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Abstract

The options for pharmacotherapy in patients with PAH include several drug classes and delivery routes. The choice of therapy
should be made by experienced clinicians and must be based upon an appropriately established diagnosis and evaluation of the
patient’s disease severity. Available evidence is sufficient to inform a limited number of strong guideline recommendation
statements regarding the effect of a specific therapy or combination of therapies on select outcomes in distinct groups of patients
defined according to disease severity. Where current evidence is insufficient to inform strong guideline recommendations, expert
consensus may provide reasonable advice in evaluating available data and reasonable therapeutic choices. Well-designed studies
are needed to compare approaches to therapy in specific groups of patients. As such information and new therapies become
available, a reassessment of appropriate clinical advice for the pharmacologic therapy for adult patients with PAH will be required.
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1. Introduction

Pulmonary hypertension (PH) is an increase in mean pulmonary
arterial pressure (PAP), which can be caused by or associated
with a wide variety of conditions. Idiopathic pulmonary arterial
hypertension (PAH) is a rare disorder that can be defined as a
sustained elevation in PAP and pulmonary vascular resistance,
with normal pulmonary artery wedge pressure, in the absence of
a known cause. It is a diagnosis of exclusion after other possible
causes of PH have been excluded. It is a severe and often rapidly
progressive illness in many cases. The injury to the pulmonary
endothelium causes a tendency to in situ thrombosis in the
pulmonary arterial tree, the so-called thrombotic pulmonary
arteriopathy. The disease process continues through vascular
scarring, endothelial dysfunction and proliferation of smooth
muscle cells within the intima and media of the pulmonary
arterial tree, causing progressive pulmonary arterial
hypertension. This leads to progressive right heart strain due to
obliteration of small pulmonary arterial vessels, and eventually
right heart failure.

2. Pulmonary Hypertension at a Glance.

2.1 Epidemiology

Idiopathic PAH is rare. However, the prevalence of PAH is
higher in certain patient groups, such as those with systemic
sclerosis, portal hypertension, congenital heart disease and HIV
infection. The prevalence of PAH is estimated at 15-52 per
million. The incidences are estimated to be 1-3.3 per million per
year for idiopathic PAH and 1.75-3.7 per million per year for
chronic thromboembolic PH.PH is more common in severe
respiratory and cardiac disease, occurring in 18-50% of patients
assessed for transplantation or lung volume reduction surgery,
and in 7-83% of those with diastolic heart failure. Between 0.5%
and 4% of patients develop chronic thromboembolic PH after
acute pulmonary embolism. There is an increased risk for
patients presenting with large, recurrent or unprovoked clots 1.

2.2 Presentation
Most commonly presents with progressive breathlessness,

weakness and tiredness. Exertional dizziness and syncope may
also develop. Oedema and ascites tend to occur late in the
disease. Angina and tachyarrhythmias, particularly atrial flutter,
may also occur. Haemoptysis is uncommon but may occur in
Eisenmenger's syndrome and chronic thromboembolic PH.
Clinical signs include right ventricular (parasternal) heave, a
loud pulmonary second heart sound, murmur of pulmonary
regurgitation, systolic murmur of tricuspid regurgitation, raised
jugular venous pressure, peripheral Oedema and ascites. These
signs may be subtle or absent in early disease. There may also
be signs of associated conditions, such as connective tissue
disease or liver disease ['l.

2.3 Management
Specific treatments exist for PAH and chronic thromboembolic
PH. In PAH due to left heart disease, lung disease or hypoxia,
treatment is best directed at the underlying condition ™. Patients
are best managed through regional specialist units that have the
expertise to manage their severe illness, relevant complex
investigations, expensive medication and clinical trial
administration.

1. Management of any underlying cause.

2. Although some drugs seem to have significant effects on
symptoms and exercise tolerance in the short term, there is
little useful information on their effect on long-term
survival in this devastating illness, an issue that future trial
designs will have to address !,

3. Atrial septostomy is a palliative procedure that may provide
some benefit to patients whose condition is deteriorating.

2.3.1 Cardio supportive therapy

Supplemental oxygen can help symptomatically with exercise
tolerance. Diuretics are used to treat right heart failure and
remove peripheral Oedema, along with digoxin as a positive
inotrope. There are no convincing trial data to support their use
but consensus is that they are helpful. High-dose calcium-
channel blockade (e.g. diltiazem titrated to 480-720 mg/day or
nifedipine titrated to 60-120 mg/day) may be used for idiopathic
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PAH. Because of the potential negative inotropic effect,
treatment should not be started without a positive acute
vasoreactivity test ['1,

2.3.2 Prostacyclin analogues

Prostacyclin is a potent vasodilator and inhibitor of platelet
aggregation. Various prostacyclin analogues may be used to
treat the condition. Most need to be given by continuous
intravenous infusion, usually through a long-term indwelling
central venous catheter. A Cochrane review of intravenous
prostacyclin analogues found evidence of short-term benefit (up
to 12 weeks of treatment) in exercise capacity, NYHA functional
class and cardiopulmonary Haemodynamics. There was also
some evidence that patients with more severe disease showed a
greater response to treatment ¥,

2.3.3 Endothelin-A receptor antagonists

Endothelin is a potent vasoconstrictor of vascular smooth
muscle. Bosentan, Ambrisentan have been shown to improve
exercise capacity and time to clinical worsening. Bosentan may
cause reversible abnormalities in LFTs so regular monitoring of
LFTs is needed ['1.

2.3.4 Phosphodiesterase-5 inhibitors

These drugs modulate the effects of nitric acid on vascular tone
via their effect on cyclic GMP and appear to be relatively
selective pulmonary arterial vasodilators. They are traditionally
used to treat erectile dysfunction and sildenafil has been shown
to have beneficial effects in primary PH, being licensed in the
USA for its treatment 1,

2.3.5 Drugs under clinical investigation

Other drugs under current clinical investigation include
serotonin antagonists, vasoactive intestinal peptide, stimulators
of soluble Guanylate, Cyclase and tyrosine kinase inhibitors [,

2.3.6 Transplantation

Single/double-lung or cardiopulmonary transplantation may be
considered in some severe cases. With pulmonary protection and
immunosuppression, the long-term prognosis after lung and
heart-lung transplant is good [©1.

3. Management of Pulmonary Hypertension in Specific
Patient Situations

3.1 Pregnancy

Pregnancy was addressed in the 2004 ACCP Medical Therapy
Guidelines document ). Following is an update to that section
of the document. Many patients with PAH are women of
childbearing age. The hemodynamic demands of pregnancy are
substantial and include an increase of 30% to 50% in blood
volume, a similar increase in CO, a 10- to 20-beat/min increase
in heart rate, an increase in stroke volume, and decreases in both
systemic vascular resistance and BP [”> 81, These hemodynamic
changes begin during the first trimester and peak at 20 to 24
weeks of gestation. During labor, there are further increases in
CO, and the BP also increases with uterine contractions.
Immediately postpartum there are marked volume shifts, with
cardiac filling pressures increasing dramatically as a result of
decompression of the vena cava and the return of uterine blood
into the systemic circulation. The hemodynamic changes
associated with pregnancy regress by approximately 6 weeks

after delivery. The physiologic changes induced by pregnancy
impose a marked hemodynamic stress in women with IPAH,
leading to a previously estimated 30% to 50% mortality rate [*:
191 More recent data indicate that the outcome of pregnancy in
PAH has improved (a 12% maternal mortality rate was reported
in a recent survey [''l. at least when PAH is well controlled.
However, pregnancy remains associated with a substantial
mortality risk. Because of potential maternal and fetal morbidity
and mortality, most experts recommend effective contraception
and consideration of early termination if pregnancy occurs in a
patient with PAH [1213],

In addition to the hemodynamic stresses of pregnancy, hormonal
changes during and immediately following pregnancy may also
be detrimental from a pathophysiologic standpoint. Anecdotal
experience suggests that even if a woman successfully delivers
a term infant, her pulmonary hypertension may progress during
pregnancy and remain worse after pregnancy. Furthermore,
there appears to be an increased incidence of small-for-
gestational-age infants born to women with IPAH ', as well as
an increased incidence of congenital anomalies. There are
several reports of successful treatment of pregnant patients with
IPAH with chronic IV epoprostenol [ 81 Inhaled nitric
oxide ['> 211 and oral CCBs I'! 22,

In general, current management includes early hospitalization
for closer monitoring once the fetus is viable, supportive therapy
with cautious fluid management, supplemental oxygen,
diuretics, and Dobutamine, as needed. In addition, the use of a
pulmonary artery catheter for close hemodynamic monitoring
may be helpful. Recommendations for the optimal mode of
delivery remain controversial; early concerns of high mortality
with cesarean section delivery led to an emphasis on vaginal
delivery, and a series of seven women with severe pulmonary
hypertension who were successfully delivered by the vaginal
route has been described 23, Successful treatment during
cesarean section delivery has also been reported, which may
partly be due to the changes in the selection and use of
anesthetics 241,

In a meta-analysis of the outcome of pulmonary vascular disease
and pregnancy from 1978 through 1996, Weiss and colleagues
reported a maternal mortality rate of 36% in Eisenmenger
syndrome, 30% in IPAH, and 56% in associated pulmonary
hypertension 1%, Similarly, although acknowledging that data on
outcomes are limited, previous guidelines from the American
Heart Association and the American College of Cardiology
recommend that pregnancy be avoided or terminated in women
with cyanotic congenital heart disease, pulmonary hypertension,
and Eisenmenger syndrome. Guidelines Recommendations In
patients with PAH, suggest that pregnancy to be avoided [!-22],

Estrogen-containing contraceptives may increase the risk of
VTE and are not recommended for women with childbearing
potential who have PAH. Additionally, the ETRA bosentan may
decrease the efficacy of hormonal contraception. Bosentan,
ambrisentan, macitentan, riociguat are contraindicated in
pregnancy (category X; evidence of serious fetal abnormalities)
and dual mechanical barrier contraceptive techniques are
recommended in female patients of childbearing age taking
these medications. When pregnancy does occur in patients with
PAH, Guidelines suggest care at a pulmonary hypertension
center, using a multidisciplinary approach including the
pulmonary hypertension, the high-risk obstetrical and
cardiovascular anesthesiology services [1% 131,
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3.2 Altitude and Air Travel

Exposure to high altitude (> about 1,829 m [6,000 ft] above sea
level), as it may produce hypoxic pulmonary vasoconstriction
and further compromise oxygen transport >3, Supplemental
oxygen should be used to maintain saturations > 91% (although
firm parameters have not been established in PAH). Air travel
can be problematic for patients with PAH, as commercial
aircrafts are typically pressurized to the equivalent of
approximately 8,000 feet above sea level. High-altitude
simulation testing may be useful to more accurately determine
the need for and required rate of supplemental oxygen
administration ~ during air flight 2% 271 Guideline
Recommendation In patients with PAH, we suggest that
exposure to high altitude be avoided, and that supplemental
oxygen be used as needed during altitude exposure or air travel
to maintain oxygen saturations>91% 2. Patients with
borderline oxygen saturations at sea level may require 3-4 L per
minute of supplemental oxygen under these conditions, and
those already using supplemental oxygen at sea level should
increase their oxygen flow rate on commercial aircraft.

3.3 Vaccinations

Because of the potentially devastating effects of respiratory
infections, immunization against influenza and pneumococcal
pneumonia is recommended. Guideline Recommendation In
patients with PAH, we suggest maintaining current
immunization against influenza and pneumococcal pneumonia.

3.4 Surgery

Invasive procedures and surgery can be associated with
increased operative and perioperative risks [?%]. Patients with
severe PAH are particularly prone to vasovagal events, leading
to syncope, cardiopulmonary arrest, and death. Cardiac output is
particularly dependent upon heart rate in this situation, and the
bradycardia and systemic vasodilatation accompanying a
vasovagal event can result in hypotension. Heart rate should be
monitored during invasive procedures, with ready availability of
an anticholinergic agent. Oversedation can lead to ventilatory
insufficiency and precipitate clinical deterioration. The
induction of anesthesia and intubation can be particularly
problematic for patients with PAH because it can induce
vasovagal events, hypoxemia, hypercarbia, and shifts in
intrathoracic pressure-associated changes in cardiac filling
pressures. Caution should be used with laparoscopic procedures
in which carbon dioxide is used for abdominal insufflation, as
absorption can produce hypercarbia, which is a pulmonary
vasoconstrictor. Although itself not usually a contraindication to
surgery, the potential inhibitory effects of prostanoid drugs on
platelet function should be noted. Guideline Recommendation
In patients with PAH, we suggest avoiding non-essential
surgery, and when surgery is necessary we suggest care at a
pulmonary hypertension center, using a multidisciplinary
approach including the pulmonary hypertension team, the
surgical service, and cardiovascular anesthesiology with careful
monitoring and management of clinical status, oxygenation and
hemodynamics postoperatively 281,

3.5 PAH with HIV patients

Several agents are available in the management of PAH in HIV
(Human immunodeficiency virus) positive patients, such as
endothelin receptor antagonists, prostaglandin analogs, and
phosphodiesterase 5 inhibitors (PDE-5) . Endothelin receptor

antagonists are orally administered medications, with bosentan,
sitaxsentan, ambrisentan being available on the market.
Prostaglandin analog class contains parenterally administered
medications such as epoprostenol and treprostinil as well as
inhaled iloprost. Class of PDE-5 includes orally administered
sildenafil, tadalafil, and vardenafil.

PDE-5 inhibitors block the cellular degradation of cyclic
guanosine monophosphate, thereby leading to vasodilation.
Several case reports were published regarding the use of
sildenafil in patients with HIV-related PAH 234, These case
reports showed beneficial effects of sildenafil on patients’
symptomatology and hemodynamic parameters. However, it is
important to keep in mind the potential interactions with
protease inhibitors (which are part of antiretroviral therapy) such
as ritonavir and indinavir, which can increase sildenafil
concentration ¥, However, Chinello et al. did not show any
increase in adverse effects, despite the higher concentration of
sildenafil in two patients with HIV-related PAH ¢, Therefore,
it may be prudent to use a lower sildenafil dose in patients using
protease inhibitors. To our knowledge, there are no reports
regarding the use of other PDE-5 inhibitors in patients with HIV-
related PAH.

Endothelin receptor blockers are an important part of PAH
treatment. Sitbon et al. investigated the utility of bosentan in 16
patients with HIV-related PAH 7). This study showed that
bosentan therapy for 16 weeks led to an improvement in exercise
capacity, quality of life, and hemodynamics as well as
echocardiography variables. It is important to note that no issues
regarding hepatotoxicity of bosentan were noted among patients
with HIV-related PAH (this is of concern given that HIV
patients are at increased risk for hepatotoxicity and bosentan is
associated with abnormalities in liver function tests). Degano et
al. studied the utility of bosentan therapy in 59 patients with
HIV-related PAH ¥, Bosentan therapy was shown to be
beneficial in terms of symptomatology, exercise capacity, and
hemodynamics. It is important to note that both studies did not
show any evidence that bosentan therapy led to worse HIV
control [37-381,

Several reports highlighted the beneficial effects of
prostaglandin-based therapy of HIV-related PAH. Aguilar and
Farber studied 6 patients with HIV-related PAH to assess the
impact of epoprostenol therapy [B°. Follow-up cardiac
catheterization showed improved hemodynamic parameters, and
patients experienced a better quality of life with improvement in
NYHA functional class. Cea-Calvo et al. showed improvements
in 6-minute walk test and NYHA functional class in 3 patients
with HIV-related PAH treated with treprostinil #%, Ghofrani et
al. enrolled 6 patients with severe HIV-related PAH to
investigate the utility of inhaled iloprost [!]. These researchers
showed that iloprost was associated with an improvement in the
6-minute walk test and pulmonary vascular function. A very
interesting report was published in the European Respiratory
Journal in 2012 21, The authors presented two patients in whom
bosentan was successfully discontinued and no PAH recurrence
was noted after 4 years of followup. The authors suggested that
HIV-related PAH-specific therapy might be discontinued if the
patients fulfill at least two criteria: hemodynamic normalization
for at least 1 year and fully controlled HIV disease. However,
their results should be replicated in larger studies prior to making
any recommendations regarding the possibility of successful
cessation of PAH therapies. Functional assessment with the 6
minute walk test is important to assess the functional status of
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the patients ). Small studies of PAH-specific therapies in
patients with HIV are encouraging; however, studies with a large
sample size are desired to provide a robust data regarding the
management of HIV-related PAH. Nevertheless, until more
specific data are available, patients with HIV-related PAH
should be managed in a similar manner compared to other forms
of PAH.

3.6 PH with Tuberculosis patients

Pulmonary hypertension (PH) is a hemodynamic and
pathophysiological condition, defined as an increase in mean
pulmonary arterial pressure >25 mm Hg at rest as assessed by
right heart catheterization (RHC) ™71, According to the Dana
Point (2008) classification of PH 8. Group 1 PH is known as
pulmonary arterial hypertension (PAH), which includes
idiopathic PAH (IPAH), heritable, drug-induced and associated
with PAH groups. Overall, PAH is a rare disease. Although
worldwide prevalence rates are not known, overall prevalence in
European countries has been reported as 15-50 cases per million
population 41,

The other Groups 2-5 of PH are comparatively more common,
although data are lacking. PH due to pulmonary causes, which
are clubbed together as Group 3, is one of the most common
causes of PH and eventually cor pulmonale. The diseases
included in this group are chronic obstructive pulmonary
disease, interstitial lung diseases, obstructive sleep apnea,
combined emphysema and fibrosis, chronic pulmonary
thromboembolism and  high altitude residence [,
Pulmonary tuberculosis (TB) has not been cited as a cause for
the development of PH in western literature. In India, on the
other hand, being a high burden country, it is not unusual to find
patients who have been treated for pulmonary TB to present with
features of right heart failure. The possible causes for the
development of PH in these patients are the destruction of
vascular bed due to parenchymal abnormalities, vasculitis, and
endarteritis, leading to reduced cross-sectional area of the
pulmonary vasculature %!, The common presentation of these
patients include dyspnea out of proportion to their radiological
picture, desaturation at even mild exertion and sometimes as
overt heart failure with pedal edema, raised jugular venous
pressure and tender hepatomegaly.

Indian data on the prevalence of PH in patients with pulmonary
TB is limited 521, It is prudent to undertake such studies, as it will
be helpful in understanding the exact pathophysiology and
timely intervention can be done before the development of PH,
as it portends a poor prognosis.

In this issue of the journal, Bhattacharya et al. reported PH in
patients with tuberculosis 3. This study has its drawbacks. The
number of subjects in the study is too little to generalize the
results in a population. Second, it has not been mentioned
whether these patients are sputum smear positive at the time of
study or have been previously treated for pulmonary TB. Not
using RHC for the diagnosis of PH is another shortcoming.
Furthermore, functional assessment of patients should have been
done through a more composite scoring system than CAT, for
proper analysis.

Despite this, such studies need to be encouraged at all tertiary
care centers with facilities for RHC and other relevant
investigations so that nation-wide data can be collected
regarding the existence of PH in treated cases of pulmonary TB.
These patients present with worsening dyspnea and are
incorrectly diagnosed as relapse of TB and are started on anti-

TB treatment or are prescribed inhaled bronchodilators without
performing spirometry or documenting airflow obstruction. It is
imperative to avoid such mismanagement. Furthermore,
adequate and timely management of pulmonary TB would
prevent the development of PH and ultimately cor pulmonale,
which significantly reduces the quality of life as well as shortens
survival.

4. Conclusions

The options for pharmacotherapy in patients with PAH include
several drug classes and delivery routes. The choice of therapy
should be made by experienced clinicians and must be based
upon an appropriately established diagnosis and evaluation of
the patient’s disease severity. Available evidence is sufficient to
inform a limited number of strong guideline recommendation
statements regarding the effect of a specific therapy or
combination of therapies on select outcomes in distinct groups
of patients defined according to disease severity. Where current
evidence is insufficient to inform strong guideline
recommendations, expert consensus may provide reasonable
advice in evaluating available data and reasonable therapeutic
choices. As such information and new therapies become
available, a reassessment of appropriate clinical advice for the
pharmacologic therapy for adult patients with PAH will be
required.
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