about the intellectual, physical, and social 

development of persons with Down syndrome. Only within the last half century, 

however, significant progress has been made in improving the length of life of 

individuals with Down syndrome. With this extraordinary improvement in life 

expectancy, to around 60 years from the latest estimates, Down syndrome has been 

transformed from an acute condition with early death to a chronic condition with near-

normal life span. As a consequence, management of the syndrome’s major health 

issues has become a significant concern. In addition to increased life expectancy, 

how we treat individuals with Down syndrome has changed.  

 

This thesis 

This thesis will address the heart in persons with Down syndrome. The main body of 

this thesis encompasses the treatment of pulmonary arterial hypertension due to 

systemic to pulmonary shunting in patients with a congenital heart defect. Aside from 

the studies concerning congenital heart defects, studies are presented investigating 

cardiac disorders in persons with Down syndrome without structural cardiac defects.  

 

Outline 

Chapter 1 gives an overview of the cardiovascular disorders in persons with Down 

syndrome from birth till adulthood. Thereafter this thesis is divided in 2 parts. 

 Part 1 concerns on Down syndrome, beginning with a theory-based 

demographic model to assess the prevalence of persons with Down syndrome 

(Chapter 2). Research tools are most often not adapted to persons with an 

intellectual disability. The six-minute walk test is commonly used test to measure 

submaximal exercise capacity (treatment effect) in patients with pulmonary arterial 

hypertension. In chapter 3, we investigate the validity and reproducibility of the six-

minute walk test in persons with Down syndrome. Nowadays in most developed 

countries, all newborns with DS are evaluated for congenital heart defects by a 
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paediatric cardiologist and in case of a defect, followed by early corrective surgery, 

but this was not standard care before the 1980s. Therefore, a large group of 

particularly ‘older’ patients without early surgical repair are at risk of having 

complications of their heart defect. Chapter 4 presents the outcome of an 

echocardiographic screening in a particularly older population of persons with Down 

syndrome living in health care institutions. The following two chapters present the 

results of our research in regard to cardiac disorders in persons with Down syndrome 

without a congenital heart defect. First we report the presence of cardiac atrophy and 

diastolic dysfunction associated with inactivity. Next, we show that cardiac response 

to light exercise is decreased. In chapter 7, we present an interesting case of a 

female with Down syndrome and a mutation in the fibrillin-1 gene. We hypothesize 

that phenotypic expression of Marfan syndrome in our patient might be masked by 

the co-occurrence of Down syndrome.  

Part 2 comprises studies on Eisenmenger syndrome. First, chapter 8 will give 

an overview of the past research on bosentan treatment in pulmonary arterial 

hypertension associated with congenital heart defects. We will present our research 

on the efficacy of bosentan in our patient population in patients with and without 

Down syndrome (Chapter 9, 10 and 11). Finally, we present the outcome of our 

national campaign about ‘missing’ adult patients with congenital heart defects in 

chapter 12. 
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ABSTRACT 

 

Down syndrome is the most common chromosomal abnormality among liveborn 

infants and is the most frequent chromosomal cause of intellectual disability. 
1
 It is a 

multisystem disorder, characterized by various congenital defects, organic 

disorders, dysmorphic features and other health-related problems.
2
 The heart is 

affected frequently and the association between Down syndrome and congenital 

heart disease was already recognized by Garrod in 1894.
3
 Although a critical region 

on chromosome 21 as well as several candidate genes has been proposed, the 

genetic basis and pathogenesis of congenital heart defects in Down syndrome 

remain largely unknown. Cardiovascular disorders related to Down syndrome are 

numerous. Here, we review prenatal screening, intrauterine interventions and 

management of congenital heart defects in early childhood. Moreover, we discuss 

cardiovascular manifestations in adulthood, in particular pulmonary arterial 

hypertension and cardiac surgery in adults with Down syndrome.  

 

Key words: Down syndrome; congenital heart defects; pulmonary hypertension, 

cardiac surgery; genetics 
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THE UNBORN CHILD WITH DOWN SYNDROME  

 

The fetal blood circulation  

In order to address the cardiovascular problems related to Down syndrome, it is 

important to understand the basic knowledge of the normal anatomy of the heart and 

blood circulation and fetal circulation. The development of the heart en blood vessels 

before birth is a complex and interesting happening. At an early stage in pregnancy, 

after 12 weeks of gestation, the development has already been fully completed. The 

remaining time before birth will be spent for growth. However, after birth the blood 

circulation will change dramatically, due to the expansion of the lungs after breathing; 

pulmonary pressure drops rapidly and blood flows through the lungs. The ductus 

arteriosus closes, left atrial pressure rises above right atrial pressure leading to 

closure of the foramen ovale, the opening between both atria. (See figure 1) 

Figure 1 Normal fetal blood circulation. LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.  

Dotted line represents fetal blood circulation disappearing after birth 

Continuous line represents remaining blood circulation after birth 

1: Foramen ovale, 2: Ductus arteriosus, 3: Ductus venosus 

 



 16 

Prenatal diagnosis and management of cardiovascular disorders in Down 

syndrome 

In most western countries prenatal screening programs for Down syndrome and 

structural anomalies are currently available. Since the introduction of first trimester 

screening in most countries the combined test is the screening test of choice for 

Down syndrome. The combined test includes nuchal translucency (NT) measurement 

and first trimester biochemistry (Papp-A and free Beta-HCG). NT refers to the nuchal 

fluid accumulation visible in first trimester fetuses and measurable at ultrasound 

examination.
4
 An enlarged NT entails an increased risk for Down syndrome, but also 

for congenital heart defects (CHDs).
5, 6

 Therefore the test preferentially identifies 

Down syndrome fetuses with a CHD. Mothers of fetuses with an enlarged NT are 

therefore offered karyotyping and detailed ultrasound examinations for the detection 

of congenital anomalies already from the late first trimester of pregnancy. Out of 967 

fetuses referred to our Fetal Medicine Unit for fetal echocardiography in view of an 

enlarged NT, 68 (7%) had a CHD. In 13 cases (19%) the cardiac defect (9 

atrioventricular septal defects (AVSD), 2 inlet ventricular septal defect, 1 Tetralogy of 

Fallot, 1 other) was associated with Down syndrome.
5
 Next to first trimester 

screening routine ultrasound screening at 20 weeks is part of standard pregnancy 

care in most western countries and contributes to the detection of the majority of 

CHD in the fetus. Diagnostic accuracy and sensitivity of this ultrasound technique 

varies according to gestational age at diagnosis, characteristics of the used 

equipment and experience of the ultrasonographer. Every time a cardiac defect is 

seen at ultrasound examination mothers are offered karyotyping. Down syndrome is 

diagnosed in 4-9% of fetuses with cardiac defects.
7
 In prenatal series more than 50% 

of Down syndrome fetuses undergoing echocardiography have recognizable cardiac 

defects.
7
 All major cardiovascular defects in Down syndrome fetuses are amenable 

to prenatal diagnosis by fetal echocardiography. The spectrum of CHD is similar to 

what is seen after birth, AVSD being the most common of the severe defects (44%). 

Conversely, of all the AVSD diagnosed prenatally by echocardiography, 43% are 

associated with Down syndrome.
7
 In prenatal life the frequency of CHD in Down 

syndrome fetuses is higher and severe defects are more frequently observed. This is 

due to the fact that fetuses with severe cardiac defects are more likely to die in utero 

and mothers may be more inclined to terminate the pregnancy when a severe 

cardiac defect is seen. Moreover, milder defects such as small ventricular septal 
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defects or subtle variants of endocardial cushion defects may be more frequently 

missed at fetal echocardiography. Also the prenatal diagnosis of aortic coarctation 

remains a challenge as the only obvious detectable prenatal feature in this anomaly 

is ventricular chambers disproportion in the second or third trimester of pregnancy. 

One may expect that in view of the increasing availability of prenatal screening the 

total number of Down syndrome live births and of related CHD should decrease. 

Interestingly, over the decade 1989-2008 the number of Down syndrome cases 

diagnosed before or after birth in England and Wales increased by 71%, since 

mothers are having babies at an older age. 
8
 However, owing to the effect of prenatal 

screening and consequent terminations of pregnancy the number of live births with 

Down syndrome has fallen by 1%. Overall about 92% of mothers confronted with the 

diagnosis Down syndrome in England and Wales terminate pregnancy.
8
 In other 

counties termination rates vary considerably, reflecting prenatal screening 

participation and women attitudes towards Down syndrome. When a CHD is 

diagnosed in a Down syndrome fetus couples are counselled about the prognosis of 

the cardiac defect in a baby with a chromosomal anomaly. If they choose for 

continuation of pregnancy, pregnancy care is organized at a Perinatal Centre with a 

neonatal intensive care unit and experience in the management of delivery and 

immediate postnatal care of a fetus/neonate with a CHD.  

During pregnancy, fetal echocardiography is repeated at regular interval until birth to 

check for signs of impending cardiac failure or deterioration of the anomaly (ascites, 

pericardial effusion, abnormal cardiac rhythm, cardiac chambers dilatation) that may 

be an indication for earlier delivery. 

 

CARDIOVASCULAR DISORDERS IN CHILDHOOD 

 

3.1. Congenital heart defects in Down syndrome 

Down syndrome is associated with multiple malformations and there is an increased 

risk of leukemia (<1%); hearing loss (75%), gastrointestinal malformations (14%), 

celiac disease (17%), eye disease (60%), thyroid disease (15%) and CHDs.
9
 In the 

general population CHDs occur in approximately 8 per 1000 newborns, whereas 

almost 50 percent of the neonates with Down syndrome have a CHD.
10, 11

 Down 

syndrome also shows a fixed pattern of CHD, with overrepresentation of septal 

defects. In patients with a CHD, an AVSD is the most common defect, with a 
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Frid et al. 1999 Freeman et al. 2008

n  = 219 n  = 1469 

Percentage with congenital heart defects 48 44

Type of defectª 

47 39

complete 41 29

partial 6 10

33 43

NA 42

isolated 8 8

8* NA

isolated 2* NA

1 1

2 6

8 3

Tetralogy of Fallot

Values are expressed as %, ª among those with any heart defect;  * after one year, NA; not available

Other

Atrioventricular septal defect

Ventricular septal defect

Atrial septal defect, type 2 

Patent arterial duct

Table 1. Congenital heart defects

Aortic coarctation

prevalence of 45 percent, followed by a ventricular septal defect in 35 percent and an 

isolated atrial septal defect in 8 percent of the cases (see Table 1).
1, 11, 12

 Tetralogy of 

Fallot and a patent arterial duct account for 10 percent of the cardiac defects in Down 

syndrome, while other defects are rare. Recent findings suggest that sex and ethnic 

differences exist in the incidence of AVSDs in Down syndrome, with twice as many 

females and blacks affected. Hispanics are affected less frequently compared to 

Caucasians.
13

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Septal defects can be classified into three major subgroups based on location of the 

defect. An atrial septal defect is an opening between the two atria (the upper 

chambers of the heart).  Type of atrial septal defect is classified by the location of the 

defect in the atrial septum (see figure 2). A ventricular septal defect is an opening 

between the two ventricles (the main chambers of the heart). Ventricular septal 

defects are muscular or membranous and they are located on various locations of 

the ventricular septum (see figure 3). Approximately 24% of the small ventricular 

septal defects close spontaneously by 18 months. Up to 75% are closed by the age 

of 10. Moderate to large ventricular septal defects often become smaller but remain 

patent and allow shunting of blood from one side of the circulation to the other. 

Because the left (systemic) blood pressure is higher than the right (pulmonary), the 

shunt is left to right and increased blood is circulated through the lungs. Eventually, 
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the increased flow rates through the pulmonary circulation lead to obliteration of the 

lung tissue and pulmonary hypertension. An atrioventricular septal defect, also 

known as atrioventricular canal defect or endocardial cushion defect, is an opening 

between the atrial component of the septum which continues down between the 

ventricular component of the septum. The primary defect is the failure of formation of 

the part of the heart that arises from an embryonic structure called the endocardial 

cushions. The endocardial cushions are responsible for separating the central parts 

of the heart near the tricuspid and mitral valves (atrioventricular valves), which 

separate the atria from the ventricles. Two different types can be classified; complete 

and partial AVSD (see figure 4). A complete AVSD is one in which there are defects 

in all structures formed by the endocardial cushions and the atrioventricular valves 

remains undivided or "common." A partial or incomplete AVSD is one in which the 

bridging leaflets of the atrioventricular valves are fixed to the ventricular septum, 

leaving only a (type 1) atrial septal defect, and the atrioventricular valves are divided 

into two distinct valves. Usually, a ventricular septal defect is absent, but  there may 

be a small, hemodynamically unimportant interventricular communication.
14

  

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Atrial septal defect. RA, right atrium; LV, left ventricle; AO, aorta; VCI, vena cava inferior; VCS; vena 

cava superior. 1: atrial septal defect type 1, 2: atrial septal defect type 2, 3: sinus venosus defect, 4: sinus 

coronarius defect 
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Figure 3 Ventricular septal defect. RV, right ventricle; RA, right atrium 

1: perimembranous (inlet) ventricular septal defect, 2: muscular (trabecular) ventricular septal defect, 3: 

subarterial (outlet) ventricular septal defect 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Atrioventricular septal defect. RV, right ventricle; RA, right atrium, LA, left atrium; LV, left ventricle T; 

tricuspid valve, M; mitral valve, a; aorta, p; pulmonary artery 

 

Presenting symptoms and development 

Newborns with a CHD are at risk to develop congestive heart failure. Symptoms are 

rapid breathing, sweating and failure to thrive. Frequently, they develop low airway 

infections and grow slowly or sometimes they even have loss of weight. These 

symptoms usually develop gradually over the first 1 to 2 months of life. The 
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turbulence of the increased amount of blood being pushed towards the lungs and 

blood leaking through the pulmonary valve can be heard as a heart murmur.  

Down syndrome patients with AVSD are also exposed to persistent left-to-right 

shunts. The magnitude of the shunt depends on the size of the ventricular septal 

defect and the ratio of pulmonary to systemic flow. In the healthy newborn without 

CHDs, pulmonary vascular resistance normalizes from a high fetal value in 7 to 10 

days. However in case of a shunt this mechanism may be delayed for three to six 

weeks, so the onset of pulmonary vascular remodelling causing dyspnea is usually 

delayed. Particularly in children with Down syndrome the delay in fall of pulmonary 

vascular resistance may be prolonged or remains high and symptoms of cyanosis 

and right-to-left shunting occur.
14

 Over time, the exposure to increased pulmonary 

blood flow results in increased shear stress on endothelial cells. Production of nitric 

oxygen, a potent vasodilator is impaired and pulmonary arterial hypertension 

develops. 

 

Diagnostic procedures  

Physical examination 

As described above, CHDs are common in Down syndrome. Physical examination 

alone is insufficient in detection of CHDs.
15, 16

 Therefore, echocardiographic 

evaluation, shortly after birth, is recommended by the American Academy of 

Paediatrics.
9
 Tubman et al. reported that physical examination alone can miss 40 to 

50% of the CHDs.
15

 The newborn may be asymptomatic and clinical signs such as 

murmurs may not be evident, due to high pulmonary vascular resistance.
15

 

Nonetheless, physical examination could provide important signs for the presence of 

a CHD, irrespective of patients with and without Down syndrome. When focused on 

septal defects the following diagnostic signs should be considered specifically. The 

pulse, respiratory rate, oxygen saturation, and blood pressure yield important 

information in a cyanotic infant. Infants with cyanotic CHDs commonly present with 

cyanosis with mild or absent tachypnea. 

 

Chest radiography  

Chest radiography alone as examination method is insensitive for detecting CHDs in 

neonates with Down syndrome.
15

 However four features of the chest radiograph 

could provide important information in the evaluation of CHDs: 1) heart size, 2) heart 
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shape, 3) pulmonary vascular markings, and 4) the course of the aortic arch. Patients 

with left-sided obstructive lesions may have cardiomegaly due to heart failure. 

Extreme cardiomegaly suggests lesions associated with a dilated right atrium. 

Characteristic abnormalities of heart shape are associated with specific lesions. 

Examples are the boot-shape and egg-on-a-string shape in patients with a Tetralogy 

of Fallot and transposition of the great arteries, respectively. Pulmonary vascular 

markings are decreased in most cyanotic CHDs and increased in patients with 

common AVSD as pulmonary vascular resistance falls. An abnormal right 

descending aortic arch is present in approximately 20 percent of patients with 

Tetralogy of Fallot and 30 percent with truncus arteriosus.  

 

Electrocardiography 

In the fetus, the right ventricle has a larger volume load than the left ventricle since 

there is limited pulmonary flow and thus reduced blood volume in the left heart (see 

figure 1). As a result, the normal neonatal electrocardiogram has a right axis and a 

precordial pattern of right ventricular hypertrophy. In many cyanotic heart lesions, the 

electrocardiogram is normal in the neonatal period. However specific markings can 

indicate that CHDs are present. First-degree heart block is common in AVSD and a 

superior mean frontal QRS axis (left axis deviation) is the most common finding on 

the electrocardiogram.
14

 The mechanism responsible for the superior axis is the 

congenital displacement of the conduction pathways in the ventricles, and thus the 

superior axis is seen in at least 97% of complete atrioventricular canals at birth.
17

  

 

Cardiac echocardiography  

Because of its noninvasive nature and widespread availability, echocardiography has 

become the method of choice in the diagnosis of a CHD in neonates with Down 

syndrome. Two-dimensional echocardiography allows visualization of structural 

CHDs and valvular abnormalities. Echocardiography, including two-dimensional 

imaging and pulsed and colour flow Doppler interrogation of flow patterns, provides a 

complete determination of cardiac anatomy and function (see figure 5). By routine 

echocardiographic evaluation in the newborn with Down syndrome, definite imaging 

of AVSDs can be made. An echocardiogram also provides additional information 

about 1) level and direction of shunting 2) function of the common or divided 
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atrioventricular valve(s) 3) ventricular function and size 4) presence of outflow tract 

obstructions or existence of other anomalies.
14

 Echocardiographic images of an adult 

with Down syndrome and an AVSD are showed in figure 6. Figure 7 highlights the 

level and direction of shunting by colour flow Doppler imaging in a patient with a 

ventricular septal defect. 

 

 

 

 

 

 

 

 

 

 

Figure 5 Echocardiogram of a normal heart. LA, left atrium; LV, left ventricle; RV, right ventricle  

a) On the left panel a two-chamber parasternal long-axis view of a normal heart  

b) On the right panel an apical four-chamber view of a normal heart;  

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Echocardiogram of an adult with Down syndrome and AVSD. AVSD, atrioventricular septal defect; LA, 

left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle. The asterisk sign shows the defect with 

interruption of the septum. 

a) On the left panel a two-chamber parasternal long-axis view of a patient with an atrioventricular septal defect 

and pulmonary arterial hypertension. Note the extremely hypertrophied right ventricle and septum. 

b) On the right panel an apical four-chamber view of a patient with an atrioventricular septal defect and pulmonary 

arterial hypertension. 



 24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Echocardiogram of an adult with Down syndrome and VSD. VSD, ventricular septal defect; LA, left 

atrium; LV, left ventricle; RA, right atrium; RV, right ventricle. The asterisk sign shows the defect with interruption 

of the septum 

a) On the left panel an apical four-chamber view of a patient with a ventricular septal defect.  

b) On the right panel the same apical four-chamber view with Doppler echocardiography. Colors are used to 

represent the velocity and direction of blood flow. This image shows a left-to right shunt from left- to right ventricle. 

 

Cardiac catheterization  

Diagnostic cardiac catheterization in CHD patients have been for the most part 

replaced by non-invasive imaging techniques such as echocardiography and cardiac 

Magnetic Resonance Imaging (MRI). However, cardiac catheterization and 

angiography still remains important to make an anatomic and physiological diagnosis 

in CHD patients with complex or unusual cardiac anatomy. Meaningful and accurate 

hemodynamic and anatomical data must be obtained for the preoperative evaluation 

of CHD patients to guide clinical decision-making. For this reason, the majority of 

patients with univentricular physiology still undergo diagnostic catheterization before 

bidirectional Glenn and Fontan surgeries. Also patients with complex pulmonary 

atresia and ventricular septal defect usually require catheterization and angiography 

for optimal visualization of the anatomy of the pulmonary arteries. In older children 

and adults with large left to right shunts, in particular in patients with Down syndrome, 
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precise calculation of pulmonary vascular resistance by catheterization can be 

necessary to assess operability.  

 

Treatment of congenital heart disease  

 

Catheter interventions 

The progress in pediatric interventional cardiology has changed the therapeutic 

approach for many CHD patients. The balloon atrial septostomy, introduced by 

Rashkind in 1966, was the first pediatric catheter intervention and is still widely used 

to create an interatrial communication in cyanotic newborns with transposition of the 

great arteries. Balloon dilatations and stent placements have become the procedures 

of choice for pulmonary and aortic valvular stenosis, recoarctation, and branch 

pulmonary artery stenosis.
18

 Lesions with left to right shunts, including atrial septal 

defects, ventricular septal defects and persistent ductus arteriosus, can now be 

closed safely and effectively by transcatheter techniques using different devices. 

These procedures are now considered good alternatives to surgical closure and are 

the most common transcatheter interventions in patients with Down syndrome. 

Recently, percutaneous pulmonary valve replacement has become an attractive 

therapy in CHD patients with pulmonary regurgitation or stenosis delaying the need 

for open-heart surgery. A heart valve attached to a stent functions as an artificial 

pulmonary valve for CHD patients, mostly with Tetralogy of Fallot 
19

  

 

Cardiac surgery in childhood 

Twenty years ago corrective cardiac surgery was often not attempted in children with 

Down syndrome due to high surgical mortality of up to 60% and short life 

expectancy.
20

 Since then, techniques of corrective cardiac surgery have been 

dramatically improved outcomes. Recent papers have shown that the presence of 

Down syndrome did not increase operative mortality in children with Down syndrome 

with ventricular septal defect
21

 or Tetralogy of Fallot.
22

 Interestingly, in patients with 

AVSD, patients with Down syndrome had significantly lower perioperative mortality 

than patients without Down syndrome. Patients with complete AVSDs are operatively 

corrected usually in the first 6 months of life.
23

 Moderate ventricular septal defects 

are generally repaired at age 1 year if there is associated failure to thrive or recurrent 
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lower respiratory infections. If a moderate ventricular septal defect appears to be 

getting smaller, one can wait several years (up to age 5 years) to provide an 

opportunity to avoid surgery. Atrial septal defects that need surgery are typically 

operated on after 2 years of age.
24

 

There is paucity of information on surgical outcome in patients with Down 

syndrome and a single ventricle, due the low incidence of ventricular hypoplasia or 

unbalanced ventricles in trisomy 21. The study of Wada et al in which six children 

with Down syndrome and single ventricle underwent surgical palliation, showed that 

single ventricle repair has difficulties due to associated problems in Down syndrome, 

such as rapidly progressing pulmonary vascular changes and airway obstruction.
25

 

The study by Gupta-Malhotra et al., showed that mortality after cavopulmonary shunt 

operations for univentricular hearts was significantly increased in patients with Down 

syndrome compared to those without (35% vs 10%).
26

 Down syndrome appeared to 

be an independent predictor for mortality. Corrective cardiac surgery is not 

contraindicated in patients with Down syndrome, however specific surgical 

procedures are associated with higher mortality rates and patient selection should be 

done carefully. 

 

 

Survival of Down syndrome patients and congenital heart defects 

Average life expectancy of all patients with Down syndrome, with and without CHDs, 

has increased from a mere 12 years in the 1940s to 60 years in present-day 

populations.
27

 In spite of this, neonatal and infant mortality are respectively 5 and 8 

times higher in patients with Down syndrome compared to the general population, 

mostly due to the presence of CHDs.
28

 In an extensive study of Yang et al. about 

mortality in patients with Down syndrome, almost 18 000 death certificates of 

persons with Down syndrome in the USA from 1983 to 1997 were analyzed.
29

 CHDs 

and respiratory infections were the most frequently reported medical disorders on 

death certificates of people with Down's syndrome.  A sharply increased median age 

at death in persons with Down syndrome and additional CHDs was found after 1992, 

from 0 year of age in 1992 to 18 years of age in 1994. As 50% of the children with 

Down syndrome have a CHD, this indicates that survival of children with Down 

syndrome substantially and rapidly improved in the early 1990s.
29
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CARDIOVASCULAR DISORDERS IN ADULTHOOD 

 

Introduction 

Acquired cardiovascular disease is common in the general population, affecting the 

majority of adults past the age of 60 years. Acquired cardiovascular disorders include 

coronary heart disease (myocardial infarction and heart failure), cerebrovascular 

disease (stroke, transient ischemic attack), peripheral arterial disease and 

atherosclerosis.
30

 Life expectancy has increased last decades; however the number 

of cardiovascular deaths in the general population remains high. For persons aged 

40 years, the lifetime risk of developing coronary heart disease is 49 percent in men 

and 32 percent in women.
31

 Many important risk factors have been identified. These 

included smoking, dyslipidemia, hypertension, diabetes, abdominal obesity. 

Beneficial factors are daily consumption of fruits and vegetables, regular alcohol 

consumption, and regular physical activity.
32

  

 

Atherosclerosis in Down syndrome 

Adults with intellectual disabilities have increased cardiovascular risk factors.
33

 A 

sedentary lifestyle and an unhealthy diet are common, especially in individuals with 

Down syndrome living in community settings.
34

 In patients with Down syndrome, 

prevalence of overweight and obesity is significantly higher, compared to other 

patients with intellectual disabilities and to the general population. With a reported 

prevalence of obesity in adults with Down syndrome between 31 and 47 percent.
35-37

 

Although abnormalities in lipid metabolism, which are associated with high risk of 

premature atherosclerosis in the general population, are frequently seen in patients 

with Down syndrome
38

, coronary artery disease related mortality is surprisingly low.
39

 

Histopathological investigations showed no increase in atherosclerosis, or even a 

total lack of atherosclerotic changes. Duffels et al. found a decreased carotid intima 

media thickness, an accepted valid marker for atherosclerosis, in adult patients with 

cyanotic congenital heart disease compared to healthy controls.
40

 Of the cyanotic 

patients 35% had Down syndrome.
40

 The concept of Down syndrome as an 

atherosclerosis-free model has even been proposed.
41, 42

 Both environmental and 

genetic factors have been suggested to contribute to the low levels of atherosclerosis. 

Prevalence of smoking and hypertension is low in patients with Down syndrome. 

Another explanation could be the overexpression, due to triplication of chromosome 
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21, of atherosclerotic protective factors.
43-45

 Suggested overexpressed protective 

factors are cystathionine-beta-synthase, leading to decreased level of 

homocysteine
46-49

 and brain-derived neurotrophic factor.
50

 The hypothesis mentioned 

above is based on the assumption of an overexpression of genes on chromosome 21. 

However, the assumption of a 50 percent increase of all genes on chromosome 21 is 

too simplistic, as some gene products are more sensitive to gene dosage effects than 

others, caused by negative feedback mechanisms and gene-expression variation 

among individuals.
46, 51

  

 

Thyroid-related cardiac impairment in Down syndrome 

 

Hypothyroidism 

Down syndrome has long been associated with a variety of autoimmune conditions, 

with the thyroid gland being most frequently affected. Prevalence of thyroid disease 

in Down syndrome varies between 7 to 50 percent, depending on the selected 

population and the diagnostic criteria.
52, 52, 53

 Therefore the American Academy of 

Paediatrics recommends routine thyroid screening early in life.
9
 Thyroid disease has 

an effect on the cardiovascular system and may lead to impairment of ventricular 

function.
54

 Even subclinical hypothyroidism, with a slight elevation of serum 

thyrotropin concentrations and normal thyroxin concentrations, is suggested to 

decrease myocardial contractility and cardiac output.
55-57

 However, these findings 

were not confirmed by Toscano et al., who found no increased risk of thyroid-related 

cardiac impairment in children with Down syndrome and subclinical hypothyroidism, 

compared to matched euthyroid subjects with Down syndrome.
58

 

 

Hyperthyroidism 

Hyperthyroidism occurs less frequently in patients with Down syndrome. Although the 

reported prevalence varies between 0.8 and 2.5 percent
52, 59-61

, this could be an 

underestimation. Firstly, there is low awareness of the association between 

hyperthyroidism and Down syndrome among physicians. Secondly, symptoms of 

hyperthyroidism can easily be overshadowed by the intellectual disability. Physicians 

should be suspicious on thyreotoxicosis, associated tachyarrhythmias, 

thromboembolism, and
 

heart failure. Moreover, previous reports suggest an 

association between hyperthyroidism and mild or transient pulmonary hypertension
62

, 



 29 

caused by an increased cardiac output (up to 300 percent). Hyperthyroidism-related 

pulmonary hypertension is largely asymptomatic and has good prognosis after 

restoration of euthyroid state.
63

 Thus, hyperthyroidism can cause potentially serious 

complications that need prompt recognition and effective management, highlighting 

the need for routine evaluation of thyroid function in individuals with Down syndrome. 

 

Pulmonary hypertension 

Pulmonary arterial hypertension is rare syndrome characterized by symptoms of 

dyspnea, fatigue, chest pain and syncope. Underlying mechanism is a progressive 

increase of pulmonary vascular resistance and a sustained elevation
 
of pulmonary 

arterial pressure.
64

 Pulmonary arterial hypertension associated with congenital heart 

disease is caused by intra-cardiac shunting (most frequently uncorrected AVSD in 

patients with Down syndrome) and pulmonary blood volume overload.
65

 Patients with 

Down syndrome and CHDs are at higher risk of developing pulmonary arterial 

hypertension compared to patients without Down syndrome.
66

 Several predisposing 

factors are recognized to play a role e.g. a diminished number of alveoli
67

, a thinner 

media of pulmonary arterioles
68

 and an impaired endothelial function in these 

patients.
69, 70

 Most commonly symptoms do not develop until the twenties when 

evidence of pulmonary vascular disease becomes apparent.
71

 Therefore, early 

corrective cardiac surgery is warranted to prevent irreversible pulmonary vascular 

lung damage. 

Recent successes have been achieved with the use of therapies targeted 

against the pathophysiological pathways that underlie pulmonary arterial 

hypertension. Three main pathways have been detected: prostacyclin (e.g. 

epoprostenol, iloprost, trepostinil), phosphodiesterase-5-inhibitor (e.g. sildenafil) and 

endothelin receptor antagonists (e.g. sitaxentan, ambrisentan, bosentan). These 

advanced therapies have been demonstrated to improve clinical status and life 

expectancy of patients with pulmonary arterial hypertension.
72, 73 A recent study 

showed that the positive effects of these treatment strategies are similar in 

Eisenmenger patients with Down syndrome, compared to Eisenmenger patients 

without Down syndrome. Exercise capacity initially improved, and stabilized 

thereafter.
74, 75
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Cardiac surgery in adulthood 

Nowadays, cardiac surgery at young age is no longer refrained in patients with Down 

syndrome and CHDs. Thus, the group of adult patients with unrepaired CHDs is 

declining. However, residual lesions, like residual shunting or residual atrioventricular 

valve regurgitation require additional reoperations in a substantial group of adult 

patients. In their single centre retrospective study (40 years follow-up), Majdalany et 

al. showed that 27% (4 out of 15) of adult patients with Down syndrome that had 

been operated in childhood required reoperations.
76

 Patients with Down syndrome 

and uncorrected cardiac defects are also potential candidates for heart-lung 

transplantation. However, no reports are published on heart-lung transplantation in 

Down syndrome. Physicians may worry that transplantation is a ‘bridge too far’ for 

patients with Down syndrome, because of coexisting medical problems, the 

intellectual disability, and the concerns of immunological abnormalities. Therefore 

outcome predictions are hard to make in these patients. 

 

GENETICS IN CONGENITAL HEART DISEASE IN DOWN SYNDROME 

 

Chromosome 21 is among the smallest of human chromosomes, and was originally 

estimated to contain 225 genes
77

 but up till now more than 420 genes have been 

identified. The function of only a minority of these genes is currently known 

(http://chr21.egr.vcu.edu:8888/).  

 Although the phenotypic features of Down syndrome must ultimately be due to 

the third copy of chromosome 21, the genetic mechanisms by which the phenotype 

arises are not understood. Two hypotheses exist; one assumes the phenotype is 

caused by the increased dosage and hence overexpression of one or more genes on 

chromosome 21, the other states that phenotypic instability due to the extra genetic 

information leads to the phenotype.
78

 The genes on chromosome 21 involved in the 

phenotypic features of Down syndrome have been tried to be identified for many 

years, but no single gene has been linked to a specific feature yet. Even so, the 

genes responsible for the CHDs in Down syndrome are unknown. Several genes are 

currently known to be implied in human CHDs, such as NKX2.5
79

 GATA4
80, 81

 and 

NOTCH1
82

 but mutations in these genes have been found in only a small proportion 

of CHD patients, and none of these genes maps to chromosome 21. As the heart 

defects in Down syndrome typically involve the atrioventricular valve septum, genes 
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expressed in these tissues during heart development may be candidates for the heart 

defects in Down syndrome. Many of these genes are not located on chromosome 21, 

however. Although in the past years various candidate genes located on 

chromosome 21 have been proposed for CHDs in Down syndrome (see below), no 

gene has been definitively established to be involved in CHDs in Down syndrome.  

 

Down syndrome-CHD critical region 

The existence of rare Down syndrome patients who are trisomic for only a part 

of chromosome 21 has lead to the assumption that only a small region of 

chromosome 21 may be involved in producing most features of Down syndrome, i.e. 

that only a small part of chromosome 21 actually needs to be triplicated to cause the 

Down syndrome phenotype. This chromosomal region was referred to as the so-

called ‘Down syndrome critical region’ (DSCR).
83-85

 A relatively large number of 

patients with partial trisomies has been characterized clinically, cytogenetically and 

molecularly to identify the genomic regions responsible for the Down syndrome 

phenotype.
86-91

 Investigation of additional cases suggested that no DSCR exists 

which can be said to be totally responsible for the clinical findings in Down syndrome, 

but that there are multiple critical regions for certain phenotypic features.
90-92

 It has 

also been tried to identify a specific critical region for the CHDs in Down syndrome 

(Down syndrome-CHD critical region), as the identification of such a critical region 

may guide the search for genes involved in CHDs. Initially, the minimal region 

believed to be needed to be triplicated to produce CHDs in Down syndrome was 10.5 

Mb long and mapped to the chromosomal marker D21S55 region on distal 21q22.2 

to q22.3 (the telomeric end of chromosome 21q).
83, 87, 89, 90

 In the following years, that 

critical region was narrowed further by analyses of subsequent patients with partial 

trisomies. Barlow et al. (2001) mapped the Down syndrome-CHD critical region to a 

5.5 Mb region between marker D21S3 and PFKL.
88

 Korbel et al. narrowed this 

segment to a 2.82 Mb critical region likely involved in defects of the atrioventricular 

septum.
91

 By integrating their data with several other lines of evidence, in particular 

information from partial trisomic mouse models, the authors proposed a 1.77 Mb 

Down syndrome-CHD critical region (see figure 8) containing 10 genes, the Down 

syndrome cell adhesion molecule (DSCAM) gene defining the centromeric border. 

The authors suggested DSCAM as a candidate for CHD.
88, 91

 Several other genes 
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previously proposed as having a role in Down syndrome CHD were located outside 

the mapped region (see below). 

 Nevertheless, a high degree of phenotypic variability exists in trisomy 21, with 

more than half of patients with full trisomy not having CHDs. This suggests that 

factors other than overexpression of genes on (the critical region of) chromosome 21 

must be involved in CHDs and that a possible critical region thus may be described 

as a susceptibility region.
92

 The genes on chromosome 21 act together and interact 

with genes elsewhere in the genome, as well as with environmental and stochastic 

factors, to produce CHDs and other features of the Down syndrome phenotype.
93

 

This makes the CHDs and other features of Down syndrome multifactorial conditions. 

 

 

 

 

 

 

 

 

 

 

Figure 8 Chromosome 21. DSCHD-region: Down Syndrome Congenital Heart Defect-region. Figure based on 

published data of Korbel et al 2009. 

 

Mouse models and expression studies 

Additional approaches for identifying genes and other functional genomic elements 

contributing to the features of Down syndrome have been the construction of partial 

trisomic mouse models
94, 95

 and gene and protein expression studies.
96, 97

 A number 

of trisomy 21 mouse models exhibit heart defects similar to those observed in Down 

syndrome, suggesting that trisomy of one or more of the genes in these models have 

a role in heart development.
98

 As the orthologous genes of human chromosome 21 

are distributed among 3 different chromosomes (chromosomes 10, 16 and 17) in the 

mouse, the development of mouse models of human trisomy 21 has not been easy: 

the different mouse models are trisomic for genes not located on human 

chromosome 21, while disomic for genes that would be triplicated in human trisomy 
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21. This makes translation of results from mouse models to the human situation 

difficult. More recently, mice trisomic for more precise regions of human chromosome 

21 have been produced
99, 100

, which may aid in identification of genes responsible for 

CHDs and other features of Down syndrome.  

 Studies on the spatial and temporal pattern of expression of genes on 

chromosome 21 also contribute to prioritizing candidate genes.
101

 Studies focusing 

on the level of gene expression found that only part of the genes on chromosome 21 

are actually overexpressed in trisomy 21, also in the heart.
51, 102

 It was therefore 

hypothesized that genes showing minimal overlap in expression between Down 

syndrome and euploid individuals have a primary role in the phenotype of Down 

syndrome, while the genes having a variable expression might play a role in the 

phenotypic variability in Down syndrome.
51

 

 

Candidate genes 

The study of mouse models and expression studies have lead to several genes being 

proposed as candidates to play a role in CHDs in Down syndrome. Many of these 

proposed genes are located outside the latest mapped ‘critical region’. A subset of 

the candidate genes will be discussed here. 

 Korbel et al. proposed Down syndrome cell adhesion molecule (DSCAM) as a 

candidate gene, because of its properties and its location within the critical region 

that had been identified by the authors.
91

 DSCAM encodes a cell adhesion molecule 

involved in the development of the nervous system, but which is also highly 

expressed in the heart during cardiac development.
88

 Located outside their critical 

region but also suggested as a candidate gene for CHDs, is the Down syndrome 

critical region 1 gene (DSCR1, also named Regulator of Calcineurin 1, RCAN1). 

DSCR1 encodes an inhibitor of calcineurin/NFAT signalling
103

 and is expressed in 

many tissues including the heart.
104, 105

 The NFAT signalling pathway is known to be 

a critical regulator of vertebrate development and organogenesis
106

 and was 

suggested to be critical for CHDs in Down syndrome.
105

 Arron et al. suggested 

DSCR1 to act synergistically with another chromosome 21 gene, dual-specificity 

tyrosine-(Y)-phosphorylation-regulated kinase 1A (DYRK1A), to inhibit the nuclear 

occupancy of NFAT transcription factors.
107

 DYRK1A encodes a nuclear kinase that 

regulates several transcription factors.
108

 Increased dosage of these two genes was 
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suggested to produce many of the features of Down syndrome, including heart 

defects.
107, 109 

The genes for the α1 and α2 chains of collagen VI are located on the 

subtelomeric end of the long arm of chromosome 21. Collagen VI is a microfibrillar 

component of many extracellular matrices, acting as a bridge between cell surfaces 

and the surrounding extracellular matrix.
110

 Collagen VI has been suggested to play a 

role in the pathogenesis of atrioventricular canal defects in Down syndrome.
110, 111

 

Altered expression of collagen VI was found in endocardial cushions of fetuses with 

trisomy 21 as compared to normal fetuses.
110

 The genes for collagen VI α1 and α2 

chains were excluded from the latest Down syndrome-CHD critical region
88, 91

, 

because patients with Tetralogy of Fallot or atrial septal defects were observed 

without a triplication of the collagen VI gene. However, all patients in these studies 

with defects resulting from abnormal atrioventricular cushion differentiation, did have 

three copies of the collagen VI gene, not excluding a role for collagen VI in these 

types of CHDs. The gene encoding collagen XVIII is also located on chromosome 21, 

and collagen XVIII was found to be highly expressed throughout the connective 

tissue core of the endocardial cushions and forming atrioventricular valve leaflets in 

mice, suggesting a role in cardiac valve morphogenesis and possibly underlying the 

CHDs in Down syndrome.
112

 

The SH3 binding glutamic acid-rich (SH3BGR) gene, encoding a protein 

containing a highly conserved SH3 binding motif and a glutamic acid-rich domain at 

the COOH terminal, was also suggested to be involved in CHD in Down syndrome, 

since it is expressed early in the mouse heart.
113, 114

 However, overexpression of 

SH3BGR was not found to affect heart morphogenesis in mice.
115

 

 In contrast to the abovementioned genes proposed to have a role in the 

generation of CHDs, it has also been suggested that overexpression of some 

chromosome 21 genes may be a protective factor against some types of CHDs, as 

transposition of the great arteries and atresia of the atrioventricular-valves, among 

others, are virtually absent in patients with Down syndrome.
116

  

 Although many more candidate genes have been proposed, no gene has 

definitively been connected to CHD in Down syndrome. Further studies will be 

required to identify the function of chromosome 21 genes and identify those genes 

implicated in CHD in Down syndrome.  
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Genetics of the atrioventricular septal defect 

As AVSD occurs most frequently in the context of Down syndrome, chromosome 21 

must harbour at least one gene that increases susceptibility for AVSD. However, 

AVSD also occurs in other syndromes and chromosomal abnormalities as well as in 

a non-syndromic fashion, implying genetic heterogeneity. Currently, two loci for non-

syndromic AVSD have been identified. The AVSD1 locus is located on chromosome 

1p31-p21, but the AVSD1 gene itself is unknown.
117

 The AVSD2 locus is on 

chromosome 3p25 and cysteine rich with EGF domains 1 (CRELD1) was identified 

as the responsible gene.
118, 119

 CRELD1 encodes a cell surface protein, that likely 

functions as a cell adhesion molecule. Missense mutations in CRELD1 are found in a 

small proportion of patients with non-syndromic AVSD.
119, 120

 These mutations act in 

a dominant matter with incomplete penetrance, and therefore CRELD1 is an AVSD 

susceptibility gene. Maslen et al. found missense mutations in CRELD1 in two of 39 

patients with Down syndrome and complete AVSD, suggesting that defects in 

CRELD1 may contribute to the pathogenesis of AVSD in the context of trisomy 21.
121

 

 Mutations in GATA4, a transcription factor essential for cardiac development, 

have also been described in a patient with AVSD
80

, although the main phenotype of 

GATA4 mutations are secundum atrial septal defects. Other genes that have been 

suggested to play a role in non-syndromic AVSD are CRELD2, BMP4
122

 ALK2
123

and 

CFC1.
124

 

 

Conclusion 

Although a critical region as well as several candidate genes has been proposed, the 

genetic basis and pathogenesis of CHDs in Down syndrome remain largely unknown. 

The recent recognition that epigenetic factors such as DNA methylation, and micro-

RNAs may also be involved in Down syndrome (reviewed in Patterson, 2009), adds 

to the complexity of the pathogenesis of Down syndrome. A critical aspect of 

understanding the pathogenesis of CHDs in Down syndrome remains the 

determination of the function of chromosome 21 genes. Further studies, including 

continuation of specific mouse model production, expression studies and studies of 

additional human subjects who are carefully phenotyped, are required to identify 

genes and other genetically active elements contributing to CHDs. Integration of the 

many different types of analyses will be required to enlarge our understanding of the 

pathogenesis underlying the CHDs in Down syndrome.  
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COMMENT 

 

Down syndrome is a multi-organ disorder, affecting the heart and vascular system in 

both a structural and a functional way. The fixed pattern of congenital heart defects is 

intriguing, with the atrioventricular septal defect as the most common defect in 

persons with Down syndrome. Recent papers have shown that operative mortality 

was not increased in children with Down syndrome and repaired septal defects. This 

has resulted in a substantially and rapidly improved survival of children with Down 

syndrome. Although a critical region on chromosome 21 as well as several candidate 

genes has been proposed, the genetic basis and pathogenesis of congenital heart 

defects in Down syndrome remain largely unknown. Future molecular studies might 

give us more insight into cardiac development. Prevalence of thyroid disorders is 

high and might influence cardiac function. Therefore, routine screening on thyroid 

dysfunction is warranted in persons with Down syndrome. 
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ABSTRACT 

 

Background The Netherlands are lacking reliable empirical data in relation to the 

development of birth and population prevalence of Down syndrome. For the UK and 

Ireland there are more historical empirical data available. A theory-based model is 

developed for predicting Down syndrome prevalence in the Netherlands from the 

1950's onwards. It is likewise applied to Ireland and the UK for the purpose of 

validation. Furthermore, a prediction to 2050 is constructed. 

Materials and Methods Maternal age births data in the general population, 

maternal age related risk of Down syndrome, data on selective terminations of 

Down syndrome pregnancies and mortality rates (from 35 studies from the 1930's 

until today) were obtained to create this model. 

Results For the Netherlands, nowadays birth prevalence is estimated at 14 per 

10,000 with around 275 total annual births. The impact of selective abortion is lower 

than in the UK. Present Dutch Down syndrome population prevalence is estimated, 

according to this theory-based model, at 7.7 per 10 000 and the grand total at 12 

600 individuals. The prevalence of ‘older’ persons with Down syndrome (over 40 

years of age) in the Netherlands will reach a peak in 2010, a doubling compared to 

1990, implying an increased demand on medical care and counseling. Validity of 

this theory-based model was examined by comparison with relevant available 

empirical data from the three countries. The model shows a good fit with historical 

empirical research, notably four UK and two Irish population prevalence studies and 

eight birth prevalence studies. 

Conclusions A theory-based model for Down syndrome prevalence provides 

supplementary data in situations with a lack of empirical material and can be used 

for understanding and predicting long-term developments.  
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INTRODUCTION 

 

Down syndrome is the most common chromosomal anomaly among live born infants 

and the most frequent form of intellectual disability in industrialized countries.
1
 The 

birth prevalence of Down syndrome has been studied extensively and according to 

most studies lies between 1 - 3 per 1000 live births, where the differences are 

depending on maternal age distribution in general population and selective abortion 

rates.
1,2

 In recent years, more and more precise techniques for screening on Down 

syndrome during pregnancy have been developed. Of course, the expansion of 

prenatal services has a decreasing influence on Down syndrome birth prevalence. 

On the other hand, in the Netherlands, as in other Western countries, in the last 

decades maternal age at birth has been rising. As the chance of giving birth to a child 

with Down syndrome rises sharply with maternal age, this latter property has a huge 

influence on Down syndrome birth prevalence. Furthermore, over the past 100 years, 

society has changed dramatically in terms of living conditions, medical science and 

wealth. Also, public attitudes towards persons with Down syndrome have changed. 

Both developments will have an effect on preterm and long term mortality trends in 

persons with Down syndrome and its population prevalence. 

Yet, the aforementioned developments have different impacts on Down 

syndrome prevalence. The questions of this article are; (1) what are the contributions 

of those factors separately to prevalence of Down syndrome? (2) Is it possible to 

combine those operationalized factors in a valid model? (3) What are the results of 

this model for the prognosis of prevalence figures of persons with Down syndrome 

for the Netherlands? In this article a theory-based epidemiological model will be 

presented for predicting Down syndrome population prevalence figures, according to 

age, in the Netherlands from the 1950's onwards till 2050. Maternal age births data in 

the general population, maternal age-related risk of Down syndrome, data on 

selective abortions and mortality rates (from 35 studies from developed countries 

from the 1930's until today) were obtained to create this model. 

In the Netherlands, as in most other European countries, data about Down 

syndrome population prevalence and its age distribution are not available. As a 

consequence, it was decided to add England/Wales and Ireland for reasons of model 

development and validation, because in those two European countries reasonably 

reliable historical data on Down syndrome population prevalence and age distribution 
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have been published. Moreover, living conditions and quality of health care are to a 

large extent comparable with the Netherlands. For both countries, too, data are 

available on maternal age distribution in general population and on the amount of 

selective abortions of Down syndrome pregnancies. These data are necessary for 

developing the model. 

 

Relevance of the theory-based model 

Prevalence data on a national level can be highly relevant for at least four reasons. 

Firstly, a national prevalence figure of disability can be an indicator of relevance. 

Together with incidence-assessments, it shows the number of affected persons in 

society. Secondly, it can be used to ascertain and control, if samples are biased in 

outcomes of age distribution. Thirdly, epidemiological data can provide some insights 

in special characteristics and life circumstances of the persons involved. Finally, 

knowledge of prevalence and age distribution of a special population, like persons 

with Down syndrome, can be helpful in terms of long-term planning for medical and 

social welfare. 

POMONA was a European Commission-funded public health project that 

aimed to develop and implement a set of health indicators specific to Europeans with 

intellectual disabilities.
3
 Data on prevalence and life expectancy are two of a set of 18 

health indicators which are necessary, but in most European countries not available, 

in assessing the health situation for this section of society.  

Also with regard to the specific subgroup of individuals with Down syndrome, 

data on prevalence are far from complete. This is certainly the case in the 

Netherlands. In this country, three professional registers record the births of children 

with Down syndrome, notably: 

1. The National Perinatal Database LVR (Landelijke Verloskunde Registratie), 

since 1994 combined with the National Neonatology Registration LNR 

(Landelijke Neonatologie Registratie). 

2. The Dutch Pediatric Surveillance Unit NSCK (Nederlands Signalerings 

Centrum Kindergeneeskunde), which is in operation since 2003.  

3. The European Registration Of Congenital Anomalies (EUROCAT), which is in 

operation since 1981. As a regional register in an European consortium 

EUROCAT is only active in the Northern part of the Netherlands.
4
  

Because children with Down syndrome are reported in all centers by health care 
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professionals on a voluntary basis, it is likely that the three registers suffer from 

under-ascertainment.  

 This was also a conclusion of a study by Weijerman and his colleagues. 

Weijerman et al (2008) combined the relevant data from the LVR/LNR and the NSCK 

registers for 2003 and found that Down syndrome birth prevalence was 16 per             

10 000, using the Capture-Recapture method.
5
 This prevalence assessment exceeds 

the reported levels of all three registers, taken separately. However, combining the 

LVR/LNR and NSCK registers has only been carried out for the year 2003. As a 

consequence the results from this study do not allow conclusions about changes and 

long-term trends. 

As information on Dutch Down syndrome population prevalence is missing, it 

is an alternative approach to estimate Down syndrome prevalence by a theory-based 

epidemiological model. In regard to Down syndrome this has been done by De Graaf 

(1998) for birth prevalence
6
, by Scheepstra (1998) for elementary school aged 

population prevalence of children with Down syndrome
7
, and by Steffelaar & 

Evenhuis (1989) for senior population prevalence in the Netherlands
8
, and by Steele 

& Stratford (1995) for population prevalence and age distribution in the UK
9
. In the 

three Dutch studies the model was not validated by any empirical data, and in the UK 

study only data for one specific year were used. In the British study and in two of the 

Dutch studies, population prevalence and age distribution were estimated. The huge 

changes in mortality rates in Down syndrome, however, during the twentieth century 

were not taken into account
7,9

 or only roughly modeled.
8
 It was our goal to validate an 

evidence-based theoretical model for prevalence of Down syndrome using social-

demographic and statistical-medical data about birth prevalence and mortality for a 

long period and for several countries. 

 

MATERIALS AND METHODS 

 

In the methods section the separate steps to build the model, but also methods and 

sources of the information of each of the included variables are discussed. 

 

Natural birth prevalence 

Natural birth prevalence of Down syndrome is the total amount of births in the 

absence of prenatal testing and induced abortion of affected pregnancies.  
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There is an extensive body of research regarding maternal age-specific risk for 

Down syndrome live births. Researchers have developed slightly different models.
10

 

We have decided to apply the most recent model of maternal age-specific risk for 

Down syndrome developed by Morris et al (2002) using data from the National Down 

Syndrome Cytogenetic Register (NDSCR).
11,12

 The NDSCR has been collecting 

information on prenatally and postnatally karyotyped Down syndrome cases from all 

cytogenetic laboratories in England and Wales since 1989. 

Data on births by maternal age in general population are available for the 

Netherlands from 1936 onwards, from the National Office for Statistics
 
(CBS)

13
, for 

Ireland from 1955 onwards, from the Central Statistics Office (CSO)
14

 and for 

England/Wales from 1938 onwards, from the Office for National Statistics (ONS).
15

 In 

our model, natural Down syndrome birth prevalence was assessed by combining 

these data for each country with the Morris model of Down syndrome maternal age-

related risk. It was assumed that maternal age distribution in the general population 

before 1936 in the Netherlands, before 1955 in Ireland, and before 1938 in 

England/Wales, would be similar to the average in the five following years from which 

data were available. 

 

Actual birth prevalence 

To determine actual birth rates instead of potential birth rates of children with 

Down syndrome according to maternal age, the effect of prenatal testing and 

subsequent selective abortion of Down syndrome pregnancies is an important 

variable.  

However, induced abortions of, say, 100 Down syndrome pregnancies do not 

lead to a reduction of a 100 live births. According to the literature 23 to 25% would 

have ended in a natural miscarriage.
6,16

 Savva et al (2006) used the aforementioned 

English/Welsh NDSCR database to investigate more precisely the correlation 

between natural miscarriages and maternal age versus type of prenatal testing 

(amniocentesis or chorionic villus sampling (CVS)).
17

 In our study this information 

was used to construct a more precise correction factor for natural fetal loss. The 

natural fetal loss was estimated to be 34% in case of CVS and 27% in case of 

amniocentesis in women older than 35 years of age and 25% and 20% in women 

younger than 35 years of age, respectively. By making use of information from the 

NDSCR database from 1989 onwards on terminations of Down syndrome 
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pregnancies, type of prenatal testing and maternal age, we could estimate that every 

100 induced Down syndrome abortions leads to a net result of 73 prevented births of 

children with Down syndrome, with a range from 71 to 77 for different years. In their 

study, Buckley & Buckley (2008) used a slightly different correction factor for natural 

fetal loss in CVS and estimated the net result of 100 induced abortions in the NDSCR 

database to be 70 prevented births, with a range of 67 to 75 for different years.
18

  

From 1989 onwards, reliable data on terminations of Down syndrome 

pregnancies are available from the NDSCR. For the period 1974-1988 data were 

used on induced abortions of Down syndrome pregnancies published by the Office 

for National Statistics (ONS) and the Government Statistical Service of the 

Department of Health. Finally, we assumed that Down syndrome birth reduction due 

to selective abortion proportionally increased from 0% in 1969 to the situation of 1974 

(10.5%).  

For the Dutch situation, the annual reports on terminations of Down syndrome 

pregnancies, including data on prenatal testing method and maternal age, from the 

Working Party Prenatal Diagnosis and Therapy (WPDT) were used for the period 

1991-2004.
19

 For the Netherlands we estimated a net prevention of 71 births per 100 

induced terminations, with a range from 70 to 73. This is somewhat lower than in 

England/Wales, as in the Netherlands both the percentage CVS and maternal age of 

women making use of prenatal services were slightly higher.  

From 1991 onwards, reliable data on terminations of Down syndrome 

pregnancies in the Netherlands are available from the WPDT. For 1981-1990 we 

used data from EUROCAT on induced terminations of Down syndrome pregnancies. 

Finally, we assumed that Down syndrome birth reduction due to selective abortion 

proportionally increased from 0% in 1970 to the situation of the early eighties (6.5%).  

Ireland is in a special position compared to the Netherlands and 

England/Wales because termination of pregnancy is illegal in this country. Therefore 

it was assumed that the actual birth prevalence will be similar to (or at least close to) 

the natural birth prevalence.  

 

Mortality 

Results from 35 studies were used to estimate 10-years-survival rates for the 

respective years of birth (figure 1 and table 1). For each study the survival rate was 

plotted against the year of birth and a regression line was drawn with the non-
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parametric SPSS LOESS function. If the authors of a study did not specify this, it was 

assumed that the survival rate mentioned in the study applied to the most recent year 

of birth. Particularly in research concerning longer periods of time some researchers 

report higher under-registration of neonatal mortality in Down syndrome in the 

beginning of the research period.
20,21

 According to such information, it is safer to 

assume that survival rates are more correct for the end of the research period. The 

same procedure was used for estimating 1- and 5-year survival rates. The rates for 

intermediary ages were extrapolated. In table 1, underlined figures are directly 

derived from or calculated on the basis of the cited study. The other (not-underlined) 

figures are estimated on the basis of the relation between (similar) 1-year, 5-year and 

10-year survival rates as found in studies in which more than one of these figures is 

given. Some studies in table 1 are marked with an asterisk (*). In that case we 

estimated the survival rates on the basis of a combination of the Down syndrome 

population prevalence in relation to a certain age group as given in the study and the 

birth prevalence as derived from the present model. The studies show that survival of 

young children with Down syndrome dramatically improved during the twentieth 

century. 

 A final slight adjustment to the modeled survival rates was made by assuming 

that from the early nineties until now 10-years survival rates not have risen gradually 

from 85% to 93% as shown in figure 1, but more sharply in the early nineties to reach 

93% from 1993 onwards. This assumption is based on the findings of Yang et al 

(2002).
22

 In their analysis of almost 18 000 death certificates of persons with Down 

syndrome in the USA from 1983 to 1997, they found an sharply increased median 

age at death in white persons with Down syndrome and additional congenital heart 

defects after 1992, from 0 year of age in 1992 to 18 years of age in 1994. As half of 

children with Down syndrome have a congenital heart defect, this implies that 

survival of young children with Down syndrome substantially and rapidly improved in 

the early nineties. 

For modeling survival rates above 10-years of age, data were used from 

studies of Glasson et al (2002), Maaskant (1993), Baird & Sadovnick (1987) and 

Dupont et al (1986) (figure 2).
20,21,23

 The survival curves above 10 years of age from 

these studies are highly similar. It was decided to make use of the average of these 

four curves. For the period before 1955 a survival curve above 10 years of age was 

used showing a more rapid decrease, based on the work of Penrose (1949).
24

 This 
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more hazardous survival curve was used for predicting the survival of cohorts born 

before 1945 until the calendar year 1955. After 1955 it was assumed that the 

survivors of these cohorts would also follow the survival curve constructed for the 

period 1955 onwards. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Ten years survival rates for children with Down syndrome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Down syndrome survival curve above 10 years of age. 

 

 

 



 58 

Table 1: 1-, 5-, and 10- year Down syndrome survival rates 

1- 5- 10- STUDY PERIOD 

year-survival-rates 

1 Baird & Sadovnick (1987) 1952-1981 77,80 73,00 70,42 

2 Bell, Pearn & Firman in Maaskant (1993) 1976-1985 87,20 84,00 83,00 

3 Butler & Alberman in Midwinter (1972) * 1952-1962 58,00 43,00 37,00 

4 Canadian Congenital Anomalies Surveillance System
42 

1991-1999 95,20 91,20 88,50 

5 Carter (1958)
43 

1944-1955 46,90 39,70 36,80 

6 CBS-table 'primary causes of death 1996-2005 96,00 92,00 89,30 

7 Collman & Stoller (1963) 1948-1957 68,90 49,40 46,20 

8 Dastgiri, Gilmour & Stone (2003)
44 

1989-1997 87,70 84,00 79,30 

9 De Walle et al (1995)
45

 1981-1991 83,00 79,50 75,00 

10 Dupont, Vaeth & Videbeck (1986) 1976-1984 91,97 83,99 82,40 

11 Elwood & Darragh in Maaskant (1993) 1960-1969 64,40 55,70 53,30 

12 Fabia & Drolette in Maaskant (1993) 1950-1966 76,80 66,40 64,50 

13 Freyers & MacKay in Maaskant (1993) 1961-1977 83,30 68,80 67,00 

14 Frid (2002)
46 

1973-1980 85,40 76,50 74,60 

15 Frid (2002)
46 

1995-1998 97,50 93,50 90,80 

16 Fryers (1986)
47 

1961-1980 81,40 77,20 70,70 

17 Gallagher & Lowry in Malone (1988) 1952-1971 88,15 84,90 82,70 

18 Glasson et al (2002) 1961-1970 94,00 86,70 84,00 

19 Glasson et al (2002) 1971-1980 94,00 90,70 89,00 

20 Glasson et al (2002) 1981-1990 94,00 91,90 89,00 

21 Glasson et al (2002) 1991-2000 97,80 97,30 95,00 

22 Hayes et al (1997)
48 

1980-1989 88,00 86,90 82,00 

23 Lane & Stratford (1988)
49 

1948-1958 38,00 32,00 30,00 

24 Leonard et al (2000)
50 

1980-1985 87,00 84,00 79,00 

25 Leonard et al. (2000)
50 

1986-1990 89,00 86,00 85,00 

26 Leonard et al (2000)
50 

1991-1996 94,00 88,00 87,00 

27 Lewis in Steele & Stratford (1995) * 1915-1919   14,60 

28 Lunn (1959)
51 

1953-1958 76,10 65,80 65,00 

29 Maaskant (1993) 1979-1983 92,80 89,60 88,25 

30 Malone (1988)
52

 *
 

1976-1984 92,50 87,00 85,28 

31 Malone (1988)
52

 * 1966-1975 77,26 63,00 59,55 

32 Masaki et al (1987) 1966-1975 93,60 86,00 84,80 

33 McGrother & Marshall in Maaskant (1993) 1976-1985 82,50 79,00 76,70 

34 Midwinter (1972) * 1951-1956 64,00 55,40 53,00 

35 Mulcahy in Maaskant (1993) 1966-1975 83,50 69,00 71,30 

36 Mulcahy & Reynolds (1985) * 1940-1954 53,00 47,00 44,00 

37 Mulcahy & Reynolds (1985) * 1955-1959 55,70 48,20 45,00 

38 Mulcahy & Reynolds (1985) * 1960-1964 61,60 53,30 51,00 

39 Mulcahy & Reynolds (1985) * 1965-1969 64,00 55,40 53,00 

40 Mulcahy & Reynolds (1985) * 1970-1974 84,00 74,00 70,00 

41 Penrose (1949) * 1933-1938   22,00 

42 Record & Smith in Maaskant (1993) 1942-1952 49,90 44,10 39,15 

43 Ross, Innes & Kids in Steele & Stratford (1995) * 1941-1956 64,00 55,40 53,00 

44 Steele & Stratford (1995) * 1962-1977 77,00 63,00 60,00 

45 Stratford & Steele (1985) * 1963-1973 73,00 60,00 57,00 

46 Wing in Steele & Stratford (1995) * 1931-1941 59,00 44,00 38,00 

Superscript numbers in the table are references of the articles, not mentioned in the text 
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Population prevalence 

By combining the modeled actual birth prevalence with the constructed survival 

curves for each year of birth, the population prevalence and age distribution for each 

calendar year from the 1950's onwards could be computed.  

 

Predicting future prevalence rates 

In order to apply this model for future predictions, it was necessary to make some 

additional assumptions: 

• The distribution of maternal age at birth in the general population will stay 

unchanged (with a high percentage of older mothers).  

• The total amount of births in general and the development of the total 

population in future years can be based on prognostic models of CBS, CSO 

and ONS. 

• The reduction percentage due to selective terminations of Down syndrome 

pregnancies will only be slightly higher than nowadays, and will be 40% in the 

Netherlands and 50% in England/Wales in coming decades. Selective 

termination of Down syndrome pregnancies in Ireland will remain practically 

absent. 

• The 10-years-survival rates will only slightly improve to 95% for the next 

decades. 

• The survival curve above 10 years of age will be stable and unchanged for the 

next decades.  

 

Only a slight increase was assumed in the reduction percentage due to selective 

abortion in the Netherlands and England/Wales because, according to the theory-

based model, the reduction percentage for women above the age of 35 has been 

nearly constant for the last fifteen years (around 45% in the Netherlands and around 

55% in England/Wales). For the subgroup of women younger than 35, the reduction 

percentage in England/Wales increased from 1989 to 1997 from 7 to 35% and stayed 

nearly constant in subsequent years. In the Netherlands, the reduction percentage 

gradually grew from nearly zero in 1991 to 20% in 2004. There seems to be more 

recently a fairly consistent quantitative subgroup of women in both countries that do 

not want to make use of prenatal testing services. The increase in Down syndrome 
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reduction percentage due to selective abortion for all pregnant women (from 20 to 

35% in the period 1991-2004 in the Netherlands; from 25 to nearly 50% in 1989-2004 

in England/Wales) is for a very large part the consequence of rising maternal age and 

only for a small part the result of a higher percentage making use of prenatal services 

in pregnant women under 35. The assumption of an unchanged maternal age 

distribution will result in only a slight increase in reduction percentages due to 

selective abortion in coming years. 

 

RESULTS 

 

Validating the model 

The next step is validating the theory-based model and, if necessary, adapting the 

model by comparing the predicted birth prevalence, life expectation and mortality 

rates, population prevalence, and age distribution with empirical data from the three 

countries. However, 14 of the 26 empirical datasets in these comparisons were 

actually also used in developing the model. The issue whether these comparisons 

can be considered to be a real external validation of the model will be elaborated 

upon in the discussion. 

 

Comparison with empirical data on birth prevalence of children with Down 

syndrome 

For the purpose of validation, results on assessed birth prevalence on Down 

syndrome of the theoretical model were compared with data on actual birth 

prevalence from eight studies (figure 3) from the UK (3), Ireland (2) and the 

Netherlands (3). The model fits the empirical data fairly well. For the UK, the 

theoretically-based results on average are 2% higher than the 1978-1992 data of 

Huether et al (1996), 5% lower than the 1991-2003 combined UK EUROCAT data 

and 2% higher than the 1990-2004 NDSCR data (see for the NDSCR data also 

Morris & Alberman, 2009).
25

 For Ireland, the theoretically-based results on average 

are 2% higher than the 1966-1983 data of Mulcahy & Reynolds (1985) and 6% 

higher than the 1980-2003 combined Irish EUROCAT data.
26

 For the Netherlands, 

the theoretically-based results are slightly higher (8%) than the actual 1996-2003 

LVR/LNR data, and the NSCK-data. Furthermore, the theoretically-based results on 

average are 5% higher than the 1980-1989 Dutch EUROCAT data. However, for the 
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period 1990-2004 the theoretically-based results on average are even much higher 

(28%) than the Dutch EUROCAT data. But, as has been stated before, the LVR/LNR, 

NSCK and Dutch EUROCAT register are likely to suffer from under-ascertainment.
5
 

Correcting for this bias, Weijerman et al (2008) estimated live birth prevalence in 

2003 even to reach 16 per 10 000, which is 2 points (14%) higher than our theory-

based estimation for 2003.
5
  

 

Figure 3. Down syndrome birth prevalence; comparison of model with other studies 

 

Comparison with empirical data on mortality and life expectancy 

The theoretically-based model outcomes on mortality were compared with data from 

a Dutch study of Coppus et al (2006).
27

 From 2000 onwards, they did a follow-up of 

506 persons with Down syndrome over 45 years of age. Mortality after a mean 3.3  

years of follow-up was in the age group 45 to 50 8%, age 50-54 14%, age 55-60 28% 

and age >60 49%. Our model would predict comparable mortality rates for a similar 

period of 3.3 years, respectively 7, 13, 25 and 39%. The difference between the 

model outcome on mortality in the age group >60 and the empirical data of Coppus 

et al could very well be the result of chance, as Coppus et al studied a fairly small 

group (of 39 persons) in this age range, which results in a 95% confidence interval of 

approximately 33-64%. 
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 According to results of the study of Yang et al (2002) in the USA median age at 

death for persons with Down syndrome increased from 25 years in 1983 to 49 years 

in 1997.
22

 Our model would predict a similar increase in median age of death from 24 

to 50 years in the same period. 

 For each year of birth a survival curve was constructed and life expectancy for 

the respective years of birth was estimated. The theoretically-based model outcomes 

were compared with empirical studies on Down syndrome life expectancy at birth. 

Penrose (1949) estimated Down syndrome life expectancy to be 9 years in 1930 and 

12 years in 1949.
24

 On the basis of our model for the same years, this would be 11 

and 22 years, respectively. Collman & Stoller (1963a;b) estimated a life expectancy of 

10 years for the year of birth 1955 and 16 years for 1963.
28,29

 Our model would 

predict for the same period 25 and 28 years, respectively. Deaton (1973) estimated 

30 years for 1970
30

, our model would predict 35 years. Masaki (1981) and Maaskant 

(1993) both estimated life expectancy to be 49 years for 1980
31,23

, our model would 

predict 43 years. Dupont et al (1986) estimated 46 years for 1989
32

, our model 

exactly the same. Glasson et al (2002) estimated median life expectancy for 2000 to 

be 59 years.
21

 On basis of Glasson et al’s survival curve it could be estimated that 

this results in a mean life expectancy of 54 years
21

, which is comparable with the 52 

years of our model for 2000. Both the historical empirical data and the model-based 

results show a clear increase of Down syndrome life expectancy from around 10 

years in 1930 to more than 50 years nowadays. This is a sharp increase compared to 

the development of life expectancy in general population with an increase of 20 years 

in the same period to an age of 78.
33-35,13

 Some of the older historical studies 

estimate Down syndrome life expectancy to be lower than our model predicts for the 

year of birth concerned. A possible explanation for these differences is that in 

assessing life expectancy these studies used survival data from those born in earlier 

years, which could lead to a huge underestimation of life expectancy when survival 

rates actually significantly improve in successive years. 

 

Comparison with empirical data on population prevalence and age distribution 

The most important question in validating the theoretically-based model is with regard 

to the central question: does the model represent similar data compared to 

representative population-based empirical data on Down syndrome prevalence and 

age distribution? For the Netherlands, complete empirical studies on population 
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prevalence are absent. However, it proved possible to make a comparison between 

the model and the outcomes of three recent Dutch studies, however, with limited 

samples. Coppus et al (2006) studied a population-based sample of 506 persons 

with Down syndrome over 45 years of age in the Dutch regions of Rotterdam, 

Zeeland, Noord-Brabant and Gelderland.
27

 Four age groups were distinguished: <50, 

50-54, 55-59 and >60 years. The correlation between these empirical and the 

modelled data in age distribution is r=0.998 (p<0.002). The second author of this 

article collected information in 2008 on 1073 persons (30+ years of age) with Down 

syndrome in Dutch institutions. The correlation between empirical and modelled data 

in age distribution in ten age groups is r=0.93 (p<0.001). Finally, on the basis of a 

count by 21 out of 116 SLD-schools in the Netherlands of pupils with Down syndrome 

(4-13 years of age) in their region (in special as well as regular education), the first 

author of this article could estimate the grand total of Down syndrome in the 

Netherlands in primary school age to be about 2200, whereas the model predicts 

about 2100. Although all of these more recent studies are limited in scope, their 

results are in good accordance with the model. 

 For England/Wales, there are four complete studies on Down syndrome 

population prevalence and age distribution available. In 1949, in the London region, 

Penrose counted a total of 138 persons with Down syndrome in a population out of 

773 000 inhabitants. This would equal a population prevalence of 1.8 per 10 000. 

Penrose stated in his publication that under-ascertainment in the age range 0-10 

years was extremely high.
24

 After correcting for under-ascertainment Penrose 

assumed population prevalence to be 3.2 per 10 000. Our model predicts a 

comparable figure with 3.1 per 10 000 for England/Wales in 1949. Midwinter counted 

in 1968 in the Bristol region 229 persons with Down syndrome in a population of   

427 780 inhabitants. This study equals a population prevalence of 5.4 per 10 000.
36

 

Our model predicts a slightly lower prevalence figure of 4.6 per 10 000. In 1982, in 

the combined Sheffield and Buckingham region, Stratford and Steele (1985) counted 

530 persons with Down syndrome in a population of 1 145 200 inhabitants.
37

 

Population prevalence would be 4.6 per 10 000 for the combined regions. Our model 

predicts a somewhat higher prevalence of 5.5 per 10 000 for England/Wales in 1968. 

Between the two regions, population prevalence differed widely, with 5.1 in Sheffield 

and 4.2 in Buckingham. This difference suggests that there might be under-

registration in certain age groups. In 1987 Steele & Stratford (1995) in 30 different 



 64 

Social Service and Health Authority registers across the UK identified about 3700 

persons with Down syndrome in a total population of approximately 7 million.
9
 

According to Steele & Stratford, following adjustment for under-ascertainment in 0-4 

years, this would equal a total of 30 099 persons with Down syndrome for England, 

Wales and Scotland. The authors claim a population prevalence figure in 1987 of 6.7 

per 10 000. This last assessment must be a computational error. According to ONS, 

the resident population in 1987 was 55 222 million in England, Wales and Scotland. 

With an estimated total of 30 099 persons with Down syndrome, this would yield a 

population prevalence of 5.5 per 10 000 (and not 6.7 per 10,000). Our model predicts 

a comparable 5.7 per 10 000 for 1987. 

 It can be concluded that the results of the theory-based model are quite 

consistent with the empirical data on total population prevalence of the four UK 

studies. Quite similar results are also achieved with regard to age distribution. 

Correlations between modelled age distribution and empirical data are respectively r= 

0.99 (p<0.001) for the 1949 data on age-distribution in 8 age groups of Penrose (after 

correcting by Penrose for under-ascertainment in the age range 0-10 years), r= 0.76 

(p<0.004) for the 1968 data on age-distribution in 12 age groups of Midwinter, r=0.97 

(p<0.001) for the 1982 data on age-distribution in 8 age groups of Stratford & Steele, 

and r= 0.99 (p<0.001) for the 1987 data on age-distribution in 14 age groups of 

Steele & Stratford. In the counts of Midwinter there is a clear under-registration in the 

age range 0-4 years. If we exclude the data for the age range 0-4 years, the 

correlation coefficient between modelled and empirical data reaches r= 0.97 

(p<0.0001). 

 

Adjustments of the model after the validation process 

Our initial model does fit the Dutch and British empirical data fairly well and no 

adjustments have to be made. With regard to the republic of Ireland, Mulcahy & 

Reynolds (1985) published data from the Irish census of 1974 and 1981.
26

 For 1974 

a total of 2992 persons with Down syndrome were counted in the Irish population of 

31 239 million inhabitants. In 1981 the respective figures were 3559 in 34 434 million. 

The Down syndrome population prevalence figures are 9.6 per 10 000 for the year 

1974 and 10.3 for 1981. The theory-based model shows higher values with 12.2 and 

12.6 respectively. This difference is partly due to a higher estimation of children with 

Down syndrome in the age range 0-4 years in our model. This discrepancy could be 
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again the result of under-ascertainment in the empirical data. However, our model 

also shows much higher prevalence rates in the age range 20-54 in 1974 and in the 

age range 35-54 in 1981. All of these are Irish persons born between 1920 and 1955. 

By comparing information from CBS, CSO, ONS and the Registrar General Northern 

Ireland Annual Report (2004) on infant mortality in general population in the 

Netherlands, the UK and Ireland respectively, it could be demonstrated that infant 

mortality in the period 1920-1955 was almost twice as high in Ireland in comparison 

with both other countries.
38

 This gap between countries is closing in more recent 

years. It can be expected, that a higher general infant mortality will co-occur with a 

much higher infant mortality in Down syndrome, as these children often are more 

vulnerable. Therefore an adapted model for Ireland was constructed with a lower 10 

year survival rate for persons with Down syndrome born between 1920 and 1955. 

Assuming 10 year survival for persons with Down syndrome in Ireland for 1950-1955 

was 84% and for 1920-1949 60% of the values used in our model for both other 

countries, the adjusted model predicts numbers in the corresponding age ranges that 

are in more accordance with the census data. Predicted population prevalence rates 

on basis of the adjusted model are 10.5 per 10 000 in 1974 and 11.1 in 1981. Age 

distribution of the initial model showed a correlation coefficient of r= 0.91 (p<0.005) 

with Irish census data on age distribution in 7 age groups of 1974 and r= 0.93 

(p<0.002) with 1981 census data. After correction the concordance was r= 0.98 

(p<0.001) and 0.93 (p<0.002) respectively. In comparison with the initial model the 

adjusted model predicts a slightly lower population prevalence, ranging from 14% 

lower in 1974 to only 3.5% in 2005. 

 

Assessments of prevalence rates with the model 

In regard to birth prevalence, the present model shows similar trends and results in 

all three countries (figure 3). Until the early eighties, there is a sharp decrease in 

Down syndrome live birth prevalence caused by a decreasing percentage of older 

mothers, due to smaller family size. From the early eighties onwards, as a 

consequence of postponed motherhood, the percentage of mothers older than 35 

years of age is growing again. This demographic trend produced a clear increase in 

natural Down syndrome live birth prevalence. However, from the early eighties 

onwards prenatal services have been developed and expanded in the Netherlands 

and England/Wales, resulting in a small increase in actual live birth prevalence in the 
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Netherlands, and with only a very slight growth since the nineties in England/Wales.  

 If we look in more detail at the timing of events and the corresponding values 

of live birth prevalence, some cultural differences between the three countries 

emerge. A pattern of large families can particularly be observed in Ireland, where the 

percentage of 35+ mothers has always been higher than in both other countries and 

where the onset of a decrease in this percentage fell some 15 years later. Also, some 

difference between England/Wales and the Netherlands existed before 1975 with a 

higher percentage 35+ mothers and a corresponding higher natural live prevalence in 

the Netherlands. Starting in the early seventies the gap in percentage of older 

mothers and natural birth prevalence rates has disappeared between both countries. 

The differences in actual birth prevalence between both countries since the early 

seventies are caused by differential use of selective abortion. England/Wales has a 

policy of a more active approach since the early nineties by offering prenatal 

screening services to all pregnant women. There also seems to be a different attitude 

towards abortion between both countries. The abortion rate in the general population 

is twice as high in England/Wales as compared to the Netherlands.
39

 It is expected 

that also in the Netherlands a small increase in Down syndrome birth reduction due 

to selective abortion will take place in future years, since screening is offered more 

actively in most recent years.  

 Down syndrome reduction rates due to selective abortion have been 

increasing in the Netherlands from approximately 20% in the early nineties to some 

35% in 2003, and in England/Wales in the same period of time from around 25% to 

over 45%. Therefore, one might conclude that children with Down syndrome are less 

welcome nowadays. However, this conclusion would be premature, since increasing 

reduction rates are to a large extent a function of a growing proportion of mothers 

above the age of 35 years in the general population. Within this group of elder 

women the reduction rates have been nearly constant in both countries throughout 

the last 15 years. 

 Population prevalence of persons with Down syndrome is a function of 

incident cases at birth and life expectancy. Life expectancy for persons with Down 

syndrome has been dramatically improved during the twentieth century. Figure 4 

shows predicted population prevalence rates for the period 1950-2050 in the three 

countries concerned. It shows also prevalence estimates, if there had never been 

any prenatal testing and selective abortion. These figures give an impression of the 
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impact of prenatal services on Down syndrome population prevalence. 

 The estimates of population prevalence of persons with Down syndrome in the 

Netherlands (figure 4) show a sharp increase until 1970. After this year it reaches a 

more or less stable level. In England/Wales and Ireland Down syndrome population 

prevalence was clearly rising till 1990 and reached a relatively stable level in 

following years. Nowadays, in absence of selective abortion, population prevalence 

of persons with Down syndrome would have been 14% higher in the Netherlands and 

25% in England/Wales. As a result of selective abortion, Down syndrome population 

prevalence in the Netherlands and England/Wales has been more or less stable 

since 1990. Recent Down syndrome population prevalence rates are assessed by 

this model as 13.1 per 10 000 persons in Ireland, 7.7 in the Netherlands and 6.1 in 

England/ Wales. Within its assumptions, for the Netherlands and England/Wales a 

slight decrease to respectively 7.1 per 10 000 persons and 5.6 per 10 000 persons in 

2030, and for Ireland a small increase to 13.5 in 2015 is expected.  

 Changes in birth prevalence and in childhood survival have altered the age 

distribution of the Down syndrome population. Using the outcomes of the model in 

1950 only 20% of Dutch persons with Down syndrome were older than 20 years of 

age and 3% older than 40 years, compared to respectively 65% and 36% nowadays. 

For England/Wales the age distribution is quite similar. However, the model estimates 

show that in Ireland only 25% of the recent Down syndrome population is older than 

40 years, due to higher birth prevalence rates in recent decades in comparison with 

both other countries.  

 The predicted numbers of persons with Down syndrome by age group for the 

period 1950-2050 in the Netherlands based on the theoretical model are shown in 

figure 5. These results demonstrate that the numbers of ‘older’ persons with Down 

syndrome (over 40 years of age) in the Netherlands will reach a peak in the year 

2010 with about 4600 persons. This is twice as much compared to the number of 

persons with Down syndrome in 1990. 
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Figure 4 Down syndrome population prevalence; past and future expectation with or without selective abortion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Age distribution of persons with Down syndrome in the Netherlands; past and future expectations 
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DISCUSSION 

Some of the empirical datasets in the validation process were actually also used in 

developing the model. In regard to our estimation of actual birth rates, this applies to 

the NDSCR-database. We used the model of Morris et al (2002) of Down syndrome 

maternal age-related risk.
11

 In addition, we used data of Savva et al (2006) in 

constructing a precise correction factor for natural fetal loss.
17

 Both Morris and 

Savva, however, based their investigations on the NDSCR-database. This implies 

that the comparison of our modeled results with the birth prevalence rates in the 

NDSCR-database should not be considered to be a truly external validation, but 

rather only shows a goodness of fit. However, the comparisons with the other seven 

studies of Down syndrome birth prevalence are genuinely external validations, as 

these studies were not used at all in constructing our modeled birth prevalence 

rates.
25,26,4,12

  

 Four out of the seven comparisons with empirical studies on Down syndrome 

life expectancy at birth should not be considered truly external validations. Survival 

curves of Glasson et all (2002), Maaskant (1993), Dupont et al (1986) and Penrose 

(1949) were used both in constructing the survival curves above 10 years of age as 

in estimating 1-year, 5-year and 10-year survival rates in our model.
21,23,24,32

 Since 

the estimation of life expectancy at birth is derived from survival curves, it would be 

surprising if in this regard model and empirical data from these studies would not 

converge. However, data of Collman & Stoller (1963a;b) and of Masaki (1981) were 

only used in estimating 1-year, 5-year and 10-year survival rates in our model, 

amongst many other studies.
28,29,31

 Leaving out the data of Collman & Stoller and of 

Masaki in constructing our model, and in doing so making their data actually external 

to our model, does not make any difference for the derived parameters (the 1-year, 5-

year and 10-year survival rates). Following this line of thought, we would argue that 

the comparisons with these two studies could be considered to be external 

validations. Data of Deaton (1973), finally, were not used at all in constructing the 

model.
30

 So the comparison with this study is indisputably an external validation. In 

constructing our model, with regard to studies on mortality, not on life expectancy at 

birth, the study of Yang et al (2002) was only used to make a small adjustment in the 

1-year, 5-year and 10-year survival rates in the early nineties.
22

 However, also 

without this adjustment, the model would predict a similar increase in median age of 

death from 24 years in 1983 to 50 years in 1997. Finally, the comparison between the 
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study of Coppus et al (2006) and our model, regarding mortality rates in persons with 

Down syndrome over 45 years of age, should be considered a genuinely external 

validation.
27

 The work of Coppus was not used at all in constructing our model. 

 In regard to our estimations of population prevalence, the comparison of our 

model with the data of Penrose (1949) should not be considered a truly external 

validation, as the data of Penrose were used both in constructing the survival curves 

above 10 years of age (for the period before 1955) as in estimating 1-year, 5-year 

and 10-year survival rates in our model.
24

 However, the data of Midwinter (1972), 

Stratford & Steele (1985), Steele & Stratford (1995) and Mulcahy & Reynolds (1985) 

were used only in estimating 1-year, 5-year and 10-year survival rates in our model, 

amongst many other studies.
36,37,9,26

 Leaving out the data of one of these four studies 

in constructing our model, and in doing so making the data of that specific study 

actually external to our model, does not make any difference for the derived 

parameters (the 1-year, 5-year and 10-year survival rates). Even leaving out all of the 

data of these four studies leads to only a small difference in the derived parameters, 

with 1-year, 5-year and 10-year survival that are approximately 6% higher for the 

period 1960-1980 and unaltered for other periods. Since eventually almost the same 

model is constructed, if we leave out all the data of these four studies in the 

constructing process, we would argue that the comparisons with these studies could 

be considered to be external validations. Finally, the comparisons with the three 

Dutch studies (on more limited samples) are without doubt genuinely external 

validations, since none of these studies were used in constructing the model. 

The theory-based model for Down syndrome prevalence has a fairly good fit 

with available empirical studies. In addition, it provides supplementary data in 

situations with a clear lack of empirical material, for instance in regard to Down 

syndrome population prevalence in the Netherlands and for recent years for 

England/Wales and Ireland as well. Moreover, the model can be used for 

understanding and predicting long-term developments. It provides detailed 

information on developments in birth prevalence, population prevalence and age 

distribution of Down syndrome. The theory-based model also yields more insights in 

the effects on birth and population prevalence and age distribution of changes in 

maternal age, the growing use of prenatal testing, cultural differences between 

countries in both these properties, as well as changes in mortality.  

 For the Netherlands, birth prevalence (in 2003) is estimated at 14 per 10 000 
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with a total of around 275 births annually. The impact of selective abortion is lower 

than in the UK. Present Dutch Down syndrome population prevalence is estimated at 

7.7 per 10 000 and the grand total at 12 600 individuals, of whom approximately 

4600 are under the age of 20 and 4500 above 40 years old. The prevalence of ‘older’ 

persons with Down syndrome (over 40 years of age) in the Netherlands will reach a 

peak in 2010, a doubling compared to 1990, implying an increased demand on 

medical care and counseling. 

 Constructing and validating a theoretically-based model is an inductive task 

with many methodological challenges and assumptions. Important variables have to 

be defined and selected, and the model outcomes have to be externally validated 

with empirically based outcomes.  

 Natural birth prevalence, total amount of abortions, and the correction factor 

for natural miscarriages can be estimated fairly accurately and this will not lead to a 

large contrast with reality. In estimating natural birth prevalence, the model for 

maternal age-specific risk for Down syndrome was used as developed by Morris et al 

(2002).
11

 Their model is the most recent one and is based on a large dataset with a 

high level of ascertainment.
10

 However, predicted birth and population prevalence 

would be 5 to 11.5% higher if one of the other recent models for maternal age-

specific risk for Down syndrome had been used.
10,40,41

 The choice for the Morris 

model, instead of one of the other models, might possibly give some explanation for 

the higher Dutch Down syndrome birth prevalence rate that Weijerman et al 

estimated for the year 2003.
5
 The Capture-Recapture method, as used by Weijerman 

and colleagues, could also lead to a small overestimation by missed true matches 

and/or false positive cases. Consequently, there remains a possibility that the 

prediction of Weijerman et al is too high.
5
 The model-predicted birth prevalence rates 

for England/Wales are in almost perfect accordance with the reliable counts from 

1989 onwards of the NDSCR (the theory-based model even predicts slightly higher 

values). The NDSCR has a verified high level of ascertainment of 95%.
10

 Therefore, it 

appears unlikely that another model of maternal age-specific risk would yield better 

fitting results in regard to birth prevalence. 

 In regard to population prevalence, the accuracy of predictions is dependent 

on an accurate model for mortality. In this study a model was developed in which 10-

year-survival rates have been gradually increasing during last century. Perhaps in 

reality these changes were more intermittent, like it was modeled for the early 
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nineties. Furthermore, in the theory-based model the same survival curve after 10 

years of age was used from 1955 onwards whereas survival above ten years of age 

might have increased in recent years. However, the theory-based model predicts 

mortality rates in accordance with recent empirical findings of Coppus et al (2006) in 

the age range 45+.
27

 Moreover, the age-distribution of Down syndrome deaths of the 

theory-based model for the period 1996-2005 fits fairly well data on age distribution in 

19 age groups of the National Office for Statistics (CBS) in the same period on 

deceased persons with Down syndrome as primary cause of death. The correlation 

coefficient between modelled and empirical data is r= 0.96 (p<0.001).
13

  

 The theory-based model is not directly applicable to every country. In 

assessing Down syndrome birth prevalence rates, it is necessary to collect valid 

historical statistical information on maternal age births data in the general population 

and data on selective terminations of Down syndrome pregnancies. In assessing 

Down syndrome population prevalence rates, as can be learned from the example of 

Ireland in the period 1920-1955, historical and regional differences in infant mortality 

rates, with corresponding effects on Down syndrome survival, have to be taken into 

account, especially in regard to countries with a less well-developed medical system 

and more poverty. The mortality rates in the present model are based on studies from 

developed countries and as a consequence the model only is applicable to those 

countries. Down syndrome population prevalence in a less developed country can 

only be estimated if valid information on Down syndrome survival in the relevant 

country is available. 

 In regard to population prevalence, the most recent empirical study for 

validating the present theory-based is over 20 years old. More recent complete 

studies in Down syndrome population prevalence from the three countries are 

lacking. However, it proved possible to make a comparison with three recent Dutch 

studies with more limited samples. Their results are in good accordance with the 

model. 

 The best way of assessing the prognostic validity of the model would be a 

comparison with future empirical data. It is important to note that the present model is 

a dynamic model. It can and has to be adapted to changes in future demographic 

trends.  

 In predicting future population prevalence rates, it was assumed that the 

distribution of maternal age at birth will stay unchanged for the next decades. This 
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assumption could prove to be false as maternal age at birth has been rising during 

the last decades. However, in their prognostic projections, CBS, CSO and ONS 

assume that this trend will not continue into the next decennia.
13-15

  

 Future development of birth prevalence is largely dependent on how many 

pregnant women will make use of prenatal screening, testing and selective abortion. 

If, in contrast with the assumptions, this would increase to a large extent, the model 

needs to be adjusted. Another assumption is that ten-years-survival rates will only 

slightly improve to 95% for the next decades. However, a larger improvement would 

only have a marginal effect on population prevalence since in the three countries for 

which the model was developed ten-years-survival rates are already very high. More 

or less the same applies to survival rates in older children and young adults. 

Improvement in their survival would also only have a small effect on predicted future 

population prevalence. Nowadays, many persons with Down syndrome die between 

50 and 60 years of age. If medical advancement would change this, the model 

certainly needs adjustment, especially for the number of persons above 40 years of 

age. An important question is whether these uncertainties in the future predictions 

can be quantified. Ascribing error terms to the various parameters, and using these to 

derive error bounds on the predictions would be ideal but is beyond the scope of our 

present approach. However, it is possible to provide some idea of the effect of 

varying parameters. The future development in Down syndrome population 

prevalence largely depends on the future development in maternal age and in uptake 

of prenatal services. We could construct a minimum and a maximum variant. In the 

following explanation, we will limit ourselves to the Dutch predictions. In a minimum 

variant, maternal age does not rise in the next decades, and the reduction 

percentage due to selective terminations in the Netherlands increases to 50% instead 

of 40%. This variant leads to a birth prevalence in the next decennia that is 17% 

lower than assumed in the original model and to an estimation of population 

prevalence that, in comparison with the original model, is 6% lower in 2030 (6.7 per 

10 000 instead of 7.1). In a maximum variant, maternal age increases, while the 

reduction percentage for women above the age of 35 and this percentage for women 

below age 35 stay constant. Actually, this has been more or less the situation in the 

Netherlands from the early nineties till at least 2003. The resulting increase in actual 

birth prevalence has been on average 0.2 per 10 000 per year. We could assume this 

trend to continue in next decades, starting with an actual birth prevalence of around 
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14 in 2005 till in 2030 a peak value is reached of 19. This variant leads to an 

estimation of population prevalence that, in comparison with the original model, is 

14% higher in 2030 (8.1 per 10 000 instead of 7.1). 

 The most important strengths of our modelling method are (1) the fact that it 

can provide supplementary data on Down syndrome prevalence in situations with a 

clear lack of empirical material and (2) it can be used in predicting long-term 

developments. The most important limitations are (1) the necessity of valid data on 

maternal age at birth in the general population and on selective abortions and (2) the 

fact that the survival curves need adjustment for the model to be applied to countries 

with a less well-developed medical system and more poverty. 
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Appendix: How does the model operate? 

Step 1: natural live birth numbers and prevalence 

Data on births by maternal age in general population are available from national 

statistical offices. Morris formula is: risk = 1/(1+exp(7.330-4.211/(1+exp(-

0.282*(maternal age-37.23))))). In this formula a maternal age of for instance 36 

actually means an age range of 36-37 (so on average: 36.5). Statistical offices can 

use different definitions for maternal age. It is important to make sure which range is 

meant with for instance an age of 36. The first step is combining these maternal age 

data with the formula. For instance in the Netherlands in 2000, 8079 children were 

born by women of 36 years of age (CBS, in this table, uses a definition in which 36 

year is indeed the range 36-37). The natural risk for Down syndrome is for the 

maternal age range 36-37: 1/(1+exp(7.330-4.211/(1+exp(-0.282*(36-37.23))))) = 

0.003758. So in 2000, in the absence of prenatal services, 0.003758 x 8979 = 30.2 

children with Down syndrome would have been born in women of 36 years of age. By 

combining these data for each maternal age, it can be estimated that in 2000 401 

children with Down syndrome would have been born in the absence of prenatal 

services. By dividing the estimated number of children with Down syndrome for each 

year of birth by the total annual number of children born in the Netherlands (CBS-

data), and multiplying this with 10 000, we arrive at the annual natural birth 

prevalence per 10 000 births. 
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Step 2: actual live birth numbers and prevalence 

We need data on selective terminations of pregnancies, available for instance from 

WPDT and NDSCR. Because the period between a prenatal diagnosis and birth is 

approximately half a year, we assumed that half of the children aborted in a particular 

calendar year, if not aborted, would have been born in that same calendar year and 

the other half in the next calendar year. If we want to know the actual number of 

Down syndrome births in for instance 2000, we need to know the number of selective 

TOP’s in 1999 and in 2000. We estimated that every 100 induced Down syndrome 

abortions leads to a net result of 73 prevented births of children with Down syndrome 

(if more details were available about maternal age at prenatal diagnosis and type of 

prenatal testing, we constructed a more precise correction factor, see the article). In 

the Netherlands for instance, in 1999 and 2000, 149 and 162 Down syndrome 

pregnancies were terminated, respectively. This implies that the net reduction of 

Down syndrome births in 2000 was around 0.73x ((149+162)/2) = 114 children. So 

the estimated actual number of Down syndrome births would be 401-114 = 287. By 

dividing the estimated number of children with Down syndrome for each year of birth 

by the total annual number of children born in the Netherlands (CBS-data), and 

multiplying this with 10 000, we arrive at the annual actual birth prevalence per         

10 000 births. 

 

Step 3: population prevalence 

For each year of birth we have estimated 1-, 5- and 10-year survival rates (for the 10-

year rates, see figure 1). For instance of the 287 children born in 2000, 96% will still 

be alive in 2001 (1-year survival of 96%), 94% in 2005 and 93% in 2010 (267 

children). The numbers for intermediary ages are extrapolated. For the survival 

above 10 years of age the curve in figure 2 is applied. For instance in 2020, of the 

children born in 2000 and still alive in 2010 (n=267), 94.4% (percentages taken from 

figure 2) will still be alive in 2020 (at age 20), 90.8% in 2030 and 76.3% in 2050 (204 

persons). Using this same approach for each year of birth the number of persons still 

alive in following calendar years can be estimated. By adding up for each calendar 

year the estimated number of persons from preceding years that are still alive, and 

dividing this total by the total number of inhabitants (data from national statistical 

offices) and multiplying this with 10 000, we arrive at the estimated population 

prevalence per 10 000 inhabitants per calendar year. 
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ABSTRACT 

 

Objectives: To examine the validity of the six-minute walk test (6MWT) as a tool to 

evaluate functional exercise performance in patients with Down syndrome (DS). 

Design: Comparison of the six-minute walk distance (6MWD) in 2 distinct groups of 

DS patients: with and without severe cardiac disease. To test reproducibility, a 

group of patients with DS performed the 6MWT twice.  

Setting: Tertiary referral centres for patients with congenital heart defects and 

outpatient clinics for people with intellectual disabilities. 

Participants: In total 81 adult patients with DS with (N=29) and without (N=52) 

severe cardiac disease, categorized by cardiac echocardiography.  

Interventions: Not applicable. 

Main Outcome Measure: Distance walked on the 6MWT 

Results: Mean 6MWD in the group with severe cardiac disease was 289±104m 

and in the group without severe cardiac disease 280±104m (p=0.7). Older age, 

female gender and severe level of intellectual disability were all found to be 

independently and significantly correlated with lower 6MWD (r=0.67, p<0.001). The 

paired 6MWD was not significantly different (310±88m vs. 317±85m; p=0.4) in 

patients who performed the 6MWT twice. The coefficient of variation was 11%. 

Conclusions: The 6MWD between the two groups was not significantly different. 

However, the walking distance inversely correlated with the level of intellectual 

disability. Therefore, the 6MWT is not a valid test to examine cardiac restriction in 

adult patients with DS. 

 

Key words: Exercise test; Trisomy 21; Cardiorespiratory fitness; Intellectual 

disability 
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INTRODUCTION 

 

The six-minute walk test (6MWT) is a practical, simple and inexpensive exercise-test 

that is easy to perform with minimal equipment. The test measures the distance that 

a patient can quickly walk on a flat, hard surface in a period of six minutes. Because 

this test is a sub-maximal exercise test, it reflects patient’s capacity to undertake day 

to day activities.
1
 Furthermore, the 6MWT is currently the test of choice when using a 

sub-maximal walk test for clinical or research purposes.
2
 Recently, the American 

Thoracic Society (ATS) published guidelines for performing 6MWTs in adults in 

clinical settings.
1
 Reliability of the 6MWT has been demonstrated for patients with 

cardio- and respiratory diagnoses, as well as for various other conditions.
3, 4 It has 

been proven to be valid in children.
5-8

 The 6MWT has also been utilized to evaluate 

treatment response in patients with Eisenmenger syndrome, with and without Down 

syndrome (DS).
9-11

 To our knowledge, despite its frequent use, the validity of the 

6MWT has never been investigated for individuals with DS, and reference values are 

not available. As the 6MWT is being used in the clinical setting for patients with DS, 

research on the 6MWT in DS is particularly relevant. Moreover, several studies have 

substantiated the physical limitations specific to the condition of DS.
12

 Individuals with 

DS demonstrate inferior cardiovascular fitness compared to persons with an 

intellectual disability but without DS and compared to nondisabled peers. Total heart 

rate variability is reduced in individuals with DS, manifesting possible autonomic 

dysfunction in this population.
13

  

The purpose of this study was to determine whether the 6MWT is a valid tool to 

evaluate functional exercise performance in individuals with DS.  

 

METHODS 

 

Inclusion 

Male and female adults with DS participated in this study. Recruitment took place in 

different locations: 1) patients that took part in a cardiac screening program for adults 

with DS. This cardiac screening program took place in The Prinsenstichting and in 

ASVZ, both institutions for people with intellectual disabilities, and was offered to all 

adults with DS living in these institutions Patients already treated by a cardiologist, 

patients with severe Alzheimer’s disease and patients that were not physically able to 
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Level IQ Adaptive behaviour

Mild 50-69 Capable of personal independence with a little guidance and assistance.

Moderate 35-49 Require assistance with more complex activities; communicate with simple sentences.

Severe 20-34 Require assistance with most ADLs; communicate with words and gestures.

Profound <19 Require comprehensive care; usually non-verbal; high incidence of secondary disabilities.

Table 1: Levels of Intellectual Disability

IQ; intelligence Quotient

walk a certain distance were excluded. 2) patients that were followed up at the 

outpatient departments of adult congenital heart disease of the Academic Medical 

Centre in Amsterdam and the University Medical Centres of Nijmegen and 

Groningen. All DS patients with Eisenmenger syndrome were included. After 

inclusion, subjects were categorized into two groups by cardiac echocardiography, a 

group of patients with DS with severe cardiac disease (Eisenmenger syndrome or 

severe valve regurgitation) and a group of patients with DS with mild or no cardiac 

disease. Cardiac echocardiograms were performed by an experienced ultrasound 

technician and evaluated by a cardiologist. The classification of intellectual disability 

was obtained from patients’ medical files and represents a combination of patient’s 

level of intelligence and adaptive behaviour, based on validated psychological tests
14

. 

The patient’s level of intellectual disability was categorized as mild/moderate or 

severe/profound. (Table 1). Informed consent was acquired from all subjects and/or 

their legal guardians for the complete cardiac screening including the 6MWT. The 

institutional Ethics Committee of the Academic Medical Centre in Amsterdam and the 

University Medical Centres of Nijmegen and Groningen approved the pulmonary 

hypertension treatment protocol, including the 6MWT, of the Eisenmenger patients. 

 

 

 

6-Minute walk test 

All 6MWTs were conducted using a lap of 30 or 40m in length on a flat, hard ground 

in four different locations. Testing procedures were performed in a standardised 

manner in accordance with the guidelines of the American Thoracic Society.
1
 

Subjects were instructed to walk up and down a corridor, on a course which was 

marked by two orange plastic cones placed 15m or 20m apart. They were instructed 

to walk as far as possible during 6 minutes, without running or jogging. Resting was 

allowed if necessary, but walking was to be resumed as soon as subjects were able 

to do so. The total distance walked in six minutes (6MWD) was recorded to the 

nearest meter. The heart rate and oxygen saturation were measured before the start 

of the walk, after every lap and directly after the test by a portable pulse oximeter 

(Nonin 4000 Avant Digital Bluetooth Oximeter; Nonin Medical Inc. Plymouth, USA), 
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attached to the subject’s wrist and finger. Usage of walking aids was recorded. Data 

on medical history and the use of medication were obtained from patients’ records 

into an electronic case record file, as were gender and age. Height and weight were 

measured. The 6MWTs were supervised by the treating physician or a trained 

medical student, to minimize variability. Due to the setting of a single-visit cardiac 

screening program in institutionalized patients, we were unable to do a prior 

familiarization 6MWT trial. 

 

Test-retest reliability 

A group of patients with Eisenmenger syndrome performed the 6MWT twice. Both 

tests were performed on the same day, with at least an hour rest in between. Before 

starting the standardized pulmonary hypertension treatment protocol, patients 

performed two 6MWTs as a baseline measure.  

 

Statistical analysis 

Descriptive statistics were used to describe patient’s characteristics and type of heart 

conditions. Differences between two groups were analyzed by unpaired Student’s t- 

test or when appropriate the Mann-Whitney U test for continuous variables and Chi-

square test for nominal variables. Data is displayed as mean ± standard deviation 

(SD), and the level of significance was set at p<0.05. A multiple linear regression 

model of the 6MWD was developed using those variables found to be significant 

(p<0.1) by univariate analysis. Intellectual disability was classified as mild, moderate, 

severe or profound. Reliability data was visualised in a Bland-Altman plot
15

 in which 

the difference between the two measured 6MWDs is plotted against their mean for 

each subject. Coefficient of variation was calculated according to the formula: 

(SD(6MWDdif) / mean(6MWDmean)) * 100% where 6MWDdif is the first 6MWD 

minus the second and 6WMDmean is the mean of the two 6MWDs for each subject. 

Statistical analysis was performed with SPSS 15.0. 

 

RESULTS 

 

In total, 54 patients with DS living in the participating institutions performed the 

6MWT. Ten patients were not able to perform the 6MWT because they sat in a 

wheelchair, 9 refused to perform the test. Twenty-seven DS patients with 
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P -value

0.05

36 ± 10 41 ± 11 0.02

153 ± 10 156 ± 9 0.24

59 ± 9 67 ± 9 < 0.001

25 ± 3 28 ± 4 0.003

0.34

mild/moderate

severe/profound

Values are expressed as %, mean value +/- standard deviation 

35

17

or number of patients; CD: cardiac  disease; BMI: body mass index

18

5

Weight (kg)

BMI (kg/m²)

Intellectual disability

Table 2: Patient characteristics

Male gender (%)

Age (years)

Height (cm)

severe CD

n = 29

52

no or mild CD

n = 52

73

severe CD no or mild CD

n  = 29 n  = 52

27

ASD 1 (3%) 0

VSD 13 (41%) 0

AVSD 15 (47%) 0

PAD 3 (9%) 2

trace 9 (17%) 23 (26%)

mild 20 (37%) 51 (58%)

moderate 14 (26%) 14 (16%)

severe 11 (20%) 0

AVSD: atrioventricular septal defect; PAD: patent arterial duct

Valve regurgitation

Values are numbers of congenital heart defects or valve regurgitations (% of total number

of congenital heart defects or valve regurgitation). One patient can have several defects,

CD: cardiac disease; ASD:atrial septal defect; VSD: ventricular septal defect; 

Table 3 Type of heart conditions

Type of condition 

Eisenmenger syndrome

Eisenmenger syndrome from the outpatient clinics performed the 6MWT. Fourteen of 

them performed the 6MWT twice. In total, 81 adults with DS (mean age 39 ± 11 

years; 65% men) could be included in this study, divided into two groups: 29 patients 

with severe cardiac disease (mean age 36 ± 10 years; 52% men) and 52 patients 

with mild or no cardiac disease (mean age 41 ± 11 years; 73% men). The baseline 

characteristics are summarised in table 2. Type of heart conditions in both groups are 

shown in table 3. 
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0

200

400

600

Intellectual Disability
All Patients

Severe/Profound    Mild/Moderate

Cardiac DiseaseCardiac DiseaseCardiac Disease

severe no or mildsevere no or mildsevere no or mild

p = 0.4

p < 0.001

p = 0.4

n = 5

p = 0.6

n = 18n = 35n = 18n = 52

6
M

W
D

 (
m

)

n = 29

6MWD 

 

The mean walking distance did not differ significantly between the patients with 

severe and patients with mild or no cardiac disease (289 ± 105m vs. 280 ± 104m, 

p=0.7) (Figure 1). Mean peak heart rate, measured during the 6MWT in the severe 

group (109 ± 17bpm) and the group with mild or no cardiac disease (107 ± 18bpm) 

was not statistically different (p=0.7), as was the increase in heart rate (28 ± 11bpm 

vs. 25 ± 18bpm, p=0.5). The lowest level of oxygen saturation reached during the 

6MWT was lower for the severe group (70 ± 12%) than for the group with mild or no 

cardiac disease (94 ± 5%) (p<0.001). Twenty-two patients needed a walking aid 

during the test (accompanied by a guardian or a rolling walker)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Distance walked by the group with severe cardiac disease and the group with no or mild cardiac 

disease for all patients and for 2 subgroups divided by level of intellectual disability. Representations are median 

and centiles.  
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Table 4: predictors for 6MWD 

Variables

Univariate P  value Multivariate P  value

r r

Severe ID 0.54 <0.001 <0.001

Age 0.37 0.001 0.67 0.03

Male gender 0.25 0.02 0.001

Walking aid 0.39 0.001

Height 0.20 0.07

BMI 0.07 0.56

Severe CD 0.04 0.72

6MWD

ID; intellectual disability, CD; cardiac disease BMI, body mass index

Factors influencing 6MWD 

Multivariate analysis indicated that 45% of the variation in distance walked by the 

subjects could be accounted for by the combined factors of gender, age and level of 

intellectual disability (r=0.67, p<0.001). There was a significant difference in mean 

walking distance between the group with a mild/moderate level of intellectual 

disability (318 ± 92m) and the group with a severe/profound level of intellectual 

disability (195 ± 84m, p<0.001). Level of intellectual disability was an independent 

factor for 6MWD. Figure 1 shows that within the two groups of intellectual disability, 

severity of cardiac disease had no influence on 6MWD. In addition, the 6MWD did 

not correlate with height, body mass index or use of a walking aid. (Table 4) 

 

 

 

 

 

 

 

 

 

 

 

 

Test-retest reliability 

Test-retest reliability was evaluated in 14 patients (mean age 32 years range 19-44 

years, 50% men). There was no significant difference between the two walking 

distances reached (310 ± 88m versus 317 ± 85m; p=0.4). Results of the reliability 

test are shown in the Bland Altman plot
15

 (Figure 2). The coefficient of variation was 

11%. In 8 of 14 patients the individual best test was the second test.  
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Figure 2. Bland and Altman plot for data from the two 6MWTs. The difference between the first en second 6MWD 

plotted against the subject’s mean of the two 6MWTs. Centre dashed line equals mean difference between two 

tests and outer dashed lines equal ± 2 SD of the mean. 

 

DISCUSSION 

 

In this study we found that the 6MWD was not dependent on severity of cardiac 

disease in patients with DS. Therefore, the 6MWT is not a valid test to examine 

cardiac restriction in patients with DS. The level of intellectual disability was 

negatively correlated with the 6MWD and it was found to be an independent predictor 

of the 6MWD. The test-retest reliability of the 6MWT in patients with DS was 

adequate. 

 

6MWD in DS population 

For the first time, 6MWD has been show to correlate with intellectual disability rather 

than with severity of cardiac disease in patients with DS. The mean 6MWD in the 

group of 52 adults with DS without significant cardiac disease was 280 ± 104m. 

Published data on mean 6MWD in healthy populations showed much longer walking 



 88  

distances. Troosters et al.
16

 found an average 6MWD of 631 ± 93m in 51 healthy 

subjects aged 50–85 years. Gibbons et al.
17

 observed a somewhat longer mean 

walking distance of 698 ± 96 meters in a younger population of 79 healthy subjects 

with a mean age of 41 years. The shorter walking distances in our DS population 

without a significant heart defect are consistent with the literature on lower 

cardiovascular fitness levels in this population. Fernhall et al.
18

 reported that 

individuals with intellectual disability have low levels of cardiovascular fitness and 

that these values may be negatively affected by DS. It has been suggested that 

persons with intellectual disability have a very inactive lifestyle, resulting in low 

fitness levels and a high incidence of obesity.
19, 20

 Lavay et al.
21

 stated that persons 

with intellectual disability lack a required certain degree of motivation to successfully 

fulfil a cardiovascular fitness test. In our opinion, understanding of the test procedure 

also has a major effect on test results of the 6MWT, because the study showed that 

29% of the variation in distances walked by the subjects could be accounted for by 

level of intellectual disability alone. 

 

Factors influencing 6MWD 

Other researchers investigating the 6MWT in various populations have observed 

significant relationships between the distance walked and height, weight and body 

mass index.
4-7

 However, in our DS population only age, gender and level of 

intellectual disability were independent predictors of walking distance in multivariate 

analysis (r=0.67, p<0.001). Although the guidelines for the 6MWT
1
 label ‘impaired 

cognition’ as a source of 6MWD variability, the relation of intellectual disability and 

6MWD has never been studied before. Other factors that were not studied, such as 

motivation, mood
2
 and motor development may play a role as well.  

 

Learning effect  

A notable finding in this study is that in repeated testing, 6MWD was either increased 

(57%) or decreased during the second 6MWT. This finding contrasts several studies 

showing that walking distance tends to increase with repeated test administration.
16, 

17, 22, 23
 This learning effect may be due to improved coordination, finding optimal 

stride length, and overcoming anxiety.
1
 The magnitude of the reported learning effect 

is quite variable between studies and ranges from around 4.5% to 33% of the initial 

distance walked.
22

 Because the distance walked tends to plateau after 3 walks, 1 to 2 
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practice walks have been suggested. The absence of a learning effect in this study 

may possibly be the result of the restricted learning capacities of our DS population.  

 

Feasibility of the 6MWT 

As communicating with persons with an intellectual disability can be difficult, an 

objective test to determine cardiorespiratory fitness can offer a solution. In theory, the 

6MWT could have been fit for use in a DS population. The act of walking is familiar to 

all, as opposed to cycling, running, stepping or treadmill walking, which are used in 

other tests of cardiorespiratory fitness. Therefore, reconsidering the design of the 

6MWT to improve the test’s validity in patients with DS might prove to be worthwhile. 

Some other studies concerning field testing in intellectually disabled persons have 

paired subjects with a partner while testing.
24-27

 This is a modification that should be 

given serious consideration, because these subjects lack motivation, necessary 

knowledge and ability regarding proper pacing techniques. In their review on 

measuring the cardiovascular endurance of persons with an intellectual disability, 

Lavay et al.
21

 stressed the importance of proper test familiarisation in this type of 

population. Every effort should be made to familiarise, and accommodate the person 

during the procedure. Since the 6MWT does not reflect cardiorespiratory fitness in 

patients with DS, it is not fit to monitor changes in cardiorespiratory fitness in time 

within each individual patient either.  

 

Study limitations 

Our study has a few limitations. These include possible recruitment bias due to the 

selected patient population. Patients were recruited from tertiary referral centres for 

patients with congenital heart defects and from outpatient clinics for people with 

intellectual disabilities. Moreover, absence of the description of patient’s usual 

physical activity may lead to a comparability bias. We were unable to use a totally 

standardised test-protocol. We followed the guidelines for 6MWT in a clinical setting
1
, 

in all but two aspects: (1) The Eisenmenger patients performed the test on a 10m 

longer corridor and had to walk less turnarounds than the other individuals. However, 

in a previous study the course length had no significant effect on walking distance.
28

 

(2) A standardised explanation of the test and timing and wording of encouragement 

during testing was impossible, because of the large variety of the subjects in 

motivation and level of intellectual disability. Another limiting factor is the size of the 
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study sample, especially of the reliability study. However, with respect to this 

population, sample size was quite reasonable compared to other studies concerning 

cardiorespiratory fitness tests in patients with an intellectual disability.
24-27, 29

 No 

familiarisation techniques were used in our study. Lavay and colleagues
21

 state that 

in every cardiovascular fitness test familiarisation with the mode of exercise is an 

important concept. Persons with an intellectual disability may be apprehensive to 

attempt new test procedures and/or to use a certain piece of exercise equipment, 

which may influence test results. 

 

In conclusion, the findings of this study suggest that the 6MWT does not appear to be 

a valid indicator of cardiorespiratory fitness in adult patients with DS. The 6MWT 

appeared to be inversely related to intellectual disability in these patients. Future 

studies are needed to investigate other parameters that can be used to assess 

functional capacity in individuals with DS, or modifications that can improve the 

validity of the 6MWT for this population.  
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ABSTRACT 

 

Objective Congenital heart defects (CHD) are common in patients with Down 

syndrome. However, adults with Down syndrome who live in residential centres 

have not always been screened for CHD in the past. Aim of this study was to 

investigate the prevalence of CHD in patients with Down syndrome who live in 

residential centres and to determine whether cardiac screening should be 

recommended. 

Design, Setting and Patients Between January 2007 and November 2009 Dutch 

residential centres nationwide were sampled randomly to participate. Medical files 

of all patients with Down syndrome were investigated to retrieve documented 

information on known CHD. 

Intervention Echocardiography was performed in those patients with unknown 

cardiac status.  

Main outcome measures The number of newly diagnosed CHD in adult patients 

with Down syndrome. 

Results Thirty-one centres and 1158 patients were included in the first stage of the 

study. Overall prevalence of known CHD was 16% (189 defects). Screening was 

performed in 138 patients without known CHD. In total 24 new patients (17%) with 

a CHD were found of which six patients needed semi-urgent care. Furthermore, 

77% of the screened patients had mild to moderate regurgitation in one or more 

heart valves. Overall prevalence of CHD in adult Down syndrome patients living in 

residential centres would be estimated at 33%.  

Conclusions Seventeen percent of patients with Down syndrome, living in 

residential centres had an undiagnosed CHD and valvular regurgitation was 

present in the majority of patients. A cardiac screening is recommended in the 

population of older Down syndrome patients, for whom new therapeutical options 

are available and for prevention of cardiac complications at older age.   

 

Keywords Down syndrome, congenital heart defects, cardiac screening, 

underdiagnosis 
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INTRODUCTION 

 

Congenital heart defects (CHD) are common in patients with Down syndrome (DS). 

Approximately 50% of the neonates with DS have a CHD. An atrioventricular septal 

defect (AVSD) is one of the most common defects, with a prevalence of 45% of cases, 

followed by a ventricular septal defect (VSD) in 35% and an atrial septal defect (ASD) in 

10%.
1-4

 Tetralogy of Fallot and a patent arterial duct (PDA) account for 10% of the 

cardiac defects in DS, while other defects are rare. Life expectancy of children with DS 

has been substantially increased in recent decades, mainly due to the improvement of 

neonatal care and successful early cardiac surgery.
5, 6

 Nowadays in most developed 

countries, all newborns with DS are evaluated for CHD by a paediatric cardiologist and 

in case of a defect, followed by early corrective surgery, but this was not standard care 

before the 1980s.
7
 An echocardiogram has probably never been performed in a large 

group of adult DS patients living in residential centres, thus it is very likely that 

underdiagnosis of CHD exists in this population. In patients with DS late complications of 

uncorrected CHD, like pulmonary hypertension or valve regurgitation may occur and the 

incidence increases with advanced age.
8, 9

 Therefore, a large group of particularly ‘older’ 

patients without early surgical repair are at risk of having complications of their CHD. 

Identifying these patients and improving registration is necessary. Therefore, the aim of 

this study was to investigate the prevalence of heart defects in adult patients with DS 

who live in residential centres and to investigate if cardiac screening for this population 

should be recommended. 

 

METHODS 

 

Study design 

The Netherlands count approximately 150 residential centres for people with intellectual 

disabilities. This study consisted of two-stage investigation (fig 1). First, residential 

centres nationwide were randomly sampled to participate in a cross-sectional study. 

Medical files of adult patients with DS were investigated to retrieve information on 

cardiac status, cardiac interventions, and baseline patient’s characteristics. The second 

stage was a prospective cardiac screening program, in which residential centres and 

their patients were asked to participate. Patients were eligible for participation when no 

information or doubtful information on cardiac status was retrieved from their medical 
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files. Patients who were known with a CHD, who were already treated by a cardiologist 

and patients with severe Alzheimer’s disease were excluded from cardiac screening. All 

included patients underwent physical examination and an echocardiogram performed by 

an experienced ultrasound technician and evaluated by a cardiologist. All 

echocardiograms were performed with a portable General Electric VIVID I (Horten, 

Norway).  Images were acquired and recorded digitally, and analyzed offline. Apical, 

parasternal and subcostal views were obtained according to recommendations of the 

American Society of Echocardiography.
10

 Patients were screened on the existence of 

structural cardiac defects and a qualitative assessment of valvular regurgitation was 

performed. Approval was obtained from ethical boards of all participating institutions and 

informed consent was acquired from all subjects and/or their legal guardians.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Study design of patient inclusion, DS: Down syndrome, CHD: congenital heart defect 
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Total 

characteristics (n = 1158)

Age, mean (SD), y 46.5 (11.1) 

Male sex, No. (%) 625 (54)

Level of intellectual disability (%), n = 528

mild 4

moderate 46

severe 40

profound 10

189 (16)

680 (59)

289 (25)

43 (4)

33 (3)

CHD;congenital heart defect, PAH; pulmonary arterial hypertension

ª 5 patients had cardiac surgery for other indication than CHD e.g pericarditis, arteria lusoria

Table 1. Baseline characteristics (stage 1)

Values are expressed as %, mean value +/- standard deviation 

Patients with cardiac surgery, No. (%)ª

PAH or Eisenmenger's syndrome, No. (%)

Patients with CHD, No. (%)

Patients without CHD, No (%)

Patients with unknown cardiac status, No. (%)

Statistical analysis 

Descriptive statistics were used to describe patient’s characteristics and type of heart 

defects. Differences between groups were analysed by unpaired Student’s t- test for 

continuous variables and Chi-square test for nominal variables. Data are displayed as 

mean ± standard deviation (SD), and the level of significance was set at p<0.05 

Statistical analysis was performed with SPSS 15.0. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS  

 

Stage 1: outcome medical files 

Thirty-one centres with a total of 1234 patients with DS were included in this study. 

Mean number of DS patients per centre was 37 (range 1 to 160). Seventy-six patients 

were excluded, because informed consent could not be obtained by patient’s legal 

guardian. Chart reviews were performed on 1158 included patients (mean age 46 ± 11 

years; 54% males). Fourteen patients (1.2%) were younger than 18 years of age. Table 

1 shows baseline patient characteristics. Overall prevalence of known CHD was 16% of 

patients (n = 189; 14% men and 17% women). In 25% of the cases, the presence of a 

CHD could not be confirmed nor rejected, because information on cardiac status was 

missing, or a CHD was suspected but not confirmed by cardiac imaging or other 
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Number of defects Male Female Prevalence CHD on total group Prevalence within CHD group

(n = 207) (n = 89) (n = 91) (%) (%)

VSD 65 28 35 5.6 31.4

AVSD 36 18 17 3.1 17.4

ASD  36 17 15 3.1 17.4

PDA  13 3 10 1.1 6.3

Other  57 31 22 5.0 27.5

pulmonary stenosis 13 8 4 1.1 6.3

mitral valve prolapse 11 7 4 <1 5.3

Tetralogy of Fallot 2 2 0 <1 <1

DCRV 2 1 <1 <1

cleft mitral valve 2 1 1 <1 <1

aortic stenosis 8 4 4 <1 3.9

aortic coarctation 2 1 1 <1 <1

mitral stenosis 2 2 0 <1 <1

bicuspid aortic valve 3 0 3 <1 1.4

unknown 12 1.0 5.8

DCRV; double chamber right ventricle

Table 2. Congenital heart defects found by medical chart review of 1158 patients (stage 1)

CHD;congenital heart defect, ASD; atrial septal defect, VSD; ventricular septal defect, AVSD; atrioventricular septal defect, PDA; patent arterial duct,  

type of CHD

diagnostic tools. Table 2 shows the proportion of the various heart defects in subjects 

with known CHD. In patients with a known CHD, no difference in the prevalence of ASD, 

VSD, and AVSD could be found between males and females. However, significant more 

females with a CHD had a PDA compared to males (10 vs. 3 respectively, p = .05). 

Corrective cardiac surgery was performed in 20% of the patients with a CHD. 

 

 

 

 

 

 

 

 

 

 

 

 

Stage 2: cardiac screening program 

Congenital heart defects 

Seven of the 31 residential centres in the original sample participated in the cardiac 

screening program. (figure 1). These 7 centres with more than 2800 clients with an 

intellectual disability and 251 eligible DS patients were randomly sampled. After 

exclusion of 114 patients due to Alzheimer’s disease, lack of patient’s cooperation to 

undergo examination and refusal by patient’s legal guardian, cardiac screening was 

performed in 138 patients (see table 3 for baseline characteristics). In total 24 new 

patients were found in this population (prevalence of ‘newly’ diagnosed CHD 17%), 

varying between mild defects like mitral valve prolapse without mitral valve regurgitation, 

which could be followed conservatively, and defects which needed semi-urgent care or 

evaluation by a cardiologist. The diagnosed cardiac defects in 24 screened positive 

patients are listed in table 4. Age, sex and severity of intellectual disability were not 

significantly different between screened positive and screened negative patients. All 

patients with a newly diagnosed CHD except one were born before 1980.  In all centres, 

screened positive patients were found, varying from one to six patients.  
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Total  patients with CHD patients without CHD P Value

characteristics (n = 138) (n = 24) (n = 114)

Age, mean (SD), y 44.4 (10.9) 47.0 (9.6) 43.8 (11.1) .20

Male sex, No. (%) 62 (45) 63 41 .07

Level of intellectual disability (%)

mild 2 0 3

moderate 58 68 56 .27ª

severe 32 18 35

profound 8 14 6

ªComparison of the distibution across the 4 categories of level of intellectual diasibil ity, based on Pearson χ² test

Table 3. Baseline characteristics of screened patients (stage 2)

Values are expressed as %, mean value +/- standard deviation, CHD; congenital heart defect 

newly diagnosed cardiac defects n consequence

Mitral valve prolapse without mitral valve regurgitation 1 none

Bicuspid aortic valve without aortic valve regurgitation 1 consultation by a cardiologist in 5 years

Mitral valve prolapse + tricuspid valve prolapse 1 consultation by a cardiologist in 5 years

Mitral valve prolapse + mild mitral valve regurgitation 7 consultation by a cardiologist in 5 years

Mitral valve prolapse + moderate mitral valve regurgitation 5 consultation by a cardiologist in 3 years

Atrial septal defect + mitral valve prolapse 1 consultation by a cardiologist in 3 years

Atrial septal defect 2 consultation by a cardiologist in 3 years

Atrial septal defect + dilated and hypertrophied right ventricle 1 referred to cardiologist for atrial septal defect closure; parents refrained from an intervention, yearly follow-up

Dysplastic mitral valve 1 referred to cardiologist

Double chambered right ventricle 1 referred to cardiologistª

Partial atrioventricular septal defect + cleft mitral valve 1 referred to cardiologist; surgical indication, however no intervention due to co-morbidity

Patent arterial duct 1 referred to cardiologist for cardiac computer tomography; silent duct; no intervention

Cleft mitral valve + severe mitral valve regurgitation 1 referred to cardiologist; cardiac follow-up yearly

Aortic valve regurgitation (mild-moderate) 38 follow-up by echocardiography every 2 years

Table 4. Outcome of cardiac screening (stage 2)

ª patient died suddenly before consultation by a cardiologist was done

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Valvular regurgitation 

The prevalences of valvular regurgitation in 138 patients are shown in figure 2. In 77% of 

the screened patients, mild to moderate regurgitation was present in one or more valves. 

Severity of valvular regurgitation was not correlated with age and sex. Mild to moderate 

regurgitation of the aortic valve was present in 38 patients (mean age 46 years, range 

23-66 years), of which 5 had aortic stenosis (median age 51 years, range 42-66 years). 

All other 32 patients had isolated mild to moderate aortic valve regurgitation without 

aortic dilatation, leaflet perforation or calcifications.  
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Figure 2. Valvular regurgitation in 138 screened patient 

 

DISCUSSION 

 

This is the first study to investigate cardiac defects in a large group of adult patients with 

DS living in residential centres. Our main finding is the underdiagnosis of cardiac defects 

in these patients. Although a mere 16% of patients had previously been diagnosed with 

congenital heart disease, we found that a total of 33% of patients with DS living in 

residential centres had congenital heart disease. In accordance with previous studies, 

the majority of these patients had septal defects.
1, 11

 Prevalence studies on CHD in 

patients with DS have reported 50% of live born patients to have CHD. Our study 

revealed a lower number, which is most probably due to our adult study population. The 

patients in our study are “survivors” of a DS population born in the 1960s and 1970s, of 

which many patients with (severe) CHD had already died at a younger age. To obtain 

information on the prevalence of CHD in DS patients who had not been previously 

screened, we performed cardiac screening in 138 patients in whom information on CHD 

was missing or inconclusive. We found 24 (17%) of these patients to have CHD, of 

whom 18 patients could be treated conservatively and six patients needed semi-urgent 

care or cardiac evaluation by a cardiologist.  
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In addition to CHD, a high prevalence of valvular regurgitation was found. Our 

screening program resulted in 38 patients with mild to moderate aortic regurgitation who 

should be followed-up by a cardiologist on a yearly basis, and in whom 

echocardiography should be performed every two years according to the guidelines of 

the European Society of Cardiology.
12

 None of these patients needed immediate 

medical intervention. According to the Carpentier classification of aortic regurgitation, the 

majority of these patients (87%) could be classified as type II (without aortic dilatation, 

leaflet perforation or significant calcifications).
13

 A 10 to 30% prevalence of valvular 

regurgitation in young adults with DS was previously reported in small studies
14-16

, and 

may be associated with collagen abnormalities in DS. As specific genes on chromosome 

21 are overexpressed in patients with DS, collagen expression could be different in 

these patients. We already know that in people with Down syndrome the ligaments 

which normally hold the joints stable can be very slack. This can lead to an unusually 

wide range of movement at some joints, like the atlanto-axial joint. Hypothetically, this 

abnormal collagen expression also results in valvular dysfunction in the aging adult with 

DS. In this respect, type collagen VI is of particular interest because genes encoding the 

alpha1 and alpha2 chains are located on chromosome 21 and collagen VI is more 

prominent in fetal trisomy 21 hearts than in normal hearts.
17

  

The main question remains the number of DS patients that are potentially at risk. 

With a total of approximately 35.000 individuals with an intellectual disability living in 

residential centres,
18

 and a 10% (range 7-11%) prevalence of DS in our participating 

centres, we estimate that approximately 3500 adult patients with DS live in residential 

centres in the Netherlands. This means that 600 adult patients with DS who live in 

residential centres have an undiagnosed CHD. In addition, an even larger group of 

almost 1000 patients have undiagnosed mild-to moderate aortic regurgitation. We 

estimate the overall prevalence of CHD in DS patients living in residential centres to be 

33%.  

It seems highly likely that a similar underdiagnosis exists in other countries with 

residential services. However, many countries in Western Europe have experienced 

deinstitutionalization, from large segregated and geographically isolated institutions to 

community-based residential facilities.
19

 Nonetheless, in many developed countries, 

residential facilities remain dominant, analogous to the Dutch situation.
19, 20

 Although 

screening outside the residential setting was beyond the scope of this study, previous 

studies reported hidden pathology found on adults with an intellectual disability living in 
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the community.
21, 22

 Underdiagnosis of CHD could also be present in adults with DS 

living in community based residential centres. Our findings support cardiac screening of 

adults with DS as they fit badly into a system of health care delivery in which no care is 

received unless it is asked for.  

Several strengths of this study are worthy of comment. Medical chart review was 

performed in a large group of individuals with DS nationwide. Our screening program 

was highly successful, with successful examination of 95% of the screened patients, due 

to the safe and familiar surroundings of the residential centre where the screening was 

performed.  

This study has some limitations. First limitation is the relatively small number of 

patients who agreed to participate in the second phase of cardiac screening in those 

without known cardiac defects. Population bias could be introduced, as we contacted 

only eight centres for participation in the screening program, of which one decided not to 

participate. However, the participating centres are located in different regions of the 

country, varying in number of residing patients, and all under care of specialized 

physicians for people with intellectual disabilities. Level of intellectual disability of the 

screened patients was according to the distribution in the other participating centres. 

Therefore the seven centres are for the greater part representative for other residential 

centres in the Netherlands. Another concern is that a large proportion of patients could 

not participate in the screening program, because the informed consent could not be 

obtained through their legal guardian. We performed a single cardiac screening and do 

not know the long-term effect on morbidity and life-expectancy. Further follow-up is 

needed to investigate the benefit of screening in this population. 

 

CONCLUSION 

In this study, 17% of adult patients with DS, who live in residential centres in the 

Netherlands, had undiagnosed congenital heart disease. Moreover, 77% of patients had 

unknown regurgitation of one or more heart valves. We advise large-scale screening of 

adult DS patients, to rule out congenital and valvular heart disease, and to provide these 

patients with adequate cardiac therapy.  
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ABSTRACT 

 

Objective The cardiac muscle is well regulated in response to changes in loading 

conditions. This cardiac plasticity has been studied intensively and is well known in 

trained athletes. Conversely, the mechanisms leading to the opposite response are 

less clear. Aim of this study was to investigate left ventricular (LV) dimensions in a 

physically inactive population of adults with an intellectual disability. 

Design, Setting and Patients Adults with an intellectual disability (with and without 

Down syndrome (DS)) and healthy controls were included. Physical activity was 

measured by means of a questionnaire. A retrospective study was performed in 

children with and without DS to investigate if echocardiographic differences were 

already present at early childhood. 

Intervention Echocardiography was performed in all included subjects. 

Main outcome measures Indexed LV mass (iLVM) and volumes and cardiac 

function.  

Results In this study, 182 adults were included. Physical activity was lower in 

adults with an intellectual disability compared to controls (p<0.001). In DS, iLVM 

was significantly lower compared to controls (64±17 g/m
2 

vs. 94±17 g/m
2
 p<0.001). 

Non-DS adults with an intellectual disability had higher iLVM (72±16 g/m
2
) 

compared to subjects with DS, although not significantly different (p<0.08). LV 

volumes were significantly smaller in adults with DS compared to both controls and 

non-DS adults with an intellectual disability (p<0.001). Moderate diastolic 

dysfunction was found in 57% of the adults with an intellectual disability. In 48 

children with DS and 79 controls, mean LV end diastolic diameter was not 

significantly different during childhood.  

Conclusion LV dimensions are significantly smaller in adults with an intellectual 

disability compared to controls. These findings appear to be lifestyle related as 

differences become manifest at adulthood and adults with an intellectual disability 

generally experience a sedentary lifestyle. Presumably, physical inactivity leads to 

a condition of cardiac atrophy.  

 

Key words: Down syndrome; intellectual disability; cardiac size; physical inactivity 
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INTRODUCTION 

Quantification of cardiac size, left ventricular (LV) mass and function are among the 

most clinically important and most frequent requested tasks of echocardiography.
1
 

These parameters are components of every complete echocardiographic 

examination and are helpful in the clinical management (treatment and follow-up) of 

patients with heart failure, valvular disease, hypertension, hypertrophic 

cardiomyopathy and congenital heart disease.
2
 Accurate echocardiographic 

reference values for LV volumes and mass are of utmost importance.
1
 These 

echocardiographic reference values are missing in patients with a sedentary lifestyle 

like adults with an intellectual disability and adults with Down syndrome. (DS) 

Cardiac research in DS has been mainly focused on congenital heart disease.
3-5

 

However, data on cardiac function and dimensions in DS adults with structurally 

normal hearts are scarce. Since life expectancy of individuals with DS is increasing 

and most of them now reach adulthood in the developed countries, information about 

cardiac parameters and dysfunction in this patient group is clinically relevant. 

The cardiac muscle is well regulated in response to changes in loading 

conditions. Increased volume and pressure lead to increase in cardiac muscle mass. 

This cardiac plasticity has been studied intensively over the past years in 

pathological conditions, but has also been demonstrated in obesity
6
 and exercise 

training.
7-9

 Cardiac dimensions in highly-trained athletes compared with matched 

control subjects show increases of about 10% for left ventricular end-diastolic 

dimension, about 15 to 20% for wall thickness and about 45% for calculated left 

ventricular mass.
7
 Conversely, the mechanisms leading to the opposite response are 

less clear. Cardiac atrophy has been described after supine bed rest or short-term 

spaceflight.
10, 11

 However, whether prolonged physical inactivity in nonathletic 

populations causes adaptation of cardiac mass is not clear. Aim of this study was to 

investigate LV volumes and mass in a physically inactive population of adults with an 

intellectual disability, including subjects with DS. 

 

METHODS 

 

Study population 

The study population consisted of adults with an intellectual disability (with and 

without DS) living in residential centres for individuals with an intellectual disability. A 
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control group of healthy non-athletic adult volunteers was randomly sampled from the 

Academic Medical Centre in Amsterdam (including hospital employees and medical  

students). All subjects were clinically stable and in normal sinus rhythm. Patients with 

congenital heart defects, severe valvular regurgitation, severe Alzheimer’s disease 

and prior cardiac surgery were excluded. (see Figure 1) Approval was obtained from 

ethical boards of all participating institutions and informed consent was acquired from 

all subjects and/or their legal guardians.  

A retrospective study was performed in children with and without DS to 

investigate LV parameters at childhood. In this manner, we can establish if 

differences found between adults were already present at young age. Children were 

recruited from a database of the paediatric cardiology department in the Academic 

Medical Centre and those with a severe congenital heart defect were excluded.  

 

Echocardiograms 

An echocardiogram was performed in all adults with a portable GE VIVID I (Horten, 

Norway), by an experienced ultrasound technician and evaluated by a cardiologist. 

All echocardiographic images were acquired and recorded digitally, and analyzed 

offline. Parasternal views were obtained according to recommendations of the 

American Society of Echocardiography.
12

 The following echocardiographic 

dimensions were
 
measured: thickness of interventricular septum

 
at end diastole (IVS) 

and of left ventricular posterior wall
 
at end diastole (LVPW), left ventricular end-

diastolic diameter (LVEDD) and left ventricular end-systolic diameter (LVESD). End 

diastole was defined as the onset of the Q-wave on the ECG. End
 
systolic LV-

dimension was measured as the smallest LV-dimension
 
during the time interval 

between the time at peak septal motion
 
and peak anterior movement of the LVPW. 

LV-mass was calculated using the Devereux formula
13

: LV mass (g) =
 
0.8 x 1.04 x 

[(LVEDD + IVS + LVPW)
3
 – LVEDD

3
] + 0.6. Height and weight were measured and 

body surface area (BSA) was calculated based on Mostellers’ formula: BSA= 

SQRT((weight x height) / 3600).
14

 LV-mass was indexed by BSA (iLVM), BSA
1.5 

and 

height
2.7

 to allow comparisons across individuals of varying body sizes. The LV 

volumes were calculated using the Teicholz’ formula: Volume = (7 x LV diameter
3
) / 

(2.4 + LV diameter). The echocardiographic parameters for children were adjusted to 

weight. Diastolic dysfunction was evaluated by recording mitral inflow at the mitral 

valve tips to assess early (E) and late (A) diastolic peak velocities and deceleration 
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time. Pulsed DTI was performed to assess lateral annular early diastolic velocity 

(Ea). LV stiffness was calculated as the ratio of pulmonary wedge pressure: 3.2 + 

(1.1 X [E/Ea]) to LV EDV. 

 

Physical activity  

To demonstrate a sedentary lifestyle in adults with an intellectual disability, we obtain 

objective information about patients’ lifestyle, by means of a questionnaire. Physical 

activity was measured by the Short QUestionnaire to ASsess Health-enhancing 

physical activity (SQUASH).
15

 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. All adult subjects 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.
15, 16

 In adults with an intellectual disability, a close caretaker or parent was 

asked to fill out the questionnaire on behalf of the subject. 

 

Statistical methods 

Descriptive statistics were used to describe baseline characteristics. Differences 

between two groups were analyzed by unpaired Student’s t- test for continuous 

variables and Chi-square test for nominal variables. Data are given as mean ± 

standard deviation (SD) and the level of significance was set at p<0.05. Comparison 

of continuous variables among three or more groups was performed using the 

ANOVA or Kruskall-Wallis-test and post-hoc tests with a Bonferroni correction. The 

square root of weight was used to allow comparisons between study groups for the 

nonlinear association of left ventricular end diastolic diameter and weight. 

Multivariate linear regression analysis was performed with a stepwise forward 

regression model, in which each variable with a p<0.05 (on basis of univariate 

analysis) was entered into the model. Statistical analysis was performed with the 

SPSS software for Windows XP version 15.0. 

 

RESULTS 
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Left ventricular mass and volumes in adults 

In total 182 adults (mean age 43.6 ± 11.1 years, 45% male) were included in this 

study; 41 healthy controls, 115 adults with DS and 26 Non-DS subjects with an 

intellectual disability. (see Figure 1). In the Non-DS group, 3 adults had cerebral 

palsy, 1 adults had ring chromosome 18, 1 adult had Fragile X-syndrome, 1 adult had 

Noonan syndrome and 20 adults had unknown underlying cause of the intellectual 

disability. Baseline characteristics are shown in table 1. In adults with DS, iLVM was 

significantly lower compared to healthy controls (64 ± 17 vs. 94 ± 17 g/m
2
; p<0.001). 

Compared to non-DS adults with an intellectual disability, iLVM was somewhat lower 

in adults with DS, although not significantly different (p<0.08). LV volumes were 

significantly smaller in adults with DS compared to both healthy controls and non-DS 

adults with an intellectual disability (p<0.001). Figure 2 shows cardiac parameters of 

all included subjects. Aortic root diameter, indexed to BSA was not significantly 

different between all groups. iLVM was inversely correlated with the level of 

intellectual disability (r = -0.55), even when controlled for age or sex by partial 

correlation. iLVM was 94, 72, 66, 64, 59 g/m
2
 in adults with no, mild, moderate, 

severe and profound intellectual disability respectively. Table 2 shows that mild to 

moderate left ventricular relaxation was found more frequently in adults with an 

intellectual disability compared to healthy controls (p<0.01). Furthermore, LV stiffness 

was significantly higher in adults with an intellectual disability compared to healthy 

controls (p<0.001) and LV stiffness was inversely correlated with iLVM in these 

subjects (r = - 0.58; p<0.001)    

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 1 

Flow chart of included subjects, DS; Down syndrome 
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Total group Control P-value

DS Non-DS

n = 182 n = 115 n = 26 n = 41

Male, n  (%) 82 (45) 48 (42) 15 (58) 19 (46) 0.33

Age, y 43.6  ± 11.1 43.4  ±10.8 50.1  ±10.6 40.1 ± 11.0 0.001

BSA, m ² 1.73  ± 0.22 1.63  ± 0.2 1.87 ± 0.2 1.87± 0.18 <0.001

BMI kg/m ² 26.1 ± 4.2 27.0  ± 4.2 27.14  ± 4.1 23.3 ± 2.6 <0.001

Height, cm 160.3 ± 13.3 153.0  ± 8.0 167.1 ± 13.1 175.3 ± 9.3 <0.001

Weight, kg 67.1 ± 12.8 63.2  ± 11.2 75.9 ± 14.7 71.7 ± 11.1 <0.001

Systolic blood pressure, mm Hg 116.9 ± 13.3 114.5 ± 12,5 127.7 ± 12.2 114.8 ± 11.0 <0.001

Diastolic blood pressure, mm Hg 74.3 ± 9.2 72.3  ± 7.8 81.3 ± 10.5 77.0 ± 10.0 <0.001

Obesity*, n (%) 30 (17) 24 (21) 5 (20) 1 (2) 0.03

Table 1. Baseline characteristics of adults

continuous values are mean ± SD,  BSA; body surface area, BMI, body mass index, *defined as BMI>30 kg/m2

DS; Down syndome

Intellectual disability

Table 2. Results

Control P-value

DS Non-DS

n = 115 n = 26 n = 41

Cardiac mass and volumes

LVM, g 104 ± 32 134 ± 30 176 ± 40 <0.001

i LVM, g/m ² 64 ± 17 72 ± 16 94 ± 17 <0.001

LVM/height2.7, g/m² 33 ± 9 34 ± 9 39 ± 7 0.005

LVM/ BSA1.5, g/m²  50 ± 13 53 ± 10 69 ± 13 <0.001

i LVEDV, ml/m²  42 ± 11 45 ± 10 63 ± 10 <0.001

i LVESV, ml/m² 12 ± 5 15 ± 5 21 ± 6 <0.001

i Aortic root diameter, mm/m ² 18 ± 2 18 ± 3 17 ± 1 0.8

i Vena cava inferior diameter, mm/m² 6.6 ± 1.6 6.4 ± 2.3 10 ± 3 <0.001

i Vena  cava Inferior diameter collaps, mm/m² 3.1 ± 1.1 3.0 ± 1.4 5 ± 1.5 <0.001

Relative wall thickness, mm 0.4 ± 0.1 0.41 ± 0.1 0.34 ± 0.1 <0.001

LV function

Fractional shortening (%) 41 ± 6 37 ± 7 37 ± 5 <0.001

Ejection Fraction (%) 72 ± 8 66 ± 10 67 ± 7 <0.001

E, cm/s  85 ± 17  73 ± 16 80 ± 17 0.008

A, cm/s  62 ± 18  66 ± 18 51 ± 13 0.001

Ea, cm/s 9.1 ± 2.6  7.9 ± 2.3  12 ± 2.0 <0.001

DT, ms 211 ± 48  210 ± 53 198 ± 35 0.40

E / A ratio, cm/s  1.5 ± 0.6 1.2 ± 0.4 1.7 ± 0.5 0.002

E / Ea ratio 9.9 ± 2.6 9.8 ± 3.1 6.8 ± 1.2 <0.001

E / Ea, n > 15  (%) 5 4 0 0.30

E / Ea, n > 10 (%) 31 38 0 <0.001

 Mild diastolic dysfunctionª  (%) 4 8 0 0.2

Moderate diastolic dysfunction* (%) 53 73 33 0.01

Left ventricular stiffness, mmHg/ml 0.23 ± 0.12 0.18 ± 0.07 0.09 ± 0.02 <0.001

Left ventricular stiffness, n  >0.27 mmHg/ml (%) 18 13 0 0.006

SQUASH-score 3639 ± 2556 4163 ± 3013 7837 ± 2832 <0.001

BSA; body surface area, LVEDV, left ventricular end diastolic volume; LVESV, left ventricular end diastolic volume 

SQUASH-score, Short Questionnaire to Assess Health-enhancing physical activity score

Intellectual disability

Continuous values are mean ± SD; i , indexed to body surface area; LVM, left ventricular mass, DS; Down syndrome

E; peak early filling velocity, A; velocity at atrial contraction, DT; deceleration time, 

Ea; velocity of mitral annulus early diastolic motion, ªE /A ratio < 0.75,  *0.75 < E/A ratio <1.5 DT> 140 ms,  
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Physical activity in adults 

Physical activity by means of the SQUASH score was nearly twofold higher in 

healthy controls compared to adults with an intellectual disability (p<0.001). No 

significant difference was found between DS subjects and adults with other causes of 

intellectual disability. The SQUASH score was positively correlated to iLVM (r = 0.41; 

p<0.001).  

 

Independent determinants for left ventricular mass and volumes 

iLVM was correlated with level of intellectual disability. However, A Bonferroni post-

Hoc analysis showed that iLVM was only significantly different between adults with 

and without an intellectual disability. Therefore in our multivariate linear regression 

analyses we used the level of intellectual disability as a binary determinant 

(intellectual disability present or absent). Univariate and multivariate analyses for left 

ventricular mass and volumes were performed and independent predictors are 

shown in table 3. Body surface area, male sex, systolic blood pressure and presence 

of intellectual disability were all found to be significantly and independently correlated 

with LVM. SQUASH score was a significant predictor for LV end diastolic volume by 

multivariate analysis (r = 0.21; p<0.001) 

 

Table 3. Multivariate analyses for left ventricular measurements

Beta P Beta P Beta P

Intellectual disability -0.47 <0.001 -0.46 <0.001 -0.37 <0.001

BSA 0.28 0.003 0.37 <0.001 0.28 0.006

Systolic blood pressure 0.20 0.02 NS NS

Male sex 0.19 0.03 NS NS

Down syndrome NS NS -0.25 0.02

SQUASH score NS 0.21 0.006 NS

Age NS NS NS

LVM: left ventricular mass; LVEDV, left ventricualr end-diastolic volume; LVESV, left ventricular end-systolic volume

BSA; body surface area, SQUASH-score, Short Questionnaire to Assess Health-enhancing physical activity score

all variables entered in this model were significantly correlated by univariate testing

LVM LVEDV LVESV

 

 

Paediatric study 

In total, 127 children (median age 3.0, range 0-18.7 years) were included in this 

study, 48 children with DS and 79 controls. Baseline characteristics are shown in 

table 4. In this retrospective study, DS children with small congenital heart defects 
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Total group DS Control P-value

n = 127 n = 48 n = 79

Male, n  (%) 70 (55.1) 27 (56.3) 43 (54.4) 0.86

Age, y 3.0 (0-18.7) 0.5 (0-16.0) 6.3 (0-18.7) <0.001

Weight, kg 14 (3.0-92) 6.3 (3.0-61) 21 (3.2-92) <0.001

values are median with range, DS; Down syndrome

Table 4. Baseline characteristics of children

but without hemodynamic importance were accepted for inclusion. Of in total 40 

children with DS, 5 children had a spontaneously closed ventricular septal defect, 8 

children had a small or closed patent arterial duct, 14 children had a small or 

spontaneously closed atrial septal defect and 10 children had structural normal 

hearts. In Figure 3 the mean LV end diastolic diameters are shown by age groups 

from childhood to adulthood. LV end diastolic diameters were only significantly 

different in adulthood. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Left ventricular end diastolic diameter in children and adults.                  

LVEDD: Left ventricular end diastolic diameter adjusted to the square root of weight. 

●   Healthy controls  

□ Adults with Down syndrome 
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DISCUSSION 

 

In this study we demonstrated for the first time that cardiac size was significantly 

smaller in a large group of adults with an intellectual disability compared to healthy 

non-athletic controls. These findings were consistent and strongly significant after 

traditional adjustments for body compositions (height and body surface area) and 

allometric based criteria (BSA
1.5

 and height
2.7

). LV diameters were not significantly 

different during childhood, indicating that the smaller cardiac dimensions at adulthood 

are acquired and lifestyle-related.  

In a the prenatal study of Calda et al (2010) in which LV diameters did not 

differ between DS fetuses and euploid fetuses in the first trimester of gestation.
17

 

Similarly, in the paediatric study of Russo et al (1998)  no significant differences were 

found in LV volume and iLVM between DS children (mean age 3.57 years) and a 

matched control group. These findings correspond with the hypothesis that 

differences in cardiac size in our study are lifestyle-related. 

Moreover, by comparing cardiac size and volume of DS subjects to non-DS 

adults with an intellectual disability residing in centres with similar care and day-time 

activities, we found that LV dimensions were comparable and also significantly 

smaller compared to healthy controls. Again, these results support the hypothesis 

that lower LV parameters are lifestyle-related. Most likely, cardiac adaptations 

occurred, as adults living in residential centres, experience a sedentary lifestyle. 

These patients are physically inactive, due to their intellectual and concomitant 

physical disabilities. The SQUASH score about physical activity was positively 

correlated with iLVM and intellectual disability. Thus, adults with an intellectual 

disability (with and without DS) living in residential centres are, in general, physically 

inactive compared to healthy controls, resulting in lower cardiac mass and smaller 

volumes.   

A hormonal disturbance could be another possible explanation for reduced 

cardiac mass in patients with DS. Growth hormone and insulin-like growth factor are 

known to increase LVM.
18

 Adults with DS have several features in common with 

growth hormone deficient patients like overweight, reduced muscle strength and 

decreased bone density. Suboptimal growth hormone production has been reported 

in children with DS
19

, although recently published data showed normal growth 

hormone secretion in young adults with DS.
18

 However, whether the effect of growth 
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hormone is altered in DS, leading to a functional growth hormone deficiency, despite 

an apparently normal growth hormone profile is yet unclear. On the other hand, this 

explanation does not elucidate the smaller cardiac dimensions in non-DS adults with 

an intellectual disability. 

 Previous studies have demonstrated that the cardiac muscle is well regulated 

in response to changes in loading conditions.
20, 21

 Increased volume and pressure 

lead to an increase in cardiac muscle mass. This cardiac plasticity has been studied 

intensively over the past years and is well known in trained athletes.
7, 22

 Conversely, 

the mechanisms leading to the opposite response are less clear. Cardiac atrophy has 

been described after supine bed rest or short-term spaceflight.
10, 11

 However, 

adaptation of the cardiac mass after prolonged physical inactivity in a nonathletic 

population has never been shown. This study demonstrates that a sedentary lifestyle 

may lead to cardiac atrophy in adults with an intellectual disability. No differences in 

aortic root diameter were found, illustrating that basic cardiac morphology is identical 

between adults with and without an intellectual disability and that the adaptations 

solely occur in the cardiac muscle.  

Another clinically important finding of this study is the high percentage of 

diastolic dysfunction associated to smaller cardiac mass in adults with an intellectual 

disability. Abnormal gene regulation and reduced cardiac cell number are found in 

DS.
23

. However, diastolic dysfunction was also demonstrated in subjects without DS, 

disproving a syndromic feature.  

 

LIMITATIONS 

 

Left ventricular mass and volumes were assessed by echocardiography, which has 

considerably lower accuracy than magnetic resonance imaging (MRI) for quantitative 

measurements. However, it was not realistic to perform a MRI in adults with an 

intellectual disability. Echocardiography could be performed in the familiar 

surroundings of the residential centre, which made examination of these patients 

highly successful. Another limitation is that the SQUASH questionnaire is not 

validated for adults with an intellectual disability. Subjects with moderate to severe 

intellectual disability were not able to fill in the questionnaire. Therefore, this was 

done by the daily caretaker or a parent, who was well informed about subjects’ daily 

activities. When no reliable information on daily activities could be obtained, we 
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refrained to fill out the questionnaire. Unfortunately data on cardiac function were not 

available in children. 

 

CONCLUSION 

 

Left ventricular dimensions are significantly smaller in patients with an intellectual 

disability compared to healthy controls. These findings appear to be lifestyle related 

as differences become manifest at adulthood and subjects with an intellectual 

disability generally experience a sedentary lifestyle. Presumably, physical inactivity 

leads to a condition of cardiac atrophy and seems to be associated to diastolic 

dysfunction. 
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ABSTRACT 

 

Objective Physical fitness is reduced in adults with Down syndrome (DS). The 

present study was conducted to elucidate the exercise response in adults with DS.  

Design Case controlled before-after trial 

Setting Residential centre for people with intellectual disabilities 

Participants 96 Adults with DS, 25 non-DS adults with an intellectual disability, 33 

controls  

Interventions Echocardiography to exclude heart defects and to measure cardiac 

index (CI) in the supine position, supine position with raised legs, and following 10 

knee bends.  

Main outcome measure Exercise testing  

Results At rest, mean CI was not significantly different between persons with DS 

and controls (2.3 vs. 2.4 l/min/m
2
,p=0.3). However, mean CI after exercise was 

significantly lower in DS (2.9 vs. 3.7 l/min/m
2
,p<0.001) and mean CI increase from 

rest to exercise was more than 50% lower in DS. On the contrary, CI after exercise 

was similar among controls and non-DS adults with an intellectual disability. 

Significantly lower stroke volumes in DS were found with insufficient heart rate 

response. 

Conclusions CI at rest was similar in adults with DS and controls; however we 

demonstrated that persons with DS have a diminished cardiac response to 

exercise. Stroke volumes were significantly lower in DS during exercise and a 

compensated heightened heart rate was absent.  
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INTRODUCTION 

 

Average life expectancy of adults with Down syndrome (DS) has increased from a 

mere 12 years in the 1940s to 60 years in present-day populations
1-4

 This is due to 

improved techniques en outcome of corrective cardiac surgery and available 

advanced therapies for DS patients.
5,6

  However, DS is associated with a high 

prevalence of comorbid conditions, like osteoarthritis, obesity and Alzheimer’s 

disease at relatively young age.
7-11

 Therefore there has been a grown attention for 

prevention of conditions that lead to participation limitations and inactivity.  

Lower levels of cardiovascular fitness have been reported previously in 

children and adults with DS compared to subject without DS with or without an 

intellectual disability.
12-14

. Also aerobic capacity exhibits a different age-related 

response in persons with DS as relative VO2peak does not decline with age.
15

. A 

combination of chronotropic incompetence
16,17

 and sympathetic dysfunction.
18

 may 

explain the very low maximal heart rate and could contribute to the reduction in 

aerobic power in persons with DS. Hypothetically, exercise programs could have a 

positively affect to overall health and lead to increase quality of life in adults with DS. 

Most training programs among adults with DS did not yield the desired response of 

improved cardiovascular capacity.
19,20

, although Tsimaras et al found improvement of 

peak aerobic capacity in 25 adults with DS following a jog-walk training program.
21

. 

We hypothesized that cardiac response to exercise would be lower in patients with 

DS. The primary goal of this study was to further elucidate the physiological response 

to physical activity in healthy adults with DS. 

 

METHODS 

 

Study population 

We included adults with an intellectual disability with and without DS, living in health 

care institutions (group homes) for people with intellectual disabilities. A control group 

of healthy non-athletic volunteers was randomly sampled from the Academic Medical 

Centre in Amsterdam (including hospital employees and medical students). Exclusion 

criteria were: 1) congenital heart defects 2) Alzheimer’s disease 3) contraindications 

to exercise or physically incompetence to perform the exercise protocol (wheelchair 

user, orthopedic injury) 4) unregulated thyroid function 5) patients without sinus 
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rhythm. An electrocardiogram was made to examine arrhythmias and thyroid function 

was checked in the participants with DS by medical charts according to latest 

laboratory testing within one year. Approval was obtained from ethical boards of all 

participating institutions and informed consent was acquired from all subjects and/or 

their legal guardians 

 

Echocardiography 

An echocardiogram was performed in all adult patients with a portable GE VIVID I 

(Horten, Norway), by an experienced ultrasound technician and evaluated by a 

cardiologist. Echocardiography was performed to exclude congenital heart defects 

and standard echo measures were obtained in the supine position, supine position 

with raised legs (in 45 degree angle to increase preload), and in the supine position 

following 10 knee bends. All echocardiographic images were acquired according to 

recommendations of the American Society of Echocardiography
22,23

, recorded 

digitally, and analyzed offline. The following echocardiographic dimensions were
 

measured: left ventricular end diastolic diameter, left ventricular outflow tract 

diameter (LVOTd), in parasternal short axis view, velocity time integral (VTI) in apical 

long axis view by pulsed wave (PW) Doppler. The PW sample volume was positioned 

just proximal the aortic valve leaflets, within the LVOT. The VTI was measured by 

tracing the leading edge of the velocity spectrum. Cardiac output was calculated 

using the following formulas: Area (A) = (LVOTd/2)2 x π; Stroke volume (SV) = A x 

VTI; CO = SV x heart rate. Cardiac output was adjusted for body surface area to 

obtain cardiac index (CI). 

 

Exercise test 

After echocardiographic measurements in supine position and in supine position with 

raised legs, patients had to perform a simple test. First, the patient was informed 

about the test procedure. Subsequently patients had to stand next to the examination 

bed and were asked to perform 10 knee bends (without touching the legs or knees 

with the arms). Immediately after this task, patients had to lie on the examination bed 

in supine position and echocardiographic measurements were repeated. Total task 

duration and the delay between end of task and echocardiographic recordings were 

measured with a stopwatch. Task duration of less than 45 sec was accepted. 

Patients who did not meet this criterion were excluded as task performance was 
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inadequate.  

 

Statistical analysis 

Descriptive statistics were used to describe baseline characteristics. Patient 

characteristics were compared between groups using chi-squared test in case of 

categorical variables whereas continuous variables were compared using one-way 

analysis of variance (ANOVA). (Group X Condtion)repeated measures ANOVA were 

applied to compare continuous variables among the three groups in rest, in supine 

position with raised legs and after exercise. In case Mauchly’s test indicated that the 

assumption of sphericity had been violated, degrees of freedom were corrected using 

the Huynh-Feldt correction. Data are given as mean ± standard deviation (SD) and 

the level of significance was set at p<0.05. A multiple linear regression model for 

cardiac index was done to adjust for baseline differences between groups. Those 

variables found to be significant by univariate analysis (p<0.1) were put in the 

multivariate model. Statistical analysis was performed with the SPSS software for 

Windows XP version 16.0. 

 

RESULTS 

 

Study population 

In total, 96 adults with DS (mean age 42 ± 11 years, 48% males), 25 non-DS adults 

with an intellectual disability (mean age 50 ± 11 years, 60% males) and 33 controls 

(mean age 40 ± 11 years, 55% males) participated in this study. Baseline 

characteristics of all subject groups are shown in table 1. Cardiac output testing at 

rest could be performed in all 154 subjects. However cardiac index after exercise 

could only be obtained from 52 DS patients, 11 non-DS adults with an intellectual 

disability and 22 controls (49% of the included population). In the two groups with an 

intellectual disability, the patients with a severe cognitive impairment had significantly 

more often a failed exercise test (DS p<0.001 and non-DS p=0.04). All other baseline 

characteristics of patients with and without exercise test were not significantly 

different, except for the non-DS adults with an intellectual disability; patients with a 

successful exercise test were on average 13kg heavier. Mean time of exercise 

testing was 24 ± 6 seconds and mean delay between exercise testing and 

echocardiographic recording was 32 ± 13 seconds. In total, 54 DS persons and 14 
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Controls

Down syndrome non-Down-syndrome p -value

n = 96 n = 25 n  = 33

48 60 55 NS

42 ± 11 50 ± 11 40 ± 11 0.002 
‡,§

64 ± 11 77 ± 15 72 ± 12 <0.001
 † ,§

153 ± 8 168 ± 13 177 ± 9 <0.001 
†,‡,§

27 ± 4 27 ± 4 23 ± 3 <0.001
†,‡

1.6 ± 0.2 1.9 ± 0.2 1.9 ± 0.2 <0.001 
†,§

Systolic blood pressure, mm Hg 115 ± 13 127 ± 12 115 ± 11 <0.001 
‡,§

Diastolic blood pressure, mm Hg 73 ± 8 81 ± 11 77 ± 10 <0.001
 §

NS

mild 3 24 NA

moderate 62 32 NA

severe 28 44 NA

profound 7 0 NA

1 8 0 NS

22 20 3 NS

30 5 3 <0.05 
†,§

4 0 0 NS

§
Down syndrome versus non-Down syndrome with intellectual disability

‡
control versus non-Down syndrome with intellectual disability

†
control versus Down syndrome 

Height, cm

BSA, m²

Intellectual disability

Obesitas* (%)

BMI, kg/m²

Table 1: Baseline characteristics

Age, yrs 

Male gender (%)

Weight, kg

Intellectual disability

*criterium BMI>30 kg/m², ¹ criterium blood pressure>140/90 mmHg

Hypertensive¹ (%)

Regulated hypothyroidism (%)

Regulated hyperthyroidism (%)

values expressed as mean ± SD, BMI; body mass index,  BSA; body surface area, NA; not applicable, NS; non signif icant

non-DS adults with an intellectual disability were excluded for exercise testing, 

because they were not able to execute the exercise test adequately or did not want 

to participate. 

 

 

 

 

 

 

 

 

 

 

Cardiac Indices 

CI was not significantly different between adults with DS and controls at rest (2.3 vs 

2.4 l/min/m
2
, p=0.3). (see Table 2) Even so, during increased preload, measured by 

raised legs (2.5 vs 2.7 l/min/m
2
, p=0.07) cardiac index was similar. However, CI after 

exercise was significantly lower in DS persons (2.9 vs. 3.7 l/min/m
2
, p<0.001). In 

controls, CI increased 69% from baseline after exercise (p<0.001). A lower CI 

increase of 30% was found in DS patients (p<0.001). Heart rate response was 

comparable between DS persons and controls, however a significantly lower stroke 

volume was observed in DS persons (p<0.001), as shown in figure 1. Mean cardiac 

indices of all three groups after upright tilting of the legs and exercise are shown in 

figure 2. Left ventricular end diastolic diameter was 40.1 ± 4.4 mm in DS persons, 

42.9 ± 4.5 mm in non-DS adults with an intellectual disability and 50.0 ± 3.9 mm in 

controls (p<0.001). By multivariate analysis, independent predictors for absolute 
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Univariate P  value Multivariate P  value

Beta Beta

-0.21 0.07 -0.24 0.009

0.05 0.7

BMI -0.07 0.6

controls 0.59 <0.001 - -

down syndrome -0.57 <0.001 -0.46 0.001

non down syndrome with ID 0.05 0.7 -0.13 0.2

LV end diastolic diameter 0.62 <0.001 0.33 0.009

Male gender

Groups

BMI, body mass index, ID; intellectual disability, LV; left ventricular

Table 3: multivariate analysis for cardiac index change (rest to exercise) 

Age

increase of cardiac index after exercise were age (β = -0.21, p=0.009), left ventricular 

end diastolic diameter (β = 0.33, p=0.009) and DS (β = -0.46, p=0.001) (see table 3). 

 

Rest Raised legs After exercise Condition Condition x Group Group

Down syndrome 3.7 ± 0.9  4.0 ± 1.1 4.7 ± 1.3 

Cardiac output (l/min) non-Down-syndrome with ID 5.3 ± 1.3
††

6.1 ± 1.5
††

7.5 ± 1.7
††

170.3 ** 15.7 ** 24.7 **

Controls 4.5 ± 1.0
‡‡

5.0 ± 0.8
†‡  

6.8 ± 1.3
††  

Down syndrome 2.3 ± 0.5 2.5 ± 0.7 2.9 ± 0.7 

Cardiac index (l/min/m²) non-Down-syndrome with ID 2.8 ± 0.6
†

3.1 ± 0.7
† 

3.7 ± 0.8
††  

174.0 ** 13.9 ** 9.1 **

Controls 2.4 ± 0.4
‡

2.7 ± 0.3 3.7 ± 0.5
††

Down syndrome 55.1 ± 13.6 58.1 ± 15.0 61.8 ± 15.1 

Stroke volume (ml) non-Down-syndrome with ID 68.3 ± 13.1
††

78.8 ± 12.5
††

80.3 ± 13.3
††

57.4 ** 14.8 ** 15.9 **

Controls 69.8 ± 11.8
††

69.9 ± 10.4
†

85.5 ± 14.8
†† 

Down syndrome 33.6  ± 7.5 35.7 ± 7.9 37.7  ± 7.5 

Indexed stroke volume (ml/m²) non-Down-syndrome with ID 36.4 ± 5.9 39.5 ± 6.2 40.4 ± 7.7 51.9 ** 11.9 ** 4.0 *

Controls 37.3 ± 5.6 38.0 ± 5.9 46.3 ± 6.8
††‡ 

Down syndrome 68 ± 12 70 ± 11 77 ± 10 

Heart rate (beats/min) non-Down-syndrome with ID 78 ± 13
†

77 ± 9.0
† 

93 ± 12
††  

103.2 ** 7.4 ** 7.7 *

Controls 64 ± 12
†‡‡

72 ± 10 79 ± 9
‡  

‡‡
p<0.001, 

‡
p<0.05, compared to non-Down syndrome with intellectual disability

††
p<0.001, 

†
p<0.05, compared to Down syndrome

**p<0.001, *p<0.05, compared between the three groups by repeated measures ANOVA, ID; intellectual disability

Table 2: Cardiac responses

Condition
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Figure 1  Title: Indexed stroke volume and heart rate response after exercise. 

Caption: Rest values correspond only to the subjects that performed the exercise test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Title: Cardiac index response  

a)cardiac index response after raised legs in supine position  

b)cardiac index response after exercise  

Caption: Rest values correspond only to the subjects that performed the exercise test 
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DISCUSSION 

 

The main finding of this study is that in healthy adults with DS, raise of cardiac index 

is diminished after a relatively light exercise test compared to healthy controls and 

non-DS adults with an intellectual disability. Mean increase of cardiac index after a 

simple exercise task was 50% lower in individuals with DS compared to healthy 

controls. This diminished cardiac response after exercise was related to a lower 

mean stroke volume in DS as no group differences for heart rate were found. In our 

previous study, we already showed that left ventricular volumes are smaller in 

patients with an intellectual disability (with and without DS) compared to healthy 

controls.
24

 This indicates that stroke volumes are restricted to the smaller hearts in 

persons with DS. Furthermore, an expected higher heart rate response to 

compensate for the lower stroke volume was absent in persons with DS. This fits in 

with the theory of Baynard et al. that peak heart rate is low in individuals with DS.
16

 

Fernhall et al suggested that a reduced peak heart rate and low work capacities in 

individuals with DS could be explained by a diminished catecholamine response to 

peak exercise.
18

 Furthermore, Figueroa et al reported a reduced heart rate and blood 

pressure response to sympathetic tasks due to blunted vagal withdrawal and reduced 

sympathoexcitation.
25

 In addition to these reduced sympathicomimetic ability to 

exercise we demonstrated a reduced stroke volume in adults with DS. The findings in 

non-DS adults with an intellectual disability show that our results are specific to Down 

syndrome. In this study, a lower increased heart rate after exercise was found in 

persons with DS compared to non-DS adults with an intellectual disability. This 

corresponds to the study of Pitetti et al were individuals without DS with an 

intellectual disability had significant higher mean heart rate than individuals with DS 

during treadmill walking.
26

 Pitetti et al also found a significant higher peakVO2 in 

persons with an intellectual disability without DS.
26

 In our study, cardiac index after 

exercise was similar among healthy controls and non-DS adults with an intellectual 

disability. Overall, we can conclude that non-DS adults with an intellectual disability 

are capable of increasing their cardiac capacity adequately, unlike individuals with 

DS. 

 A limitation of this study is that exercise testing failed in more than half of the 

included subjects with an intellectual disability. As expected most subjects with a 

severe intellectual disability were not able to perform the test due to comorbid 
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physical problems or non-cooperation. However, all other important baseline 

characteristics were not statistically different from patients with or without successful 

exercise testing. Secondly, a familiarization protocol was not carried out. However, by 

using a relatively simple task, which most adults with an intellectual disability could 

understand, we minimized possible result errors by inadequate performance of the 

task. Thereby, patients with inadequate testing (task duration of more than 45 

seconds) were excluded for analysis of cardiac output change. 

 

CONCLUSION 

 

Cardiac response to exercise is diminished in adults with DS. Stroke volumes were 

significantly lower in DS during exercise and a compensated increased heart rate 

was absent. An adequate cardiac response seems to exist in non-DS adults with an 

intellectual disability. A reduced cardiac response could be clinically relevant when 

considering that cardiac reserve may be inadequate in situations were higher cardiac 

output is needed, for example during fever and for sport activities. Also the effect of 

training programs to increase exercise capacity in the DS population could be 

negatively influenced when adults with DS are less able to increase their cardiac 

index while exercising. 
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ABSTRACT 

 

Down syndrome is the most common chromosomal abnormality. A simultaneous 

occurrence with Marfan syndrome is extremely rare. We present a case of a 28-

year-old female with Down syndrome and a mutation in the fibrillin-1 gene. Patient 

showed strikingly few manifestations of Marfan syndrome. Although variable 

expression is known to be present in Marfan syndrome, phenotypic expression of 

Marfan syndrome in our patient might be masked by the co-occurrence of Down 

syndrome.  

 

Key words: Marfan syndrome; Down syndrome; Trisomy 21; Coexistence; FBN1 
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INTRODUCTION 

 

Down syndrome (DS) is the most common chromosomal abnormality among liveborn 

infants and the most frequent form of intellectual disability with a prevalence of 1 to 2 

per 1000 live births.
1
 DS is characterized by various congenital malformations, 

characteristic dysmorphic features and other health-related problems. Marfan 

syndrome (MFS) is an autosomal dominantly inherited connective tissue disorder, 

with an estimated prevalence of 1 to 2 per 10.000. It affects various organs in 

particular the skeleton, the heart and the eyes, with variable phenotypic expression.
2
 

Diagnosis of MFS is made according to the Ghent nosology.
3
 This requires ‘major’ 

criteria in at least two systems and the involvement of a third system with ‘minor’ 

criteria. The condition is caused by mutations in the fibrillin-1 (FBN1) gene, located 

on chromosome 15.
4
 Mutations in this gene have also been reported in Marfan-

related diseases like ectopia lentis syndrome and familial ascending aortic 

aneurysms.
5
 In 10 percent of cases that fulfil the criteria of MFS, no mutation in the 

FBN1 gene is identified. Mutations in the transforming growth factor-beta receptor 2 

(TGFBR2) on chromosome 3 and TGFBR1 on chromosome 9 have been linked to 

the Marfan phenotype in some of these patients.
6
 Here, we present a patient with DS 

and a mutation in the FBN1 gene. To the authors' knowledge, this is the first reported 

case described in the English literature. Both DS and MFS are associated with 

specific phenotypic characteristics. Therefore, the phenotypic appearance in our 

patient is clinically intriguing 

 

CASE REPORT 

 

A 28 year-old-woman was born with extreme hypotonia and typical dysmorphic 

features of DS. DS was diagnosed three days after birth by karyotyping (karyotype 

47, XX +21). Throughout childhood, major health care problems were progressive 

weight gain and multiple orthopedic surgical interventions because of luxation of the 

patella. A congenital heart defect was absent. 

Patient’s paternal grandfather and uncle had both died from aortic dissection at the 

age of 47 years. Patient’s father was suspected of having MFS when he was 39 

years old, because of the presence of an increased arm span–to–height ratio of 1.08, 

thoracolumbar scoliosis, arachnodactyly with positive wrist sign, striae atrophicae on 
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the shoulder and surgery for a hernia in the past. Ocular signs were a flat cornea and 

slight myopia, but cardiovascular symptoms were absent. At that time, our patient 

was 8 years old. Physical examination of our patient revealed clinical manifestation of 

DS, including short stature (height was 123 cm (P75 for DS)), mild upslanting 

palpebral fissures, flat nose, epicanthic folds and intellectual disability. Except for a 

highly arched palate, joint hypermobility (Beighton score 5/9) and flat feet, no other 

physical manifestations of MFS were present. Echocardiography revealed no 

abnormalities. Ophthalmologic examination showed cataract and strabismus 

associated with DS, but no major signs of MFS. Therefore suspicion of MFS was low. 

Characteristic signs and symptoms of MFS and DS and patient characteristics are 

shown in the table. 

When our patient was 25 years old, DNA analysis was performed in her father and a 

mutation in the FBN1 gene (IVS 11+5G>A) was found. The mutation was also 

present in our patient. Physical examination as well as echocardiography did not 

reveal any additional manifestations of MFS as seen at the age of 8 years. Pictures 

of her face (Fig.1) and hands (Fig.2) are shown. Her final height was 155 cm (P50 for 

DS). Both our patient and her father could not be diagnosed with MFS according to 

the Ghent nosology.
3
 However, a Magnetic Resonance Imaging (MRI) to evaluate 

dural sac ratio has not been performed. The father has skeletal and ocular 

manifestations and two other relatives died of aortic dissection, which suggests the 

FBN1 mutation to be present in these relatives. Our patient however showed 

strikingly few signs of MFS.  
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Down syndrome Marfan syndrome Presented case

small brachiocephalic head + – + 

epicanthic folds + – + 

flat nasal bridge + – + 

upslanting palpebral fissures + – + 

small ears + – + 

excessive skin at the nape of the neck + – + 

single transverse palmar crease + – –

wide space between first and second toes + – –

highly arched palate – + + 

dolichochephaly – + –

malar hypoplasia – + –

retrognathia – + –

enophthalmus – + –

downslanting palpebral fissures – + –

Cardiovascular signs
congenital heart defect + – –

dilatation or dissection ascending aorta – + –

dilatation or dissection descending aorta < 50 years – + –

mitral valve prolapse – + –

dilatation main pulmonary artery – + –

calcification mitral valve annulus < 40 years – + –

Opthalmologic signs
Brushfield spots + – –

strabismus + – –

cataract + – + 

nystagmus + – –

myopia + + + 

lens dislocation – + –

flat cornea – + –

hypoplastic iris – + –

Orthopedic signs
atlantoaxial instability + – –

joint hypermobility + + + 

pes planus + + + 

scoliosis + + –

pectus carinatum/ excavatum – + –

dolichostenomelia – + –

arachnodactyly – + –

reduced extension of elbows (<170º) – + –

protrusio acetabulae – + –

Dermatological signs
folliculitis + – + 

dry skin + – + 

alopecia areata + – –

fissured tongue + – –

palmoplantar hyperkeratosis + – –

striae atrophiae – + + †

(recurrent) herniae – + + †

Pulmonary signs
obstructive sleep apnoe + – –

spontaneous pneumothorax – + –

apical blebs – + –

Other signs
intellectual disability + – + 

hypothyreoidism + – + 

hypotonia + – + 

obesitas + – + 

dural ectasia – + ?

Genetic defect

trisomy chromosome 21 + – + 

pathogenic mutation: FBN1 or TGFBR1 or TGFBR2-gene – + +* 

According to the Ghent nosology our patient has 1 major and 1 minor criterium of Marfan syndrome

FBN1; fibrillin 1, TGFBR1; transforming growth factor beta receptor

Table: Syndrome and patient characteristics

Phenotypic features

 '+'  syndromal sign present;  –  syndromal sign absent ; ? unknown presence of sign, *major criterium, † minor criterium

Dysmorphic features

Characteristic
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Figure 1. Picture of patient’s face: front and side. Note facial features of Down syndrome, e.g. upslanting 

palpebral fissures, epicanthal folds and small ear. 
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Figure 2. Picture of patient’s hands. Note no signs of arachnodactyly. A single transverse palmar crease is 

absent 
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DISCUSSION 

 

We present a case of a 28-year-old female with DS and a mutation in the FBN1 

gene. Because of a relatively high prevalence of DS, simultaneous occurrence with 

other syndromes and diseases is quite possible. Dupre et al (1977) reported an 

unusual case in which an eruption of syringomas, DS, MFS and Ehlers-Danlos 

syndrome were associated.
7
 MFS and DS were both evident, but some specific 

anomalies missed because of interaction between the two syndromes. A co-

occurrence of DS and Ehlers-Danlos syndrome has been reported in the past by 

Meyer et al. (1956)
8
, Schachter (1956)

9
 and Korting (1969).

10
 Recently Pasmatzi et 

al. (2006) put forward the possibility of a presently unknown link between DS and 

Ehlers-Danlos syndrome.
11

 Features of MFS were not obvious in our case. 

Phenotypic expression with respect to presence and severity of symptoms of MFS is 

known to be variable, even within families. The mutation (IVS 11+5G>A) has been 

described before in other studies.
5, 12

 In at least one case, the mutation caused an 

incomplete MFS.
12

 This is consistent with the incomplete MFS in patient and her 

father. In addition, the relatively young age of our patient may partly account for the 

lack of symptoms of MFS. However, in our patient, phenotypic features of MFS might 

possibly be camouflaged by a co-existence with DS. For example DS is associated 

with typical facial features, short stature, small hands and short fingers that could 

diminish the manifestations of MFS. On the other hand, symptoms of DS overlap with 

MFS. For example, acquired hip dislocation occurs in 6% of DS patients
13

 and 2% of 

MFS patients have a dysplasia of the hip.
14

 Flat feet occur in 60% of patients with 

DS
15

 and in 25% of MFS patients.
14

 In the case presented here, joint hypermobility 

and flat feet may be associated with both syndromes. Cardiovascular manifestations 

are common in both syndromes. It is remarkable that our patient showed no signs of 

cardiovascular disease. People with DS show physical changes related to aging 

about 20 to 30 years ahead of people of the same age in the general population 

(decreased skin tone, early graying or loss of hair, cataract, hearing loss, Alzheimer 

disease). Therefore DS may hypothetically influence progression of MFS by 

acceleration of aortic dilatation. However, this could not (yet) be observed in our 

patient. Nevertheless, she is at risk for cardiovascular complications associated with 

this syndrome. Therefore regular cardiac ultrasound examination is performed. Since 

the care of patients with DS has improved in recent decades with improved survival, 
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increased practitioner awareness of unusual features in DS, may facilitate earlier 

diagnosis of a second syndrome. Possible harmful consequences may be prevented 

and will optimize care in DS patients. 
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ABSTRACT 

 

Pulmonary arterial hypertension (PAH) is a progressive disease with poor survival 

outcome. PAH is classified by the in 2009 updated clinical classification of 

pulmonary hypertension and a major subgroup is PAH due to congenital heart 

disease (CHD) with systemic to pulmonary shunt. CHD-PAH is a result of systemic 

to pulmonary shunting and chronic increased flow that ultimately results in 

adaptations of pulmonary
 
vasculature and endothelial dysfunction. The advanced 

stage is called Eisenmenger syndrome (ES) which forms a small percentage (1%) 

of all CHD patients. Therapies targeted on PAH symptoms are called primary 

therapy for PAH, but most CHD-PAH patients progress to advanced therapy which 

is directed at the PAH itself. In CHD-PAH, advanced therapies are extensively 

investigated for all three major pathways: endothelin-1 receptor antagonists as 

bosentan, prostanoids such as epoprostenol and phosphodiesterase 5 inhibitors 

such as sildenafil. Endpoints in most trials were catheterization haemodynamics, 

World Health Organization functional class, six minute walking distance and patient 

focused outcomes, based on quality of life questionnaires and Borg dyspnea index. 

The BREATHE-5 and EARLY study were two important randomised controlled trials 

(RCT) showing efficacy of bosentan at short follow-up. Moreover in patients with 

Eisenmenger syndrome (ES), one recent survival retrospective study with majority 

of patients on bosentan showed strong survival benefit over conservative therapy. A 

diversity of prospective cohort and retrospective studies were performed but all with 

limited data, due to small numbers and heterogeneity of underlying CHD 

diagnoses. Further larger studies are needed to determine optimal treatment for 

adults with CHD-PAH .This review focuses on bosentan in CHD-PAH. In particular, 

we discuss outcome of various clinical trials and compare efficacy and safety of 

bosentan to other advanced therapies. 

 

Keywords: pulmonary arterial hypertension, bosentan, endothelin-1 receptor 

antagonist, congenital heart disease 

 

 



 147 

INTRODUCTION TO THE MANAGEMENT OF PULMONARY ARTERIAL 

HYPERTENSION  

 

Pulmonary arterial hypertension (PAH) is a syndrome characterized by symptoms of 

dyspnea, fatigue, chest pain and syncope. Underlying mechanism is a progressive 

increase of pulmonary vascular resistance and a sustained elevation
 
of pulmonary arterial 

pressure to more than 25 mm Hg at rest.
 1 

It may lead to a decreased functional capacity, 

and right ventricular failure, and is often associated with early death.
2,3

 PAH can be 

classified into five main categories according to the updated clinical classification of 

Pulmonary Arterial Hypertension.
1
 This updated clinical classification is a result of the 

expert conference at Dana Point in 2008. This conference revised the Venice classification 

from 2003 and evaluated the five main groups.  In this review we focus on pulmonary 

arterial hypertension due to congenital heart disease (CHD-PAH), which is part of group 

one. The CHD-PAH group is well defined population which is investigated and compared 

to other groups thoroughly.
4-6

 New in the updated clinical classification of PAH is the 

subdivision of CHD-PAH in four main groups; 1) Eisenmenger syndrome 2) PAH 

associated with systemic-to-pulmonary shunts 3) PAH with small defects and 4) PAH after 

corrective cardiac surgery. The pathophysiologic mechanism for all these four groups 

involves intra-cardiac shunting and increased flow, though in different stages. 

Longstanding increased flow leads to pulmonary vascular changes and increased 

pulmonary vascular resistance. Ultimately this can lead to a reversal of the systemic-to-

pulmonary shunt and cyanosis, the so called Eisenmenger syndrome classified as group 

one within CHD-PAH. Eisenmenger syndrome is a multi organ syndrome with symptoms of 

dyspnea, arrhythmia, congestive heart failure, endocarditis, cyanosis, increased blood 

viscosity, iron deficiency anaemia, blood clotting disturbances and early death.
7
 Patients 

with Eisenmenger syndrome form a small percentage (1%) of the CHD population.
7
  

Important sub-group in this Eisenmenger population is patients with Down syndrome.
8
  

Once developed Eisenmenger syndrome patients tend to remain stable for many years, 

although highly symptomatic, requiring major lifestyle adjustments due to limited functional 

capacity.
9
 Exercise capacity and quality of life (QoL) are diminished, pregnancy is strongly 

contraindicated in female patients
10

 and associated life-threatening complications are 

numerous.
11

  Survival in patients with Eisenmenger syndrome is lower than in the general 

population (55% reach 50 years of age). Treatment of pulmonary arterial hypertension is 

based on the updated clinical classification of PAH. Therapies targeted on their symptoms 
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are called primary therapy for PAH.
12

  Unfortunately most primary therapies for category 

one in the updated classification of PAH are not effective to slow down progression. 

However, primary therapies remain applicable for treatment of complications as 

thrombosis, cardiac failure and rhythm disorders. Patients with CHD-PAH who progress to 

functional class II, III, or IV, irrespective of anticoagulation, diuretics, digoxin, oxygen or 

lifestyle advices, qualify for advanced therapy. Advanced therapy is directed at the 

underlying mechanism of PAH. For PAH treatments with advanced therapy three main 

pathways have been detected: prostacyclin, nitric oxide and endothelin-1.
13

 This resulted 

in therapies with prostanoids such as epoprostenol, phosphodiesterase 5 inhibitors such 

as sildenafil and endothelin-1 receptor antagonists such as bosentan.
12

  

 

BOSENTAN FOR TREATMENT OF PATIENTS WITH CHD-PAH 

 

The mechanism of bosentan is a competitive dual inhibition of the endothelin-1 receptor.
14

 

Endothelin-1 is a potent vasoconstrictor, which also mediates cell proliferation, fibrosis and 

inflammation.
15

 Experimental data also showed that endothelin-1 not only modulates 

vascular smooth muscle tone but also promotes cellular proliferation, initiates cardiac 

myocyte and nonmyocyte hypertrophy. Moreover, endothelin-1 regulates secretion of 

neurohormonal mediators of cardiac and vascular hypertrophy. It is mainly synthesized in 

endothelial cells and works locally.
16

 The plasma level of endothelin-1 in patients with PAH 

appeared to be elevated, inducing histopathological changes in the pulmonary vascular 

bed.
17, 18

 Endothelin-1 acts on two receptor types, subtype A and subtype B. Endothelin-1 

receptor subtype A (ETA) is predominantly found in smooth muscle cells and fibroblasts. 

Agents which selectively block the type A endothelin-1 receptor are Ambrisentan and 

Sitaxsentan. Endothelin-1 receptor subtype B (ETB) is expressed in smooth muscle and 

endothelial cells.
19

 Activation of endothelial ETB mediates clearance of endothelin-1 and 

vasodilatation by nitric oxide and prostacyclin release.
16

 Because of these effects ETB 

activation is theoretically desirable in PAH. Bosentan exhibits a relative ETA to ETB affinity 

of 20 to 1 in vitro assays and is therefore classed a dual endothelin-1 receptor blocker.
20

 

PAH is common in adult patients with congenital heart disease
21,4

 and treatment of CHD-

PAH with bosentan is extensively investigated. 
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First author Design Year n F/U (months) Endpoint Adverse Effect

Galiè (BREATHE-5) RCT 2006 54 4 Functional class; catherization LE; headache; diziness; palpitations

Apostolopoulou Prospective cohort 2007 21 28 Treadmill Dizzines;  flusing;  haemoptysis

D' Alto Prospective cohort 2007 22 12 6MWD; catherization Leg edema, LFT > 3UNL

Diller Retrospective cohort 2007 18 24 6MWD Death

Galiè (EARLY) RCT 2008 32 6.5 6MWD; catherization Anemia, cardiac failure

Gatzoulis Prospective cohort 2008 37 10 6MWD LE; diarrhea; headache; AP; abortion

Berger Post-hoc 2009 54 4 catherization Angina pectoris

Diaz (BREATHE-5) Prospective cohort 2009 10 25 6MWD None

Duffels Retrospective cohort 2009 58 22 laboratory tests; 6MWD; MRI Throatpain; LFT > 3UNL; death

Dimopoulos Retrospective cohort 2010 50 48 Survival  -

Jing Multicenter open-label trial 2010 34 6 6MWD; catherization  -

Table 1. PAH studies reporting effect of bosentan in patients with CHD-PAH

PAH; pulmonary arterial hypertension, RCT; randomized control trial,  6MWD; 6 minute walking distance, MRI; magnetic resonance imaging

GI; gastro intestinal, LE; leg edema, AP: angina pectoris, lft; liver function test; UNL, upper normal limits

EFFICACY AND COMPARATIVE STUDIES 

 

To determine the efficacy of bosentan for advanced treatment of PAH various endpoints 

have been investigated. The gold standard for diagnoses of PAH and evaluation of effect 

remains cardiac catheterization. Most clinical studies performed catheterization. However, 

alternative, less invasive endpoints as the World Health Organization functional class, the 

Borg scale of dyspnea and the total distance walked in six minutes (6MWD) were also 

used to examine treatment efficacy.
22

  The use of the World Health Organization modified 

functional classification (FC) scale allows for standardized grading, which is also 

incorporated into treatment guidelines.
23

 The functional class ranges from class I 

representing PAH without limitation of physical activity to class IV meaning PAH with 

inability to carry out any physical activity without symptoms. The six minute walking 

distance (6MWD) is an exercise test with outcome in meters. Benefit of the 6MWD is the 

simplicity, the ease of replication and the possibility of measurements of oxygen 

saturations at peak exercise and its prognostic clinical correlation and prognostic 

significance.
24

 The validity of the 6MWD is questionable in patients with an intellectual 

disability.
25,26

 The third non invasive efficacy endpoint is the score on the Borg scale of
 

dyspnea with 0 representing no dyspnea and 10 the maximal dyspnea.
27

 An overview of 

efficacy studies in patients with CHD-PAH in which the effect of endothelin-1 receptor 

antagonist was investigated is showed in Table 1. The small number of patients included in 

all CHD-PAH studies is worth mentioning as well as the heterogeneity of underlying 

diagnosis. 

 

 

 

Randomised controlled trials 

In 2001, the first clinical randomised controlled trial on the effect of the dual endothelin-

receptor antagonist bosentan was performed in PAH patients.
28

 Only patients with 

idiopathic PAH and associated with collagen vascular disease were included. For patients 

with congenital heart disease in total two randomised controlled trials (RCT) were 
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conducted. The first randomised controlled trial, the BREATHE-5 study described 

bosentan as endothelin-1 receptor antagonist therapy in patients with ES.
29

 This trial also 

included children (patients >12 years) and at baseline all patients were in functional class 

III. The study showed a statistically significant treatment effect for reduction of the 

pulmonary vascular resistance index and decrease of the mean pulmonary arterial 

pressure. Remarkable in this trial was the increased pulmonary vascular resistance index 

(PVRi) observed in the placebo arm. This elevation in functional class III patients in a small 

period of time, 16 weeks, was not expected. The 6MWD resulted in a treatment effect of 

53 m (p<.008). Directly after the end of this study, a subgroup was included in an 

extension prospective cohort study. This 6MWD data showed improvement in those 

patients who had initially received placebo (33 m) and maintenance of the effect in patients 

who were treated with bosentan (67 m).
30

  

The second randomised controlled trial investigating bosentan was the EARLY 

study by Galiè et al about bosentan treatment exclusively of PAH patients in functional 

class II.
31 A subgroup (n = 32) were patients with CHD-PAH. Change in 6MWD was not 

statistically significant at 6 months from baseline, though the 6MWD was increased in the 

endothelin-1 receptor antagonist group and decreased in the placebo group. Bosentan 

treatment was associated with a lower incidence of decline in functional class compared to 

placebo (p = .03).  

 

Long term follow up and survival 

Since approval of the European Medicines Agency (EMEA) and the Food and Drug 

Administration (FDA) for bosentan, four long term trials have been conducted (follow up 12 

– 28 months). D' Alto et al described a 12 months safety and efficacy study in ES patients 

and showed a significant reduction of the pulmonary vascular resistance index (PVRi) and 

systemic vascular resistance index (SVRi) ratio.
32

 This suggests a greater effect of 

endothelin-1 receptor antagonists on pulmonary rather than on systemic circulation. 

Bosentan increased the pulmonary and systemic flow significantly. The pulmonary and 

systemic pressures decreased although not significantly. Bosentan treatment caused a 

greater reduction in right ventricular than in the left ventricular afterload after one-year 

follow-up , resulting in a reduction of right-to-left shunting, an improvement in pulmonary 

blood flow, and ultimately, in systemic oxygen delivery.  

The second long term study was performed by Diller et al looking at 18 (14 females) 

patients with median follow-up of 29 months.
33

 In total 15 patients had Eisenmenger 
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syndrome. At baseline all patients were in functional class III. Compared to baseline the 

arterial saturation increased within the first 6 months of treatment (81.1 ± 4.9 % vs. 84.7 

±2.6 %, p=.014). 6MWD improved significantly in 0 to 6 months, 6 to 12 months and 1 to 2 

years of treatment. (p=.005). Functional class also improved during follow-up (p=.001). 

 Two long term studies that showed a short term efficacy followed by gradual return 

to baseline were performed by Apostolopoulou et al and Duffels et al.
26,34

 The first study 

showing stabilization was by Apostolopoulou et al with two year follow-up using treadmill 

exercise testing, using an exercise protocol described by Northridge et al.
35

 Most patients 

(68%) were cyanotic and all patients had severe right ventricular dilatation and hypertrophy 

on echocardiography. After the initial improvement at 16 weeks of treatment in maximal 

and submaximal exercise, all exercise parameters at 2 years seem to be slowly returning 

to baseline. Next study was by Duffels et al who have done a subgroup analysis after two 

years follow-up on bosentan efficacy in CHD-PAH, comparing patients with and without 

Down syndrome.
26

  Although not significant, a trend towards improvement was seen in 

patients with Eisenmenger syndrome. This treatment effect in both studies is different from 

the observation by D' Alto et al and Diller et al.
32,33

 The discrepancy between the first two 

studies and the other two CHD-PAH trials may be due to a higher cardiac output with lower 

pulmonary vascular resistance of their population, possibly indicating less advanced 

disease stage or natural progression.  

In contrast, a strong survival benefit was shown in one recent retrospective study 

performed in patients with Eisenmenger syndrome on various advanced therapies (AT) 

with majority of patients on bosentan (73.5%, n= 50).
9
 These patients were compared to 

168 patients with Eisenmenger syndrome not on AT, showing a strong survival benefit for 

advanced therapies. In absolute numbers two (2.9 %) patients on AT died versus 50 (29.8 

%) not on AT. In this survival study Eisenmenger syndrome patients who received 

advanced therapy were likely to be at the worst end of the spectrum and therefore at a 

higher risk of death. In accordance with this, patients on advanced therapy in the study 

were significantly older, were more exercise impaired, and were more likely to receive 

anticoagulants and to have a history of syncopal episodes, indicating overall a more 

advanced disease stage. Furthermore, another recent meta-analysis demonstrated 

improved survival with targeted therapy resulting in a number needed to treat of 20 to 

prevent one death at 1 year.
36

 

Finally, one study investigated the short and long term effect of bosentan on 

systemic-to-pulmonary shunts in adults compared to children.
37

 This study showed short 
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term improvement in both adults and children with PAH but at long-term follow-up a 

progressive decline in beneficial bosentan effect was observed. The decline appeared 

most pronounced in the pediatric patients, who, in that study, tended to have more severe 

disease at baseline. 

 

Retrospective and prospective cohort studies 

Besides the randomised controlled trials and long term studies, several prospective cohort, 

one post hoc analysis and multiple retrospective studies were performed. The posthoc 

subgroup analysis of the BREATHE-5 study by Berger et al compared atrial septum 

defects versus ventricular septal defects.
11

 The group of ventricular septal defects included 

patients with an isolated ventricular septal defect and patients with an atrial septal defect 

combined with a ventricular septal defect. Interestingly, an increased pulmonary vascular 

resistance index (PVRi) appeared more in placebo-treated ASD patients and an opposite 

decrease in PVRi was more observed in the VSD bosentan-treated patients. The analysis 

showed that the effect of bosentan treatment was similar in ES patients with ASDs and 

patients with VSDs, indicating that the location of septal defect may have little bearing in 

relation to the tricuspid valve. Results of the BREATHE-5 prospective cohort extension 

study with two cohorts, ex-placebo patients and ex bosentan patients, showed longer 

6MWD and less deterioration of functional class for the ex bosentan group.
30

  The study by 

Jing et al performed cardiac catheterization after 12 weeks follow-up and included 34 

(37%) patients with CHD-PAH.
38

 For the total cohort, including CHD-PAH patients, the 

increase in cardiac output agrees with the results of two previous studies, whereas Duffels 

observed no change in cardiac output response to 6 months treatment with bosentan.
39

   

 

SAFETY AND TOLERABILITY 

 

In addition to efficacy, the clinical studies mentioned above investigated the safety and 

tolerability of endothelin-1 receptor antagonist treatment. An overview of adverse effects in 

those studies with CHD-PAH is showed in Table 1. Relative contraindications to initiate 

bosentan treatment are moderate to severe hepatic impairment because the metabolism of 

bosentan occurs by cytochrome p450 CYP2C9 and CYP3a4.
20
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Severe adverse events 

In the BREATHE-5 study, severe adverse events were more frequently seen in bosentan 

treated patients than in the placebo group: palpitations (11% versus 0%) and chest pain 

(8% versus 0%). In the BREATHE-5 prospective cohort extension study four patients 

(11%) experienced a total of seven serious adverse events (palpitations, viral 

gastroenteritis, increased liver function test (LFT), lethargy, nausea and chest pain 

(11%).
30

 The report of spontaneous abortion in BREATHE-5- OLE highlights the 

importance of the use of effective contraception. D'Alto et al reported one patient with non-

sustained ventricular tachycardia. Debates about enhanced hypoxemia induced by 

endothelin-1 receptor antagonists in patients with PAH due to congenital heart disease 

have been rejected by the described studies. Initially, concerns were raised about the 

effect of endothelin-1 receptor antagonists on the potentially more reactive systemic 

circulation compared to the obstructed pulmonary vascular bed, which could hypothetically 

result in worsening of systemic hypoxemia (as a result of increased right-to-left shunting). 

However, no such effect occurred.  

In the survival analysis of Eisenmenger syndrome patients by Dimopoulos et al, 52 

patients died during a median follow-up of 4.0 years.
9
 Only two of them died while on 

advanced therapy but unclear is whether they were on bosentan or other advanced 

therapy. 

 

Liver function test disturbances 

Potential major complication is disturbance of the liver function tests (LFT). In the long 

term trials, D’Alto et al reported three patients with a four times elevation of liver function 

tests at two months of follow-up. Bosentan was reduced from 125 mg twice a day to 62.5 

mg twice a day with a complete normalisation of the aminotransferase level.
32

 In the other 

two studies with a long term follow up no significant rises in liver transaminases were 

reported
33,34

 Furthermore, the induction of hepatic enzymes can make hormonal 

contraception unreliable. To conclude, aminotransaminase levels of more than 3 times 

upper normal limits need further evaluation. Discontinuation of bosentan is recommended 

when levels are more than 5 times UNL, and re-introduction can only be considered if 

levels were less than 8 times upper normal limits. In all studies, liver function tests 

normalised after dose reduction. Other laboratory tests were often not described in the 

studies mentioned above. However, a decrease in haemoglobin (<10 g/dL) was seen in 

one patient (3%) in the study of D'Alto et al and in the BREATHE-5 study.
30

  Monitoring of 
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the international normalised ratio in the study of Apostolopoulou did not show 

interference.
34

 

 

Mild adverse effects 

Various mild adverse events were reported e.g. edema, hypersensitivity, rash and 

reversible thrombocytopenia.
40

 Clinical studies (not focusing) on CHD-PAH showed 

incidences of leg edema between 10% reported by Channick et al 
41

 and 27% in 

BREATHE-2.
42

 In the BREATHE-5 study, leg edema was more frequently reported in the 

bosentan treated patients compared to the placebo group. (19% vs 12%). Moreover, 

headache (14% versus 12%) and dizziness (8% versus 6%) were more common in 

bosentan treated patients.
29

 In the EARLY study most common reported mild adverse 

event in the bosentan group was nasopharyngitis.
31

 The incidence of leg edema was 

similar in the two groups. BREATHE-5- OLE showed fatigue, dizziness, and headache 

(each 5%), leg edema (19%); nasopharyngitis (11%); diarrhoea (8%).
30

 The mechanism of 

edema is not entirely clear. Alternatively it may be the result of vasodilatation caused by 

bosentan, or dysfunction of renal tubular function.
16

 In the 28 months follow-up study of 

Apostolopoulou et al only flushing and dizziness were reported which resolved within two 

weeks without regimen changes.
34

 In all but one study, hypotension or syncope did not 

appear. Only the BREATHE-5 reported one episode of vasovagal syncope.
29

 Additionally, 

none of the studies reported an increase in cyanosis after long term treatment with 

endothelin-1 receptor antagonist (28 months).
34

  

 

PATIENT-FOCUSED OUTCOMES  

 

Patient focused assessments in clinical CHD-PAH studies are important due to possible 

discrepancies between clinical performance and objective exercise capacity of patients. 

PAH patients are likely to adapt to decreased needs. In the literature, several scores are 

developed to measure perception of improvement in CHD-PAH.
15,43

  The Quality of Life 

(QoL) scores and the Borg dyspnea index are most frequently used. Unfortunately, the 

CHD-PAH trials did not consistently use one type of scoring system.
15

 

The Quality of Life evaluation was usually performed using the 36-item Short Form 

health survey (SF-36) or the Minnesota living with PAH questionnaire.
43

 The SF-36 is a 
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well-documented, widely used and validated, self-administered QoL scoring system 

incorporating 36 questions.
26

 The SF-36 includes 8 independent scales (scored as 0 to 

100) that assesses the general health concepts of Physical Functioning, limitations caused 

by physical health problems (Role–Physical), Body Pain, General Health Perceptions, 

Vitality, Social Functioning, limitations caused by emotional problems (Role–Emotional), 

and Mental Health. The SF-36 was used by Duffels et al in the description of exercise 

capacity and quality of life in adults with CHD-PAH with and without Down syndrome.
26

 In 

EARLY study, the SF-36 scores showed that 57% of bosentan treated patients and 38% of 

placebo treated patients had experienced improved clinical performance (p < .05).
31

 The 

study reported significantly improvement of QoL in 2 of 8 SF-36 -scales in patients without 

Down syndrome. The Minnesota living with PAH questionnaire measures patients’ 

perceptions on physical, socioeconomic, and psychological aspects of daily life in relation 

with their CHD.
26

 Scores for the total Minnesota questionnaire ranged from 0 to 105, with 

higher scores reflecting worse perceived QoL. Duffels et al reported no changes in mean 

questionnaire scores comparing patients with and without Down syndrome (33, range 6 to 

67; and 38, range 0 to 67; p = .7).  

The Borg dyspnea index was only used in a few trials.
32,44,31

 This scoring system is 

a visual analogue score which attempts to quantify effort during the 6MWD.
15

 A fall in score 

means less exertional breathlessness. D'Alto et al described a reduction in the Borg index 

(5.3 vs 6.5  p<0.001) after 12 months follow-up.
32

 Apostolopoulou et al reported a decline 

of Borg dyspnoea index by 0.8 points, reaching baseline values at 2 years follow-up.
34

  

 

COMBINATION OF THERAPIES 

 

With multiple advanced therapies for PAH acting on three different pathways a logical step 

forward in treatment of PAH was to look at the combination agents.
15

 Most evidence was 

gained for the efficacy of bosentan as monotherapy and the combination of the endothelin-

1 receptor antagonist with another oral advanced therapy is becoming increasingly 

commonplace.
45

 For the combination of therapies is a goal-oriented approach a 

recommended strategy.
46

 This goal-oriented approach in patients with severe PAH focuses 

on combinations of endothelin-1 receptor antagonists, sildenafil and inhaled iloprost to 

achieve acceptable long-term results. Moreover the goal oriented therapy reduces the 

need for intravenous prostaglandin treatment and lung transplantation.
46

 Safety 
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investigation of combination therapy was performed in healthy subjects by Burgess et al.
47

 

This study reported interaction for co-administration of bosentan 125mg twice daily with 

sildenafil 80 mg 3 times daily; this resulted in a 50% rise in bosentan levels and fall in 

sildenafil by nearly two thirds. Moreover one report (not placebo-controlled) looking at the 

combination of bosentan and sildenafil showed no greater number of liver enzyme 

elevations compared to endothelin-1 receptor antagonist monotherapy.
46 

 

CONCLUSIONS 

 

The rationale for treatment is clear, given the progressive character of the disease. Clinical 

recommendations are found in several guidelines described by the European Society of 

Cardiology and the American College of Cardiology.
48,49

 Regarding effectiveness in the 

presented studies, bosentan treatment has shown to improve short term exercise 

tolerance in patients with CHD-PAH in functional class II, III and IV.
31

 The data for long 

term follow up remains conflicting because two long term trials showed beneficial effect 

and two trials reported initial efficacy followed by gradual return to baseline. Only limited 

data is available for specific diseases or subgroups in CHD-PAH. The BREATHE-5 study 

showed patients with functional class III Eisenmenger syndrome to deteriorate when they 

were placebo treated in contrast to bosentan treated patients who improved significantly.
29

  

Conclusion for Eisenmenger syndrome patients is that bosentan treatment could be 

considered irrespective of the nature of the septal defect.
11

 Finally, larger studies are 

needed to determine optimum treatment strategy for adults with CHD-PAH due to systemic 

to pulmonary shunt. The application of endothelin-1 receptor antagonist like bosentan (and 

other advanced therapies) in Eisenmenger syndrome seems to be beneficial and 

treatment with bosentan is a proper consideration. Systematic cohort studies and 

ultimately new placebo-controlled trials are desired to assess the effects on survival to 

examine the effect of bosentan on long-term survival. In conclusion, bosentan seems to 

offer benefit to those patients with CHD-PAH in moderate to severe cases (Eisenmenger 

patients), but the incidence of adverse events require close monitoring by clinicians. 

 

 

 

 



 157 

REFERENCES 

 

1. Simonneau G, Robbins IM, Beghetti M, Channick RN, Delcroix M, Denton CP, Elliott CG, Gaine 

SP, Gladwin MT, Jing ZC, Krowka MJ, Langleben D, Nakanishi N, Souza R, Updated clinical 

classification of pulmonary hypertension. Journal of the American College of Cardiology. 2009; 54:S43-

54. 

 

2. Daliento L, Somerville J, Presbitero P, Menti L, Brach-Prever S, Rizzoli G, Stone S Eisenmenger 

syndrome. Factors relating to deterioration and death. European Heart Journal. 1998; 19:1845-1855. 

 

3. Farber HW, Loscalzo J. Pulmonary arterial hypertension. New England Journal of Medicine. 2004; 

351:1655-1665. 

 

4. Engelfriet PM, Duffels MG, Möller T, Boersma E, Tijssen JG, Thaulow E, Gatzoulis MA, Mulder B. 

Pulmonary arterial hypertension in adults born with a heart septal defect: the Euro Heart Survey on adult 

congenital heart disease. Heart. 2007; 93:682-687. 

 

5. Engelfriet P, Meijboom F, Boersma E, Tijssen J, Mulder B. Repaired and open atrial septal defects type II 

in adulthood: an epidemiological study of a large European cohort. International Journal of Cardiology. 

2008; 126:379-385. 

 

6. Duffels MG, van der Plas MN, Surie S, Winter MM, Bouma B, Groenink M, van Dijk AP, Hoendermis E, 

Berger RM, Bresser P, Mulder BJ. Bosentan in pulmonary arterial hypertension: a comparison between 

congenital heart disease and chronic pulmonary embolism. Netherlands Heart Journal. 2009; 17:334-

338. 

 

7. Trojnarska O, Plaskota K. Therapeutic methods used in patients with Eisenmenger syndrome. 

Cardiology Journal. 2009; 16:500-506. 

 

8. Duffels MG, Vis JC, van Loon RL, Berger RM, Hoendermis ES, van Dijk AP, Bouma BJ, Mulder BJ. Down 

patients with Eisenmenger syndrome: is bosentan treatment an option? International Journal of 

Cardiology. 2009; 134:378-383. 

 

9. Dimopoulos K, Inuzuka R, Goletto S, Giannakoulas G, Swan L, Wort SJ, Gatzoulis MA. Improved 

survival among patients with Eisenmenger syndrome receiving advanced therapy for pulmonary arterial 

hypertension. Circulation. 2010; 121:20-25. 

 

10. Presbitero P, Somerville J, Stone S, Aruta E, Spiegelhalter D, Rabajoli F. Pregnancy in cyanotic 

congenital heart disease. Outcome of mother and fetus. Circulation. 1994; 89:2673-2676. 

 

11. Berger RM, Beghetti M, Galiè N, Gatzoulis MA, Granton J, Lauer A, Chiossi E, Landzberg M. Atrial 

septal defects versus ventricular septal defects in BREATHE-5, a placebo-controlled study of pulmonary 

arterial hypertension related to Eisenmenger's syndrome: A subgroup analysis. International Journal of 

Cardiology. 2009. [Epub ahead of print 

 

12. Hopkins. Treatment of pulmonary hypertension. Uptodate. 2009. 

 

13. Farber HW, Loscalzo J. Pulmonary arterial hypertension. New England Journal of Medicine. 2004; 

351:1655-1665. 

 

14. Kenyon KW, Nappi JM. Bosentan for the treatment of pulmonary arterial hypertension. The Annals of 

pharmacotherapy. 2003; 37:1055-1062. 

 

15. Valerio JGC. Bosentan in the treatment of pulmonary arterial hypertension with the focus on the mildly 

symptomatic patient. Vascular Health and Risk Management. 2009; 5:607–619. 

 

16. Motte S, McEntee K, Naeije R. Endothelin receptor antagonists. Pharmacology & Therapeutics. 2006; 

110:386-414. 

 

17. Yoshibayashi M, Nishioka K, Nakao K, Saito Y, Matsumura M, Ueda T, Temma S, Shirakami G, Imura H, 



 158 

Mikawa H. Plasma endothelin concentrations in patients with pulmonary hypertension associated with 

congenital heart defects. Evidence for increased production of endothelin in pulmonary circulation. 

Circulation. 1991; 84:2280-2285. 

 

18. Pietra GG, Capron F, Stewart S, Leone O, Humbert M, Robbins IM, Reid LM, Tuder RM. Pathologic 

assessment of vasculopathies in pulmonary hypertension. Journal of the American College of 

Cardiology. 2004; 43:25S-32S. 

 

19. Opitz CF, Ewert R, Kirch W, Pittrow D. Inhibition of endothelin receptors in the treatment of pulmonary 

arterial hypertension: does selectivity matter? European Heart Journal. 2008; 29:1936-1948. 

 

20. Dingemanse J, van Giersbergen PLM. Clinical pharmacology of bosentan, a dual endothelin receptor 

antagonist. Clinical pharmacokinetics. 2004; 43:1089-1115. 

 

21. Duffels MG, Engelfriet PM, Berger RM, van Loon RL, Hoendermis E, Vriend JW, van der Velde ET, 

Bresser P, Mulder BJ. Pulmonary arterial hypertension in congenital heart disease: an epidemiologic 

perspective from a Dutch registry. International Journal of Cardiology. 2007; 120:198-204. 

 

22. Guyatt GH, Sullivan MJ, Thompson PJ, Fallen EL, Pugsley SO, Taylor DW, Berman LB. The 6-minute 

walk: a new measure of exercise capacity in patients with chronic heart failure. Canadian Medical 

Association journal. 1985; 132:919-923. 

 

23. Barst RJ, McGoon M, Torbicki A, Sitbon O, Krowka MJ, Olschewski H, Gaine S. Diagnosis and 

differential assessment of pulmonary arterial hypertension. Journal of the American College of 

Cardiology. 2004; 43:40S-47S. 

 

24. Miyamoto S, Nagaya N, Satoh T, Kyotani S, Sakamaki F, Fujita M, Nakanishi N, Miyatake K. Clinical 

correlates and prognostic significance of six-minute walk test in patients with primary pulmonary 

hypertension. Comparison with cardiopulmonary exercise testing. American journal of respiratory and 

critical care medicine. 2000;161:487-492. 

 

25. Vis JC, Thoonsen H, Duffels MG, de Bruin-Bon RA, Huisman SA, van Dijk AP, Hoendermis ES, Berger 

RM, Bouma BJ, Mulder BJ. Six-minute walk test in patients with Down syndrome: validity and 

reproducibility. Archives of physical medicine and rehabilitation. 2009; 90:1423-1427. 

 

26. Duffels MG, Vis JC, van Loon RL, Nieuwkerk PT, van Dijk AP, Hoendermis ES, de Bruin-Bon RH, Bouma 

BJ, Bresser P, Berger RM, Mulder BJ. Effect of bosentan on exercise capacity and quality of life in adults 

with pulmonary arterial hypertension associated with congenital heart disease with and without Down's 

syndrome. American Journal of Cardioloy. 2009; 103:1309-1315. 

 

27. Barst RJ, McGoon M, Torbicki A, Sitbon O, Krowka MJ, Olschewski H, Gaine S. Diagnosis and 

differential assessment of pulmonary arterial hypertension. Journal of the American College of 

Cardiology. 2004; 43:40S-47S. 

 

28. Channick RN, Simonneau G, Sitbon O, Robbins IM, Frost A, Tapson VF, Badesch DB, Roux S, Rainisio 

M, Bodin F, Rubin LJ. Effects of the dual endothelin-receptor antagonist bosentan in patients with 

pulmonary hypertension: a randomised placebo-controlled study. Lancet. 2001; 358:1119-1123. 

 

29. Galiè N, Beghetti M, Gatzoulis MA, Granton J, Berger RM, Lauer A, Chiossi E, Landzberg M; Bosentan 

Randomized Trial of Endothelin Antagonist Therapy-5 (BREATHE-5) Investigators. Bosentan therapy in 

patients with Eisenmenger syndrome: a multicenter, double-blind, randomized, placebo-controlled study. 

Circulation. 2006; 114:48-54. 

 

30. Gatzoulis MA, Beghetti M, Galiè N, Granton J, Berger RM, Lauer A, Chiossi E, Landzberg M; BREATHE-

5 Investigators. Longer-term bosentan therapy improves functional capacity in Eisenmenger syndrome: 

results of the BREATHE-5 open-label extension study. International Journal of Cardiology. 2008; 127:27-

32. 

 
31. Galiè N, Rubin Lj, Hoeper M, Jansa P, Al-Hiti H, Meyer G, Chiossi E, Kusic-Pajic A, Simonneau G. 

Treatment of patients with mildly symptomatic pulmonary arterial hypertension with bosentan (EARLY 

study): a double-blind, randomised controlled trial. Lancet. 2008; 371:2093–100. 

 

32. D'Alto M, Vizza CD, Romeo E, Badagliacca R, Santoro G, Poscia R, Sarubbi B, Mancone M, Argiento P, 



 159 

Ferrante F, Russo MG, Fedele F, Calabrò R. Long term effects of bosentan treatment in adult patients 

with pulmonary arterial hypertension related to congenital heart disease (Eisenmenger physiology): 

safety, tolerability, clinical, and haemodynamic effect. Heart. 2007; 93:621-625. 

 

33. Diller GP, Dimopoulos K, Kaya MG, Harries C, Uebing A, Li W, Koltsida E, Gibbs JS, Gatzoulis MA. 

Long-term safety, tolerability and efficacy of bosentan in adults with pulmonary arterial hypertension 

associated with congenital heart disease. Heart. 2007; 93:974-976. 

 

34. Apostolopoulou SC, Manginas A, Cokkinos DV, Rammos S. Long-term oral bosentan treatment in 

patients with pulmonary arterial hypertension related to congenital heart disease: a 2-year study. Heart. 

2007; 93:350-354. 

 

35. Northridge DB, Grant S, Ford I, Christie J, McLenachan J, Connelly D, McMurray J, Ray S, Henderson 

E, Dargie HJ. Novel exercise protocol suitable for use on a treadmill or a bicycle ergometer. British Heart 

Journal. 1990; 64:313-316. 

 

36. Galiè N, Manes A, Negro L, Palazzini M, Bacchi-Reggiani ML, Branzi A.  A meta-analysis of randomized 

controlled trials in pulmonary arterial hypertension. European Heart Journal. 2009; 30:394-403. 

 

37. van Loon RL, Hoendermis ES, Duffels MG, Vonk-Noordegraaf A, Mulder BJ, Hillege HL, Berger RM. 

Long-term effect of bosentan in adults versus children with pulmonary arterial hypertension associated 

with systemic-to-pulmonary shunt: does the beneficial effect persist? American Heart Journal. 2007; 

154:776-782. 

 

38. Jing ZC, Strange G, Zhu XY, Zhou DX, Shen JY, Gu H, Yang ZK, Pan X, Xiang MX, Yao H, Zhao DB, 

Dalton BS, Zhang ZL, Wang Y, Cheng XS, Yang YJ. Efficacy, safety and tolerability of bosentan in 

Chinese patients with pulmonary arterial hypertension. The Journal of Heart and Lung Transplantation. 

2010; 29:150-156. 

 

39. Duffels MG, Hardziyenka M, Surie S, de Bruin-Bon RH, Hoendermis ES, van Dijk AP, Bouma BJ, Tan HL, 

Berger RM, Bresser P, Mulder BJ. Duration of right ventricular contraction predicts the efficacy of 

bosentan treatment in patients with pulmonary hypertension. European Journal of Echocardiography. 

2009 ;10:433-438. 

 

40. Humbert M, Segal ES, Kiely DG, Carlsen J, Schwierin B, Hoeper MM. Results of European post-

marketing surveillance of bosentan in pulmonary hypertension. The European Respiratory Journal. 2007; 

30:338-344. 

 

41. Channick RN, Simonneau G, Sitbon O, Robbins IM, Frost A, Tapson VF, Badesch DB, Roux S, Rainisio 

M, Bodin F, Rubin LJ. study 351 Effects of the dual endothelin-receptor antagonist bosentan in patients 

with pulmonary hypertension: a randomised placebo-controlled study. Lancet. 2001; 358:1119-1123. 

 

42. Humbert M, Barst RJ, Robbins IM, Channick RN, Galiè N, Boonstra A, Rubin LJ, Horn EM, Manes A, 

Simonneau Combination of bosentan with epoprostenol in pulmonary arterial hypertension: BREATHE-2. 

The European Respiratory Journal. 2004; 24:353-359. 

 

43. Keogh AM, McNeil KD, Wlodarczyk J, Gabbay E, Williams TJ. Quality of life in pulmonary arterial 

hypertension: improvement and maintenance with bosentan. The Journal of Heart and Lung 

Transplantation. 2007; 26:181-187. 

 

44. Apostolopoulou SC, Manginas A, Cokkinos DV, Rammos S. Effect of the oral endothelin antagonist 

bosentan on the clinical, exercise, and haemodynamic status of patients with pulmonary arterial 

hypertension related to congenital heart disease. Heart. 2005; 91:1447-1452. 

 

45. Beghetti M, Galiè N. Eisenmenger syndrome a clinical perspective in a new therapeutic era of pulmonary 

arterial hypertension. Journal of the American College of Cardiology. 2009; 53(9):733-740. 

 

46. Hoeper MM, Markevych I, Spiekerkoetter E, Welte T, Niedermeyer J. Goal-oriented treatment and 

combination therapy for pulmonary arterial hypertension. The European Respiratory Journal. 2005; 

26:858-863. 

 

47. Burgess G, Hoogkamer H, Collings L, Dingemanse J. Mutual pharmacokinetic interactions between 

steady-state bosentan and sildenafil. European Journal of Clinical Pharmacology 2008; 64:43-50. 



 160 

 

48. Galiè N, Torbicki A, Barst R, Dartevelle P, Haworth S, Higenbottam T, Olschewski H, Peacock A, Pietra 

G, Rubin LJ, Simonneau G, Priori SG, Garcia MA, Blanc JJ, Budaj A, Cowie M, Dean V, Deckers J, 

Burgos EF, Lekakis J, Lindahl B, Mazzotta G, McGregor K, Morais J, Oto A, Smiseth OA, Barbera JA, 

Gibbs S, Hoeper M, Humbert M, Naeije R, Pepke-Zaba J. Guidelines on diagnosis and treatment of 

pulmonary arterial hypertension. The Task Force on Diagnosis and Treatment of Pulmonary Arterial 

Hypertension of the European Society of Cardiology. European Heart Journal 2004; 25:2243-2278. 

 

49. McLaughlin VV, Archer SL, Badesch DB, Barst RJ, Farber HW, Lindner JR, Mathier MA, McGoon MD, 

Park MH, Rosenson RS, Rubin LJ, Tapson VF, Varga J. ACCF/AHA 2009 expert consensus document 

on pulmonary hypertension a report of the American College of Cardiology Foundation Task Force on 

Expert Consensus Documents and the American Heart Association developed in collaboration with the 

American College of Chest Physicians; American Thoracic Society, Inc.; and the Pulmonary 

Hypertension Association. Journal of the American College of Cardiology. 2009; 53:1573-1619. 

 

 



 

 

 

 

 

 

 

CHAPTER9 
 

 

 

 

 Down patients with Eisenmenger syndrome: Is 
bosentan treatment an option? 

  

 

International Journal of Cardiology, 2009 

 
     

 

 

 

Mariëlle GJ Dufffels   

 Jeroen C Vis 

 Rosa LE van Loon 

 Rolf MF Berger  

 Elke S Hoendermis 

 Arie PJ van Dijk 

 Berto J Bouma 

 Barbara JM Mulder 



 162 

 
ABSTRACT 

 

Background Favorable results of treatment with bosentan in patients with 

Eisenmenger syndrome are available. However, data in Down patients are lacking. 

In this study, we evaluate the therapeutic role of bosentan treatment in Down 

patients with Eisenmenger syndrome.  

Methods In this open-label study, 24 Down patients (>18 years) with Eisenmenger 

syndrome (17 males) were treated with bosentan. Their mean age was 38 years 

(range 19-55 years). All Down patients were evaluated at baseline and during 

follow-up with laboratory tests, six-minute walk test (6-MWT), Doppler 

echocardiography, and quality of life questionnaires.  

Results The median follow-up of Down patients treated with bosentan was 11.5 

months (range 3- 23 months). Induction of oral bosentan therapy was well tolerated 

among all 24 Down patients. Bosentan treatment was generally well tolerated. No 

serious adverse drug reactions were noted.  Median 6-MWT increased from 296 

meters (range 40- 424meters) to 325 meters (range 84-459 meters, p<0.05) after 

12 weeks. After 26 and 52 weeks of treatment with bosentan, median 6-MWT 

distance was 276 meters (range 140-462 meters, n=15, p=0.6) and 287 meters 

(range 131-409 meters, n=7, p=0.3), respectively. Quality of life questionnaire 

scores remained stable during treatment. 

Conclusion Also patients with Down syndrome may benefit from bosentan 

treatment when they have Eisenmenger syndrome. Medical treatment appears to 

be safe and the treatment effects do not deviate from those observed in 

Eisenmenger patients without Down syndrome.  
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INTRODUCTION 

 

Trisomy 21 is the most common single chromosome abnormality at birth, occurring in 

about 1 in 800 births.
1,2

 The frequency of congenital heart disease in patients with 

Down’s syndrome is very high with a prevalence between 40%-60%.
3,4

 

Atrioventricular septal defect is the most common congenital heart disease among 

patients with Down’s syndrome followed by ventricular septal defect.
4
 In the context 

of congenital heart disease, pulmonary arterial hypertension (PAH) may develop as a 

consequence of a systemic-to-pulmonary shunt. Increased pulmonary vascular 

resistance may ultimately lead to a reversal of the systemic-to-pulmonary shunt 

leading to cyanosis, the so called Eisenmenger syndrome. In patients with Down’s 

syndrome, PAH has been suggested to develop earlier and to have a more violent 

course.
5,6

 Eisenmenger syndrome carries a high risk of morbidity in a relatively young 

patient population and has limited therapeutic options. 
7,8

 Once the Eisenmenger 

syndrome has occurred, repair of the underlying defect is contraindicated. The right 

ventricle will be unable to cope with the progressively increased afterload due to the 

high pulmonary vascular resistance and will fail.
9
 Dyspnoea, arrhythmia and 

premature death are common features of PAH.
10,11

 Exercise tolerance and quality of 

life in patients with PAH related to congenital heart disease has been shown to be 

low.
12,13

 New medical treatment strategies, such as prostacyclin, endothelin receptor 

antagonists (bosentan) and phosphodiesterase-5- inhibitors have substantially 

improved the clinical status and life expectancy of patients with PAH.
14-17

 The 

BREATHE-V study showed that bosentan is safe and well tolerated in patients with 

Eisenmenger syndrome without any worsening of pulmonary-to-systemic shunting.
18

 

However, in Down patients with Eisenmenger syndrome, the therapeutic role of 

bosentan is not known, as patients with Down syndrome were generally not included 

in these studies. It is important to establish the applicability of bosentan in this group 

specifically, as Down patients born in the seventies frequently have uncorrected 

congenital heart disease. 

The aim of this study was to evaluate the safety and tolerability of oral 

bosentan therapy in Down patients with Eisenmenger syndrome by assessing its 

effects on clinical status and functional capacity.  
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METHODS 

 

Patients 

In January 2005, the Interuniversity Cardiology Institute of the Netherlands (ICIN) 

initiated a treatment protocol for adult patients with PAH associated with congenital 

heart disease, including patients with Down’s syndrome. The diagnosis Eisenmenger 

syndrome was based on clinical findings and echocardiographic features. Patients 

could have any of the following congenital heart disease: univentricular heart, patent 

ductus arteriosus and septal defects such as ventricular septal defect, atrial septal 

defect, or atrioventricular septal defect. Patients with obstruction of the right 

ventricular outflow tract, pulmonary valve or pulmonary arteries or patients receiving 

prostacyclin, glibenclamide or cyclosporin treatments were excluded from the 

protocol.  

 

Study protocol 

This was an uncontrolled open-label study. All Down patients were evaluated at 

baseline, WHO functional class, laboratory tests, six-minute walk test (6-MWT), 

Doppler echocardiography, and quality of life questionnaires were assessed. The 6-

MWT, commonly used as measure for treatment effect in PAH, was performed 

according to the guidelines of the American Thoracic Society with continuous pulse 

oximetry monitoring.
19

 The 6-MWT is easy to administer, well tolerated and reflects 

activities of daily living.
20

 In this study, in analogy with paediatric PAH patients, we 

selected Down patients who were capable of performing an adequate and 

reproducible 6-MWT. To consider the effect of a learning-curve, the 6-MWT at 

baseline was performed twice, the second 6-MWT was used as baseline value. 

Doppler echocardiography was used to establish the Eisenmenger syndrome and to 

estimate the systolic right ventricular and pulmonary arterial pressure (sPAP) by 

means of the tricuspid regurgitation jet velocity. Quality of life was assessed by 

means of the Minnesota Living with Heart Failure Questionnaire and by means of the 

SF-36.
21

 The Minnesota Living with Heart Failure Questionnaire rates patients’ 

perceptions of how much their disease affects the physical, socio-economic, and 

psychological aspects of daily life. For the present study, the term “heart failure” was 



 165 

replaced by “pulmonary arterial hypertension” as reported in other studies.
22,23

 The 

SF-36 is a generic multi-item questionnaire comprising 36 questions addressing 8 

areas representing physical functioning, role functioning physical, bodily pain, 

general health perceptions, vitality, social functioning, role functioning emotional, and 

mental health. Both quality of life questionnaires were filled in by the parents or 

guardians of the patient. After performing baseline evaluation, oral bosentan was 

administered at an initial dose of 62.5 mg twice daily. Four weeks later, after 

measurement of oxygen saturation and liver function tests, bosentan was increased 

to a maximum dose of 125 mg twice daily, if well tolerated. At 12 weeks of treatment 

6-MWT, and at 26 and 52 weeks 6-MWT and Doppler echocardiography were 

repeated. Safety was evaluated at 12, 26 and 52 weeks of treatment by monitoring 

adverse events such as flushing and nasal congestion, vital signs, pulse oximetry, 

and premature treatment discontinuations. Resting systemic arterial oxygen 

saturation was measured transcutaneously by non-invasive finger pulse oximetry 

after 5 min of absolute rest in the sitting position. Liver function tests and 

haemoglobin levels were checked every two weeks during the first two months and 

monthly thereafter. According to the bosentan summary of product characteristics, 

the standard threshold for liver function abnormality of > 3 times the upper limit of 

normal was applied.  

 

Statistical analysis 

The descriptive data are presented as median with range. Changes from baseline to 

12, 24, 52 and 76 weeks were evaluated with a paired t test for continuous variables 

(and with Wilcoxon’s rank sum test for categorical variables). A value of p<0.05 was 

considered to be significant.  

 

RESULTS 

 

Patients 

Between January 2005 and May 2007, 28 Down patients with Eisenmenger 

syndrome, were enrolled in the standardised treatment protocol. All patients were 

able to perform an adequate and reproducible 6-MWT. None of these patients had 

undergone previous repair of their congenital heart defect. Subsequently, 24 Down 

patients, 17 (71%) males and 7 (29%) females, aged 19-55 years (mean 38 years), 
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Mean age (years) 38 (19-55)

Men, n (%) 17 (71)

Underlying diagnosis, (n)

�        Ventricular septal defect 7

�        Ventricular septal defect, patent ductus arteriosus 2

�        Atrioventricular septal defect 14

�        Atrioventricular septal defect, patent ductus arteriosus 1

Median pulmonary arterial pressure (mmHg) 89 (76-110)

Median oxygen saturation (%) 84 (63-94)

Median six minute walk distance (meters) 296 (40-424)

Median NT-pro-BNP (ug/L) 339 (35-4414)

Table 1. Baseline characteristics of Down patients with Eisenmenger syndrome (n=24)

started bosentan treatment. Four patients were excluded from the standardized 

treatment protocol. One patient could not swallow the tablet, in one patient 

hypothyroidism was diagnosed at the time of initiation of bosentan and in two 

patients, the health insurance company refused to reimburse the medication. These 

four patients were not considered in the analysis. 

 

Baseline characteristics  

Table 1 summarizes the patients’ baseline characteristics. Fifteen patients had an 

atrioventricular septal defect of whom one patient had a concurrent  patent ductus 

arteriosus, nine patients had a ventricular septal defect of whom two patients had a 

concurrent patent ductus arteriosus. All patients experienced dyspnea, impairment of 

exercise tolerance, and were in functional class III or IV as assessed by the WHO 

functional class. All patients were cyanotic with a median transcutaneous oxygen 

saturation of 84% (63-94%) at rest. Baseline median systolic pulmonary arterial 

pressure (sPAP) was 89 mmHg (range 76 - 110 mmHg). Baseline median 6-MWT 

was 296 meters (40-424 meters). 

 

 

 

 

 

 

 

 

 

Safety and tolerability 

All 24 Down patients tolerated induction of oral bosentan therapy without any signs of 

decreased oxygen saturation. Median transcutaneous oxygen saturation remained 

virtually unchanged compared to baseline (84%, range 63-94%, n=24) after 12, 26 

and 52 weeks of bosentan treatment (84%, range 67-92%, n=22; 81%, range 73-

92%, n=15 and 85%, range 75-87%, n=7, respectively). Patients started bosentan 

125 mg twice daily after receiving bosentan 62.5 mg twice daily for four weeks. 
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Bosentan treatment was generally well tolerated. No serious adverse drug reactions 

were noted. No liver function abnormalities (> 3x upper limit of normal) were 

observed. Flushing was reported occasionally but resolved within two weeks without 

regimen changes. Headache was reported once and resolved within two weeks after 

dose reduction; whereupon the 125 mg twice daily dose was resumed without 

reoccurrence of the problems. No patient required additional therapy because of 

progression of disease. One patient died of a brain abscess after 14 months of 

treatment.   

 

Treatment effect 

The median follow-up of Down patients treated with bosentan was 11.5 months 

(range 3- 23 months). Figure 1 depicts the changes in 6-MWT of all 24 patients 

during bosentan treatment. During the first 12 weeks, 17 of 24 (71%) patients 

showed an increase of 6-MWT. Median 6-MWT increased from 296 meters (range 

40-424 meters, n=24) at baseline to 325 meters (range 84-459 meters, n=24, p<0.05) 

after 12 weeks. After 26 and 52 weeks of treatment with bosentan, median 6-MWT 

distance was 276 meters (range 140-462 meters, n=15, p=0.6) and 287 meters 

(range 131-409 meters, n=7, p=0.3). After 1 year, 2 of 7 (29%) patients still showed 

an increased 6-MWT compared to baseline. Median NT-pro-BNP remained stable 

(339 ng/L, range 35-4414 ng/L, n=23) after 12, 26 and 52 weeks of bosentan 

treatment (respectively 415 ng/L, range 43-5714 ng/L, n=18; 670 ng/L, range 50-

3148 ng/L, n=12 and 276 ng/L, range 28-728 ng/L, n=7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Six-minute walk test in individual Down patients with Eisenmenger syndrome (n=24) during treatment 

with a median follow-up of 11.5 months (range 3- 23 months). †: 1 patient deceased due to a brain abcess 
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Quality of life 

Ten patients completed the SF-36 and the Minnesota Living with PAH questionnaire 

at baseline and 7 patients after 1 year of follow-up. Down patients with Eisenmenger 

syndrome had a significantly worse quality of life compared to the general Dutch 

population in 3 of the 8 areas assessed by the SF-36: physical functioning, general 

health and vitality ( all p<0.05) (figure 2). The only area of quality of life in which 

patients with Down syndrome and Eisenmenger syndrome did have better outcome 

than the general population was role limitations caused by emotional problems 

(p<0.01). In figure 3, the follow-up of 3 areas: physical functioning, general health 

and vitality of the SF-36 are shown. Quality of life of these 3 areas remained stable 

during treatment. In figure 4 the median total Minnesota Living with PAH 

Questionnaire is shown. The response of therapy on quality of life could be evaluated 

in 7 patients after 1 year follow-up.  Scores on the total questionnaire range from 0 to 

105, with higher scores reflecting a worse perceived quality of life. As shown in this 

figure, the mean Minnesota Living questionnaire scores remained stable during 

treatment (28, range 6-67 and 26, range 0-67, p=0.7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Down patients with Eisenmenger syndrome show a significantly worse quality of life for the areas: 

physical functioning, general health and vitality of the SF-36 (all <p<0.05) compared to the general population 

(population norm). Data shown represent the percentage impairment of the SF-36 quality of life questionnaire. 
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Figure 3a, b and c shows the follow up of the three SF-36 areas: physical functioning, general health and vitality 

during bosentan treatment. Data shown represent the percentage impairment of the SF-36 quality of life 

questionnaire. 



 170 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 show the median total Minnesota Living with pulmonary arterial hypertension questionnaire. Scores on 

the total questionnaire range from 0 to 105, with higher scores reflect a worse perceived quality of life. The 

Minnesota Living questionnaire scores remained stable during treatment.  

 

DISCUSSION 

 

To our knowledge, this is the first study on the effect of bosentan in Down patients 

with Eisenmenger syndrome. Therapy with bosentan proved to be safe and well 

tolerated. Our results suggest that exercise tolerance improved during the first 3 

months of bosentan treatment, after which 6-MWT slowly returned to baseline value. 

Congenital heart defects in Down patients born in the seventies, often remained 

surgically uncorrected. Therefore, Eisenmenger syndrome is more common among 

these patients compared to non-Down patients with congenital heart disease. To 

prevent the exclusion of Down patients from evolving treatment, it is important to 

establish the applicability of new medical therapy in this group specifically. In non-

Down patients, the 6-MWT is a generally accepted outcome parameter to assess the 

treatment effect in PAH. Its value in Down patients has not been validated and its 

applicability in this group is questionable due to a lack of understanding or 
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cooperation. However, it can reliably be used in paediatric patients from seven years 

of age.
24

 Therefore, we selected Down patients who were capable of performing an 

adequate and reproducible 6-MWT. In order to correct for a learning curve, the 

second of two baseline tests was used. Similarly, quality of life questionnaires have 

not been validated in Down patients. In order to collect as much information as 

possible on the effect of bosentan treatment, we evaluated quality of life 

questionnaires recruited from the parents or guardians. Therefore, outcome data 

were available from the 6-MWT and quality of life questionnaires. In spite of their 

shortcomings, we used the 6-MWT and quality of life questionnaires as outcome 

parameters in Down patients with Eisenmenger syndrome. Our results showed that 

bosentan administration was safe and well tolerated in Down patients with 

Eisenmenger syndrome without increasing cyanosis or serious side effects. No 

patient required additional therapy for PAH. The general safety observations in this 

subgroup of patients with Down syndrome were in accordance with the recent studies 

with bosentan in non-Down patients with Eisenmenger syndrome.
14-18,25

 Exercise 

tolerance assessed by the 6-MWT improved during the first 3 months of bosentan 

treatment. The magnitude of the observed positive treatment effect during the first 3 

months in our study compared well with the observations on the 6-MWT in the other 

studies among patients with Eisenmenger syndrome without Down 

syndrome.
14,15,17,18

 After this initial improvement, the 6-MWT appeared to return 

slowly to baseline. This is consistent with other studies on longer-term follow-up.
16

 

Although patient numbers at 1 year follow-up in our study were low, the treatment 

effects do not deviate from those observed in Eisenmenger patients without Down 

syndrome.  

 

LIMITATIONS  

 

Limitations of this study include the lack of a placebo group and the relatively small 

sample size. However, our observations are in line with other recent studies. An 

increase of our study sample size with longer-term follow-up is needed to better 

assess the duration of the therapeutic effects of bosentan.  
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CONCLUSION 

 

In conclusion, also patients with Down syndrome may benefit from bosentan 

treatment when they have Eisenmenger syndrome. Medical treatment appears to be 

safe and the treatment effects do not deviate from those observed in Eisenmenger 

patients without Down syndrome.  
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ABSTRACT 

 

Pulmonary arterial hypertension (PAH) associated with congenital heart disease 

(CHD) due to systemic-to-pulmonary shunting is associated with a high risk of 

morbidity and mortality. In this retrospective study, we evaluated longer-term 

treatment effect of bosentan on exercise capacity and quality of life in 58 adult 

patients (>18 years) with PAH associated with CHD, including patients with Down 

syndrome. All patients were evaluated at baseline and during follow-up with 

laboratory tests, 6-minute walk test, quality of life questionnaires, and Doppler 

echocardiography. We analyzed treatment efficacy separately within patients 

without (n=30) and patients with Down syndrome (n=28). Median follow-up of all 

patients treated with bosentan was 22 months (range 3-36 months). In patients 

without Down syndrome, mean 6-minute walk distance (6-MWD) increased from 

427 ± 97 m to 461 ± 104 m (p<0.01) after 6 months of treatment, followed by a 

gradual return to baseline and disease stabilization. Quality of life improved 

significantly during treatment and maintained during 18 months follow-up (p<0.05). 

In the patients with Down syndrome, 6-MWD and quality of life remained stable 

during treatment. In conclusion, our findings suggest that in patients without Down 

syndrome longer-term bosentan treatment resulted in a persistent improvement of 

quality of life and a stabilization of exercise capacity.  
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INTRODUCTION 

 

Until recently, treatment options for patients with pulmonary arterial hypertension 

(PAH) associated with congenital heart disease (CHD) were limited to the avoidance 

and treatment of complications. A major breakthrough in the treatment of patients 

with PAH has been the introduction of oral endothelin receptor antagonists. Short-

term treatment with bosentan has shown to improve morbidity of patients with PAH, 

including those with Eisenmenger syndrome.
1-4

 However, results on longer-term 

treatment response are equivocal and data on quality of life (QoL) is limited despite 

the importance of QoL assessment.
5, 6

 Although several studies reported a persistent 

beneficial effect of bosentan on exercise capacity
7-11

, other studies reported a 

gradual decline of exercise capacity to baseline values after 2 years of bosentan 

treatment.
12, 13

 In patients with Down syndrome, the treatment effect of bosentan is 

largely unknown.
14

 The aim of our study was to evaluate the short- and longer-term 

treatment effect of bosentan in adult patients with PAH associated with CHD with and 

without the Down syndrome, by assessing exercise capacity and QoL.  

 

METHODS 

 

The study population consisted of adult patients with PAH associated with CHD, 

including patients with Eisenmenger syndrome. Patients were divided into 2 groups: 

patients without Down syndrome (the “non-Down” patients) and patients with Down 

syndrome. Enrolled patients were diagnosed with any of the following congenital 

heart defects: univentricular heart, patent ductus arteriosus and septal defects such 

as ventricular septal defect, atrial septal defect, or atrioventricular septal defect. 

Patients with persistent PAH after previous closure of their CHD were also enrolled. 

Patients with obstruction of the right ventricular outflow tract, pulmonary valve or 

pulmonary arteries or patients on prostacyclin, glibenclamide or cyclosporine 

treatments were excluded.  

We performed a retrospective study. After baseline examinations, adult 

patients with PAH associated with CHD were treated with bosentan according to a 

standardized treatment protocol (as described in more detail below). At baseline, 

patients’ clinical and functional status were evaluated using laboratory tests 

(including haemoglobin, creatinine, uric acid and NT-pro-BNP levels), 6-minute walk 
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distance (6-MWD), QoL questionnaires, and Doppler echocardiography. To exclude 

other causes of PAH, lungfunction tests (spirometry, forced expiratory volume in 1 

second (FEV1), forced vital capacity (FVC)) were obtained. Additionally, in non-Down 

patients, maximal exercise capacity (peak V’O2)
15

 and Cardiovascular Magnetic 

Resonance Imaging were performed at baseline and during follow-up. 

Submaximal exercise capacity was assessed using the 6-MWD, according to 

the guidelines of the American Thoracic Society with continuous pulse oximetry 

monitoring.
16

 To exclude the effect of a learning curve, the 6-MWD at baseline was 

performed twice, using the second test as baseline value. The 6-MWD was used as 

primary endpoint and the test was repeated every 3 months during bosentan 

treatment. 

QoL was evaluated by means of the SF-36
5
 and by means of the Minnesota 

Living with Pulmonary Hypertension Questionnaire. The SF-36 is a well-documented, 

widely used and validated, self-administered QoL scoring system incorporating 36 

questions. It includes 8 independent scales (scored as a number between 0 and 100) 

that assess the following general health concepts: physical functioning, limitations 

because of physical health problems (role physical), bodily pain, general health 

perceptions, vitality, social functioning, limitations because of emotional problems 

(role emotional), and mental health.
5
 The Minnesota Living with Pulmonary 

Hypertension Questionnaire rates patients’ perceptions of how much their disease 

affects the physical, socio-economic, and psychological aspects of daily life. Scores 

on the total questionnaire range from 0 to 105, with higher scores reflecting a worse 

perceived QoL. Both QoL questionnaires were filled in by the patient or, in case of 

Down syndrome, by the parent or guardian of the patient, at baseline and with 

regular intervals of 6 months during follow-up.  

Doppler echocardiography (VIVID 7 General Electric, USA) was performed to 

define the heart defect and confirm the Eisenmenger syndrome, which was defined 

as a right-to-left shunt through the defect. Moreover, we evaluated left and right 

ventricular function during bosentan treatment every 6 months in both patient groups. 

Right ventricular function was measured by tricuspid annular plane systolic excursion 

and the systolic pulmonary arterial pressure was estimated by the peak velocity of 

the tricuspid regurgitation jet using continuous-wave Doppler.
17

 Tricuspid annular 

peak systolic velocity (TDS)
18

, TEI-index and contraction duration of the right 

ventricle were assessed using tissue Doppler imaging. Right ventricular contraction 
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duration, corrected for heart rate, was measured from the onset of the QRS complex 

to the onset of early diastolic filling of the right ventricle (E).
19

 All echocardiographic 

images were acquired and recorded digitally, and analyzed offline by a single 

observer (HdBB).  

Additionally, in non-Down patients, Cardiovascular Magnetic Resonance 

Imaging was used to assess ventricular volumes, ejection fraction, and stroke volume 

of both ventricles. At baseline and after 1 or 2 years follow-up, end-diastolic and end-

systolic volumes of both ventricles were calculated by the sums of the traced 

contours in end-diastole and end-systole. End-diastolic volume and end-systolic 

volume were used to calculate stroke volume and ejection fraction.  

After performing baseline evaluation, oral bosentan was administered at an 

initial dose of 62.5 mg twice daily. Four weeks after treatment initiation, the initial 

dose was increased to the target dose of 125 mg twice daily. Liver function, serum 

haemoglobin levels, and serum haematocrit levels were tested monthly to screen for 

adverse effects.  

Descriptive data are presented as mean with standard deviation if normally 

distributed or as median with range, as appropriate. Changes from baseline to each 

of the follow-up visits were assessed by paired student t tests. Data for the SF-36 

and Minnesota Living with Heart Failure Questionnaire were summarized by mean 

change from baseline to each time-point for the patients observed. A value of p<0.05 

was considered to be significant.  

 

RESULTS 

 

Between January 2005 and June 2008, 58 adult patients with PAH associated with 

CHD started oral bosentan treatment. The median follow-up duration was 22 months 

(range 3 to 36 months). Forty-eight percent (n=28) of enrolled patients had Down 

syndrome. Table 1 summarizes patients’ baseline characteristics. Of the 6 non-Down 

patients without Eisenmenger syndrome, 3 patients had persistent PAH after 

previous closure of their CHD, 2 patients had refused operation and in 1 patient 

operative risk was deemed too high due to co-morbidity.  
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p-value

Age, mean (range, yrs) 0.005

Gender, male 0.009

Eisenmenger syndrome

Median Follow up (months) 0.9

Follow up > 6 months

Underlying congenital heart defects 

Atrial septal defect primum

Atrial septal defect secundum

Atrial septal defect sinus venosus

Ventricular septal defect (+ patent  ductus arteriosus)

Patent ductus arteriosus

Univentricular Heart

Atrioventricular septal defect (+ patent  ductus arteriosus)

Transposition of the great arteries

Oxygen saturation (%) 85 ± 8 86 ± 8 84 ± 8 0.4

Six-minute walk distance at baseline (m) 371 ± 115 427 ± 97 308 ± 102 <0.001

New York Heart Association class

II

III

Systolic pulmonary arterial pressure (mmHg) 88 ± 17 83 ± 22 92 ± 11 0.2

Stroke volume (ml) 72 ± 28 75 ± 26 69 ± 30 0.6

Cardiac output (L/min) 5 ± 2 6 ± 2 5 ± 3 0.9

Mean NT-pro-BNP (ng/L) 904 ± 1325 1036 ± 1634 781 ± 974 0.5

Creatinine (umol/L) 81 ± 22 72 ± 16 94 ± 32 0.004

Uric acid (mmol/L) 0,5 ± 0,1 0,5 ± 0,1 0,5 ± 0,1 0.7

Haemoglobin (mmol/L) 12 ± 2 11 ± 2 13 ± 2 0.002

Table 1. Baseline characteristics of the study population 

Total Non Down Down syndrome

(n =58) (n =30) (n =28)

42 (20-75) 47 (23-75) 38 (20-56)

29 (50%) 10 (33%) 19 (68%)

49 (86%) 24 (80%) 28 (100%)

20 (3-36) 22 (3-36) 18 (3-36)

53 (91%) 27 (90%) 26 (93%)

2 2

3 3

2 2

3 2 1

4 4

1

3 (5%) 3 (10%) 0

55 (95%) 27 (90%) 28 (100%)

21 (+5) 14 (+2) 7 (+3)

16 (+1)16 (+1)

1

 

 

Induction of oral bosentan therapy was well tolerated in both patient groups, without 

signs of decreasing oxygen saturation. During follow-up, 2 patients died. One non-

Down patient died suddenly 4 months after treatment initiation, probably due to 

cardiac arrhythmia and 1 patient with Down syndrome died from a brain abscess 

after 14 months bosentan treatment. One non-Down patient experienced severe 

throat pain and in 1 non-Down patient an asymptomatic increase in liver 

transaminases (>3 times upper limit of normal) was observed. Both resolved within 2 

weeks after dose reduction, whereupon the 125 mg twice daily dose was resumed 

without reoccurrence of the problems. 

The individual changes in 6-MWD in non-Down patients are shown in figure 

1a. In the whole group of non-Down patients, the 6-MWD increased significantly from 

427 ± 97 m at baseline to 461 ± 104 m (p<0.01) after 6 months of bosentan 

treatment. After this initial improvement, however, 6-MWD gradually returned to 

baseline values in the following 6 months (p=0.1). After this first year of treatment, 6-

MWD appeared to remain stable for the following 12 months (p=0.4). Subgroup 

analysis revealed that treatment effect persisted after 2 years in the Eisenmenger 

population (n=24), compared to the non-Eisenmenger population (n=6), while mean 

baseline 6-MWD was similar in patients with and without Eisenmenger syndrome. In 

the Eisenmenger patients, after 1 and 2 years of bosentan treatment, 6-MWD 
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improved with a mean of respectively 19 ± 41 m (p=0.06) and 24 ± 35 m (p=0.07), 

respectively, compared to baseline.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1a. Six-minute walk test in non-Down patients with PAH associated with CHD at baseline and during 

follow-up. After the first year of treatment, 6-minute walk distance stabilized.  

 

In addition to the 6-MWD, 11 non-Down patients performed a maximal exercise 

capacity test (peak V’O2) at baseline and after 1 year bosentan treatment. Maximal 

exercise capacity test remained unchanged (15 ± 5 ml/min/kg to 17 ± 5 ml/min/kg; 

p=0.2) after 1 year follow-up compared to baseline.  

Figure 1b depicts the individual 6-MWD of patients with Down syndrome 

during treatment. In these patients, exercise capacity remained unchanged during 

bosentan treatment. 
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Figure 1b. Six-minute walk test in patients with Down syndrome with PAH associated with CHD at baseline and 

during follow-up. During treatment with bosentan, exercise capacity remained unchanged compared to baseline. 

 

Thirteen non-Down patients and 14 patients with the Down syndrome 

completed the SF-36 and the Minnesota Living with Pulmonary Hypertension 

Questionnaire. In non-Down patients, QoL improved significantly in 2 of the 8 scales 

assessed by the SF-36, as shown in figure 2a and b. Daily life limitations caused by 

physical health problems (role physical) improved significantly compared to baseline 

and the improvement seemed to persist during longer-term follow-up (figure 2a). In 

addition, vitality improved significantly after 6 months and the improvement remained 

until 18 months of bosentan treatment (figure 2b). In patients with Down syndrome, 

all 8 scales of the SF-36 remained stable. The mean Minnesota Living with 

Pulmonary Hypertension Questionnaire scores remained unchanged in both patient 

groups (33, range 6-67 and 38, range 0-67, p=0.7).  
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Figure 2a and b. Quality of life scores of the two SF-36 areas: role physical and vitality during treatment with 

bosentan in both non-Down patients and patients with Down syndrome. Data shown represent the mean score of 

the SF-36 quality of life questionnaire. 

 

 

Echocardiographic parameters at baseline and during treatment are shown in table 2. 

In general, most echocardiographic parameters remained unchanged in both groups 

of patients during follow-up. However, analyses of the left ventricle in non-Down 

patients showed that stroke volume tended to increase after 1 year bosentan 

treatment. Analyses of the right ventricle demonstrated an average decrease in right 

ventricular contraction duration after 1 year bosentan treatment in those non-Down 

patients whose 6-MWD improved compared to baseline (n=11). In patients with 

Down syndrome, 1 year treatment resulted in a significant increase in tricuspid 

annular peak systolic velocity (TDS).  

 



 184 

p-value p-value p-value

Echocardiography

Heart rate (bpm) 77 ± 12 71 ± 11 0.1 75 ± 16 0.5 76 ± 6 0.8

Stroke volume (ml) 79 ± 29 88 ± 31 0.1 84 ± 20 0.05 82 ± 20 0.2

Cardiac output (L/min) 6 ± 2 6 ± 2 0.6 6 ± 2 0.2 6 ± 2 0.3

Systolic pulmonary 

arterial pressure (mmHg)

TEI index 0.9 ± 1 0.6 ± 0.2 0.4 0.6 ± 0.3 0.4 0.8 ± 0.5 0.3

Tricuspid annular plane 

systolic excursion

Tissue doppler S right 

ventricle

Laboratory tests (n=25)

NT-pro-BNP (ng/L) 1036 ± 1634 614 ± 646 0.4 1271 ± 1909 0.2 1128 ± 1269 0.9

Echocardiography

Heart rate (bpm) 77 ± 16 72 ± 14 0.2 76 ± 12 0.9 75 ± 13 0.9

Stroke volume (ml) 68 ± 33 74 ± 36 0,.1 67 ± 31 0.1 68 ± 29 0.5

Cardiac output (L/min) 5 ± 3 5 ± 2 0.7 5 ± 2 0.6 5 ± 2 1.0

Systolic pulmonary 

arterial pressure (mmHg)

TEI index 0.7 ± 0.3 0.6 ± 0.2 0.07 0.7 ± 0.2 0.7 0.6 ± 0.2 0.4

Tricuspid annular plane 

systolic excursion

Tissue doppler S right 

ventricle

Laboratory tests (n=27)

NT-pro-BNP (ng/L) 781 ± 974 709 ± 793 0.1 879 ± 1025 0.09 661 ± 524 0.08

Mean values with SD. P-values compared to baseline. 

± 3 0.1± 2 0.02 11± 2 0.1 1110 ± 2 11

19 ± 4 0.520 ± 4 0.1

± 15 0.7

18 ± 6 21 ± 5 0.2

± 14 0.2 87± 16 0.1 8793 ± 11 90

± 4 0.3

Down syndrome (n =28)

± 3 0.4 10± 3 0.8 1111 ± 3 11

21 ± 7 0.719 ± 6 0.5

± 22 0.1

19 ± 5 20 ± 6 0.4

± 20 0.7 77

2 year

Non Down syndrome (n =30)

93 ± 19 83 ± 21 0.2 84

Table 2. Outcome parameters during follow-up

Baseline 6 months 1 year

 

In 9 non-Down patients we performed Cardiovascular Magnetic Resonance Imaging 

at baseline and after a mean follow-up of 21 ± 8 months. Of these patients, 3 patients 

had a previously closed CHD with persistent PAH, 1 patient had a patent ductus 

arteriosus and 5 patients had a ventricular septal defect. On average, exercise 

capacity remained stable in these patients during 6 and 12 months follow-up. Both 

mean end diastolic volume, and end systolic volume, as well as mean stroke volume 

and mean ejection fraction of the left and right ventricle remained stable during 

bosentan treatment, as shown in table 3.  
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NT-pro-BNP levels remained unchanged during bosentan treatment (table 2) in both 

patient groups. As did haemoglobin, creatinine and uric acid levels. No associations 

could be found between changes in 6-MWD during bosentan treatment and mean 

NT-pro-BNP at baseline or NT-pro-BNP changes. In addition, no relations were found 

between changes in 6-MWD and haemoglobin, creatinine or uric acid levels. 

 

DISCUSSSION 

 

This is the first study reporting on the effect of almost 2 years of bosentan treatment 

on exercise capacity and QoL in adult patients with PAH associated with CHD, 

including patients with the Down syndrome. In non-Down patients, we demonstrated 

a significant increase in exercise capacity after the first 6 months of treatment and an 

improvement in QoL. After the initial improvement, mean exercise tolerance declined 

to baseline values and finally stabilized during longer term follow-up. Improvement of 

QoL persisted throughout the follow-up period. In contrast, exercise tolerance and 

QoL remained unchanged in patients with the Down syndrome during treatment. 

Overall, we found no changes in cardiac function as determined by 

echocardiography, cardiovascular magnetic resonance and serum NT-pro-BNP 

levels in both groups during treatment. 

The observed treatment effect of bosentan on exercise capacity in non-Down 

patients compares well with the observations of Apostolopoulou et al., who reported a 

decline in 6-MWD to baseline values in patients with PAH associated with CHD after 

2 years of therapy.
12

 Additionally, van Loon et al. demonstrated similar findings in 

both adults and children with PAH associated with CHD at long-term follow-up.
13

 The 

decline in 6-MWD during treatment might be due to the development of tolerance for 

bosentan, as previously observed in some patients receiving epoprostenol.
20

 On the 

other hand, natural disease progression may also play a role. The Breathe-V study, a 

placebo-controlled randomized trial on 54 patients with Eisenmenger syndrome, 

showed a steady decrease in exercise capacity in patients with PAH associated with 

CHD when treated with placebo for 4 months.
1
 As a consequence, stabilization of 

exercise capacity can be considered an important gain in the treatment of PAH, also 

in patients with PAH associated with CHD.  

Additionally, we demonstrated that stabilization of exercise capacity was 

accompanied by a statistically significant and sustained improvement of QoL. The 8 



 186 

domains of the SF-36 were evaluated separately. Although some QoL domains 

remained stable during treatment, others improved significantly. Role physical 

increased significantly during bosentan treatment, indicating that patients 

experienced less problems at work and during daily activities after 18 months of 

treatment. Vitality improved as well during follow-up, indicating an increased 

sensation of energy. In accordance with our results, Keogh et al showed similar 

results in patients with idiopathic PAH or PAH associated with connective tissue 

diseases during bosentan treatment.
5
 In patients with PAH, health related QoL is 

significantly impaired and the evaluation of QoL is of great importance. 
21, 22

 

Moreover, from the patients’ perspective, QoL is one of the most important measures 

of treatment effect. Therefore, it is important to assess QoL as a major outcome 

parameter of treatment effect in patients with PAH.
6
 

We also evaluated treatment effect in patients with Down syndrome. Little is 

known about the benefit of bosentan in patients with Down syndrome and PAH 

associated with CHD, while PAH is particularly common in these patients.
23

 In a 

previous small study, we reported a short-term increase in 6-MWD during bosentan 

treatment.
14

 Presently, in our larger population, this short-term improvement could 

not be confirmed. This could be due to the disputable validity of the 6-MWD in 

patients with Down syndrome, who have reduced mental capacity. Nonetheless, we 

chose to evaluate 6-MWD in these patients, as a more validated test to evaluate 

exercise capacity is presently lacking. Similarly, QoL questionnaires have not been 

properly validated in patients with Down syndrome, making their use for the 

evaluation of treatment effect questionable. To increase their validity, QoL 

questionnaires were filled in by the patients’ parents or guardians. In accordance with 

the 6-MWD, QoL scores remained unchanged during treatment, as did NT-pro-BNP 

levels. The present study is limited by the lack of a placebo group and the 

heterogeneity of underlying diagnoses e.g. patients with and without the Down 

syndrome, patients with and without Eisenmenger syndrome, patients with and 

without closed defects and the variety of defects. Moreover, the 6-MWD is frequently 

used to evaluate treatment effect in PAH patients although the validity of this 

endpoint to reflect treatment effect is questionable. Other end points should be 

validated for the adequate evaluation of treatment effect. In the absence of an ideal 

endpoint, data on QoL, imaging of the right ventricle and the pulmonary vessels, and 

chemical markers of PAH should be used in parallel and compared with the 6-MWD 
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in patients with and without Down syndrome.
6
 Therefore, definite conclusions on 

long-term treatment effects of bosentan cannot yet be made. In conclusion, our 

findings suggest that in patients without the Down syndrome longer-term bosentan 

treatment resulted in a persistent improvement of QoL and a stabilization of exercise 

capacity. 
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ABSTRACT 

 

Pulmonary arterial hypertension (PAH) associated with congenital heart disease 

(CHD) due to systemic-to-pulmonary shunting is associated with a high risk of 

morbidity and mortality. In this study we evaluated 4 years treatment effect of 

bosentan on exercise capacity and quality of life and survival rates in 64 adult 

patients with PAH associated with CHD, including patients with Down syndrome 

(DS). All patients were evaluated at baseline and during follow-up with laboratory 

tests, 6-minute walk test, quality of life questionnaires, and Doppler 

echocardiography. In total, 13 patients (20%) died during 4-years of follow-up; 4 

patients with DS and 9 patients without DS. Mean follow-up of all patients treated 

with bosentan was 3.5 ± 1.2 year. We analyzed treatment efficacy separately within 

patients without DS (n=34) and patients with DS (n=30).  Mean 6 minute walking 

distance (6MWD) in patients without DS significantly increased at 6 months from 

417 ± 108 to 458 ± 104 m (+41 m; p=0.002) and significant improvement continued 

to exist during at least 2.5 years of follow-up (p=0.003). Moreover, stroke volume 

increased significantly (p=0.02). In the patients with DS, 6-MWD, stroke volume and 

quality of life remained stable during treatment. In this study we demonstrate a 

prolonged beneficial effect of bosentan treatment on exercise capacity, stroke 

volume and quality of life in patients without DS. However the mortality rate of 20% 

of patients after 4 years of follow-up remains high. 

 

Key words: pulmonary arterial hypertension; congenital heart disease; advanced 

therapy; survival 
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INTRODUCTION 

 

Pulmonary arterial hypertension (PAH) is a rare syndrome of dyspnoea, fatigue, 

chest pain and syncope caused by a progressive increase in pulmonary vascular 

resistance and defined by a sustained elevation
 
of pulmonary arterial pressure to 

more than 25 mm Hg at rest and a capillary wedge pressure of 15 mmHg or less.
1
 It 

is clinically characterised by decreased functional capacity, right ventricular failure 

and a shortened life expectancy.
2,3

 PAH due to congenital heart disease (CHD) with 

systemic to pulmonary shunt is a major subgroup of patients with PAH.
4
 CHD-PAH is 

a result of systemic to pulmonary shunting and chronic increased flow that ultimately 

results in adaptations of pulmonary
 
vasculature and endothelial dysfunction. The 

advanced stage is called Eisenmenger syndrome which forms a small percentage 

(1%) of all CHD patients.
5
 Until recently, treatment options for patients with 

pulmonary arterial hypertension were limited. A major breakthrough in the treatment 

of patients with PAH has been the introduction of the oral endothelin receptor 

antagonist bosentan. Short-term treatment with bosentan has shown to improve 

morbidity of patients with PAH, including those with Eisenmenger syndrome.
6
 

However, results on longer-term treatment response are equivocal and data on 

quality of life is limited despite the importance of quality of life assessment.
7,8

 

Although several studies reported a persistent beneficial effect of bosentan on 

exercise capacity
9-13

, other studies reported a gradual decline of exercise capacity to 

baseline values after 2 years of bosentan treatment.
14-17

 In patients with Down 

syndrome (DS), the treatment effect of bosentan is largely unknown.
18

 The aim of our 

study was to evaluate the long term efficacy of bosentan treatment and 4 years 

survival rates of adult patients with PAH associated with CHD with and without the 

DS.  

 

METHODS 

 

Study population 

Adult patients with Eisenmenger syndrome and the following congenital heart defects 

were included: septal defects, patent arterial duct and created aortopulmonary shunts 

in cyanotic congenital heart disease (Waterston/Potts shunt). Patients with persistent 

PAH after previous closure of their CHD defect were also enrolled. Other criterion to 
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receive bosentan therapy was proven PAH by right heart catheterisation in the past 

with symptoms affecting quality of life (patients in NYHA class 2 to 4). To exclude 

other causes of PAH, lung function tests (spirometry, forced expiratory volume in 1 

second, forced vital capacity) were obtained at baseline. PAH was defined as a mean 

pulmonary arterial pressure of more than 25 mmHg at rest. Patients receiving 

prostacyclin, phosphodiesterase type 5 inhibitor, glibenclamide or cyclosporine 

before study inclusion and patients with obstruction of the right ventricular outflow 

tract, pulmonary valve, or pulmonary arteries were excluded. Patients were divided 

into 2 groups: patients without DS and patients with DS. 

 

Study design 

All patients were evaluated according to a standardized treatment protocol with 

clinical examination (determination of functional class) Doppler echocardiography, a 

six minute walk test (6MWT), laboratory tests (including haemoglobin, creatinine, uric 

acid, and N-terminal pro-B natriuretic peptide (NT-pro-BNP)) and quality of life 

questionnaires These tests (except for echocardiogram) were administered at 

baseline and after 3, 6, 9 and 12 months follow-up and from then on twice yearly. All 

tests were performed on the same day. Data on events such as death were taken 

from the databases of the participating hospitals.  

 Submaximal exercise capacity was assessed using the 6-MWT, according to 

the guidelines of the American Thoracic Society with continuous pulse oximetry 

monitoring.
19

 To exclude the effect of a learning curve, the 6-MWD at baseline was 

performed twice, using the second test as baseline value. In previous research, the 

6MWT appeared to be an invalid test to examine exercise capacity in patients with 

DS.
20

 Therefore in this study 6MWTs were not analyzed to investigate treatment 

effect in patients with DS. 

 Doppler echocardiography (VIVID 7 General Electric, USA) was performed to 

evaluate left and right ventricular function during bosentan treatment at baseline and 

then yearly. When possible, right ventricular function was measured by tricuspid 

annular plane systolic excursion and the systolic pulmonary arterial pressure was 

estimated by the peak velocity of the tricuspid regurgitation jet using continuous-wave 

Doppler and the pressure off the right atrium, measured by the collapse off the 

inferior vena cava. To establish PAH diagnosis, minimal systolic pulmonary arterial 

pressure had to be 40 mmHg at rest with a tricuspid regurgitation velocity of more 
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than 2.8 m/s, according to the guidelines of the European Society of Cardiology.
1
 In 

patients without complex cardiac geometry, TEI-index and contraction duration of the 

right ventricle were assessed using tissue Doppler imaging. Right ventricular 

contraction duration, corrected for heart rate, was measured from the onset of the 

QRS complex to the onset of early diastolic filling of the right ventricle (E). Left 

ventricular stroke volume was assessed by early systolic measurement of the left 

ventricular outflow tract diameter (LVOTd), in parasternal long axis view and the 

velocity time integral (VTI) in apical long axis view by pulsed wave (PW) Doppler. The 

PW sample volume was positioned just proximal the aortic valve leaflets, within the 

left ventricular outflow tract. The VTI was measured by tracing the leading edge of 

the velocity spectrum. Stroke volume was calculated according the following formula: 

Area (A) = (LVOTd/2)2 x π; Stroke volume (SV) = A x VTI. All echocardiographic 

images were acquired and recorded digitally, and analyzed offline by a single 

observer (RB). Quality of life was evaluated by means of the SF-36 questionnaire. 

The SF-36 is a well-documented, widely used and validated, self-administered quality 

of life scoring system incorporating 36 questions. It includes 8 independent scales 

(scored as a number between 0 and 100) that assess the following general health 

concepts: physical functioning, limitations because of physical health problems (role 

physical), bodily pain, general health perceptions, vitality, social functioning, 

limitations because of emotional problems (role emotional), and mental health. In 

patients with DS a close caretaker or parent was asked to fill out the questionnaire on 

behalf of the subject. 

 

Statistical analysis 

Descriptive data are presented as mean with standard deviation if normally 

distributed or as median with range, as appropriate. Comparisons from baseline to 

each consecutive follow-up visit were assessed by paired student t tests. Data for the 

SF-36 were summarized by mean change from baseline to each time-point for the 

patients observed. A value of p<0.05 was considered to be significant. As NT-pro-

BNP levels were apparently not normally distributed, statistical analyses were 

performed on logarithmically transformed values. Differences of group means and of 

interval-to-interval comparisons were analyzed. Logarithmic transformation of the NT-

pro-BNP levels resulted in the bell-shaped distribution. Cox regression analyses was 

performed to identify independent predictors for survival (sex, underlying CHD, DS, 
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Eisenmenger syndrome, age, baseline 6MWD, cardiac output, NT-pro-BNP). 

The Wilcoxon signed-rank test was used to compare the change in NYHA class from 

baseline to end-of-study. Death was scored as NYHA class 5. Statistical analysis was 

performed with SPSS 16.0.  

 

RESULTS 

 

Baseline characteristics 

Between January 2005 and July 2010, 70 patients were enrolled in the treatment 

protocol. Overall, 64 patients (30 with DS) received bosentan and were included in 

this study. Four patients refused treatment initiation and reimbursement of bosentan 

by the health insurance was rejected in 2 patients. The median follow-up duration 

was 42 months (range 2 to 64 months). Table 1 summarizes patients’ baseline 

characteristics. Of the 7 non-DS patients without Eisenmenger syndrome, 6 patients 

had persistent PAH after previous closure of their CHD and 1 patient had refused an 

operation. During follow-up only 1 patient was treated with concomitant therapy and 

sildenafil was started after 2.5 years follow-up on monotherapy with bosentan. 
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patients without DS patients with DS

(n =34) (n =30) p -value

Age, years 46 ± 14 36 ± 10 0.001

Male gender, (%) 11 (32) 19 (63) 0.01

Eisenmenger syndrome, (%) 27 (79) 30 (100) 0.01

Median follow-up, months (range) 47 (2-64) 48 (13-60) 0.3

Underlying congenital heart defects 

atrial septal defect primum 2 0

atrial septal defect secundum (closed) 6 (3) 0

atrial septal defect sinus venosus 2 0

atrial septal defect + ventricular septal defect 2 0

ventricular septal defect (closed) 8 (2) 7

ventricular septal defect + patent ductus arteriosus 2 3

ventricular septal defect + atresic pulmonary artery 2 0

ventricular septal defect + right pulmonary artery from ascending aorta 1 0

closed patent ductus arteriosus 1 1

double inlet left ventricle + patent ductus arteriosus 2 0

tetralogy of fallot + Potts anastomosis 1 0

univentricular heart 3 0

discordant ventriculo-arterial connection with ventricular septal defect 2 0

atrioventricular septal defect 0 18

atrioventricular septal defect + patent ductus arteriosus 0 1

NYHA functional class

II 4 8

III 28 20

IV 2 2

Oxygen saturation, (%) 85 ± 8 84 ± 8 0.5

Six-minute walk distance at baseline, m 401 ± 112

Systolic pulmonary arterial pressure, mmHg 83 ± 23 93 ± 11 0.1

72 ± 25 67 ± 32 0.6

5.3 ± 1.5 4.9 ± 2.2 0.5

1457 ± 2094 774 ± 956 0.1

80 ± 28 94 ± 30 0.08

0.4 ± 0.1 0.5 ± 01 0.1

11 ± 2 13 ± 2 0.001

Table 1. Baseline characteristics of the study population 

Mean values with standard deviation. NYHA; new york heart association 

Stroke volume, ml

Cardiac output, L/min

NT-pro-BNP, ng/L

Creatinine, umol/L

Uric acid, mmol/L

Haemoglobin, mmol/L

 

 

 

 

Survival analysis 

In total, 13 people died during 4-years of follow-up, 4 patients with DS and 9 patients 

without DS. Table 2 shows detailed information about the deceased patients. Survival 

rates in patients without DS at 1-, 2-and 4-years were respectively 88%, 88% and 

72%, and for patients with DS 97%, 93% and 80%. Figure 1 shows the Kaplan-Meier 

survival curve of the two patient groups. Mean survival time was 4.3 ± 0.3 year in 

patients without DS and 4.6 ± 0.2 year in patients with DS. No significant 

independent predictors for survival were found. Underlying cardiac defect did not 
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influence survival outcome. Even so, patients with Eisenmenger syndrome had no 

better survival compared to patients with persistent PAH after shunt closure (p=0.5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: 4 years survival of all patients. DS; Down syndrome 

 

Deceased Male Down syndrome NYHA Follow-up  Age at death Cause of death Congenital heart defect

(baseline) (months) (years)

patient 1 0 0 3 2 49 unknown double Inlet left ventricle + patent arterial duct

patient 2 1 0 3 4 38 sudden death ventricular septal defect

patient 3 1 0 3 5 44 sudden death atrial septal defect + ventricular septal defect

patient 4 0 0 3 5 76 right heart failure atrial septal defect secundum

patient 5 1 1 2 13 30 brain abscess atrioventricular septal defect 

patient 6 0 1 4 20 28 unknown atrioventricular septal defect 

patient 7 1 0 3 32 75 right heart failure atrial septal defect primum

patient 8 0 1 3 36 56 right heart failure ventricular septal defect

patient 9 1 0 3 38 26 sudden death ventricular septal defect

patient 10 0 0 3 46 38 right heart failure discordant ventriculo-arterial connection + ventricular septal defect

patient 11 0 0 3 48 65 right heart failure ventricular septal defect

patient 12 1 1 2 50 34 right heart failure atrioventricular septal defect 

patient 13 1 0 4 55 52 unknown atrial septal defect secundum

Table 2. Mortality

NYHA; new york heart association  

 

Six minute walk test 

Bosentan showed a prolonged significant improvement of the 6MWD in the patient 

group without DS (see figure 2). The mean 6MWD maximally increased with +41m 

from  417 ± 108 to 458 ± 104 m (p=0.002) at 6 months of treatment and remained 
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increased with +36 m after 2.5 years of follow-up (p=0.003). Afterwards, improvement 

of 6MWD was still observed although not statistically significant (p=0.2) in the smaller 

patient population. The majority (n=6) of the 9 deceased patients without DS showed 

initial improvement of 6MWD at 3 months. Two patients had no response and 1 

patient died before first follow-up visit at 3 months. Mean resting heart rate at 

baseline (85 ± 12 beats per minute) decreased significantly during follow-up. Mean 

reduction was 6, 7, 12 and 12 beats per minute at respectively 1 year (p=0.02), 2 

year (p=0.03), 3 year (p=0.01) and 4 year (p=0.04) follow-up. The mean maximum 

heart rate during the 6MWT did not change significantly during follow–up compared 

to baseline (111 ± 17 beats per minute). Mean resting oxygen saturation at baseline 

was 88% and did not change significantly during 4 years follow-up. The mean 

minimum oxygen saturation during the 6MWT was 71% and no significant 

improvement was found during follow-up. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: 6MWD in patients without DS during follow-up. DS; Down syndrome 
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Echocardiography 

Echocardiographic parameters at baseline and during treatment are shown in table 3. 

In general, most echocardiographic parameters remained unchanged in both groups 

of patients during follow-up. However, analyses of the left ventricle in patients without 

DS showed that mean stroke volume significantly increased (+13.5 ml) after 3 years 

follow-up (p=0.02). Even so, mean cardiac output tended to increase without 

reaching significance. 

 

Non Down syndrome ∆ 1 year FU p -value ∆ 2 year FU p -value ∆ > 3 year FU p -value

Heart rate, bpm 78 ± 11 -0.1 1.0 -3.1 0.3 -5.0 0.1

Stroke volume, ml 72.3 ± 25.9 8.5 0.06 7.8 0.4 13.5 0.02

Cardiac output, L/min 5.5 ± 1.6 0.7 0.2 0.6 0.4 0.6 0.1

TEI index 0.5 ± 0.2 0.03 0.6 0.06 0.6 0.10 0.1

Tricuspid annular plane systolic excursion, cm 1.9 ± 0.6 -0.1 0.9 1.2 0.4 1.0 0.6

pulmonary arterial pressure, mm/Hg 84 ± 23 -3.0 0.6 -6.4 0.2 -4.5 0.3

Down syndrome 

Heart rate, bpm 75 ± 12 1.1 0.7 -2.8 0.4 0.9 0.8

Stroke volume, ml 68.9 ± 37.0 5.4 0.2 7.3 0.1 -1.9 0.8

Cardiac output, L/min 5.1 ± 2.5 0.4 0.3 0.2 0.5 -0.1 0.8

TEI index 0.6 ± 0.2 0 0.9 -0.06 0.3 -0.05 0.4

Tricuspid annular plane systolic excursion, cm 1.9 ± 0.4 0.9 0.4 -0.5 0.7 0.6 0.4

pulmonary arterial pressure, mm/Hg 97 ± 16 -7.3 0.05 -5.2 0.2 -3.7 0.4

Mean values with standard deviation. P-values are analyses compared to baseline; FU, follow-up; bpm, beats per minute; FU, follow-up

TEI index is a combined myocardial perfromance index (isovolumic contraction time plus isovolumic relaxation time divided by ejection time) 

Table 3. Echocardiography parameters during follow-up

Baseline

 

 

Laboratory testing 

Baseline levels of laboratory test are shown in table 1. The mean logNT-pro-BNP 

level decreased significantly from 2.8 ± 0.5 to 2.7m ± 0.5 ng/L (p=0.03) at 3 months, 

at 6 months (p=0.02) and 1 year (p=0.05) of treatment (see Figure 3). After 1 year 

follow-up, logNT-pro-BNP levels returned to baseline levels and tended to deteriorate 

(although not statistically significantly). Haemoglobin, creatinine and uric acid levels 

did not change significantly. No correlation could be found between baseline 6MWD 

or change in 6MWD during bosentan treatment and baseline logNT-pro-BNP. In 

addition, no relations were found between changes in 6MWD and haemoglobin, 

creatinine or uric acid levels. 
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Figure 3: NT-pro-BNP level in all patients during follow-up. NT-pro-BNP; N-terminal pro-B natriuretic peptide 

 

Quality of Life 

Quality of life improved significantly in 2 of the 8 scales assessed by the SF-36, as 

shown in figure 4a and b. Daily life limitations caused by physical health problems 

(role physical) improved significantly compared to baseline and the improvement 

seemed to persist during longer-term follow-up (figure 4a). In addition, physical 

functioning improved significantly after 3 months and the improvement remained until 

3 years of bosentan treatment (figure 4b). In patients with DS, all 8 scales of the SF-

36 showed no significant improvement of quality of life. 

 

 

 

 

 

 

 

Figure 4: Quality of life scores in patients without Down syndrome. 
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NYHA classification 

NYHA classification was assessed at baseline and at the end-of-study visit. The 

majority of patients were in NYHA class III at baseline. NYHA class had improved in 

23% of patients, had deteriorated in 25% of patients and had remained stable in 52% 

of patients (see table 4). NYHA class did not change significantly during follow-up 

(p=0.07). Although a trend towards worsening in NYHA class was shown in patients 

without DS.  

 

Table 4 Changes from baseline to end-of-study NYHA class

initial minus final NYHA class -3 -2 -1 0 1 total

non Down syndrome 0 8 1 21 4 34

Down syndrome 2 1 4 12 11 30

NYHA; new york  heart association class

NYHA class did not change significally during follow-up assessed by the Wilcoxon signed-rank test  

 

Safety 

Induction of oral bosentan therapy was well tolerated in both patient groups, without 

signs of decreasing oxygen saturation. One patient without DS experienced severe 

throat pain and dose was reduced to twice daily 62.5 mg. in another patient without 

DS, who experienced headaches shortly after bosentan initiation, dose was ultimately 

reduced to 32.5mg twice daily. A third patient without DS had an asymptomatic 

increase in liver transaminases (>3 times upper limit of normal), which resolved 

within 2 weeks after dose reduction, whereupon the 125 mg twice daily dose was 

resumed without reoccurrence. 

 

DISCUSSION 

 

This is the first study reporting on the effect of 4 years of bosentan treatment on 

exercise capacity, stroke volume and quality of life in adult patients with PAH 

associated with CHD. We showed a prolonged increase in exercise capacity after 2.5 

years of treatment in patients without DS. A beneficial effect was still present up to 4 

years of treatment, although failed to reach statistical significance due to low patient 

numbers. In 2006, the BREATHE-5 study was the first randomised controlled trial 

which studied the effect of bosentan in patients with Eisenmenger syndrome. Mean 
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improvement of 6MWD in 37 patients was +53m after 4 months of treatment and the 

overall improvement was +61m in 26 patients after 10 months of treatment in 

BREATHE-5 combined with the open-label extension study.
6,21

 Two longer-term 

follow-up studies found a significant increase and maintained effect in 6MWD after 1 

year and 2 years of bosentan treatment.
9,10

 However, 2 other studies only reported a 

short term efficacy of bosentan followed by gradual return to baseline after 2 year 

follow-up.
14,15

 Duffels et al hypothesized that this decline in 6-MWD during treatment 

might be due to the development of tolerance for bosentan.
15

 Our 4 years follow-up 

study demonstrates that a prolonged effect of bosentan on exercise capacity can be 

expected in patients with PAH due associated with CHD. We believe clinical stability 

at 4 year follow-up could be considered successful in a disease that is associated 

with clinical deterioration. 

Additionally, quality of life improved significantly and a remaining effect was 

shown after 3 years of treatment in patients without DS. Although some quality of life 

domains remained stable during treatment, others improved significantly. The 

physical domains role physical and physical functioning increased significantly during 

bosentan treatment, indicating that patients experienced fewer problems at work and 

during daily activities. In patients with PAH, health related quality of life has been 

shown to be significantly impaired and evaluation of quality of life is of great 

importance.
22,23

 Moreover, from the patients’ perspective, quality of life is one of the 

most important measures of treatment effect.  

We evaluated treatment effect in patients with DS as PAH is particularly 

common in these patients.
24

 In the 2 years follow-up study of Duffels et al, a change 

on 6MWD was not found due to the disputable validity of the 6MWD in patients with 

DS.
15,20

 The 6MWD appeared to be related to the level of intellectual disability.
20

 

Therefore, analysis of 6MWD in patients with DS was not performed in the present 

study. In patients with DS no significant improvement of quality of life could be 

demonstrated All 8 domains of the SF-36 questionnaire remained stable. The SF-36 

questionnaire has not been properly validated in patients with DS making its use for 

the evaluation of treatment effect questionable. Moreover, echocardiographic 

parameters remained unchanged during follow-up. Therefore, evaluation of treatment 

effect remains challenging in patients with DS. Mean NT-pro-BNP level of the total 

patient group decreased significantly at 3 months, 6 months and 1 year of follow-up, 

indicating a positive cardiac effect and lowered right heart decompensation. After 1 
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year, mean NT-pro-BNP levels returned to baseline. Conclusions on long-term 

treatment effect after 1 year should be taken with caution due to low patient numbers.  

A significant change of 13.5 ml in mean stroke volume was found after 3 years 

follow-up (p=0.02) in patients without DS. This corresponds to the recent findings of 

van Wolferen et al who showed that stroke volume is an important hemodynamic 

parameter to reflect therapeutic changes during follow-up of PAH. 
25,26

 In the study of 

van Wolferen et al, 111 patients with PAH (90% idiopathic PAH and PAH associated 

with connective tissue disease) were evaluated with cardiac MRI to assess stroke 

volume at baseline and after 1 year. The minimal important difference was 

determined using statistical methods and a 10 ml change in stroke volume during 

follow-up was considered to be clinical relevant.
26

 In this respect, the 13.5 ml 

increase of stroke volume we found in our study can be considered of clinical 

importance. 

Patients with Eisenmenger syndrome are at high risk of death
27

 and despite 

the widespread use of advanced therapies very little evidence on survival benefits is 

currently available. Survival analysis in the present study showed that after 4 years of 

follow-up, 20% of the patients died. Dimopoulos et al found a much lower mortality 

rate in their retrospective study.
28

 Only 2 patients died of a total of 68 Eisenmenger 

patients (including DS) who received advanced therapy for a median period of 2.4 

years (the vast majority of them were in class III or IV at baseline). Two-years overall 

survival rate was 91% in our study. However, 4 patients died within 6 months after 

baseline and effect of bosentan might not have been present. Bosentan is not 

expected to prevent arrhythmic events but rather progressive deterioration and right 

ventricular failure. In patients younger than 50 years, only 2 died of right ventricular 

failure. The majority of them died suddenly. Coppus et al showed that survival of 

adults with DS is generally lower compared to the general population due to other 

comorbid factors like dementia and impaired mobility.
29

 In the present study, DS was 

not an independent predictor for survival, most probably due the relatively young 

patient population. The mean age of patients with DS was 10 years lower than 

patients without DS (36 vs 46 years). Hypothetically, the underlying congenital defect 

effects disease progression, however, the post hoc subgroup analysis of the 

BREATHE-5 study by Berger et al showed that effect of bosentan treatment was 

similar in Eisenmenger patients with atrial septal defects and patients with ventricular 

septal defects.
30
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The present study is limited by the lack of a placebo group and the 

heterogeneity of underlying diagnoses e.g. patients with and without the DS, patients 

with and without Eisenmenger syndrome, patients with and without closed defects 

and the variety of defects. Second limitation is the lacking data on time from PAH 

diagnosis to study inclusion. Most patients had PAH many years before study 

inclusion. Thirdly, the 6MWT and the SF-36 are not validated in patients with DS. 

Therefore, definite conclusions on long-term treatment effect of bosentan should be 

taken with caution in these patients. Another limitation is that not all 

echocardiographic measurements could be performed in patients with complex 

cardiac geometry and intra- and inter-observer variability testing was not carried out, 

however all echocardiograms and analyzing were performed by 1 single observer. 

Finally, the present study was limited by the lack of hemodynamic data like 

pulmonary vascular resistance and pulmonary artery pressure. We may assume that 

PAH diagnosis was made in the past in most patients by right heart catheterisation, 

except probably for some high risk patients with Eisenmenger syndrome, in whom 

right heart catheterisation was not routinely performed as pulmonary arterial 

hypertension is clearly evident on echocardiography and these patients are known to 

be at high risk for complications due to this invasive procedure cardiac 

catheterization. Due to this complication risk cardiac catheterization was not 

performed to evaluate treatment effect at follow-up.  

In conclusion, we demonstrate a prolonged beneficial effect of bosentan 

treatment on exercise capacity, stroke volume and quality of life in patients without 

DS. However the mortality rate of 20% of patients after 4 years of follow-up remains 

high. 
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Letter 

Nowadays, 85% of infants with congenital heart defects (CHD) reach adulthood and 

this adult population is expanding rapidly. 
1-4

 Advances in cardiac surgery made 

operative repair of CHD possible. However, complete cure is seldom achieved. In 

most repaired defects late complications and residual lesions occur frequently. The 

misperception of “cure” has potentially serious consequences as patients do not seek 

continued medical advice and are lost to follow-up.
5
 Furthermore, young adolescents 

growing-up with CHD might struggle with psychosocial concerns because a complete 

recovery is impossible. These patients strive to lead a “normal” life.
6
 As a 

consequence patients deny their chronic disease and do not seek medical care. 

Probably a large proportion of adults with CHD fails to receive regular cardiac care 

and is lost to follow-up. A recent study reported that 61%
 
of adult patients with 

congenital heart disease (CHD) fail to receive cardiac follow-up in Canada.
7
 In the 

Netherlands,
 
we estimated that one third (approximately 8000) of adults with CHD

 
are 

lost to follow-up (see method section).
8
 Although the estimated number of patients 

who fail to receive follow-up
 
is lower in the Netherlands, we still believe

 
it is 

unacceptably high. To increase awareness of adult patients with CHD and to identify 

patients who are lost to follow-up, the CONCOR projectgroup
9 

initiated a nationwide 

media campaign entitled, "Wanted! 8000
 
Heart Patients”. 

In January 2009, we started a national campaign to identify adult patients with 

CHD lost to follow-up. The campaign consisted of a nationwide call via billboards and 

advertisements. In total approximately 1200 billboards were placed in 24 cities 

nationwide for a period of 1 to 2 weeks from January 2009 to May 2009. Adults with 

CHD between 20 to 40 years old, who were lost to cardiac follow up, were incited to 

call the CONCOR project group. This age-group was specifically mentioned to avoid 

confusion with acquired cardiac lesions.  

During the campaign and thereafter, adults with CHD were able to call the 

CONCOR project group or could register themselves via a website, specifically 

designed for this campaign (www.8000vermisten.nl.) Three research nurses 

specialized into CHD, handled incoming patient calls and emails. After registration, 

patients were sent a CONCOR patient registration form and were advised to contact 

their general practitioner and to make an appointment with a cardiologist. After one 

year, patients were contacted again to collect information about the follow-up after 
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mild congenital heart defects, n (%) 504 (85%)

Atrial septal defect 182

Ventricular septal defect 176

Patent arterial duct 87

Pulmonary valvar stenosis  32

Other mild defects 27

moderate congenital heart defects, n (%) 83 (14%)

Aortic coarctation 46

Tetralogy of Fallot 13

Atrioventricular septal defect 11

Partially anomalous pulmonary venous connections   6

Sinus venosus atrial septal defect 5

Other moderate defects 2

severe congenital heart defects, n (%) 6 (1%)

Complete transposition of the great arteries † 4

Congenitally corrected transposition of the great arteries 1

Double chambered right ventricle 1

numbers present total of new findings

Table 1 Congenital heart defects (n=593)

† 2 Senning procedure, 1 arterial switch operation, 1 unknown

registration. Data on how many patients were seen by their cardiologist and the 

clinical consequences and events were assessed.  

From January 2009 till January 2010, 1261 patients have contacted the 

CONCOR project group by telephone and email. In total, 593 patients (65% female, 

mean age 40 ± 12 years) were included. Table 1 shows all included CHD, of which 

1.0% was severe CHD. After 1 year, 80% of the patients have been called again by a 

research nurse. In total, 66% of patients had contacted their cardiologist. Twenty–two 

percent required cardiac follow-up within 1 year. In 53 patients (16%) cardiac 

examination resulted in 76 new findings: 20% related to the aortic valve and aorta, 

14% to the pulmonary valve, 10% to the mitral valve, 18% were arrhythmias or other 

electrical conduction abnormalities and a heterogeneous group (33%) of other 

symptoms (e.g systemic hypertension, heart failure, tricuspid valve regurgitation). 

Most findings were mild, although 3 patients with repaired tetralogy of Fallot even 

needed pulmonary valve replacement shortly after registration.  
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Our campaign has led to the identification of 593 lost patients with CHD. To our 

knowledge, this is the first time that data of a comprehensive national campaign on 

this actual topic has been published. Interestingly, not only patients with minor CHD 

were identified, but also patients with severe CHD were found (double chambered 

right ventricle and transposition of the great arteries). A substantial number of 

unknown residual lesions have been identified and a minority needed prompt 

intervention. According to current guidelines these patients with severe CHD need 

regular cardiac follow-up, as we know that long-term morbidity is high.10
 Patients with 

prior cardiac surgery often consider themselves “cured,” although the majority faces 

a lifetime of problems including arrhythmias, heart failure, hypertension, vascular 

complications and one or more re-operations. Even patients with repaired “simple” 

lesions such as an atrial septal defect may not have normal survival if they are 

repaired in adulthood. Despite successful surgery for aortic coarctation, the 

prevalence of hypertension in adults 10 to 20 years after repair is 20% to 40%
11

 and 

they may have premature cardiovascular complications.
5,12,13

 Besides registration we 

advised patients to contact their general practitioner and we encouraged to visit a 

cardiologist. In 16% of patients, unknown residual lesions were found of whom 6% 

needed an operation. Extrapolation to the total group of patients lost to follow-up 

would indicate that a substantial number of patients have unknown residual lesions. 

A minority of these patients needs a prompt intervention. 

Thirty-four percent of patients did not visit a cardiologist due to various 

reasons. A remarkable and common finding was that the general physician disagreed 

with the need to visit a cardiologist. This indicates that awareness among general 

practitioners on this topic is still limited. Unfortunately, for some patients, the financial 

contribution for a doctor’s visit was a reason to refrain from follow-up. Another 

interesting finding was that 65% of the included patients were female, in contrast to 

the 50% female patients in the CONCOR registry. Apparently, the campaign has 

attracted more attention among women.  

In conclusion, we were able to register a considerable amount of ‘’missing’’ 

adults and 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. Furthermore our study can serve as a model for other countries to start 

similar programs. 
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In 2008, the Netherlands Society of Cardiology organized a sponsored bicycle ride 

from Amsterdam (the Netherlands) to the conference of the European Society of 

Cardiology in Munich (Germany). The raised 32000 euro was aimed for CONCOR as 

an unrestricted grant to realize the campaign.  The authors of this manuscript have 

certified that they comply with the Principles of Ethical Publishing in the International 

Journal of Cardiology.
14
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Each year approximately 1400 children are born in the Netherlands with a heart 

defect. Life expectancy of these patients has greatly improved over the past 

decades, especially as a result of the development of new corrective operative 

techniques. As a consequence of the successes of cardiac surgery, the majority of 

these children now reach adulthood. For persons with Down syndrome, life 

expectancy has increased likewise, as cardiac surgery is no longer rejected in 

newborns with Down syndrome. Nowadays a cardiac screening is advised within 3 

months after birth as almost 50 percent of the neonates with Down syndrome have a 

congenital heart defect. However cardiac screening and cardiac surgery was not 

standard therapy in patients who were born before 1980s. Probably, a group of 

‘older’ Down patients has never had cardiac evaluation or treatment and now live with 

the consequences of an uncorrected congenital heart defect. One major complication 

is pulmonary arterial hypertension and Eisenmenger syndrome, in which irreversibly 

increased pulmonary vascular resistance may ultimately lead to a reversal of the 

systemic-to-pulmonary shunt leading to cyanosis, diminished exercise capacity and 

heart failure. In this thesis the treatment and clinical condition of patients with 

pulmonary arterial hypertension, with focus on Down syndrome has been explored. 

Secondly, the heart of persons with Down syndrome without structural congenital 

heart defects has been studied.  

 

Part 1: Down syndrome 

 

Chapter 1 (general introduction) describes an extensive overview of cardiovascular 

disorders in patients with Down syndrome. Also the latest genetic insights are 

discussed in this chapter. Chapter 2 shows an epidemiological model on the 

prevalence and survival of adults with Down syndrome in the Netherlands by 

combining empirical data, including data of birth registries and international data. This 

model provides useful data on changes of birth incidence, population prevalence and 

age profile of the Dutch adult population and can be used to estimate future 

developments. We undertook a study (Chapter 3) to investigate the use of the six 

minute walk test in patients with Down syndrome, a test that is used frequently in 

research trials to investigate exercise capacity in patients with pulmonary 

hypertension. We conclude that this test in not feasible in patients with Down 

syndrome because it is inversely related to the level of intellectual disability and not 
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to the existence of pulmonary hypertension. Chapter 4 describes the outcome of a 

national echocardiography screening in patients with Down syndrome living in 

residential centres. We find a prevalence of known congenital heart disease of 16% 

in more than 1100 participants. However, the cardiac status is unknown in many 

subjects. Echocardiography screening reveals an underdiagnosis of congenital heart 

disease in 17% of the screened subjects. In chapter 5 we investigate left ventricular 

mass and volume in adults with Down syndrome with structural normal hearts. 

Surprisingly, both left ventricular mass and volume are significantly smaller in these 

adult subjects compared to healthy controls. These differences seem not to exist in 

childhood. Possibly, these differences are lifestyle-related, because adults in 

residential centres are in general physically more inactive. We conclude that physical 

inactivity may lead to cardiac atrophy. We further examine the cardiac function of 

adults with Down syndrome with structural normal hearts in chapter 6 by measuring 

the cardiac output after light exercise testing and conclude that adults with Down 

syndrome are less able to raise their cardiac output compared to controls. The 

smaller cardiac volumes may cause the lower cardiac output. Chapter 7 shows an 

interesting case of a female with Down syndrome and a fibrillin-1 mutation. The 

specific features of Down syndrome may cover the diagnosis of Marfan syndrome.  

 

Part 2: Eisenmenger syndrome in patients with Down syndrome 

 

Chapter 8 gives an overview of the literature on the treatment effect of bosentan in 

patients with pulmonary arterial hypertension due to systemic to pulmonary shunting 

in presence of a congenital heart defect. Bosentan treatment improves exercise 

capacity, however larger randomized studies are needed to conclude a survival 

benefit. Chapter 9 and 10 descibe the treatment effect of bosentan on exercise 

capacity and quality of life in patients with Eisenmenger syndrome (with and without 

Down syndrome). Initially in chapter 9, a positive effect can only be found in the first 3 

months of treatment in patients with Down syndrome. However in chapter 10, the 

extended follow-up study fails to demonstrate a sustained effect in patients with 

Down syndrome. The use of the six-minute walk test in patients with Down syndrome 

may cause this negative result. (see chapter 3). In chapter 11 we conclude that 

bosentan treatment cause a sustained improvement of exercise capacity after 4 

years of follow-up.  Chapter 12 is focused on the complete group of patients with 
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congenital heart disease.  Patients with congenital heart disease are frequently 

treated during childhood by surgical correction. However in most cases complete 

recovery is not possible. Late complications like arrhythmias and heart failure may 

develop in adulthood. We show the results of a national campaign to identify patients 

who are lost to cardiac follow up. A large amount of ‘lost’ patients are registered in 

CONCOR, the national database of congenital heart disease, and new defects are 

found.  
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NEDERLANDSE SAMENVATTING 

 

Elk jaar worden er in Nederland ongeveer 1400 kinderen geboren met een 

aangeboren hartaandoening. Hun levensverwachting is flink toegenomen in de 

laatste decennia, vooral dankzij de ontwikkelingen in de cardiothoracale chirurgie. 

Dankzij het succes van deze chirurgische technieken, bereikt het merendeel van de 

kinderen met een aangeboren hartaandoening momenteel de volwassen leeftijd. 

Voor mensen met het syndroom van Down geldt hetzelfde; de levensverwachting is 

gestegen en cardiale operaties op kinderleeftijd wordt deze groep niet langer 

onthouden. De helft van de pasgeborenen met Down syndroom heeft een 

aangeboren hartaandoening, vandaar dat een cardiale screening binnen 3 maanden 

na de geboorte tegenwoordig wordt geadviseerd. Echter, screening en cardiale 

operaties waren geen standaardtherapie in patiënten met het syndroom van Down 

voor 1980. Een groep ‘oudere’ Down patiënten is om die reden waarschijnlijk nooit 

cardiaal onderzocht of behandeld en leeft nu met de gevolgen van een 

ongecorrigeerde aangeboren hartaandoening. Eén van die gevolgen is pulmonale 

hypertensie en het Eisenmenger syndroom, waarbij door jarenlange 

volumeoverbelasting van het hart door een septumdefect of open ductus van Botalli 

de longvaatweerstand irreversibel is verhoogd. Patiënten met pulmonale hypertensie 

hebben een verminderde inspanningstolerantie, cyanose en hartfalen. Dit proefschrift 

richt zich op de klinische conditie en behandeling van patiënten met pulmonale 

hypertensie, in het bijzonder in patiënten met het syndroom van Down. Daarnaast 

wordt ook het hart van patiënten met het syndroom van Down zonder aangeboren 

hartaandoening bestudeerd. 

 

Deel 1: Syndroom van Down  

 

Hoofdstuk 1 (algemene inleiding) geeft een uitgebreid overzicht van 

cardiovasculaire aandoeningen in patiënten met het syndroom van Down, waarbij 

ook ingegaan wordt op de genetische achtergrond. Hoofdstuk 2 beschrijft een 

epidemiologisch model om de prevalentie en overleving van mensen met het 

syndroom van Down in Nederland te berekenen aan de hand van empirische data. 

Door gebruik te maken van geboorteregisters en buitenlandse gegevens geeft het 

model bruikbare informatie over ontwikkelingen in geboorteincidentie, 
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bevolkingsprevalentie en leeftijdsgroepen van de Nederlandse populatie met het 

syndroom van Down en kunnen schattingen gemaakt worden over toekomstige 

aantallen. In hoofdstuk 3 wordt onderzocht of de zes-minuten-looptest, een 

veelgebruikte test om de inspanningscapaciteit bij patiënten met pulmonale 

hypertensie te meten, valide is voor patiënten met het syndroom van Down. Wij 

concluderen dat deze test niet geschikt is om inspanningscapaciteit en dus 

behandelingseffect te meten bij patiënten met het syndroom van Down. De zes 

minuten loopafstand is omgekeerd gerelateerd aan de mate van verstandelijke 

beperking en niet afhankelijk van de aanwezigheid van pulmonale hypertensie. 

Hoofdstuk 4 beschrijft de uitkomsten van een cardiale screening van volwassen 

Down patiënten, woonachtig in Nederlandse zorginstellingen. Wij stellen een 

prevalentie vast van aangeboren hartaandoeningen van 16% in meer dan 1100 

deelnemers. Echter in een groot deel van de gevallen was niets bekend over de aan-

of afwezigheid van een aangeboren hartaandoening.  Echocardiografische screening 

toont aan dat er sprake is van een onderdiagnose van 17% van aangeboren 

hartaandoeningen. In hoofdstuk 5 kijken we naar de linker ventrikelmassa en linker 

ventrikelvolume van volwassen met het syndroom van Down zonder aangeboren 

hartaandoening. Opvallend is dat zowel massa als volumina significant kleiner zijn in 

volwassenen met het syndroom van Down in vergelijking met gezonde controles. Op 

kinderleeftijd zijn deze lijken deze verschillen niet te bestaan. Mogelijk is dit 

leefstijlgerelateerd, aangezien mensen met een verstandelijke beperking woonachtig 

in zorginstellingen over het algemeen een fysiek inactief leven leiden. Fysieke 

inactiviteit leidt dus mogelijk tot cardiale atrofie. In hoofdstuk 6 gaan wij verder in 

over de cardiale functie van volwassen met het syndroom van Down zonder 

structureel hartdefect en meten we het hartminuutvolume na lichte inspanning. Wij 

concluderen dat mensen met het syndroom van Down minder goed hun 

hartminuutvolume kunnen verhogen na inspanning als gevolg van een kleiner 

hartvolume. Hoofdstuk 7 toont een bijzondere casus van een patiënt met het 

syndroom van Down met een fibrilline-1 mutatie, waarbij het fenotype van het 

syndroom van Down de diagnose Marfan syndroom mogelijk maskeert.  
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Deel 2: Eisenmenger syndroom in patiënten met het syndroom van Down 

 

Hoofdstuk 8 beschrijft een overzicht van de literatuur naar het behandeleffect van 

bosentan in patiënten met pulmonale arteriële hypertensie als gevolg van 

systemische-naar-pulmonale shunt in aanwezigheid van een aangeboren 

hartaandoening. Bosentan verbetert de inspanningscapaciteit in deze 

patiëntengroep, echter grotere en gerandomiseerde studies zijn nodig om het effect 

op overleving aan te tonen. Hoofdstuk 9 en 10 beschrijven het behandeleffect van 

bosentan op de inspanningscapaciteit en kwaliteit van leven in patiënten met 

Eisenmenger syndroom met en zonder Down syndroom. In hoofdstuk 9 wordt initieel 

een positief effect aangetoond na 3 maanden behandeling bij patiënten met het 

syndroom van het syndroom van Down. In hoofdstuk 10, waarbij de follow-up duur 

langer is, kan geen effect worden gevonden bij patiënten met het syndroom van 

Down. Mogelijk door gebruik van niet-gevalideerde meetinstrumenten bij het 

syndroom van Down, zoals de zes-minuten-looptest (zie uitkomsten hoofdstuk 3). 

Waar in hoofdstuk 10 een kortdurende verbetering op inspanningscapaciteit wordt 

gezien (eerste 6 maanden van behandeling), kunnen we in hoofdstuk 11 

concluderen dat bosentan een langdurig en blijvend effect heeft na 4 jaar follow-up in 

patiënten zonder het syndroom van Down. Het laatste hoofdstuk 12 is gewijd aan de 

complete groep van patiënten met een aangeboren hartaandoening. Patiënten met 

een aangeboren hartaandoening worden vaak op jonge leeftijd geopereerd, maar 

complete genezing is niet mogelijk. Complicaties, zoals ritmestoornissen en hartfalen 

ontstaan vaak op volwassen leeftijd. Het is dan ook belangrijk dat deze ‘chronische’ 

patiëntengroep onder controle blijft bij de cardioloog. Wij tonen de resultaten van een 

nationale campagne om patiënten met een aangeboren hartaandoening op te 

sporen. Een groot aantal patiënten is hierdoor geregistreerd waarbij nieuwe 

afwijkingen werden opgespoord. 
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