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In 1865 The German physician Klob reported autopsy findings of a patient who had 
developed progressive ankle oedema , dyspnoea and cyanosis prior to his death at 59. 
In stead of the cardiac pathology he expected, Klob found an impressive narrowing 
of the finer branches of the pulmonary artery with localised arteriosclerosis.1 In 1891 
Romberg described a similar clinical course in a 24-year old patient.2 Other than 
the abnormalities in the pulmonary vessels he also noted a massive right ventricular 
hypertrophy. 
This disease now known as Pulmonary Arterial Hypertension (PAH) is a rare disease 
with an estimated incidence of 1-2/million inhabitants per year for the idiopathic 
form.3-5 Reported prevalence of PAH in patients with connective tissue disease varies 
from 2-50%6-16 and it can be detected in 0,5% of HIV patients.17-18 By consensus 
pulmonary hypertension is defined by a mean pulmonary artery pressure greater than 
25mmHg. Pulmonary hypertension may arise due to various underlying alternative 
conditions and the clinician must have an understanding of the context in which 
PH occurs as different treatment strategies may be necessary in different situations. 
The clinical substrates of PH have been catalogued based on their pathological 
characteristics, clinical presentations, hemodynamic profiles and therapeutic 
outcomes into 5 different groups. The current classification of PH was provided by 
consensus at a world symposium of PH specialists held in Venice 2003 and is shown 
in table 1.19 PAH is defined as pulmonary hypertension classified in group 1 according 
to the Venice classification and is either idiopathic or from the associated etiologies 
mentioned.
When examining PAH histopathology characteristics of PH with atheromatous 
changes, dilation of large pulmonary arteries and medial hypertrophy and remodelling 
of muscular arteries are found. If pulmonary hypertension persists right ventricular 
hypertrophy, dilation and ultimately failure are common sequelae. Besides these 
histopathologic features common to all causes of Pulmonary Hypertension, each 
of the forms of Pulmonary Arterial Hypertension are associated with characteristic 
lesions involving both the pre-acinar and intra-acinar arteries. These include 
constrictive lesions at the vessel intima, remodelling of the media or adventitia, as 
well as complex (plexiform) lesions involving changes of the entire vessel wall. In 
addition to constrictive and complex lesions, thrombosis of small vessels is noted 
frequently in the absence of evidence to suggest an embolic source. 20

A diagnosis of PAH portends a dismal prognosis and before the advent of PAH 
specific therapies median survival of IPAH patients was estimated at 2.8 years.21 The 
discovery of prostacyclin I2, in 1976 by Moncada and Vane22 was the first step in the 
development of PAH specific therapies and currently there are three different classes 
of PAH specific drug therapies which are well established. They are the prostanoids, 
the endothelin receptor antagonists and the phosphodiesterase type 5 inhibitors and 
target three different pathways involved in abnormal contraction and proliferation of 
smooth muscle cells.23 The development of these PAH specific therapies has improved 
survival.24,25 However long-term survival in the modern management era remains 
poor26 and knowledge on combining these drug therapies is limited. Currently the 
prostacyclin I2 analogue epoprostenol is widely perceived as the most potent PAH 
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specific drug therapy available27 and data corroborating this are reviewed in Chapter 2.  
However prostanoid adminstration, either intravenous, subcutaneous or by inhalation, 
can be bothersome, and the possibility of oral therapy with either an endothelin 
receptor antagonist or a phosphodiesterase-type 5 inhibitor is an attractive alternative.
Aim of this thesis is to describe long-term treatment results in idiopathic PAH patients 
treated at the VU University Medical Centre, a referral centre for PAH patients in the 
Netherlands. Different treatment strategies were used in different time periods. Untill 
2002 the only PAH specific therapy available in the Netherlands was i.v. epoprostenol. 
In Chapter 3 we describe treatment results with our current treatment strategy which 

Table 1 The Venice classification of pulmonary hypertension19

1. Pulmonary Arterial Hypertension (PAH)
1.1  Idiopathic (IPAH)
1.2  Familial (FPAH)
1.3  Associated with (APAH):

1.3.1  Collagen vascular disease
1.3.2  Congenital systemic-to-pulmonary shunts
1.3.3  Portal hypertension
1.3.4  HIV infection
1.3.5  Drugs and toxins related
1.3.6  Other (thyroid disorders, glycogen storage disease, Gaucher’s disease,  
             hereditary hemorrhagic teleangiectasia, hemoglobinopathies, chronic  

myeloproliferative disorders, splenectomy)
1.4 Associated with significant venous or capillary involvement

1.4.1  Pulmonary veno-occlusive disease (PVOD)
1.4.2  Pulmonary capillary hemangiomatosis (PCH)

1.5 Persistent pulmonary hypertension of the newborn

2. Pulmonary hypertension with left heart disease
2.1 Left sided atrial or ventricular heart disease
2.2 Left sided valvular heart disease

3. Pulmonary hypertension associated with lung diseases and/or hypoxaemia
3.1 Chronic obstructive pulmonary disease
3.2 Interstitial lung disease
3.3 Sleep-disordered breathing
3.4 Alveolar hypoventilation disorders
3.5 Chronic exposure to high altitude
3.6 Developmental abnormalities

4. Pulmonary hypertension due to chronic thrombotic and/or embolic disease (CTEPH)
4.1 Thromboembolic obstruction of proximal pulmonary arteries
4.2 Thromboembolic obstruction of distal pulmonary arteries
4.3 Non-thrombotic pulmonary embolism (tumor, parasites, foreign material)

5. Miscelaneous
Sarcoidosis, Histiocytosis X, Lymphangiomatosis, compression of pulmonary vessels  
(adenopathy, tumor, fibrosing mediastinitis)
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involves first-line oral therapy with the endothelin receptor antagonist bosentan and 
subsequently addition of alternative PAH specific therapies as needed. Treatment 
results in these patients are compared with our historical cohort of patients treated 
with first-line i.v. epoprostenol. Subsequently in Chapter 4 we describe efficacy of 
prostanoids added to oral therapy after treatment failure on first line therapy. In 
Chapter 5 we sought to determine causes of differential treatment effects between 
sexes using invasive haemodynamic and cardiac MRI follow-up measurements. In 
recent years PAH awareness has improved amongst physicians in the community and 
this has lead to increasing patient referrals. In Chapter 6 we consider a predictive model 
capable of identifying left diastolic heart failure as a differential cause of pulmonary 
hypertension in these patients; obviating the need for right heart catheterisation. To 
conclude we summarize current understanding of PAH specific drug treatments and 
discuss future prospects in chapter 7.
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