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Abstract

Pulmonary arterial hypertension is one of the clinical groups of arterial hypertension. It is a rare, chronic disease with a very
poor prognosis. Diagnostic procedures ruling out different causes of present symptoms and other forms of pulmonary hy-
pertension are difficult and specific. Current European guidelines recommend combined treatment with endothelin recep-
tor antagonist, prostanoids, and phosphodiesterase type 5 inhibitors.

Introduction

Pulmonary hypertension (PH) is not a homoge-
neous clinical entity. It often occurs in heart and lung
diseases. The first description of “pulmonary arterio-
sclerosis” comes from the nineteenth century and it
was created by the German physician and pathologist
Ernst von Romberg [1]. Until 1998 there was the tradi-
tional division of PH into primary, when it is impossible
to establish the etiological agent, and secondary, which
occurs in the course of left heart disease, lung and
bronchitis diseases as well as pulmonary embolism.
Currently PH is defined as a clinical, hemodynamic
and pathophysiologic condition in which the value of
the average arterial pressure in the pulmonary artery
(mean pulmonary artery pressure - mPAP) in the direct
measurement taken at rest during right heart catheter-
ization is greater than or equal to 25 mm Hg [2-4].

The purpose of this paper is to summarize current
knowledge about pulmonary arterial hypertension.
The current classification of PH, published in 2008
in Dana Point, California, includes separations which
occur in the range of — takes into account differences
in the mechanism, pathology, pathophysiology and
clinical diagnosis, as well as prognosis and responses
to the therapy [2, 3]. Based on them there have been
isolated 5 groups containing numerous clinical cate-
gories of pulmonary hypertension (Table 1). The com-
mon feature of all five clinical groups are increased
hemodynamic parameters which are the value of
mPAP and pulmonary vascular resistance (PVR).

The frequency of different clinical categories is dif-
ficult to establish. In a study of 4579 people with sys-
tolic blood pressure greater than 40 mm Hg which was
echocardiographically confirmed, pulmonary hyper-
tension was present in 10.5% of patients [3]. The most
common causes of PH were: left heart disease (78.7%
— group 2), lung diseases and hypoxia (9.7% — group 3),
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pulmonary arterial hypertension (4.2% — group 1) and
pulmonary hypertension which occurs in patients
with chronic thromboembolism (0.6% — group 4). The
cause of pulmonary hypertension in 6.8% of patients
was not established [2]. The classification from 2008
identified two main hemodynamic profiles of PH:
precapillary and postcapillary. Precapillary profile is
characterized by increased mPAP > 25 mm Hg and the
normal pulmonary capillary wedge pressure (PCWP)
<15 mm Hg, which is present in clinical group 1 (PAH)
and in clinical groups 3, 4 and 5. Postcapillary PH pro-
file is characterized by increased mPAP > 25 mm Hg
and increased PCWP > 15 mm Hg. It can be found in
clinical group 2 (PH in the process of left heart dis-
ease) [1, 5].

Definition, forms and epidemiology
of pulmonary arterial hypertension

Pulmonary arterial hypertension (PAH) is one of
the clinical categories of PH. It is defined as a clini-
cal and hemodynamic condition characterized by the
presence of precapillary pulmonary hypertension in
the absence of other causes of such pressure, that is
after exclusion of lung diseases, chronic thromboem-
bolic disease and pulmonary hypertension caused by
unknown, multi-factor mechanisms. It is a disease
with poor prognosis, so far rarely recognized because
of diagnostic difficulties. The progress of diagnos-
tic methods in recent years and better understand-
ing of the nature of PAH resulted in greater interest
in this disease unit. Idiopathic PAH, heritable PAH,
high blood pressure resulting from the use of drugs
or toxins associated with connective tissue disease,
HIV infection, portal hypertension, congenital heart
diseases, schistosomiasis, chronic hemolytic anemia,
and persistent pulmonary hypertension of the new-
born exhibit a comparable clinical picture and hemo-
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Table 1. Clinical classification of pulmonary hypertension. Based on ref. [2, 3]

1. Pulmonary arterial hypertension

hypertension of the newborn

mediastinitis, hemodialysis

— Idiopathic, inherited, caused by drugs or toxins, in the course of some diseases, persistent pulmonary

1’. Pulmonary vascular occlusive disease and/or pulmonary hemangiomatosis

2. Pulmonary hypertension in the course of left heart disease
— impairment of systolic and diastolic dysfunction, valvular defect

3. Pulmonary hypertension due to lung diseases and/or hypoxia
— chronic obstructive pulmonary disease, interstitial lung disease, breathing disorders during sleep, impaired
alveolar ventilation, chronic exposure to high altitude, malformations

4. Chronic thromboembolic pulmonary hypertension (CTEPH)

5. Pulmonary hypertension caused by unknown or multi-factor mechanisms
— hematologic disease, systemic connective tissue disease, metabolic disease, obstruction by tumor, fibrosing

dynamic changes, as well as the same pathologic pul-
monary microcirculation changes [2].

Based on European registers it is estimated that
the morbidity in the population is 15-50/1 m inhabit-
ants and incidence proportion is 2.4/1 m/1 year. Due
to the current difficulty in identification, it appears
that the actual incidence of PAH may be larger, e.g.
in the 1960s and 1990s as well as now we can observe
a significant increase in the incidence of PAH associat-
ed with taking medication to reduce appetite. Women
suffer 1.7 times more often than men. The average age
at diagnosis is 36 years [6].

The frequency of individual forms and diseases
leading to PAH is difficult to determine. In the register
of 17 university centers in France, which include 647
patients, idiopathic PAH was found in 39.2%, connec-
tive tissue disease in 15.3%, congenital heart disease
in 11.3%, portal hypertension in 10.4%, the use of an-
orectic drugs in 9.5%, HIV infection in 6.2%, herita-
ble PAH in 3.9% and other forms in 14.2% of patients
[7]. Systemic diseases of the connective tissue of PAH
occur most frequently in patients with scleroderma
(6-60%), especially in its limited form, in 4-14% of
patients with systemic lupus erythematosus, in half of
the patients with mixed connective tissue disease and
in every fifth patient with rheumatoid arthritis. In
congenital heart diseases it occurs in 30% of patients
with systemic-pulmonary, practically in all patients
with patent ductus arteriosus, in half of patient with
ventricular septal defect, and rarely (10%) in those
with atrial septal defect [2].

Pulmonary arterial hypertension
- pathogenesis

The exact cause defined as the initiating factor in
the occurrence of PAH is unknown. Already in the
early stages of the disease as a result of genetic pre-
disposition and risk factors (connective tissue disease,
congenital, septal heart defects, drugs that reduce ap-
petite, HIV infection, liver disease, etc.) there occur

endothelial dysfunction and balance disturbances
between vasoconstrictive, promitogenic, vasodilating
and antimitogenic factors. This leads to the reduced
production of vasodilators (nitric oxide, prostacy-
clin, vasoactive intestinal peptide (VIP)) and exces-
sive production of vasoconstrictor substances (endo-
thelin, thromboxane A,, angiopoietin). The spasm of
small pulmonary arteries with a diameter below 500
microns is considered as an early component in the
development of PAH. In the further process there is
proliferation of endothelial cells and smooth muscle
cells. Consequently it leads to rebuilding the walls of
the blood vessels and increased vascular resistance
within the pulmonary circulation. It should be noted
that proliferation and associated occlusive pulmonary
changes apply to all layers on walls of small pulmo-
nary arteries — endothelium, tunica intima, media
and tunica externa. In addition a very characteristic
symptom is the presence of plexiform lesions which
are focal proliferation of vascular channels surround-
ed by myofibroblasts and smooth muscle cells. In the
pathophysiological chain the role of excessive activa-
tion of proinflammatory and prothrombotic factors
is also important. In summary, these changes involve
dysfunction of endothelial secretion and proliferation
which limits the vascular bed [2-4].

The described changes go on regardless of the
etiology of PAH and are identical in all clinical dis-
orders in group 1. These changes inevitably lead to
an increased pulmonary vascular resistance. This is
followed by an increase in mPAP as a compensatory
mechanism that maintains pulmonary blood flow,
which increases afterload of the right ventricle (RV)
and over some time leads to hypertrophy, dilatation
and tricuspid insufficiency. Another response of RV
to afterload is an increase of central venous pressure,
enlargement of the liver, lower extremities edema and
transudation into body cavities. It gradually develops
into a complete picture of RV failure, with an increase
in troponins as an expression of cardiomyocyte dam-
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age. In the final period it leads to low cardiac output
and death.

Diagnosis of pulmonary hypertension
and pulmonary arterial hypertension

The diagnosis of PAH is based on the recognition
of typical symptoms of PH and differentiation of its
characteristic categories and clinical groups.

Clinical picture

The PH clinical picture is non-specific. The earli-
est symptom is progressive exertional dyspnea and
reduction in exercise tolerance. These symptoms may
suggest disease of the heart, lungs, anemia, neuro-
vegetative dystonia, etc. The common symptoms but
non-specific and not very severe, especially in the ear-
ly stages of the disease, include syncope and presyn-
cope, occurring during exercises, and chest pain. On
a physical examination there are no pathognomonic
symptoms. Advanced stages of RV failure exhibit RV
lift, strengthening of the second heart sound, holosys-
tolic murmur of tricuspid insufficiency, diastolic mur-
mur of pulmonary regurgitation, a third tone, exten-
sion of jugular veins, hepatomegaly, peripheral edema
and transudation into body cavities [8].

Electrocardiography examination

The electrocardiography examination has low
sensitivity (55%) and specificity (70%). In advanced
stages there are overload and overgrowth of RV which
include: right axis deviation > 90°, approximately 80%
of the Swavein I, aVL > 1.5 mm, transition zone V5-V6,

275

QS inIII, aVF, inversion T wave in III, aVF, V1-V4, and
low voltage in the limb leads [9] (Figure 1).

Radiological chest examination

In the initial stage of the disease chest X-ray shows
no significant abnormalities. In the advanced period,
especially in idiopathic PAH, the test is abnormal
in 90% of patients. Pulmonary artery enlargement,
straightening of the cardiac waistline, peripheral hy-
povascularity, and extension of the right atrium and
the right ventricle are typical findings (Figure 2). X-ray
changes do not correlate with the severity of the dis-
ease [10].

Echocardiography examination

The echocardiography examination in the diagno-
sis of PH is the most useful of the other non-invasive
additional investigations. Based on the assessment
of the maximum regurgitant velocity through the
tricuspid valve (TVIvel), the magnitude of systolic
pulmonary artery pressure (SPAP) and RV dilatation,
extension of the pulmonary artery, reducing accelera-
tion time of blood ejection from the right ventricle
(AcT) and its overgrowth, the size and the probabili-
ty of occurrence of hypertension can be estimated
(Table 2). Hemodynamic testing is required since the
assessment of non-invasive mPAP does not allow for
a definite diagnosis [2, 11].

Computed tomography and magnetic
resonance

An angio-CT examination is useful in the differen-
tial diagnosis, especially in clinical group 4 with PH

WA AR b

_! W”r“‘v

2.

Flgure 1. 12- lead ECG. Rrght axis devratron Rrght ventrrcular hypertrophy and overload

Studia Medyczne 2013; 29/3



276 Marcin Sadowski, Agnieszka Janion-Sadowska, Agnieszka tetek, Grzegorz Raczynski, tukasz Zandecki

4

Figure 2. Antero-posterior chest X-ray. Enlarged cardiac
waist. Reduced vascular marking in lung peripheral fields

Figure 4. Perfusion scintigraphy. Segmental perfusion de-
fect in chronic thromboembolism

in chronic thromboembolism disease, allowing the
identification of organized thrombi in the pulmonary
arteries (Figure 3). High-resolution computed tomog-
raphy (HRCT) allows the precise display of the lung
parenchyma. It is especially useful in the differential
diagnosis of clinical groups 4, 2, and 1 [12, 13]. The
magnetic resonance illustration allows the evaluation
of the morphology and function of the right ventricle,

Figure 3. Chest angio-CT. A large thrombus in the right pul-
monary artery

together with some of the hemodynamic parameters,
which can be used as markers of poor prognosis (re-
duced stroke volume, increased end-diastolic volume
of the right ventricle and reduced left ventricle). This
test is especially useful in patients’ monitoring and
evaluation of the progress of the disease or response
to the treatment [14].

Ventilation-perfusion scintigraphy

Ventilation-perfusion scintigraphy is a screening
method in the diagnosis of PH in patients with chron-
ic thromboembolic disease (clinical group 4) and if
within normal limits it excludes this etiology of PH. In
the case of disclosure of segmental and larger perfu-
sion defects (Figure 5) it suggests the diagnosis [15]. In
PAH the scintigraphy test is normal or sometimes may
disclose subsegmental perfusion defects (Figure 4).

Other additional examinations

Especially at the beginning of the disease devia-
tions from changes at rest are small or close to normal.
Vital capacity of lungs may be reduced. The oxygen
partial pressure (pO,) at rest is usually normal. The
study allows one to assess the degree of obstruction
and changes in the lung interstitium in the differen-
tial diagnosis of clinical group 3. In all patients basic

Table 2. Probability of a diagnosis of pulmonary hypertension using echocardiography. Based on items [2-4] of the lit-

erature
Probability of PH Echocardiographic parameters
presence
Small - TVivel £ 2.8 m/s (sPAP < 36 mm Hg) and no other PH symptoms in echocardiography test
Medium —TVIvel 2.8 m/s (sPAP < 36 mm Hg) and other PH symptoms present
in echocardiography test or

—TVIvel 2.9-3.4 m/s (sPAP 37-50 mm Hg) independently from other PH symptoms in echo

High —TVIvel > 3.4 m/s (sPAP > 50 mmHg) independently from other PH symptoms in echo
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examinations must be completed. These examina-
tions include biochemistry, thyroid hormone levels,
hematology, antinuclear antibodies, serological tests
for HIV, and abdominal ultrasound to rule out liver
cirrhosis and portal hypertension [16-18].

Right heart catheterization

Based on clinical data, echocardiographic data
and additional tests, right heart catheterization can
be indicated [2]. This study is a key component of the
diagnostic algorithm and the gold standard in the
diagnostic process. This study assesses: pulmonary
artery pressure (systolic, diastolic, mean), pulmonary
capillary wedge pressure (PWP), right atrial pressure
(RAP), cardiac output (CO), pulmonary vascular resis-
tance (PVR) and systemic vascular resistance in the
systemic circulation, the blood pressure and degree of
saturation of arterial and mixed blood.

Right heart catheterization is always performed
together with the pulmonary vascular reactivity test
(usually with the use of nitric oxide, less commonly
with epoprostenol or adenosine), because only in pa-
tients with a positive result of this test is it advisable
to use high doses of calcium channel blockers, which
results in an extension of survival time. The criterion
of a positive test result is to reduce the reactivity of the
absolute value of mPAP below 40 mm Hg and by more
than 10 mm Hg at baseline or at unchanged cardiac
output [2].

Diagnostic algorithm of pulmonary
hypertension and pulmonary arterial
hypertension

Figure 5 shows an algorithm for diagnosis of pul-
monary hypertension. If the clinical and echocardio-
graphic results do not suggest PH, other causes should
be looked for or the test should be repeated in a few
months. If suggestions are confirmed, common causes

[Signs and symptoms suggestive of PH]

NO Search for

another cause or
repeat testing

[ Echocardiography suggestive of PH? ]

y YES
Consider PH frequent causes
EKG, RTG, TEE, PFT, HRCT

Group 2: Left heart failure ]

(myocardial or valvular) disease, hypoxia

A
( Diagnosis confirmed | NO| Consider rare
l causes I
*YES

( Cause-related treatment and follow-up to assess progress

Group 3: Broncho-pulmonary]
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of PH have to be considered, i.e. clinical group 2 - PH
due to left heart dysfunction; or clinical group 3 - PH
due to lung diseases/bronchitis and hypoxia. If a dis-
ease which is a common cause of PH is confirmed, it
has to be treated and the progression of the disease
should be periodically evaluated. If the clinical diag-
nosis of group 2 or 3 is not confirmed, ventilation-per-
fusion scintigraphy should be performed to confirm
or exclude pulmonary hypertension in the course of
thromboembolic disease — clinical group 4 (Figure 6).
If scintigraphy is within normal limits a series of tests
has to be performed to detect rare causes of PH. When
positive tests indicate the disease responsible for
pulmonary arterial hypertension, we recognize this
disease entity which is clinical group 1 and the cor-
responding subgroup (for example, 1.3, which means
a group of drug-induced clinical pulmonary arterial
hypertension). However, when negative results of the
test are obtained, we recognize idiopathic PAH (IPAH)
or clinical group 1.1.

The diagnostic process of PAH requires a lot of
research, the identification of clinical PH groups, the
determination of specific etiology within PAH, and
the assessment of hemodynamic and functional dis-
orders. The diagnosis of PAH and particularly IPAH is
determined by excluding other causes of PH.

Prognosis for pulmonary arterial
hypertension

Depending on the value of mPAP there are three
degrees of severity of the disease: mild, when PAP is
less than 35 mm Hg; moderate, when PAP is within
the range of 35-55 mm Hg; and severe, when mPAP is
above 55 mm Hg. The prognosis depends on the rate
of rise of equivalent load of RV and associated with
it progressive dysfunction of RV. Developed PAH has
a progressive nature. One of the most important prog-
nostic indicators is functional class in a four-graded

YES Group 4:
CTEPH

[V/Q lung scan — segmental defects

*NO

Consider rare causes:

— Connective tissue disease
— HIV infection

— Congenital heart disease
- Drugs, toxins

-

— Liver disease Y
— Schistosomiasis;
: ) . mPAP > 25 mmHg,
| - Haemolytic anemia [ PAWP < 15 mmHg ]
NO YES
\ YES A A

Group 1.1 [ Group 1: PAH ]
Idiopathic PAH

\

Figure 5. Diagnostic algorithm for pulmonary hyperten-
sion. Based on ref. [2-4]
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Figure 6. Diagnostic algorithm for pulmonary arterial hy-
pertension. Based on ref. [2—4]
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Table 3. Classification of physical capacity according to WHO

Functional class Symptom profiles

chest pain or presyncope

| No limit on routine physical activity.
Ordinary physical activity does not cause dyspnea or fatigue, chest pain or presyncope

Il Slight limitation of physical activity.
At rest — without symptoms. Ordinary physical activity causes undue dyspnea or fatigue,

I Significant limitation of physical activity.
At rest —there is no discomfort. Physical activity at a lower than normal level resulting in
excessive shortness of breath or fatigue, chest pain or presyncope

Y Unable to perform any physical activity without accompanying symptoms.
These patients have symptoms of congestive heart failure.
Shortness of breath and/or fatigue may be present even at rest

WHO classification, in which the main criterion is the
degree of reduction in exercise capacity (Table 3).

In noninvasive studies a bad prognosis is related
to patients whose length in the 6-minute walking is
less than 380 m and the concentration of NT-proBNP
is more than 1400 pg/ml. In echocardiography exami-
nations the signs of poor prognosis are pericardial ef-
fusion, right atrial enlargement evaluated by planim-
etry, severe deformation of the left ventricle through
the interventricular septum and reduced amplitude
of tricuspid annular plane systolic excursion (TAPSE)
less than 15 mm. In invasive studies indicators of poor
prognosis are right atrial pressure above 10-15 mm Hg,
cardiac index reduced below 2.0 I/min and decreased
hemoglobin saturation in mixed venous blood (SvO,)
less than 65% [19-25].

Treatment of pulmonary arterial
hypertension

Depending on the functional class, physical ac-
tivity should be limited, so that maximum exercise
does not cause undesirable clinical signs. Staying at
high altitude and air travel without the possibility
of using oxygen have to be avoided. Patients should
limit their consumption of salt. The only possibility
of treatment of patients with suspected PAH is send-
ing them to a center involved in the comprehensive
diagnosis and treatment of PAH, since early diagnosis
and implementation of treatment can delay progress
of the disease. In the pharmacological treatment the
conventional therapy involves the use of: oral antico-
agulants due to the significant involvement of throm-
botic processes in the pathogenesis of PAH, oxygen
therapy in order to maintain saturation of > 90%,
which improves the quality of life, diuretics and car-
diac glycoside in advanced right heart failure. The use
of digitalis should be applied cautiously in advanced
hypoxemia due to the risk of serious ventricular ar-
rhythmias [2—-4].

In patients with a positive reactivity test of pul-
monary arteries (10% of patients with PAH), calcium
channel blockers (nifedipine, diltiazem, amlodipine)
have to be used and in the case of a positive effect
treatment should be continued [26, 27].

In the remaining patients with a negative test of
reactivity of pulmonary arteries, monotherapy or se-
quential therapy has to be used. These therapies con-
sist of the following classes of drugs [2—4, 6, 28-31]:

1. Endothelin receptor antagonists (bosentan, ambris-
entan).

2.Prostanoids (epoprostenol [synthetic prostacyclin]
and its analogs iloprost and treprostinil). They are
given by intravenous or subcutaneous infusion,
continuous or intermittently using a nebulizer.

3.Phosphodiesterase inhibitors type 5 (sildenafil and
tadalafil administered orally exert antiproliferative
effects on diastolic blood pressure and smooth mus-
cle cells of blood vessels).

In severe cases surgery may be considered — heart
and lung transplantation [32].

Summary

Pulmonary hypertension is common in diseases
of the heart and lungs, whereas pulmonary arte-
rial hypertension is a rare disease with a progressive
course, which escalates over time. It is a disease with
a very serious prognosis. A diagnosis is difficult and
specific. The aim of the diagnostic procedure is to ex-
clude other causes of observed symptoms and other
effects of pulmonary hypertension. The diagnosis
and the use of specific therapy requires right heart
catheterization. The biggest challenge of PAH therapy
is to inhibit proliferative changes in the pulmonary
arteries, which leads to a progressive increase in pul-
monary vascular resistance and symptoms of right
heart failure. According to current guidelines it is
recommend to use sequential combination therapy
based on drugs of the three presented groups, while
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there is no improvement during application of mono-
therapy.
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