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ABSTRACT

Background: Pulmonary hypertension is a disorder that
is perpetually fatal unless a tentative therapy is instituted.
It can be described as a syndrome considering its clinical
and pathophysiological manifestations. In this disorder,
there is an imbalance within the vascular mediators which
possibly arises due to pulmonary endothelial cell injury or
dysfunction. Pharmacotherapy in PAH is aimed to
reverse the imbalance present among the chemical
mediators, offer relief to patients from symptoms and
prolong their survival. In addition to other supportive
measures, iloprost and bosentan form the cornerstone of
treatment.

lloprost, a vasodilator and stable analogue of
prostacyclin, confers great benefit through vasodilation,
antiproliferative effects and inhibition of platelet
aggregation. Bosentan, an oral non-specific endothelin-
receptor antagonist with dual activity on both ETA and
ETB receptors, has been shown to improve the patient's
quality of life on the overall.

Method: Review of relevant literature was conducted
using manual library search and internet articles. The key
words employed were pulmonary hypertension,
prostacyclin, endothelin-receptor antagonist, hereditary
haemorrhagic telangiectasia, iloprost and bosentan. The
National Heart, Lung and Blood Institute website was also
used in the course of this review.

Results: Several studies were able to outline the
haemodynamic advantages of iloprost and bosentan in
pulmonary arterial hypertension, as evident by
improvement in six-minute walk test of patients treated
with these agents.

Conclusion: This review was able to outline the
pharmacotherapeutic benefits and role played by inhaled
iloprost (in addition to its stable nature and minimal
adverse effects) and bosentan in the management of
PAH. Several studies have shown that these agents
improve the patient's quality of life on the overall
considering their favourable effect on pulmonary
haemodynamics, symptoms reduction and exercise
tolerance.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is an invariably
fatal clinical condition characterised by an increase in
pulmonary vascular resistance leading to right
ventricular failure and, in the absence of definitive
treatment, death ensues.' It is often described as a
syndrome considering its pathophysiological and
clinical features; it shortens the life span of patients
unless a tentative therapy is instituted.” It is defined as a
sustained elevation of pulmonary arterial pressure to
more than 25mmhg at rest or to more than 30mmhg with
exercise with a mean pulmonary-capillary wedge
pressure and left ventricular end-diastolic pressure of
lessthan 15mmHg.’

PAH was in the past broadly classified into primary
(idiopathic) and secondary types until the recent review
of this classification by WHO which is based on disease
mechanism rather than associated conditions'; this
classification is presentedintable 1.

TABLE 1: WHO revised classification of Pulmonary arterial
hypertension’

Group I: Pulmonary arterial hypertension (PAH)

- Idiopathic

- Familial

- Related conditionscollagen vascular disease, congenital
systemic to pulmonary shunts, portal hypertension, HIV
infection, drugs and toxins (eg anorexigens, rapeseed oil, L-
tryptophan, methamphetamine and cocaine), other conditions
such as thyroid disorders, collagen storage disease, Gaucher's
disease, hereditary haemorrhagic telangiectasia,
haemoglobinopathies, myeloproliferative disorders,
splenectomy

- Associated with considerable capillary involvementsuch as
pulmonary veno-occlusive disease, pulmonary capillary
haemangiomatosis

- Persistent pulmonary hypertension of the newborn

Group Il: Pulmonary venous hypertension with left heart disease

- Left-sided atrial or ventricular heart disease

- Left sided valvular heart disease eg left ventricular systolic and
diastolic dysfunction, mitral stenosis and mitral regurgitation
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Grouplll: Pulmonary hypertension associated with hypoxaemia
- Chronic obstructive pulmonary disease

- Interstitial lung disease

- Sleep-disordered breathing

-- Alveolar hypoventilation disorders

- Chronicexposure to high altitude

- Developmental abnormalities

Group IV: Pulmonary hypertension due to chronic thrombotic
disease, embolic disease or both

- Thromboembolic obstruction of proximal pulmonary arteries

- Thromboembolic obstruction of distal pulmonary arteries

- Pulmonary embolism (tumour, parasites, foreign material)

Group V: Miscellaneous

Sarcoidosis, pulmonary Langerhans'-cell histiocytosis,
lymphangiomatosis, compression of pulmonary vessels
(adenopathy, tumor, fibrosing mediastinitis)

However, there is paucity of literature in most developing
countries and Nigeria in particular; this could probably be
due to under reporting or missed diagnosis of PAH. This
review is aimed at sensitizing clinicians to be more vigilant
of this fatal but manageable disorder.

PAH is seen in all forms of connective tissue disorders
especially localised cutaneous systemic sclerosis (also
known as CREST syndrome [calcinosis cutis, Raynaud's
phenomenon, oesophageal dysfunction, sclerodactyly,
and telangiectasia]), and mixed connective tissue
disease, affecting 15-20% of cases.” PAH is also seen in
sickle cell disease, HIV infection, drug related causes
(dexfenfluramine) and environmental (hypoxia).’

Considering the prevalence of sickle cell disease and HIV
in this environment, PAH as a complication should closely
be sought for in these patients. In sickle disease it is
estimated that the incidence of pulmonary hypertension
varies from 8 to 30 percent thus increasing the risk of
death these patients.*’ Several studies have shown that
in sickle cell anaemia, there is increase level of plasma
oxyhaemoglobin due to intracellular haemolysis; this
impairs responses to intrinsic and extrinsic nitric oxide. In
addition, the intracellular reactive oxygen and that in
circulation is increased; this inactivates nitric oxide.
Furthermore, the levels of reactive oxygen in circulation
and at the intracellular level are increased thus
inactivating nitric oxide.*®

Itis worthy to note that the advent of HAART (highly active
anti-retroviral therapy) has greatly modified the
management of HIV but with a rise in complications like
PAH (HIV related pulmonary hypertension).” The
association between HIV and PAH was first reported by
Speich et al™”in 1991. The incidence of PAH in HIV was

approximately 0.5 percent, a rate on the average of 10
times as high as in the general population. In the report,
the HIV patients were haemophiliacs who contracted the
disease through blood transfusion after receiving factor
VIIl. However, this is not only confined to these patients
but also other HIV patients who acquired the disease
through other routes. The mechanism of PAH in HIV
infection still remains obscured notwithstanding the fact
that the virus directly infect the vascular endothelial cells
leading to HIV associated vasculopathy. Another
contributory factor is the deposition of the antigen-
antibody complexes in the endothelial lining due to
cytokine dysregulation. Although PAH as a complication
of HIV is independent of the CD4 cell count, this is
directly related to the duration of HIV infection in these
patients.""

In idiopathic PAH, patients should undergo genetic
testing and counselling given to relatives. It has been
observed that in up to 50% of patients with positive
family history of PAH and 25% of those thought to have
sporadic idiopathic form of PAH, gene mutations have
been identified.” The familial PAH is inherited in an
autosomal dominant fashion with incomplete
penetrance of 10-20%, and age of onset between 1 to 74
years.

PATHOPHYSIOLOGY

Understanding of pathophysiology of PAH has greatly
influenced the pharmacotherapy of this clinical
condition; the symptoms of seen are as a result of the
interplay between vascular mediators which is possibly
as a result of pulmonary endothelial cell injury or
dysfunction. It is the consequences of this imbalance
between vasodilators and vasoconstrictors, growth
inhibitors and mitogenic factors, and anthithrombotic
and prothrombotic determinants that results in
vasoconstriction, proliferation of the smooth muscle and
endothelial cells, and thrombosis. Drugs employed in
the treatment of this fatal disorder are developed on the
basis of this vascular mediator-imbalance.

Despite the fact that pathogenesis of PAH remains
obscured, studies have showed that understanding its
molecular genetics and cell biology has greatly modified
the disease picture.""
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TABLEII:
VASCULAR MEDIATORS IN PULMONARY ARTERIAL
HYPERTENSION®

NAME

BLOOD LEVEL ACTION

Prostacyclin vasodilator, platelet antagonist, antiproliferative properties
Thromboxane vasoconstrictor, platelet agonist

Endothelin-1 vasoconstrictor

Nitric oxide vasodilator, inhibits vascular smooth muscle proliferation
$

Serotonin vasoconstrictor

VvIP vasodilator, platelet antagonist, inhibits vascular smooth muscle proliferation

y =decrease
¥ =increase
VIP= vasoactive intestinal peptide

Table 2 shows the interaction between the various
chemical mediators seen in PAH as discussed below.

Prostacyclin and thromboxane A,: these arachidonic
acid metabolites of the vascular cells. In PAH there is a
mismatch in the level of these two effectors; prostacyclin
(@ potent vasodilator with anti-paltelets and anit-
proliferative properties) is reduced while there is an
increases in thromboxane A, (a potent vasoconstrictor
and platelet agonist).” There is also a decrease in
production of prostacyclin synthase in the small and
medium-sized pulmonary arteries of these patients.”
There is also a decrease in the level of prostacyclin
metabolite (6-keto-prostacyclinF,a) in the urine of these
patients and an increase in that of throboxane A,
metabolite (thromboxane B,).

Endothelin-1: Endothelin-1, an endogenous peptide
mediator, is a potent vasoconstrictor and smooth muscle
mitogen that is over expressed in the plasma and lung
tissue of patients with primary pulmonary hypertension.™
“Itis a pro-inflammatory mediator by virtue of its capacity
to enhance the expression of adhesion molecules™* and
also induces fibrosis. Its plasma level is increased in
pulmonary arterial hypertension” further supporting the
vascular haemodynamic changes in this fatal disorder.
Endothelin-1 mediate its action through two receptors:
endothelin-A (ETA) and endothelin-B (ETB) receptors.”*
It has been shown that activation of ETB receptors cause
the production of nitric oxide and prostacyclin, while

activation of ETA receptor leads to vasoconstriction and
proliferation of vascular smooth-muscles.” The ideal
endothelin-receptor antagonist should be specific for
ETA.

Vasoactive intestinal peptide: this is a potent
systemic vasodilator, platelet antagonists and inhibitor
of smooth muscle proliferation.”” Its level is reduced in
PAH.”

Nitric oxide: synthesis of these potent vasodilator and
platelet antagonist is catalysed by nitric oxide synthase.
Studies have shown a decrease in the level of the
endothelial isoform of this enzyme in patients with
pulmonary hypertension.””

Serotonin (5-hydroxytryptamine): there is an
elevated plasma level of this potent vasoconstrictor and
promoter of smooth muscle cell hypertrophy and
hyperplasia in pulmonary arterial hypertenion.””' It has
been shown that patients taking dexfluramine (an
appetite suppressant) have an increase chance of
developing pulmonary arterial.™

Adrenomedullin: considered as a marker PAH and
synthesized in the lungs, is a pulmonary vasodilator.” It
levelis elevated in PAH.**

CLINICAL PRESENTATION

Presentation could be classical or subtle with non-
specific symptoms and or signs. Patients may be
asymptomatic or have shortness of breath in the early
stage. Some may present with exertional dyspnoea,
anginal or syncopal attacks. There may be chest pain,
fatigue, orthopnoea or paroxysmal nocturnal dyspnoea.
Recurrent episodes of acute chest syndrome in sickle
cell patients were considered to be the most important
risk factor for the development of pulmonary arterial
hypertension.””

However, in the presence of pulmonary congestion as is
the case in advanced disease condition, there may be
peripheral oedema and abdominal distension.
Furthermore, arthralgic and non-specific symptoms in
patients with Raynaud's phenomenon are strongly
suggestive of PAH. Depending on the underlying
condition, murmur could be present with left parasternal
heave and loud P,.**

INVESTIGATIONS
The aim of investigation in suspected PAH case is to
establish the disease and cause sought. Basic
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investigations include pulmonary function test, arterial
blood gases, chest x-ray, and ECG, serological testing
(for connective tissue disease), haemoglobinopathies
and HIV screening.

Despite its invasive nature, right heart catheterization still
remains the gold standard in clinical practice; it accurately
measures resistance of the pulmonary vasculature,
directly assesses pulmonary haemodynamics,
pulmonary arterial pressure and cardiac output.
Nevertheless, echocardiography remains the most useful
non-invasive diagnostic tool providing a quantitative
estimate of pulmonary arterial pressure among others™; it
also excludes congenital heart disease. Ventilation-
perfusion scanning should be performed to rule it out
suspected thromboembolic pulmonary disease®; it is a
potential curable condition which should not be missed in
diagnosis.

TABLE Il
Functional Classification of Pulmonary Arterial Hypertension NYHA

CLASS DESCRIPTION

I Pulmonary arterial hypertension without a resulting limitation of
physical activity.

Ordinary physical activity does not cause undue dyspnoea or fatigue,
chestpain, or near syncope

Il Pulmonary arterial hypertension resulting in a slight limitation of
physical activity. The patient is comfortable at rest, but ordinary
physical activity causes undue dyspnoea or fatigue, chest pain, or
near-syncope

Il Pulmonary arterial hypertension resulting in a marked limitation of
physical activity. The patient is comfortable at rest, but less than
ordinary activity causes undue dyspnoea or fatigue, chest pain, or
near-syncope

1\ Pulmonary arterial hypertension resulting in an inability to carry out
any physical activity without symptoms. The patient has signs of
right heart failure. Dyspnoea, fatigue, or both may be present even
atrest, and discomfortis increased by any physical activity

Modified from New York Heart Association classification for heart
disease®.

MANAGEMENT

Despite the fact that there is no definitive cure for PAH,
drug treatment has greatly improved the disease picture
in the past decade. The aim of pharmacotherapy is to
reverse the imbalance present among the chemical
mediators, offer relief to patients from symptoms and
prolong their survival. In addition to general care, any
associated medical condition should be treated and risk
factors eliminated. Pharmacotherapy include the use of
vasodilators (e.g. prostacyclin analogues, bosentan), oral
anticoagulants, supplemental oxygen due to
hypoxaemia, diuretics and, in patients with right heart
failure, digoxin. Most of the drugs employed in the

treatment of PAH exhibit a pleiotropic effect. Other
agents that could be employed may have one or more of
these properties: vasodilation, anticoagulation, anti-
platelet aggregation, anti-inflammatory and vascular re-
modelling. The NYHA functional class™ has been an
important end point (table 3) in the clinical trials of
pulmonary arterial hypertension. The six-minute walk
test has been widely used as a primary end point in
clinical trials; this is a test in which the patient walks as
far as possible in six minutes. It is employed as a
standard exercise test in patients who are incapable of
tolerating strenuous exercise testing and is considered
as a safe, straight forward test in which the distance
covered in six minutes has a strong independent
association with mortality among patients with
idiopathic pulmonary arterial hypertension.”* This
review is centred on iloprost (a prostacyclin analogue)
and bosentan (endothelin receptor antagonists) as they
form the cornerstone of treatment of PAH

lloprost: In the 1980s when a search for a pulmonary
vasodilator drug started, epoprostenol was developed.
This drug, a prostacyclin with anti-platelet aggregation
properties became the gold standard in the treatment of
PAH; * it improves the symptomatology and prognosis
of these patients. Several studies have shown a 5-year
survival rate in 50-60% of patients receiving treatment
with this class of drug.*”* The various sites of action of
prostacyclin are presented in figure 1.

Prostacyclin given via intravenous route has a limited
half life of about three to five minutes in the circulation
hence the need for continuous intravenous route.*
Prostacyclin is a potent vasodilator which has anti-
proliferative effects and inhibits platelet aggregation as
well. This drug which proved to be very useful in the 80's
is not without its limitation; the continuous intravenous
administration affects the life style of the patient on
ensuring uninterrupted intravenous administration of
the agent by means of an external pump or device. In
addition to the side effects of the medication, which
includes nausea, gastrointestinal upset, rashes and
troublesome headache, complications attached to the
intravenous use such as local infections and life-
threatening sepsis are not uncommon.* Furthermore,
therapy with this drug is limited by other systemic side
effects due to the non-selectivity of the vasodilator
response. The tachyphylaxis seen in patients coupled
with its long term administration leads to increase in
cost of treatment to patients and or government.
lloprost, a stable analogue of prostacyclin, confer great
benefit in both primary and secondary types through
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vasodilation, anti-proliferative effects and inhibition of
platelet aggregation. Studies currently indicate that
inhaled aerolised or nebulized iloprost offers potential
especially to patients who are not eligible for parenteral
therapy.”** It became the drug of choice because of its
favourable effect on pulmonary haemodynamics,
symptom reduction and exercise tolerance.”

In a placebo controlled trial of 203 patients by Stacey AB
etal, inhaled iloprost significantly improved the combined
endpoint of change in New York Heart Association
functional class and 10% improvement in 6-minute walk
distance.”

Charl J et al further showed in a study which involved 126
patients that the inhaled form proves to be safe and
effective vasodilator in patients with PAH and right heart
dysfunction; the pulmonary haemodynamics was greatly
improved evidenced by significant decrease in mean
pulmonary artery pressure without altering the mean
arterial pressure.”

Olschewski H et al further showed the beneficial effect of
long-term prostacyclin in pulmonary hypertension with
coexisting right heart failure.” A study conducted by
Hoeper MM et al which involved 31 patients revealed that
24 of them that had treatment with inhaled iloprost for a
consecutive period of 12 months had significant
improvement in symptoms, haemodynamic and exercise
capacity.”

- Bosentan: is an oral non-specific endothelin-receptor
antagonist with activity on both ETAand ETB receptors.”™
* Figure 2 shows the endothelin pathway and sites of
action of Bosentan.” Several studies have underscored
the usefulness of bosentan in pulmonary arterial
hypertension. This drug is metabolized primarily in the
liver and may induce an increase in hepatic enzymes
specifically the transaminases; this effect is more
pronounced in patients receiving treatment with other
endothelin-receptor antagonists, such as ambrisentan
and sitaxsentan. Thus constant liver function test in
patients on this drug must form part of the management.
However, there are no reports of hepatic failure as a result
of treatment with bosentan documented so far. This drug
is contraindicated in pregnant mothers because of its
possible teratogenic effect.

In the bosentan trial, development of abnormal hepatic
function appeared to be dose-dependent, a finding that
provides a rationale for the approved dose of 125 mg
twice daily* Channick et al conducted a study on 33

patients in functional class Ill of the NYHA who were
randomly assigned to receive placebo or bosentan (ata
dose of 62.5 mg twice daily for 4 weeks and thereafter
at a dose of 125 mg twice daily for at least 12 weeks). It
was observed that those on bosentan had a significant
improvement in cardiac output, pulmonary artery
pressure, vascular resistance, and a mean gain of 76
metres in the six-minute walk test (P=0.02) .*

In a double-blind randomized placebo-controlled study
[Bosentan Randomized Trial of Endothelin Antagonist
Therapy (BREATHE-1)] involving 213 patients lasting
for 16 weeks, in NYHA functional class Ill or IV; two
groups were randomly assigned to receive placebo or
bosentan (at a dose of 62.5 mg twice daily for 4 weeks
and thereafter at a dose of either 125 mg or 250 mg
twice daily for at least 12 weeks); it was observed that
the mean effect of treatment on the six minute walk test
was a gain of 44 m among patients in the overall study
population (P<0.001) and 52 m among the patients with
primary pulmonary hypertension™. The objective of this
study was aimed at investigating the effect of bosentan
on exercise capacity in a larger number of patients with
pulmonary arterial hypertension (including patients in
WHO functional class IV [defined as having symptoms
at rest]) and to compare two doses (125 and 250 mg
twice daily).

In another non-randomized open-label study involving
16 patients in NYHA functional class II-IV with
progressive pulmonary arterial hypertension receiving
treatment with either beraprost or inhaled iloprost,
these patients were placed on 125mg bid bosentan.
The study noted that there was a mean gain of
106metres improvement in 6 minutes walking distance
after at least 6 months of treatment, an increase in
exercise capacity and an improved right ventricular
function. There was no dose adjustment or
discontinuation of bosentan due to side effects or
intolerance.”

CONCLUSION

This review was able to show that pulmonary arterial
hypertension (PAH) is an invariably fatal clinical
condition which is manageable if detected early and
accurately. It often presents as a complication or in
association with other underlying medical conditions
hence the diagnostic puzzle and thus under reported or
missed diagnosed. There is a need for physicians to be
vigilant of this disorder in clinical practice so that early
and accurate diagnosis made, and treatment instituted
to improve the patient's quality of life. lloprost and
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Bosentan form the cornerstone of management PAH as
studies have shown that they improve pulmonary
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