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Idiopathic Pulmonary arterial hypertension (PAH) is characterised by progressive 
obstruction and narrowing of the small pulmonary arteries. This results in increased 
pulmonary vascular resistance, leading to progressive right ventricular pressure load, 
eventually resulting in right heart failure and death.1 Effective PAH specific medical 
therapies have been provided to the patients at VU University Medical Centre  (VUMC) 
from the late 1990’s.  Thus, despite PAH being a rare disease, a relatively large patient 
cohort has been established with long-term follow-up data available. 
Different PAH specific medical therapies have become available in different time 
periods.  Epoprostenol is widely perceived as the most potent therapy currently 
available and is reviewed in Chapter 2. However, treatment is bothersome with 
continuous infusion required. At VUMC Before 2003 medical therapy consisted 
of intravenous epoprostenol. Since oral bosentan became available in 2003 and 
subsequently oral sildenafil in 2004 an alternative strategy became possible starting 
first-line oral therapies and reserving first-line intravenous epoprostenol only for the 
most severe patients. From 2005 subcutaneous prostacyclin infusion (treprostinil) 
was added to the medical armamentarium at VUMC as an alternative somewhat less 
invasive method of prostacyclin treatment.
In chapter 3 we show that first-line epoprostenol treated patients from our historical 
cohort have greater exercise improvements measured by six-minute walk distance, 
compared to patients treated with first-line bosentan. This is further corroborated in 
a matched pairs analysis. However compared to current first-line bosentan treated 
patients time to disease progression was similar and no survival differences were 
found between first-line epoprostenol treated patients and patients treated with first-
line oral therapy and prostacyclin as add-on medication upon clinical deterioration.  
The advent of oral therapies has delayed the time of onset of prostacyclin, thus delaying 
the need for bothersome continuous infusion therapies. Combination oral bosentan-
sildenafil therapy further postponed the need for prostacyclin therapies. In chapter 
4 we subsequently show that delayed initiation of prostacyclin as add-on therapy 
(either intravenous epoprostenol or subcutaneous treprostinil) still leads to excellent 
improvements in exercise capacity and WHO functional class, after deterioration 
on oral therapy. And this is further illustrated by subsequently observed NT-proBNP 
decreases and improvements in right ventricular ejection fraction and right and left 
ventricular end-diastolic volumes measured by MRI.
Since sex differences in treatment outcomes and survival are known from the 
literature2-6 and worse outcomes in males are confirmed in our database, we sought to 
determine the cause of this sex survival difference. In our patient cohort follow-up is 
standardised and includes right heart catheterisation and cardiac MRI at baseline and 
at 1 year follow-up. In chapter 5 we show that sex differences in survival are mediated 
through differences in right ventricular ejection fraction (RVEF) improvements after 
initiation of medical therapies, with no improvements in males, versus substantial 
improvements in females.
Increased pulmonary hypertension awareness, in combination with high left 
heart-failure prevalence, have augmented referrals to PAH centres. In pulmonary 
hypertension signs of left heart failure may be mimicked on echocardiography due 
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to under filling of the left ventricle. This is especially the case for diastolic left heart 
failure.7 Therefore, a substantial proportion of patients referred to a PAH centre might 
have left heart failure as the underlying cause. Efforts made to improve referral patterns 
to PAH centres should not lead to missed PAH diagnosis, since delayed start of PAH 
specific therapies decreases survival even with a short-term interval.8 Unnecessary 
referral should however be reduced, representing burden to the patient, including 
right heart catheterisation, and economical cost. In chapter 6 we show that a simple 
clinical risk score including parameters from medical history, electrocardiography 
and echocardiography could obviate the need for right heart catheterisation in 20% 
of left heart failure patients referred, without misclassifying any PAH patient.
In chapter 7 we review current treatment options. Current PAH specific medical 
therapies lower pulmonary vascular resistance (PVR) and this effect is likely sustained 
over time. However, this reduction in PVR might fail to halt progression of right 
ventricular failure, since single agent therapy does not reduce right ventricular power 
and right ventricular wall tension. An argument is made for upfront combination 
therapies. As they offer the promise that a more pronounced beneficial effect on PVR 
and also pulmonary artery pressure can be reached, and thus indeed reduced right 
ventricular power and wall stress, which could prevent right heart failure in the end.

Conclusion and future perspectives

Based on the results of this thesis we conclude that:
-  Addition of subcutaneous or intravenous prostanoids can be efficacious in PAH 

deteriorating on oral therapy, leading to improved exercise capacity and WHO 
functional class, decreased NT-proBNP levels and improved RVEF and right and left 
ventricular end-diastolic volumes. 

-  First-line epoprostenol treatment may lead to greater improvement in exercise 
capacity than first-line bosentan. However, these greater exercise improvements 
did not translate into longer time to disease progression or survival. 

-  In a population suspected of PAH left heart failure can be diagnosed with a high 
degree of certainty by non-invasive means in a substantial number of patients, 
using a clinical risk score including simple parameters from medical history, 
electrocardiography and echocardiography.

-  Poor prognosis in male PAH patients can be explained by differences in adaptation 
of the right ventricle.

An unanswered question is whether upfront combination treatment is better than 
sequential. In addition it is unclear yet when prostacyclin treatment must be initiated. 
The possible benefit of upfront combination treatment can only be assessed in a 
prospective randomised controlled multicenter study. Such a study is currently 
underway (AMBITION trial) and results are expected this year. Based on the outcome 
of this study future treatment strategy studies can be designed.
The predictive model to identify left-heart failure non-invasively as an alternative 
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cause of PH in a population suspected of PAH, should be validated in non-referral 
centers. Currently the OPTIEK study is set up to validate our non-invasive risk score 
in this manner.
The observation that males have a poor right ventricular response to therapy compared 
to females, questions the role of sex hormones. Laboratory studies are required to 
further  explore the role of sex hormones in the pressure overloaded right ventricle. 
The potential of substances targeting sex-specific pathways, such as estrogen receptor 
agonists should be further evaluated.
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