
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

The right side in congenital heart disease

Schuuring, M.J.

Publication date
2014

Link to publication

Citation for published version (APA):
Schuuring, M. J. (2014). The right side in congenital heart disease. [Thesis, fully internal,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/the-right-side-in-congenital-heart-disease(dbfe85cf-61f3-4f86-9cd7-20c91cecd45e).html


Treatment of segmental pulmonary artery  
hypertension in adults with congenital  

heart disease

Mark J Schuuring, Berto J Bouma, Rachael Cordina, 
Michael A Gatzoulis, Werner Budts, Mary P Mullen, 

Jeroen C Vis, David Celermajer, Barbara JM Mulder

International Journal of Cardiology 2013 Mar 20;164(1):106-10

Chapter 5

Schuuring proefschrift.indd   53 05-03-14   14:20



54

5

ABSTRACT
Introduction 
Pulmonary arterial hypertension (PAH) in patients with congenital heart disease (CHD) usually 
has a homogeneous pressure distribution. More rarely, complex CHD patients have segmental 
PAH. This is often post-surgically. The characteristics of these patients and their responsive-
ness to specific pulmonary vasodilator therapy have not been described.

Methods
Seven adults with segmental PAH complicating CHD were treated at 3 specialized adult CHD 
centers between January 2006 and December 2010. Clinical characteristics, six minute walking 
distances (6MWD), laboratory tests and images were obtained from medical records and the 
responses to Bosentan, an endothelin-1 receptor antagonist, were assessed. 

Results
All patients (mean age 32 (23 - 42) years, five females) had a primary diagnosis pulmonary 
atresia (PA), four with major aortopulmonary collateral arteries (MAPCAs). Four segmental 
PAH patients had a right pulmonary artery stenosis, two a left pulmonary artery stenosis and 
one a unilateral MAPCA stenosis. All patients were symptomatic (functional class II or III) 
and bosentan was started empirically. Bosentan treatment led to a significant improvement 
in functional class compared to baseline (1.7 ± 0.5 versus 2.4 ± 0.5; p < 0.01). Mean 6MWD 
(available in 6 patients) increased by 62m (22 - 150 m) from 386 ± 135 to 448 ± 133m (P = 0.03) 
after 12 months treatment. Most improvement was seen in patients with low baseline 6MWD. 
Higher baseline exercise heart rate was significantly associated with lesser improvement in 
6MWD (r = -0.91 P = 0.01). Laboratory results did not change after initiation of bosentan treatment. 

Conclusion
This small retrospective case series suggested a significant improvement of functional class 
and exercise capacity after bosentan treatment in patients with segmental PAH. These findings 
warrant a prospective study of the potential benefit of selective pulmonary vasodilator therapy 
in these complex patients.  Therefore, we call on treating physicians to share similar cases.
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1. INTRODUCTION
Congenital heart disease (CHD) in adults is associated with pulmonary arterial hypertension 
(PAH) in 5-10% of cases.1,2 The characteristic pulmonary pressure distribution in CHD-PAH 
patients is homogeneous.3 However, some cases of complex CHD are complicated by segmental 
PAH. This is often post-surgical with branch pulmonary artery stenosis resulting in local 
differences in pulmonary artery pressure and pathophysiologic severity.4 Consequently, some 
areas of pulmonary tissue have higher pressures than others. The clinical presentation of 
CHD patients with segmental PAH varies from asymptomatic incidental findings on trans-
thoracic echocardiography (TTE) to progressive dyspnoea on exertion or even haemoptysis.5, 6 
Initial treatment for these patients with segmental PAH may involve percutaneous intervention 
or surgical repair.7 Medical treatment is considered when such interventions are not possible. 
Three main classes of medical therapies for PAH have been investigated: endothelin-1 receptor 
antagonists such as bosentan, prostanoids such as epoprostenol and phosphodiesterase 5 
inhibitors such as sildenafil.8,9 Bosentan has been shown to improve six minute walking 
distance (MWD) in homogenous CHD-PAH.10 Whether bosentan is effective in CHD patients 
with segmental PAH is unknown.11,12 Therefore, we collected case observations from three 
specialist adult CHD centers to evaluate the characteristics of such patients and the potential 
benefit of bosentan in this clinical condition. 

2. METHODS
2.1 Data collection
Large adult congenital heart units in Amsterdam, Sydney and London reviewed their data-
bases for symptomatic patients with segmental PAH. Clinical characteristics, 6MWD, labora-
tory tests and imaging data were obtained where available from medical records. New York 
Heart Association functional class data was obtained from baseline (pre-treatment) and last 
visit. For each patient the proportion of segmental PAH was estimated by the anatomy and the 
location of pulmonary artery stenosis found on advanced imaging. 

2.2 Statistics
For statistical analysis SPSS 18.0 (SPSS Inc, Chicago, Illinois) was used. The difference 
between baseline and treatment was calculated with paired t-test. Correlation between 
change in 6MWD and baseline 6MWD, functional class, rest saturation, exercise saturation, 
rest heart rate, exercise heart rate and NT-pro-BNP was evaluated using Pearson correlation 
analysis (r). Univariate linear regression analysis was performed for each clinical outcome 
parameter to determine whether it was associated with the estimated proportion of segmental 
PAH. P- values below 0.05 were considered to be significant. 
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3. RESULTS
3.1 Baseline characteristics 
Seven patients (mean age 32 (23 - 42) years, five females) had segmental PAH. Table 1 
summarizes patients’ baseline characteristics. This includes a detailed description of the 
distribution of pulmonary pressures. All seven patients had the underlying diagnosis of  
pulmonary atresia (PA), four of whom had major aortopulmonary collateral arteries (MAPCAs). 
Interventions in the history were central Goretex shunt (n=1), Waterston shunt (n=1), Blalock 
Taussig shunt (n=3) and Potts shunt (n=1), see Figure 1. Four segmental PAH patients had 

Table 1A. Baseline characteristics

Abbreviations PA; pulmonary atresia, PS; pulmonary artery stenosis, VSD; ventricular septal defect, 
TAPVC; total anomalous pumonary venous connection, APD; right pulmonary artery, APS; left pulmo-
nary artery, TOF; Tetralogy of Fallot, DILV; double inlet left ventricle RVOT; right ventricular outflow tract, 
MAPCA; major aortopulmonary collateral arteries

Table 1B. Baseline characteristics

Abbreviations APD; right pulmonary artery, APS; left pulmonary artery, n/a; not available, PAH; pulmonary 
arterial hypertension
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a right pulmonary artery stenosis, two a left pulmonary artery stenosis and one a unilateral 
MAPCA stenosis. Pulmonary pressures pre-stenosis were higher (90/5; 95/12; 129/53; 65/50; 
65/50; 80/40; 105/15 mmHg) than pressures post stenosis (16/2; 40/28; 50/40; 30/20; 0/0; 
40/20; 56/18 mmHg) respectively.  Time between onset and diagnosis of PAH was unknown. 

3.2 Effects of bosentan treatment
All patients were symptomatic and bosentan was started empirically. Patients remained on 
monotherapy with bosentan and other medical therapies included diuretics for five patients, 
antiarrhythmic agents for four patients and oral anticoagulation for four patients. Bosentan 
treatment showed a significant improvement of functional class compared to baseline (1.7 ± 
0.5 versus 2.4 ± 0.5; p<0.01), see Table 2. 
Six patients had 6MWD available. Mean 6MWD increased with + 62 m (22 – 150 m) from 
386 ± 135 to 448 ± 133 (P=0.03) at 12 months of treatment. Most improvement was seen 
in patients with low baseline 6MWD (Figure 2A). Higher baseline exercise heart rate was 
significantly associated with fewer increase in 6MWD (r = -0.91 P = 0.01), see Figure 2B. 
Change in 6MWD was not associated with baseline 6MWD, functional class, rest saturation, 
exercise saturation and rest heart rate. Mean resting heart rate at baseline (88 ± 11 beats per 
minute) was unchanged during follow-up (81 ± 17 beats per minute), as was mean maximum 
heart rate during the 6MWD (110 ± 22 beats per minute versus 114 ± 26 beats per minute). 
Mean resting oxygen saturation at baseline was 81% and did not change significantly during 
12 months follow-up. Mean minimum oxygen saturation during the 6MWD at baseline was 
67±16% and did not change significantly at last follow-up to 61 ± 17%. 
NT-pro-BNP levels were available for three patients and were unchanged compared to base-
line (mean 778 ± 586 versus 768 ± 611 ng/L). 
The estimated proportion of segmental PAH was investigated by univariate linear regression 
analysis to verify whether it could predict clinical outcome. The analysis did not find a clinical 
outcome parameter to be significantly associated with patients’ estimated proportion of segmental 
PAH. Change in functional class tended to associate with segmental PAH severity without 
reaching significance (β = -0.027; P = 0.051). 
Therapy with bosentan was safe and well tolerated for these patients. Mild adverse events 
were reported by two patients. One patient developed headache and one patient reported 
nausea and later a syncopal episode. No disturbed liver function tests were found.

4. DISCUSSION
Our observations are the first to show significant improvement of clinical status and exer-
cise tolerance after bosentan therapy in complex CHD patients with segmental PAH. Most  
improvement in exercise capacity was seen in patients with low baseline 6MWD. Higher base-
line exercise heart rate was significantly associated with lesser improvement in 6MWD. 
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Figure 1. Anatomy of segmental PAH patients (available in 6 of the 7 cases)
 A: Left Magnetic resonance imaging APD Stenosis, Right Schematic drawing
 B: Left Magnetic resonance angiography inferior MAPCA stenosis, Right Schematic drawing
 C: Computer tomography stenosis APS 
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Figure 1. Anatomy of segmental PAH patients (available in 6 of the 7 cases)
  D: Left Cardiac catheterisation distal APD stenosis, Right hypertensive APS 
 E:  Magnetic Resonance Imaging APD stenosis 
 F: Magnetic Resonance Imaging APD stenosis 
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4.1 Treatment effect of bosentan 
For patients with “homogeneous” CHD due to simple underlying lesions, the BREATHE-5 
study described a beneficial effect of bosentan therapy in patients with Eisenmenger syndrome. 
At baseline all patients were in functional class III. The 6MWD resulted in a significant treat-
ment effect of 53 meters. Functional class, albeit seeming subjective, was a common indicator 
of treatment effect. Changes in exercise heart rate during 6MWD tests was usually not an 
indicator of treatment effect in patients with homogeneous PAH. Van Loon et al described 
the long-term effect of bosentan treatment in 20 adults and 10 children with pulmonary arte-
rial hypertension and their heart rate did not change from baseline through last follow-up.13  
In addition, mean maximum heart rate during the 6MWD did not change significantly during 
follow–up compared to baseline in 64 adult patients with PAH associated with CHD.14 Our find-
ings of unchanged oxygen saturation were in agreement with the results of the BREATHE-5 
study. Bosentan therapy in patients with Eisenmenger syndrome did not compromise the 
peripheral oxygen saturation.
Quality of life should be assessed in the future as an outcome parameter of treatment effect 
in patients with segmental PAH. Patient focused assessments in clinical 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 patients with 
CHD, PAH has been shown a major contributor to reduced functional capacity15 even among 
patients with previous defect closure and patients who had not developed Eisenmenger’s 
physiology.16

Table 2. Effects of bosentan in complex CHD patients with segmental PAH

Abbreviations FU; follow up, 6MWD; six minute walking distance, BL; baseline Mo; months, m; meters, 
n/a; not available
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Figure 2A. Exercise capacity in complex CHD patients with segmental PAH on bosentan treatment
Figure 2B. Heart rate and improvement of exercise capacity
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4.2 Mechanisms
The mechanism of bosentan is a competitive dual inhibition of the endothelin-1 receptor.  
Endothelin-1 is a potent vasoconstrictor, which also mediates cell proliferation, fibrosis and 
inflammation. The plasma level of endothelin-1 in patients with PAH appeared to be elevated, 
inducing histopathological changes in the pulmonary vascular bed.17 This endothelin-1 elevation 
has been shown for patients with PAH having a broad spectrum of underlying diagnoses.18 
Endothelin-1 levels in patients with segmental PAH have never been studied. It is assumable 
that patients with segmental PAH have, despite parts with low pulmonary pressures, elevated 
endothelin-1 levels accounting for the treatment effect of bosentan.  

4.3 Clinical impact
Determining the etiology of PAH is essential to appropriate management.19 The retrospec-
tive case observations here suggest efficacy of bosentan treatment in adults with segmental 
PAH. Left untreated, patients with homogeneous PAH typically have a progressive decline in 
function with high morbidity ultimately leading to death.20 Whether patients with segmental 
PAH have a similar prognosis is unknown. Early evaluation and treatment of segmental PAH 
patients may improve clinical outcome. Early recognition of disease could lead to prompt 
initiation of diagnostic evaluation and start of therapy. Starting appropriate treatment regimens 
early in the disease process is expected to improve quality of life. 

4.4 Limitations
The major limitations of the study were the small subject numbers and the heterogeneity 
of underlying post-operative anatomy; however we note the rarity of this condition and the 
lack of previously published reports describing this patient population. Though these patients 
benefited from treatment, the retrospective observations should be interpreted with caution. 

5. CONCLUSION
This retrospective case series suggested a significant improvement of functional class and 
exercise capacity after bosentan treatment in patients with segmental PAH. These findings 
warrant a prospective study of the potential benefit of selective pulmonary vasodilator therapy 
in these complex patients. Therefore, we call on treating physicians to share similar cases.

Schuuring proefschrift.indd   62 05-03-14   14:20



63

5

REFERENCES
  1.  Diller GP, Gatzoulis MA. Pulmonary vascular disease in adults with congenital heart disease. Circula-

tion. 2007;115:1039–1050. 
  2.  Celermajer DS, Marwick T. Echocardiographic and right heart catheterization techniques in patients 

with pulmonary arterial hypertension. Int J Cardiol. 2008;125:294–303. 
  3.  Duffels MGJ, Engelfriet PM, Berger RMF, van Loon RLE, Hoendermis E, Vriend JWJ, van der Velde 

ET, Bresser P, Mulder BJM. Pulmonary arterial hypertension in congenital heart disease: an epide-
miologic perspective from a Dutch registry. Int J Cardiol. 2007;120:198–204. 

  4.  Rodriguez-Cruz et al. Pulmonary Atresia With Ventricular Septal Defect. emedicine.medscape.com. 2009;
  5.  Castañer E, Gallardo X, Rimola J, Pallardó Y, Mata JM, Perendreu J, Martin C, Gil D. Congenital and 

acquired pulmonary artery anomalies in the adult: radiologic overview. Radiogr Rev Publ Radiol Soc 
N Am Inc. 2006;26:349–371. 

  6.  Deutsch M-A, Thieme SF, Hinterseer M, Johnson TRC, Pfosser A, Reichart B, Nikolaou K, Behr J. 
Adult presentation of combined unilateral atresia of the right proximal pulmonary artery and left pat-
ent ductus arteriosus: case report and embryological considerations. Int J Cardiol. 2010;141:e4–7. 

  7.  Mertens L, Budts W. New developments in the transcatheter treatment of congenital heart disease. 
Curr Opin Anaesthesiol. 2004;17:329–334. 

  8.  Galiè N, Beghetti M, Gatzoulis M, Granton J, Berger R, Lauer A, Chiossi E, Landzberg M. Bosentan 
Randomized Trial of Endothelin Antagonist Therapy-5 (BREATHE-5) Investigator. Bosentan therapy 
in patients with Eisenmenger Syndrome: a multicenter, double-blind, randomized, placebo-controlled 
study. Circulation. 2006;114:48–54. 

  9.  Schuuring MJ, Vis JC, Duffels MG, Bouma BJ, Mulder BJ. Adult patients with pulmonary arterial hy-
pertension due to congenital heart disease: a review on advanced medical treatment with bosentan. 
Ther Clin Risk Manag. 2010;6:359–366. 

10.  Duffels MGJ, Vis JC, van Loon RLE, Nieuwkerk PT, van Dijk APJ, Hoendermis ES, de Bruin-Bon 
RHACM, Bouma BJ, Bresser P, Berger RMF, Mulder BJM. 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. Am J Cardiol. 2009;103:1309–1315. 

11.  Kim WS, Yeon KM, Kim I, Han MC, Chi JG. Radiological evaluation of pulmonary vein obstruction 
including two examinations by magnetic resonance imaging. Pediatr Radiol. 1993;23:6–11. 

12.  Pourmoghadam KK, Moore JW, Khan M, Geary EM, Madan N, Wolfson BJ, de Chadarevian JP, 
Holsclaw DS, Jacobs ML. Congenital unilateral pulmonary venous atresia: definitive diagnosis and 
treatment. Pediatr Cardiol. 2003;24:73–79. 

13.  Van Loon RLE, Hoendermis ES, Duffels MGJ, Vonk-Noordegraaf A, Mulder BJM, Hillege HL, Berg-
er RMF. Long-term effect of bosentan in adults versus children with pulmonary arterial hyperten-
sion associated with systemic-to-pulmonary shunt: does the beneficial effect persist? Am Heart J. 
2007;154:776–782. 

14.  Vis JC, Duffels MG, Mulder P, de Bruin-Bon RHACM, Bouma BJ, Berger RMF, Hoendermis ES, van 
Dijk APJ, Mulder BJM. Prolonged beneficial effect of bosentan treatment and 4-year survival rates 
in adult patients with pulmonary arterial hypertension associated with congenital heart disease. Int J 
Cardiol. 2013;164:64–69. 

15.  Cordina RL, Celermajer DS. Therapeutic approaches in adults with congenital heart disease-associ-
ated pulmonary arterial hypertension. Eur Respir Rev Off J Eur Respir Soc. 2010;19:300–307. 

16.  Engelfriet PM, Duffels MGJ, Möller T, Boersma E, Tijssen JGP, Thaulow E, Gatzoulis MA, Mulder 
BJM. Pulmonary arterial hypertension in adults born with a heart septal defect: the Euro Heart Sur-
vey on adult congenital heart disease. Heart. 2007;93:682–687. 

Schuuring proefschrift.indd   63 05-03-14   14:20



64

5

17.  Yoshibayashi M, Nishioka K, Nakao K, Saito Y, Matsumura M, Ueda T, Temma S, Shirakami G, Imura 
H, Mikawa H. Plasma endothelin concentrations in patients with pulmonary hypertension associated 
with congenital heart defects. Evidence for increased production of endothelin in pulmonary circula-
tion. Circulation. 1991;84:2280–2285. 

18.  Rabinovitch M, Bothwell T, Hayakawa BN, Williams WG, Trusler GA, Rowe RD, Olley PM, Cutz E. 
Pulmonary artery endothelial abnormalities in patients with congenital heart defects and pulmonary 
hypertension. A correlation of light with scanning electron microscopy and transmission electron 
microscopy. Lab Investig J Tech Methods Pathol. 1986;55:632–653. 

19.  Mullen MP. Diagnostic strategies for acute presentation of pulmonary hypertension in children: par-
ticular focus on use of echocardiography, cardiac catheterization, magnetic resonance imaging, 
chest computed tomography, and lung biopsy. Pediatr Crit Care Med J Soc Crit Care Med World Fed 
Pediatr Intensive Crit Care Soc. 2010;11:S23–26. 

20.  Uzunpinar A, Cilingiroglu M. Pulmonary arterial hypertension. Curr Atheroscler Rep. 2009;11:139–145. 

Schuuring proefschrift.indd   64 05-03-14   14:20


