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Theoretically, calculation of Ppa from PA systolic pressure is
possible (Ppa =0.616PA systolic pressure + 2 mmHg) [47].
This could allow the use of Doppler measurements, applying
an accepted definition of PH as Ppa 025 mmHg.
Unfortunately, despite the strong correlation of the tricuspid
regurgitation velocity and tricuspid regurgitation pressure
gradient, Doppler-derived pressure estimation may be inaccu-
rate in the individual patient. In patients with severe tricuspid
regurgitation use of the simplified form of the Bernoulli
equation may lead to underestimation of PA systolic pressure.
Also overestimations by >10 mmHg for PA systolic pressure
are common [47]. Therefore, PH cannot be reliably defined by a
cut-off value of Doppler-derived PA systolic pressure.

Consequently, estimation of PAP based on Doppler transthor-
acic echocardiography measurements is not suitable for
screening for mild, asymptomatic PH.

An alternative approach to echocardiographic diagnosis of PH
is based on comparison of tricuspid regurgitation velocity with
values reported in a healthy population. Ideally, the influence
of age, sex and body mass should be taken into consideration
[48]. This method avoids cumulative error but is less directly
linked to the accepted haemodynamic definition of PH as a Ppa
025 mmHag.

The reliability of several tricuspid regurgitation velocity cut-off
values, using RHC as reference, has been assessed in two large
screening studies. A trial evaluating the reliability of prospec-
tive screening of patients with scleroderma based on tricuspid
regurgitation velocity >2.5 m-s™ in symptomatic patients or
>3.0 m-s™* irrespective of symptoms, found that 45% of cases
of echocardiographic diagnoses of PH were falsely positive
[49]. In symptomatic (dyspnoea) patients with HIV infection a
PH criterion based on tricuspid regurgitation velocity >2.5 and
2.8 m-s™ was found to be a false positive in 72% and 29%,
respectively [49].

Another trial selected a tricuspid regurgitation pressure gradient
>40 mmHg (tricuspid regurgitation velocity >3.2 m-s™) with an
assumed right atrial pressure of 10 mmHg (thus corresponding
to a systolic PAP of >50 mmHg) as the cut-off value for diagnosis
of PH [50]. Those criteria were recently prospectively applied in
systemic sclerosis patients [51]. The Doppler diagnosis was
confirmed in all 32 patients who were submitted to RHC. Like
previous trials, the number of false-negative cases could not be
assessed.

Other echocardiographic variables that might raise or reinforce
suspicion of PH independently of tricuspid regurgitation
velocity should always be considered. They include an increased
velocity of pulmonary valve regurgitation and a short accelera-
tion time of RV ejection into the PA. Increased dimensions of
right heart chambers, abnormal shape and function of the
interventricular septum, increased RV wall thickness and dilated
main PA are also suggestive of PH, but tend to occur later in the
course of the disease. Their sensitivity is questionable.

In table 9 this Task Force suggests arbitrary criteria for
detecting the presence of PH based on tricuspid regurgitation
peak velocity and Doppler-calculated PA systolic pressure at
rest (assuming a normal right atrial pressure of 5 mmHg) and
additional echocardiographic variables suggestive of PH.
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WWAIE=NCl Arbitrary criteria for estimating the presence of
pulmonary hypertension (PH) based on tricuspid
regurgitation peak velocity and Doppler-
calculated pulmonary arterial (PA) systolic
pressure at rest (assuming a normal right atrial
pressure of 5 mmHg) and on additional
echocardiographic variables suggestive of PH

Class” Level

Echocardiographic diagnosis: PH unlikely
Tricuspid regurgitation velocity 2.8 m-s™, | B
PA systolic pressure #36 mmHg and no additional
echocardiographic variables suggestive
of PH
Echocardiographic diagnosis: PH possible
Tricuspid regurgitation velocity #2.8 m-s™, PA lla C
systolic pressure 36 mmHg, but presence
of additional echocardiographic variables
suggestive of PH
Tricuspid regurgitation velocity 2.9-3.4 m-s™, PA lla C
systolic pressure 37-50 mmHg with/without
additional echocardiographic variables
suggestive of PH
Echocardiographic diagnosis: PH likely
Tricuspid regurgitation velocity >3.4 m-s™, PA | B
systolic pressure >50 mmHg, with/without
additional echocardiographic variables
suggestive of PH
Exercise Doppler echocardiography is not 1} c
recommended for screening of PH

#: class of recommendation; ": level of evidence.

Echocardiography can be helpful in detecting the cause of
suspected or confirmed PH. Two-dimensional, Doppler and
contrast examinations can be used to identify CHD. High
pulmonary blood flow found at pulsed wave Doppler in the
absence of detectable shunt, or significant dilatation of
proximal PA despite only moderate PH, may warrant
transoesophageal examination with contrast or cardiac mag-
netic resonance imaging to exclude sinus venosus-type atrial
septal defect or anomalous pulmonary venous return. In cases
of suspicion of LV diastolic dysfunction, typical Doppler-
echocardiographic signs should be assessed even if their
reliability is considered low and a RHC may be required in
specific circumstances (see section 9.1).

The practical clinical usefulness of exercise Doppler-echocar-
diography in the identification of cases with PH only on
exercise is uncertain because of the lack of prospective
confirmatory data [52].

7.1.6 Ventilation/perfusion lung scan

The ventilation/perfusion lung scan should be performed in
patients with PH to look for potentially treatable CTEPH. The
ventilation/perfusion scan remains the screening method of
choice for CTEPH because of its higher sensitivity than CT [53].
A normal- or low-probability ventilation/ perfusion scan
effectively excludes CTEPH with a sensitivity of 90 100%
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and a specificity of 94 100%. While in PAH the ventilation/
perfusion lung scan may be normal, it may also show small
peripheral unmatched and nonsegmental defects in perfusion.
Contrast-enhanced CT may be used as a complementary
investigation but does not replace the ventilation/perfusion
scan or traditional pulmonary angiogram. A caveat is that
unmatched perfusion defects are also seen in PVOD.

7.1.7 High-resolution computed tomography, contrast-enhanced
computed tomography and pulmonary angiography
High-resolution CT provides detailed views of the lung
parenchyma and facilitates the diagnosis of interstitial lung
disease and emphysema. High-resolution CT may be very
helpful where there is a clinical suspicion of PVOD.
Characteristic changes of interstitial oedema with diffuse
central ground-glass opacification and thickening of interlob-
ular septa suggest PVOD; additional findings may include
lymphadenopathy and pleural effusion [54]. Pulmonary
capillary haemangiomatosis is suggested by diffuse bilateral
thickening of the interlobular septa and the presence of small,
centrilobular, poorly circumscribed nodular opacities.

Contrast CT angiography of the PA is helpful in determining
whether there is evidence of surgically accessible CTEPH. It
can delineate the typical angiographic findings in CTEPH such
as complete obstruction, bands and webs, and intimal
irregularities as accurately and reliably as digital subtraction
angiography [55, 56]. With this technique, collaterals from
bronchial arteries can be identified.

Traditional pulmonary angiography is still required in many
centres for the work-up of CTEPH to identify patients who
may benefit from PEA [22]. Angiography can be performed
safely by experienced staff in patients with severe PH using
modern contrast media and selective injections. Angiography
may also be useful in the evaluation of possible vasculitis or
pulmonary arteriovenous malformations.

7.1.8 Cardiac magnetic resonance imaging

Cardiac magnetic resonance imaging provides a direct
evaluation of RV size, morphology and function, and allows
noninvasive assessment of blood flow including stroke
volume, CO, distensibility of PA, and RV mass [57]. Cardiac
magnetic resonance data may be used to evaluate right heart
haemodynamics particularly for follow-up purposes. A
decreased stroke volume, an increased RV end-diastolic
volume, and a decreased LV end-diastolic volume measured
at baseline are associated with a poor prognosis. Among the
triad of prognostic signs, increased RV end-diastolic volume
may be the most appropriate marker of progressive RV failure
in the follow-up [58].

7.1.9 Blood tests and immunology

Routine biochemistry, haematology and thyroid function tests
are required in all patients, as well as a number of other
essential blood tests. Serological testing is important to detect
underlying CTD, HIV and hepatitis. Up to 40% of patients with
IPAH have elevated anti-nuclear antibodies, usually in low
titre (1:80) [59]. Systemic sclerosis is the most important CTD to
exclude because this condition has a high prevalence of PAH.
Anti-centromere antibodies are typically positive in limited
scleroderma as are other anti-nuclear antibodies including
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dsDNA, anti-Ro, U3-RNP, B23, Th/To and U1-RNP. In the
diffuse variety of scleroderma, U3-RNP is typically positive. In
individuals with systemic lupus erythematosus, anti-cardioli-
pin antibodies may be found. Thrombophilia screening
including anti-phospholipid antibodies, lupus anticoagulant
and anti-cardiolipin antibodies should be performed in
CTEPH. HIV testing is mandatory. Up to 2% of individuals
with liver disease will manifest PAH and therefore liver
function tests and hepatitis serology should be examined if
clinical abnormalities are noted. Thyroid disease is commonly
seen in PAH and should always be considered, especially if
abrupt changes in the clinical course occur [60].

7.1.10 Abdominal ultrasound scan

Liver cirrhosis and/or portal hypertension can be reliably
excluded by the use of abdominal ultrasound. The use of
contrast agents and the addition of a colour-Doppler examina-
tion may improve the accuracy of the diagnosis [61]. Portal
hypertension can be confirmed by the detection of an increased
gradient between free and occluded (wedge) hepatic vein
pressure at the time of RHC [62].

7.1.11 Right heart catheterisation and vasoreactivity

RHC is required to confirm the diagnosis of PAH, to assess the
severity of the haemodynamic impairment and to test the
vasoreactivity of the pulmonary circulation. When performed at
experienced centres, RHC procedures have low morbidity (1.1%)
and mortality (0.055%) rates [63]. The following variables must
be recorded during RHC: PAP (systolic, diastolic and mean),
right atrial pressure, Ppcw and RV pressure. CO must be
measured in triplicate preferably by thermodilution or by the
Fick method, if oxygen consumption is assessed. The Fick
method is mandatory in the presence of a systemic-to-pulmon-
ary shunt. Superior vena cava, PA and systemic arterial blood
oxygen saturations should also be determined. These measure-
ments are needed for the calculation of PVR Adequate recording
of Ppcw is required for the differential diagnosis of PH due to left
heart disease. In rare cases, left heart catheterisation may be
required for direct assessment of LV end-diastolic pressure. A
Ppew >15 mmHg excludes the diagnosis of pre-capillary PAH.
One of the most challenging differential diagnoses of PAH is
heart failure with normal LV ejection fraction and diastolic
dysfunction (see also section 9.1) [64]. In this population, Ppcw
may be mildly elevated or at the higher end of the normal range
at rest. Exercise haemodynamics or volume challenge can show a
disproportionate increase in Ppcw, although the relevance of this
finding remains to be established. Coronary angiography may be
required in the case of the presence of risk factors for coronary
artery diseases and angina or in case of listing for double lung
transplantation or PEA in patients with CTEPH.

In PAH, vasoreactivity testing should be performed at the time
of diagnostic RHC to identify patients who may benefit from
long-term therapy with calcium channel blockers (CCBs) (see
also section 7.3.3) [65, 66]. Acute vasodilator challenge should
only be performed with short-acting, safe and easy to
administer drugs with no or limited systemic effects.
Currently the agent most used in acute testing is NO (table 9)
[66]; based on previous experience [65, 67, 68] i.v. epoprostenol
or i.v. adenosine may also be used as an alternative (but with a
risk of systemic vasodilator effects) (table 10).
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anaemia, or a history of intake of drugs and toxins known to
induce PAH (table 8). In everyday clinical practice such
awareness may be low. More often PH is found unexpectedly
on transthoracic echocardiography requested for another
indication.

If noninvasive assessment is compatible with PH, clinical
history, symptoms, signs, ECG, chest radiograph, transthoracic
echocardiogram, pulmonary function tests (including noctur-
nal oximetry, if required) and high-resolution CT of the chest
are requested to identify the presence of group 2 left heart
disease or group 3 lung diseases. If these are not found or if
PH seems out of proportion to their severity, less common
causes of PH should be looked for. Ventilation/perfusion lung
scan should be considered. If a ventilation/perfusion scan
shows multiple segmental perfusion defects, a diagnosis of
group 4 CTEPH should be suspected. The final diagnosis of
CTEPH (and the assessment of suitability for PEA) will require
CT pulmonary angiography, RHC and selective pulmonary
angiography. The CT scan may also show signs suggestive of
group 1 PVOD. If a ventilation/perfusion scan is normal or
shows only subsegmental patchy perfusion defects, a
tentative diagnosis of group 1 PAH or the rarer conditions
of group 5 is made. In table 12 the further management
according to the likelihood of PAH is given including
indications for RHC. Additional specific diagnostic tests
including haematology, biochemistry, immunology, serology
and ultrasonography will allow the final diagnosis to be
refined. Open or thoracoscopic lung biopsy entails substantial
risk of morbidity and mortality. Because of the low likelihood
of altering the diagnosis and treatment, routine biopsy is
discouraged in PAH patients.

Recommendations for diagnostic strategy are summarised in
table 13.

7.2 Evaluation of severity

The evaluation of severity of patients with PAH takes place
between the diagnostic process and the therapeutic decision
making. The clinical assessment of the patient has a pivotal
role in the choice of the initial treatment, the evaluation of the
response to therapy and the possible escalation of therapy if
needed.

7.2.1 Clinical, echocardiographic and haemodynamic parameters
Both clinical and haemodynamic assessments yield important
prognostic information which may guide clinical management.
These data have been derived from cohorts of patients and
may not accurately reflect the prognosis of individuals.
Prognosis is significantly affected by the aetiology of PAH [69].

Despite large interobserver variation in the measurement,
World Health Organization functional class (WHO-FC)
(table 14) remains a powerful predictor of survival. In
untreated patients with IPAH or heritable PAH, historical
data showed a median survival of 6 months for WHO-FC 1V,
2.5 yrs for WHO-FC Ill, and 6 yrs for WHO-FC | and Il [8].
Extremes of age (<14 yrs or >65 yrs), falling exercise capacity,
syncope, haemoptysis and signs of RV failure also carry a poor
prognosis in IPAH.

Echocardiography generates many indices, and those with the
best prognostic value identified by multivariate analysis are
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TABLE 12

Probability of pulmonary arterial hypertension
(PAH) diagnosis and suggested management
according to the echocardiographic diagnosis
of pulmonary hypertension (PH; table 9),
symptoms and additional clinical information

# Level

Low probability for PAH diagnosis Class
Echocardiographic diagnosis of “PH unlikely”, | Cc
no symptoms: no additional work-up
is recommended
Echocardiographic diagnosis of “PH unlikely”, Cc
presence of symptoms and of associated
conditions or risks factors for groupl-PAH:
echocardiographic follow-up is recommended
Echocardiographic diagnosis of “PH unlikely”, ©
presence of symptoms and absence of associated
conditions or risks factors for group 1-PAH:
evaluation of other causes for the symptoms
is recommended
Intermediate probability for PAH
Echocardiographic diagnosis of “PH possible”, ©
no symptoms and absence of associated
conditions or risks factors for group 1-PAH:
echocardiographic follow-up is recommended
Echocardiographic diagnosis of “PH possible”, Ilb C
presence of symptoms and of associated
conditions or risks factors for group 1-PAH:
RHC may be considered
Echocardiographic diagnosis of “PH possible”, Ilb Cc
presence of symptoms and absence of associated
conditions or risks factors for group 1-PAH:
alternative diagnosis and echocardiographic
follow-up may be considered. If symptoms
at least moderate RHC may be considered
High probability for PAH
Echocardiographic diagnosis of “PH likely”, @
with symptoms and presence/absence
of associated conditions or risks factors for
group 1-PAH: RHC is recommended
Echocardiographic diagnosis of “PH likely”, lla C
without symptoms and presence/absence
of associated conditions or risks factors
for group 1-PAH: RHC should be
considered

#

RHC: right heart catheterisation. "t level of

evidence.

. class of recommendation;

pericardial effusion [70, 71], indexed right atrium area [71], LV
eccentricity index [71] and the RV Doppler index [72, 73].
Estimated systolic PAP derived from tricuspid regurgitant jet
velocity is not prognostic [71]. The tricuspid annular plane
systolic excursion (TAPSE) has been reported to be of
prognostic value [74].

Resting haemodynamics measured at RHC predict prognosis
[8]. These include PA oxygen saturation, right atrial pressure,
CO, PVR and a marked vasoreactivity response. PAP is also
prognostic but less reliable as it may fall towards the end stage
of the disease as the RV fails. Some studies suggest that
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Oxygen

Although O, administration has been demonstrated to reduce
the PVR in patients with PAH there are no randomised data to
suggest that long-term O, therapy is beneficial. Most patients
with PAH except those with CHD and pulmonary-to-systemic
shunts have minor degrees of arterial hypoxaemia at rest
unless they have a patent foramen ovale. There are data
showing that nocturnal O, therapy does not modify the natural
history of advanced Eisenmenger s syndrome [111]. Guidance
may be based on evidence in patients with COPD; when
arterial blood O, pressure is consistently <8 kPa (60 mmHg)
patients are advised to take O, to achieve a arterial blood O,
pressure of >8 kPa for at least 15 h-day™ [112]. Ambulatory O,
may be considered when there is evidence of symptomatic
benefit and correctable desaturation on exercise.

Digoxin

Digoxin has been shown to improve cardiac output acutely in
IPAH although its efficacy is unknown when administered
chronically [113]. It may be given to slow ventricular rate in
patients with PAH who develop atrial tachyarrhythmias.

Recommendations for general measures are summarised in
table 19.

7.3.3 Specific drug therapy

Calcium channel blockers

Smooth muscle cell hypertrophy, hyperplasia and vasocon-
striction have long been known to contribute to the pathogen-
esis of IPAH and this has led to the use of traditional
vasodilators since the mid 1980s, principally involving the use
of CCBs. It has been increasingly recognised that only a small
number of patients with IPAH who demonstrate a favourable
response to acute vasodilator testing at the time of RHC (see
also section 7.1.11) do well with CCBs [65, 66].

The CCBs that have been predominantly used in reported
studies are nifedipine, diltiazem and amlodipine, with parti-
cular emphasis on the first two [65, 66]. The choice of CCB is
based upon the patient s heart rate at baseline, with a relative
bradycardia favouring nifedipine and amlodipine and a relative
tachycardia favouring diltiazem. The daily doses of these drugs
that have shown efficacy in IPAH are relatively high, 120
240 mg for nifedipine, 240 720 mg for diltiazem, and up to

20 mg for amlodipine. Itis advisable to start with a low dose, e.g.

30 mg of slow release nifedipine twice a day, 60 mg of diltiazem
three times a day (t.i.d.), or 2.5 mg of amlodipine once a day and
increase cautiously and progressively to the maximum tolerated
dose. Limiting factors for dose increase are usually systemic
hypotension and lower limb peripheral oedema. Patients with
IPAH who meet the criteria for a positive vasodilator response
and are treated with a CCB should be followed closely for both
safety and efficacy with an initial reassessment after 3 4 months
of therapy including RHC.

If the patient does not show an adequate response (fig. 2),
defined as being in WHO-FC | or Il and with a marked
haemodynamic improvement, additional PAH therapy should
be instituted. Patients who have not undergone a vasoreactiv-
ity study or those with a negative study should not be started

on a CCB because of potential severe side-effects (e.g.

hypotension, syncope and RV failure).
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Vasodilator responsiveness does not appear to predict a
favourable long-term response to CCB therapy in patients
with PAH in the setting of CTD, and high dose CCBs are often
not well tolerated in such patients [114].

Prostanoids

Prostacyclin is produced predominantly by endothelial cells
and induces potent vasodilatation of all vascular beds. This
compound is the most potent endogenous inhibitor of platelet
aggregation and it also appears to have both cytoprotective
and antiproliferative activities [115]. Dysregulation of the
prostacyclin metabolic pathways has been shown in patients
with PAH as assessed by reduction of prostacyclin synthase
expression in the pulmonary arteries and of prostacyclin
urinary metabolites [116]. The clinical use of prostacyclin in
patients with PAH has been extended by the synthesis of stable
analogues that possess different pharmacokinetic properties
but share qualitatively similar pharmacodynamic effects.

EpoprostenolEpoprostenol (synthetic prostacyclin) is available
as a stable freeze-dried preparation that needs to be dissolved
in alkaline buffer for i.v. infusion. Epoprostenol has a short
half-life (3 5 min) and is stable at room temperature for only
8 h. This explains why it needs to be administered continu-
ously by means of an infusion pump and a permanent
tunnelled catheter. The efficacy of continuous i.v. administra-
tion of epoprostenol has been tested in three unblinded RCTs
in patients with IPAH [117, 118] and in those with PAH
associated with the scleroderma spectrum of diseases [119].
Epoprostenol improves symptoms, exercise capacity and
haemodynamics in both clinical conditions, and is the only
treatment shown to improve survival in IPAH in a randomised
study [118]. Long-term persistence of efficacy has also been
shown [79, 97] in IPAH, as well as in other APAH conditions
[120 122] and in nonoperable CTEPH. [123].

Treatment with epoprostenol is initiated at a dose of
2 4 ng-kg*-min?, with doses increasing at a rate limited by
side-effects (flushing, headache, diarrhoea, leg pain). The
optimal dose varies between individual patients, ranging in
the majority between 20 and 40 ng-kg*-min [79, 97].

Serious adverse events related to the delivery system include
pump malfunction, local site infection, catheter obstruction
and sepsis. Guidelines for the prevention of central venous
catheter bloodstream infections have recently been proposed
[124]. Abrupt interruption of the epoprostenol infusion should
be avoided as, in some patients, this may lead to a rebound PH
with symptomatic deterioration and even death.

lloprost lloprost is a chemically stable prostacyclin analogue
available for i.v., oral and aerosol administration. Inhaled
therapy for PAH is an attractive concept that has the
theoretical advantage of being selective for the pulmonary
circulation. Inhaled iloprost has been evaluated in one
randomised controlled trial (RCT;, Aerosolized Iloprost
Randomized (AIR) study) in which daily repetitive iloprost
inhalations (6 9 times, 2.5 5 mg-inhalation™, median 30 mg
daily) were compared with placebo inhalation in patients with
PAH and CTEPH [125]. The study showed an increase in
exercise capacity and improvement in symptoms, PVR and
clinical events in enrolled patients. A second RCT (Safety and
pilot efficacy Trial of inhaled iloprost in combination with
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WAzIE=10l  Potentially significant drug interactions with pulmonary arterial hypertension (PAH)-targeted therapies

PAH drug Mechanism of Interacting drug Interaction
interaction
Ambrisentan ? Cyclosporine Caution is required in the co-administration of ambrisentan with
Ketoconazole ketoconazole and cyclosporine
Bosentan CYP3A4 inducer Sildenafil Sildenafil levels fall 50%; bosentan levels increase 50%. May not
require dose adjustments of either drug.
CYP3A4 substrate Cyclosporine Cyclosporine levels fall 50%; bosentan levels increase fourfold.
Combination contraindicated.
CYP3A4 substrate Erythromycin Bosentan levels increase. May not require dose adjustment of
bosentan during a short course.
CYP3A4 substrate Ketoconazole Bosentan levels increase two-fold.
CYP3A4 substrate + bile Glibenclamide Increase incidence of elevated aminotransferases. Potential decrease
salt pump inhibitor of hypoglycaemic effect of glibenclamide. Combination indicated.
CYP2C9 and CYP3A4 Fluconazole, amiodarone Bosentan levels considerably increase.
substrate Combination potentially contraindicated.
CYP2C9 and CYP3A4 Rifampicin, phenytoin Bosentan levels decrease by 58%. Need for
inducers dose adjustment uncertain.
CYP2C9 inducer HMG CoA reductase Simvastatin levels reduce 50%; similar effects likely with atorvastatin.
inhibitors Cholesterol level should be monitored.
CYP2C9 inducer Warfarin Increases warfarin metabolism, may need to adjust warfarin dose.
Intensified monitoring of warfarin recommended following initiation
but dose adjustment usually necessary.
CYP2C9 and CYP3A4 Hormonal contraceptives Hormone levels decrease. Contraception unreliable.
inducers
Sitaxentan CYP2C9 inhibitor Warfarin Inhibits warfarin metabolism, warfarin dose needs
to be reduced by 80% when initiating sitaxentan
and INR monitoring intensified.
? inhibition of OATP Cyclosporine Increases sitaxen levels; combination contraindicated.
transporter
Sildenafil CYP3A4 substrate Bosentan Sildenafil levels fall 50%; bosentan levels increase
50%. May not require dose adjustment
of either drug.
CYP3A4 substrate HMG CoA reductase May increase simvastatin/atorvastatin levels through competition for metabolism.
inhibitors Sildenafil levels may increase. Possible increased risk of rhabdomyolysis.
CYP3A4 substrate HIV protease inhibitors Ritonavir and saquinovir increase sildenafil levels markedly.
Sildenafil dose adjustments are usually required.
CYP3A4 inducer Phenytoin Sildenafil level may fall.
CYP3A4 substrate Erythromycin Sildenafil levels increase may not require dose adjustment for a short course.
CYP3A4 substrate Ketoconazole Sildenafil levels increase. May not require dose adjustment.
CYP3A4 substrate Cimetidine Sildenafil levels increase. May not require dose adjustment.
cGMP Nitrates Profound systemic hypotension, combination contraindicated.
Nicorandil
Tadalafil CYP3A4 substrate Bosentan Tadafil plasma levels decrease by 42%, no significant changes in bosentan levels.
May not require dose adjustment.
cGMP Nitrates Profound systemic hypotension, combination contraindicated.
Nicorandil

HMG CoA: 3-hydroxy-3-methylglutary coenzyme A; OATP: organic anion transporter proteins; cGMP: cyclic guanosine monophosphate. The table is adapted from
National Pulmonary Hypertension Centres of the UK and Ireland, “Consensus Statement on the Management of Pulmonary Hypertension in Clinical Practice in the UK

and Ireland” [180], wih permmission from the publisher.

function test abnormalities, ambrisentan at a dose of 5 mg was
well tolerated [147]. Nevertheless, patients treated with
ambrisentan require monthly liver function test assessment.
An increased incidence of peripheral oedema has been
reported with ambrisentan use.
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Phosphodiesterase type-5 inhibitors

Inhibition of the cGMP-degrading enzyme phosphodiesterase
type-5 results in vasodilatation through the NO/cGMP path-
way at sites expressing this enzyme. Since the pulmonary
vasculature contains substantial amounts of phosphodiesterase
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CCBs are used in responders, but close follow-up is mandatory
as patients may fail long-term therapy.

Data are available with bosentan, the pharmakokinetics of which
have been assessed in one study [181]. Several uncontrolled
studies in children have shown positive results similar to adults,
with survival rates of 80 90% at 1 yr [182]. A new paediatric
formulation has been recently approved by the European
Medicines Agency. Data about selective endothelin-A receptor
antagonists are not available so far.

Sildenafil has shown some efficacy [183], and an RCT s
underway to define dose and efficacy.

Indications for epoprostenol are similar to those in adults. The
usual starting dose is 2 ng-kg*-min™? with a rapid increase.
Optimal doses vary considerably between patients and thus
individual titration is required [184, 185]. Administration of i.v.
iloprost and trepostinil has been reported as in adults. Oral
beraprost is only used in some countries, but lack of proof of
efficacy is a problem. S.c. trepostinil may be an option, but local
pain is a serious problem in children. Inhaled iloprost is also
difficult, but a recent report has shown some efficacy [186].

An increasing number of paediatric patients are on combina-
tion therapy even though evidence is still lacking [187]. Atrial
septostomy as well as a Potts shunt [188] are possible in
children, with good results. As in adults, cure of PAH is only
obtained with lung transplantation, but lack of suitable donors
is a major problem.

Recommendations for paediatric PAH are summarised in
table 24.

7.4.2 Pulmonary arterial hypertension associated with congenital
cardiac shunts

PAH associated with CHD is included in group 1 of the PH
clinical classification (table 4). A specific clinical classification
(table 6) and an anatomical pathophysiological classification
(table 7) are useful to better define each individual patient with
PAH associated with CHD [1, 16].

Epidemiological data remain scarce as no studies were designed
to assess the prevalence of PAH in adult CHD, although 5 10%
was suggested in a recent study [189]. The persistent exposure
of the pulmonary vasculature to increased blood flow due to
systemic-to-pulmonary shunts as well as increased pressure
may result in a typical pulmonary obstructive arteriopathy
(identical to other PAH forms) that leads to the increase of PVR.

WA S8 Recommendations for paediatric pulmonary
arterial hypertension (PAH)

Statement Class * Level”

The PH diagnostic work-up proposed for adults lla C
should also be considered in children

The PAH therapeutic algorithm proposed for lla ©

adults should also be considered in children

PH: pulmonary hypertension. *: class of recommendation; " : level of evidence.
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If PVR approaches or exceeds systemic vascular resistance, the
shunt is reversed (Eisenmenger s syndrome) [190].

Diagnosis

The signs and symptoms of Eisenmenger s syndrome result
from PH, low arterial O, saturation and secondary erythrocy-
tosis. They include dyspnoea, fatigue and syncope. In patients
with PAH associated with CHD without reversal of the shunt,
the degree of cyanosis and erythrocytosis may be mild to
moderate. Eisenmenger s syndrome patients also suffer from
haemoptysis, cerebrovascular accidents, brain abscesses, coa-
gulation abnormalities and sudden death. Subjects with
Eisenmenger s syndrome have reduced life expectancy,
although many survive into their third or fourth decade, with
some even surviving into their seventh decade [191]. In
patients listed for lung or heart lung transplantation when
no medical treatment was available, Eisenmenger s syndrome
had better survival compared with IPAH, with a 3-yr survival
rate of 77% compared with 35% for untreated IPAH [192]. Of
all patients with CHD, those with Eisenmenger s syndrome are
the most severely compromised in terms of exercise intoler-
ance [193].

Improved survival may result possibly from preservation of
RV function as the RV does not undergo remodelling at birth
and remains hypertrophied [194]. The RV is also relieved by
the right-to-left shunt, sustaining systemic CO, at the expense
of hypoxaemia and cyanosis.

Patients with CHD (in particular those without shunts) may
also develop PH due to left heart disease (group 2, table 4) or
to concomitant lung diseases (group 3, table 4). In these cases a
comprehensive diagnostic work-up, as reported in section
7.1.12, is recommended.

Therapy

The treatment strategy for patients with PAH associated with
CHD and in particular for subjects with Eisenmenger s syndrome
is mainly based on the clinical experience of experts rather than
formally evidence based [190]. A specific treatment algorithm
similar to that in figure 2 has been recently proposed [16].

Eisenmenger s syndrome patients should be managed in
specialised centres. Patient education, behavioural modifica-
tions and awareness of potential medical risk factors are
important aspects of management.

Patients with Eisenmenger s syndrome may present with clinical
deterioration in different circumstances, including noncardiac
surgery with general anaesthesia, dehydration, lung infections
and high altitude. It is recommended to avoid strenuous exercise
but mild activities seem to be beneficial. Pregnancy is associated
with high risk to both mother and fetus. Pregnancy should be
discouraged, and contraception is indicated.

Long-term home O, therapy may improve symptoms, but has
not been shown to modify survival, at least when given only at
night [111]. The use of supplemental O, therapy is recom-
mended in cases in which it produces a consistent increase in
arterial oxygen saturation and reduces symptoms.

The use of oral anticoagulant treatment in Eisenmenger s
syndrome is controversial: a high incidence of PA thrombosis
and stroke is reported but there is also an increased risk of
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as for IPAH (RAP, PAP and CI). Symptoms and clinical
presentation are very similar to those of IPAH and occasional
patients thought to have IPAH can be identified as having an
associated CTD by immunological screening tests. High-resolu-
tion CT is helpful for evaluating the presence of associated
interstitial lung disease. An isolated reduction of diffusion
capacity of carbon monoxide is a frequent abnormality in
systemic sclerosis associated with PAH.

Echocardiographic screening for the detection of PH has been
recommended annually in asymptomatic patients with the
scleroderma spectrum of diseases but only in the presence of
symptoms in other CTDs. The cost-effectiveness of this strategy
has not been clarified as compared with symptom-based
screening (see also section 7.1.5). As in other forms of PAH,
RHC is recommended in all cases of suspected PAH associated
with CTD to confirm the diagnosis, determine severity and rule
out left-sided heart disease. RHC is mandatory if targeted
treatments are considered. The proportion of responders in the
acute vasodilator test is lower than in IPAH [66].

Therapy

Treatment of patients with PAH associated with CTD appears
more complex than that of patients with IPAH. Immun-
osuppressive therapy combining glucocorticosteroids and
cyclophosphamide may result in clinical improvement in
patients with PAH associated with systemic lupus erythema-
tosus or mixed CTD [201].

Long-term favourable response to CCB treatment in vaso-
reactive patients is seen less often than in IPAH. The risk-to-
benefit ratio of oral anticoagulation is not well understood.

Treatment of patients with CTD and PAH should follow the
same treatment algorithm as in IPAH (fig. 2). This recommen-
dation is based on the fact that patients with CTD have been
included in most of the major RCTs for regulatory approval of
PAH therapy, including those with combination therapy.

Subgroup analyses of patients with scleroderma enrolled in the
RCTs performed with bosentan [139], sitaxentan [202], silde-
nafil [155] and s.c. treprostinil [203] have shown favourable
effects. In some of these trials the magnitude of the response in
the PAH subgroup associated with CTD was lower than in
IPAH.

Continuous i.v. epoprostenol therapy has been shown to
improve exercise capacity, symptoms and haemodynamics in
a 3-month RCT of patients with the scleroderma spectrum of
the diseases [119]. Retrospective analysis shows, however, that
the effect of i.v. epoprostenol on survival of IPAH patients
seems to be better than that of scleroderma patients. The
presence of a CTD is not a contraindication for lung
transplantation per seif medical treatments fail.

Recommendations for PAH associated with CTD are sum-
marised in table 26.

7.4.4 Pulmonary arterial hypertension associated with portal
hypertension

PAH is a well-recognised complication of chronic liver
diseases [204, 205]. Portal hypertension rather than the hepatic
disorder itself seems to be the main determining risk factor for
developing PAH [204].
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WWA=IE=ls8 Recommendations for pulmonary arterial
hypertension (PAH) associated with connective
tissue disease (CTD)

Statement Class *  Level
In patients with PAH associated with CTD | A
the same treatment algorithm as in patients
with IPAH is recommended
Echocardiographic screening for the | B

detection of PH is recommended in
symptomatic patients with scleroderma
spectrum of diseases
Echocardiographic screening for the | C
detection of PH is recommended in
symptomatic patients with all other CTDs
RHC is indicated in all cases of suspected | C
PAH associated with CTD, in particular if
specific drug therapy is considered

Oral anticoagulation should be considered lla C
on an individual basis
Echocardiographic screening for the llb C

detection of PH may be considered in
asymptomatic patients with the scleroderma
spectrum of disease

IPAH: idiopathic PAH; PH: pulmonary hypertension; RHC: right heart
catheterisation. *: class of recommendation; " : level of evidence.

The condition is not uncommon since PAH associated with
portal hypertension (also named as portopulmonary hyperten-
sion) represents , 10% of the PAH population [3]. It is believed
that 1 2% of patients with liver disease and portal hyperten-
sion develop PAH, but the prevalence of PAH may reach 5%
among patients with advanced liver disease evaluated for liver
transplantation [206]. The pathogenesis is unclear and may be
related to toxic substances derived from the gastrointestinal
tract, which are not eliminated by the liver due to portosys-
temic shunts, thus causing damage to the lung endothelium.
Another possibility is that the high CO state is inducing PAH.

Diagnosis

The clinical picture of patients with portopulmonary hyperten-
sion may be indistinguishable from that of those with IPAH or
may include a combination of symptoms and signs of the
underlying liver disease [204].

Echocardiographic screening for the detection of PH in
patients with liver diseases is appropriate in symptomatic
patients and/Zor in candidates for liver transplantation. An
RHC should be performed in all cases with increased systolic
PAP in order to clarify the underlying haemodynamic changes
and define prognostic and therapeutic implications. Patients
with portopulmonary hypertension have a significantly higher
CO and significantly lower systemic vascular resistance and
PVR, compared with patients with IPAH. In a retrospective
study [204], patients with portopulmonary hypertension had a
better rate of survival than patients with IPAH, although this is
debated.
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Therapy

Portopulmonary hypertension is part of the PAH spectrum of
disease and in general these patients should be treated
similarly to those with other forms of PAH, while taking into
consideration the presence of liver disease and its conse-
qguences for their management. The treatment algorithm (fig. 2)
can also be applied in this setting with adaptations.

Anticoagulant therapy should be avoided in patients at
increased risk of bleeding. b-adrenoceptor blockers, often used
in patients with portal hypertension to reduce the risk of
variceal bleeding, worsen haemodynamics and exercise capa-
city in portopulmonary PAH patients [207].

Patients with portopulmonary hypertension have been
excluded from almost all RCTs in PAH. Case series suggest
that epoprostenol, bosentan and sildenafil may exert beneficial
haemodynamic and clinical effects in selected patients [208
210]. In a retrospective study treatment with bosentan
appeared to be better than inhaled iloprost [211]. Careful
monitoring should be performed if ERA treatment is initiated
because of the hepatotoxicity of these compounds.

PAH can substantially increase the risk associated with liver
transplantation and usually PAH is a contraindication if Ppa is
>35 mmHg and/or PVR is ©250 dynes.s.cm™ [206, 212]. It has
been suggested that PAH-specific drug therapy should be used
to improve haemodynamics prior to liver transplantation, but
the effects on the outcome of liver transplantation have not
been evaluated sufficiently.

Selected patients with end-stage liver disease and severe PH
may be considered for combined liver lung or liver heart
lung transplantation. The largest series of combined liver-lung
transplantation so far has reported a 3-yr survival of 62%.
This treatment option is offered by only a few centres
worldwide [213].

Recommendations for pulmonary arterial hypertension asso-
ciated with portal hypertension are summarised in table 27.

7.4.5 Pulmonary arterial hypertension associated with HIV infection

The use of highly active antiretroviral therapy and aggressive
management of opportunistic infections has contributed to
increased life expectancy in HIV-infected patients. Conse-
quently, the spectrum of complications has shifted towards
other long-term conditions, including cardiovascular diseases
such as dilated cardiomyopathy, pericardial disorders, non-
infectious thrombotic endocarditis, accelerated atherosclerosis
and PAH. The initial prevalence of PAH was found to be
0.1 0.5% with an estimated incidence of 0.1% per year [214]. It
was suggested that the use of highly active antiretroviral
therapy could decrease the rate of PAH associated with HIV
infection, but a population study recently conducted in France
contradicts this hypothesis because the calculated minimal
prevalence of HIV-related PAH was 0.46%, very similar to
before the highly active antiretroviral therapy era [49].

The pathogenesis of HIV-related PAH remains unclear. The
absence of viral particles in the complex plexiform lesions
found from these patients suggests that an indirect action of
viral infection on inflammation and growth factors may act as
a trigger on a predisposed patient [49].
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WA= ra Recommendations for pulmonary arterial
hypertension (PAH) associated with portal
hypertension

Statement Class * Level

Echocardiographic screening for the detection | B

of PH is recommended in symptomatic patients
with liver diseases and/or in candidates
for liver transplantation

In patients with PAH associated with portal lla C
hypertension the same treatment algorithm as
in patients with IPAH should be considered,
taking into consideration comorbidities

Anticoagulation is not recommended in 1] ©
patients with increased risk of bleeding

Significant PAH is a contraindication to liver 1} C
transplantation if Ppa is ©35 mmHg and/or
PVR is 0250 dynes -s*-cm™

PH: pulmonary hypertension; IPAH: idiopathic PAH; Ppa: mean pulmonary
arterial pressure; PVR: pulmonary vascular resistance. *: class of recommendation;
": level of evidence.

Diagnosis

HIV-related PAH shares a similar clinical presentation with
IPAH. At the time of diagnosis, 71 81% of patients are in an
advanced WHO-FC [49, 122]. Patients may present with other
risk factors for PAH such as liver disease (chronic hepatitis B or
C), exposure to drugs and toxins, or pulmonary embolism due to
i.v. drug abuse. Patients with HIV-related PAH are more likely to
be male and i.v. drug abusers [49]. More than 80% are well
controlled on highly active antiretroviral therapy, and CD4 count
does not appear to be a risk factor for PAH [49, 122].

Asymptomatic HIV-infected patients should not be screened
for PAH. Echocardiography must be performed in patients
with unexplained dyspnoea to detect HIV-related cardiovas-
cular complications such as myocarditis, cardiomyopathy, or
PAH. An RHC confirmation is mandatory to establish the
diagnosis of HIV-related PAH and the absence of left heart
disease.

PAH is an independent risk factor for death in HIV-infected
patients, with a 3-yr survival rate as low as 21% in the most
advanced cases (WHO-FC 111/1V), compared with 84% in mildly
symptomatic patients [122]. In a single-centre study, a better
outcome was associated with CD4 count .212 cells-mL™, highly
active antiretroviral therapy and epoprostenol therapy [122].

Therapy

Treatment of HIV-related PAH is less well established in
comparison with other forms of PAH. Only three RCTs, one
with the orally active prostanoid beraprost [134] and two with
the selective endothelin receptors antagonist ambrisentan
[146], allowed inclusion of patients with HIV-related PAH
who represented, 5% of the total population.

Anticoagulation is not routinely recommended because of an
increased risk of bleeding, anticipated compliance issues and
drug interactions. Patients with HIV-related PAH appear to be
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medical therapies such as ERAs or phosphodiesterase type-5
inhibitors in the treatment of PVOD and pulmonary capillary
haemangiomatosis. Therefore, therapy for PVOD should be
undertaken only at centres with extensive experience in the
management of PH, and patients should be fully informed
about the risks. Atrial septostomy may be considered but is
usually limited by hypoxaemia. The only curative therapy for
PVOD and pulmonary capillary haemangiomatosis is lung
transplantation, and similarly to IPAH there are no reports of
recurrence of disease following transplantation. Patients with
PVOD should be referred to a transplant centre for evaluation
as soon as the diagnosis is established.

Recommendations for PVOD are summarised in table 29.

8.2 Pulmonary capillary haemangiomatosis

This very rare condition may be difficult to differentiate from
PVOD, and the diagnostic and therapeutic aspects are very
similar. Often, only pathological examination is able to
distinguish the two conditions [20].

9. PULMONARY HYPERTENSION DUE TO LEFT HEART
DISEASE (GROUP 2)

Most of the advances in the treatment of PH have been made in
PAH. At the same time, virtually no progress has been made
for the much more common forms of PH as encountered in
patients with left heart diseases, lung diseases, or CTEPH.
Despite the lack of data, drugs with proven efficacy in PAH are
increasingly being used for other forms of PH. This may be
clinically justified in some carefully selected patients but may
turn out to be useless or even harmful in many others. This
development is of concern, and the use of PAH drugs for other
forms of PH outside expert centres is discouraged.

The pathology, pathophysiology and epidemiology of PH due
to left heart disease have been discussed previously.

PH carries a poor prognosis for patients with chronic heart
failure [225]. In one study the mortality rate after 28 months of
follow-up was 57% in patients with moderate PH compared
with 17% in patients without PH. In addition, patients who
have a PVR exceeding 6 8 Wood units (480 640 dynes.s.cm™)
have an increased risk of post-operative RV failure following
heart transplantation.

WAl H=ACE Recommendations for pulmonary
veno-occlusive disease

Statement Class *  Level”

Referral of patients with PVOD to a C
transplant centre for evaluation is indicated
as soon as the diagnosis is established

Patients with PVOD should be managed only lla C
in centres with extensive experience in PAH
due to the risk of lung oedema after the
initiation of PAH-specific drug therapy

PVOD: pulmonary veno-occlusive disease; PAH: pulmonary arterial hyperten-
sion. *: class of recommendation; " level of evidence.
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9.1 Diagnosis

The diagnostic approach to PH due to left heart disease is
similar to that for PAH, Doppler echocardiography being the
best tool for screening purposes. LV diastolic dysfunction
should be suspected in the presence of a dilated left atrium,
atrial fibrillation, characteristic changes in mitral flow profile,
pulmonary venous flow profile and mitral annulus tissue
Doppler signals and LV hypertrophy [64, 226]. Data on tissue
Doppler assessment show that the ratio E/E" of early mitral
valve flow velocity (E) divided by the early diastolic (E')
lengthening velocities correlates closely with LV filling
pressures: when the ratio E/E’ exceeds 15, LV filling pressures
are elevated and when the ratio is lower than 8, LV filling
pressures are low; if 15>E/E'>8, additional noninvasive
investigations are required [64]. Characteristic clinical and
echocardiographic features of PH associated with LV diastolic
dysfunction are listed in table 30 [227].

Although increased left-sided filling pressures can be esti-
mated by Doppler echocardiography [64, 228] invasive
measurements of Ppew or LV end-diastolic pressure may be
necessary to confirm the diagnosis of PH due to left heart
disease (see also section 7.1.11) [64]. Ppcw and LV end-diastolic
pressure can be pseudo-normal, especially when patients
have been treated with diuretics. In this setting, exercise
haemodynamics volume challenge has been proposed to
identify LV dysfunction, but these diagnostic tools require
further standardisation. An elevated transpulmonary gradient
(Ppa-Ppcw) >12 mmHg is suggestive of intrinsic changes in the
pulmonary circulation over-riding the passive increase in Ppcw.

WWAIR=lol Factors favouring diagnosis of left ventricular
diastolic dysfunction in the presence of
pulmonary hypertension as assessed by
Doppler echocardiography

Clinical features
Age >65 yrs
Elevated systolic blood pressure
Elevated pulse pressure
Obesity, metabolic syndrome
Hypertension
Coronary artery disease
Diabetes mellitus
Atrial fibrillation
Echocardiography
Left atrial enlargement
Concentric remodelling of the LV (relative wall thickness >0.45)
LV hypertrophy
Presence of echocardiographic indicators of elevated LV
filling pressure [64, 226]
Interim evaluation (after echocardiography)
Symptomatic response to diuretics
Exaggerated increase in systolic blood pressure with exercise
Re-evaluation of chest radiograph consistent with heart failure [226]

LV: left ventricle. Modified from Hoeper et al[227], with permission from the
publisher.
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