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ABSTRACT
The landscape of pulmonary hypertension (PH) has changed signifi-
cantly since the last Canadian Cardiovascular Society/Canadian
Thoracic Society position statement in 2005. Since then, advances in
our understanding of the pathophysiology of PH and improvements in
diagnostic and therapeutic options have transformed the care of pa-
tients with PH. Globally, PH has an estimated prevalence of 1%,
increasing to 10% in those aged 65 years and older, most commonly
due to left heart or lung disease. Although pulmonary arterial hyper-
tension (PAH) is less common, the morbidity and mortality is signifi-
cant and early diagnosis and treatment are essential. This document is
targeted at clinicians and describes a framework for screening and
diagnosis of PH, with recommendations for performance and inter-
pretation of echocardiography, cardiac magnetic resonance imaging,
and right heart catheterization. In addition, the current approach to
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R�ESUM�E
Le paysage de l’hypertension pulmonaire (HP) a beaucoup chang�e
depuis que la Soci�et�e canadienne de cardiologie et la Soci�et�e cana-
dienne de thoracologie ont �emis leur dernier �enonc�e de position à ce
sujet en 2005. L’�evolution des connaissances de la physiopathologie
de l’HP et les am�eliorations des options diagnostiques et th�erapeu-
tiques ont transform�e les soins prodigu�es aux patients atteints d’HP.
Selon les estimations, l’HP a une pr�evalence de 1 % dans le monde,
pr�evalence qui atteint 10 % chez les personnes de 65 ans ou plus, et
elle est le plus souvent attribuable à une cardiopathie gauche ou à une
atteinte pulmonaire. Bien que l’hypertension art�erielle pulmonaire
(HAP) soit plus rare, la morbidit�e et la mortalit�e qui y sont associ�ees
demeurent importantes, et un diagnostic et un traitement pr�ecoces
sont cruciaux. Les auteurs de cet article d�ecrivent, à l’intention des
cliniciens, un cadre pour le d�epistage et le diagnostic de l’HP et
The landscape of pulmonary hypertension (PH) has changed comorbidities. A PH diagnosis confers a sevenfold increase in

significantly since the last Canadian Cardiovascular Society
(CCS)/Canadian Thoracic Society position statement in 2005.
Globally, PH has an estimated prevalence of 1%, increasing to
10% in those aged 65 years and older, most commonly due to
left heart or lung disease.2 Consequently, the phenotype of PH
patients has changed, now being older with multiple
standardized mortality rates, irrespective of the classification.1

PH can be categorized into 5 groups: group I pulmonary arte-
rial hypertension (PAH), group II PH due to left heart disease,
group III PH due to lung disease/hypoxia, group IV chronic
thromboembolic PH (CTEPH), and group V PH associated
with unclear or multifactorial mechanisms (Table 1).3 PAH is
represents the consensus of a Canadian panel comprised of multidisciplinary
experts on this topic with a mandate to formulate disease-specific recom-
mendations. These recommendations are aimed to provide a reasonable and
practical approach to care for specialists and allied health professionals obliged
with the duty of bestowing optimal care to patients and families, and can be
subject to change as scientific knowledge and technology advance and as
practice patterns evolve. The statement is not intended to be a substitute for
physicians using their individual judgement in managing clinical care in
consultation with the patient, with appropriate regard to all the individual
circumstances of the patient, diagnostic and treatment options available and
available resources. Adherence to these recommendations will not necessarily
produce successful outcomes in every case.
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Table 1. Updated clinical classification of PH

Group 1: PAH

PAH management in Canada including risk stratification and phar-
macologic therapy aimed at achieving a low-risk profile is discussed.
The rationale to avoid specific PAH therapy in patients with left heart
disease and lung disease-related PH is emphasized, along with special
considerations for the diagnosis and management of chronic throm-
boembolic PH. Future advancements in the identification of novel
pathways and therapies, personalized approaches to direct therapy, as
well as interventional approaches such as balloon pulmonary angio-
plasty for chronic thromboembolic PH promise to continue the rapid
evolution of this field.

formulent des recommandations pour l’ex�ecution et l’interpr�etation
des examens d’�echocardiographie, d’imagerie cardiaque par
r�esonance magn�etique et de cath�et�erisme du cœur droit. Ils traitent
�egalement de l’approche actuelle en matière de prise en charge de
l’HAP au Canada, qui comprend une stratification des risques et une
pharmacoth�erapie visant l’atteinte d’un profil à faible risque. Les ar-
guments justifiant qu’un traitement ciblant sp�ecifiquement l’HAP soit
�evit�e chez les patients atteints d’une HP li�ee à une cardiopathie gau-
che ou à une atteinte pulmonaire sont pr�esent�es, ainsi que les con-
sid�erations particulières relatives au diagnostic et à la prise en charge
de l’HP thromboembolique chronique. Les perc�ees à venir en matière
de strat�egies et de traitements novateurs, d’approches th�erapeutiques
directes personnalis�ees et d’approches interventionnelles, comme
l’angioplastie pulmonaire par ballonnet dans les cas d’HP throm-
boembolique chronique, permettent de croire que ce domaine con-
tinuera d’�evoluer rapidement.
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rare, with an estimated incidence of up to 7.6 cases per million
adults and prevalence up to 26-100 per million adults.4,5 The
morbidity and mortality remain significant and early diagnosis
and treatment are essential. This document is targeted at cli-
nicians and intended to: (1) provide a framework for screening
and diagnosis of PH; and (2) highlight the current approach to
PHmanagement in Canada, including specifically PAH as well
as other types of PH.
1.1 Idiopathic PAH
1.2 Heritable PAH
1.3 Drug- and toxin-induced PAH
1.4 PAH associated with:

1.4.1 Connective tissue disease
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease
1.4.5 Schistosomiasis

1.5 PAH long-term responders to calcium channel blockers
1.6 PAH with overt features of venous/capillaries (PVOD/PCH)

involvement
1.7 Persistent PH of the newborn syndrome

Group 2: PH due to left heart disease
2.1 PH due to heart failure with preserved LVEF
2.2 PH due to heart failure with reduced LVEF
2.3 Valvular heart disease
2.4 Congenital/acquired cardiovascular conditions leading to postcapillary

PH
Group 3: PH due to lung diseases and/or hypoxia
3.1 Obstructive lung disease
3.2 Restrictive lung disease
3.3 Other lung disease with mixed restrictive/obstructive pattern
3.4 Hypoxia without lung disease
3.5 Developmental lung disorders

Group 4: PH due to pulmonary artery obstructions
Methods
This statement was initiated by CCS members, and the

senior authorship group assembled experts from major centres
across Canada with representation from the Canadian
Thoracic Society and CCS clinicians experienced in the
treatment of patients with PH. Literature was reviewed by
individuals who authored each section, and the primary panel
had editorial input into each section. The Grading of Rec-
ommendations, Assessment, Development, and Evaluation
scale was used for rating the strength of recommendations and
the quality of evidence (http://ccs.ca/en/guidelines/
development-process). A consensus was reached for each
recommendation using an iterative voting process.6 Feedback
was incorporated after the document was reviewed by the
secondary panel, the CCS Guidelines Executive Committee,
and the Canadian Thoracic Society (Pulmonary Vascular
Disease Clinical Assembly, Canadian Respiratory Guidelines
Committee, Executive Committee). Formatting of the docu-
ment conforms to CCS standards.
4.1 Chronic thromboembolic PH
4.2 Other pulmonary artery obstructions

Group 5: PH with unclear and/or multifactorial mechanisms
5.1 Hematological disorders
5.2 Systemic and metabolic disorders
5.3 Others
5.4 Complex congenital heart disease

LVEF, left ventricular ejection fraction; PAH, pulmonary arterial hyper-
tension; PCH, pulmonary capillary hemangiomatosis; PH, pulmonary hy-
pertension; PVOD, pulmonary veno-occlusive disease.

Reproducd from Simonneau et al.3 under Creative Commons
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0).
Diagnosis
The evaluation of suspected PH requires a detailed history

and physical examination along with integration of several key
diagnostic tests, including cardiac catheterization. Dyspnea is
the earliest but a nonspecific symptom of PH. Later symptoms
and signs can include syncope, angina, and peripheral edema.
Algorithms for the work-up of PH (Fig. 1) are extensively dis-
cussed elsewhere.7-9 Briefly, echocardiography establishes the
initial probability of PH. A multimodality assessment
integrating several additional testsdincluding electrocardiog-
raphy, pulmonary function tests, and chest imaging enables the
classification of PH. The ventilation/perfusion (V/Q) scan re-
mains the most sensitive test to rule out CTEPH.10
http://guide.medlive.cn/
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Figure 1. An algorithm for the work-up of pulmonary hypertension (PH). ABG, arterial blood gas; CHD, congenital heart disease; CT, computed
tomography; CTD, connective tissue disease; CTEPH, chronic thromboembolic pulmonary hypertension; DLCO, diffusion capacity of the lung for
carbon monoxide; ECG, electrocardiogram; HR-CT, high-resolution computed tomography; mPAP, mean pulmonary artery pressure; PA, pulmonary
angiography; PAH, pulmonary arterial hypertension; PAWP, pulmonary arterial wedge pressure; PCH, pulmonary capillary hemangiomatosis; PEA,
pulmonary endarterectomy; PFT, pulmonary function testing; PVOD, pulmonary veno-occlusive disease; PVR, pulmonary vascular resistance; RHC,
right heart catheter; RV, right ventricle; V/Q, ventilation/perfusion; WU, Wood unit; x-ray, chest radiograph. Modified from Haddad et al.8 with
permission from Elsevier.
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Figure 2. Canadian pulmonary hypertension (PH) centres. CTEPH, chronic thromboembolic pulmonary hypertension.
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Coordinated care of PH patients in a specialized centre
provides several advantages including the development of
expertise and fostering of research on this rare disease.11 The
clinical care of PH is highly resource-intensive. There is
Figure 3. Echocardiography for evaluation and prognostication in pulmonary
ventricular enlargement. (B) Measurement of right ventricular strain. (C) Para
(D) Midsystolic notching of the pulmonary outflow velocity. (E) Measurement
jet. (F) Subcostal view showing dilation of the inferior vena cava.
universal recognition that the best clinical care is delivered by
highly experienced multidisciplinary teams rather than iso-
lated practitioners with limited experience in treating PH.12

The delivery of PH care in Canada has evolved into focused
hypertension. (A) Apical 4-chamber view showing right atrial and right
sternal short axis view showing a shift of the interventricular septum.
of pulmonary artery systolic pressure from the tricuspid regurgitation
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Figure 4. Technical considerations in right heart catheterization. (A) Appropriate positioning of pressure transducer at midchest height. (B)
Measurement of wedge pressure at end expiration.

RECOMMENDATION

1. We recommend transthoracic echocardiography for
initial assessment of all patients with clinically sus-
pected PH or unexplained dyspnea (Strong Recom-
mendation, Moderate-Quality Evidence).

2. We recommend a complete echocardiographic assess-
ment when PH is suspected, including estimation of
sPAP using the TRV jet, measurement of inferior vena
cava size, and degree of inspiratory collapse, as well as
assessment of “secondary” signs of PH, such as RA or
right ventricular (RV) enlargement, RV hypertrophy,
septal flattening, and RV dysfunction (Strong Recom-
mendation, Moderate-Quality Evidence).
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clinical centres primarily located at academic institutions.
Currently, there are 22 centres that facilitate the assessment,
diagnosis, and therapy of children and adults with PH in their
respective clinical catchment areas (see Fig. 2 and https://
phacanada.ca/Living-with-PH/PHCentres). Although such
care is principally delivered directly, the advent of telemedicine
provides a more convenient option for follow-up of patients
located in remote regions of Canada, especially when it can
complement the care from local nonspecialist providers.

In the following sections we discuss the role of selected PH
testing that is often interpreted by cardiologists.

Echocardiography

Echocardiography is the most common cardiac imaging
test used in the evaluation of dyspnea; it can identify clinically
significant PH, indicate pre- vs postcapillary etiology, and
provide prognostic information (Fig. 3).

Echocardiography for identification of PH. Systolic pul-
monary artery pressure (sPAP) is estimated using the
simplified Bernoulli equation from the tricuspid regurgita-
tion jet velocity (TRV) and estimated right atrial (RA)
pressure, and is well established in the screening for PH.13

Nonsimultaneous echocardiography vs right heart catheter-
ization (RHC) studies have shown significant discrepancy
among these modalities, particularly at high pulmonary
artery pressure (PAP), and estimation of RA pressure ac-
cording to inferior vena cava size and collapsibility is
sometimes inaccurate.14,15 A TRV of > 2.8 m/s or esti-
mated sPAP of > 35 mm Hg suggests possible PH. Mean
PAP can be estimated using echocardiograph-determined
sPAP and simple validated correlation methods, but this
must still be confirmed using RHC.16-20
http://guide.medlive.cn/
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Practical tip. Each laboratory should follow echocardio-
graphic guidelines13 for standardization of imaging and
interpretation techniques to minimize variability and improve
accuracy.

Echocardiography for classification of PH. Echocardiog-
raphy can help distinguish precapillary from postcapillary PH
and provide insights into mixed etiologies. The presence of
left heart disease such as left ventricular hypertrophy, systolic
or diastolic dysfunction, aortic or mitral valvular disease, and
indexed left atrial volume are strong predictors of postcapillary
PH.21,22 A severely dilated and remodelled right ventricle,
notching of the RV outflow tract Doppler flow profile (Fig.
3D) and absence of the previously described left-sided pa-
thology suggest a precapillary etiology. Agitated saline contrast
and/or transesophageal echocardiography should be routinely
performed to rule out shunt in the setting of enlarged right
heart chambers or suspected significant PH.
RECOMMENDATION

3. We recommend transthoracic echocardiography in all
PH patients to detect any abnormality of left-sided
chambers or valves, which can indicate the possibility
of postcapillary PH (Strong Recommendation,
Moderate-Quality Evidence).

RECOMMENDATION

5. We recommend annual echocardiography and mea-
surement of lung diffusing capacity for carbon mon-
oxide to screen for PH in all patients with scleroderma
(Strong Recommendation, Low-Quality Evidence).

6. We recommend echocardiography to screen for PH in
all patients with portal hypertension being assessed for
Echocardiographic prognosticators in patients with PH.
Prognosis for PH depends on the ability of the right ventricle
to adapt to the greater load imposed by elevated PAP.
Echocardiographic measures of RV systolic function include
measurements of basal function (tricuspid annular plane sys-
tolic excursion and S’), regional function (RV free wall strain),
and global function (RV ejection fraction using 3D echocar-
diography, RV index of myocardial performance, and frac-
tional area change). RV free wall strain using speckle tracking
appears to strongly predict outcomes.23-26 Other echocardio-
graphic parameters that predict outcome include the presence
of a moderate or large pericardial effusion, RA area, and
severity of tricuspid regurgitation.27-31
RECOMMENDATION

4. We recommend that PH patients should have baseline
and follow-up echocardiograms that measure systolic
PAP, RA size, tricuspid regurgitation severity, and
presence/severity of pericardial effusion. Additionally,
indices of RV systolic function should be assessed using
tricuspid annular plane systolic excursion, S’, or RV
index of myocardial performance, with free wall strain
using 2-dimensional speckle tracking being a recom-
mended method in laboratories with suitable equip-
ment and expertise (Strong Recommendation,
Moderate-Quality Evidence).
Recognizing PAH in high-risk groups

Patients with connective tissue disease (especially sclero-
derma), HIV,32 congenital heart disease (CHD), portal hy-
pertension, and carriers of PAH-associated genetic mutations,
have a higher prevalence of PAH than the general population
and might be appropriate for consideration of targeted
screening. The Evidence-Based Detection of Pulmonary
Arterial Hypertension in Systemic Sclerosis (DETECT) study
included 644 patients with a diagnosis of scleroderma for > 3
years and diffusion capacity of the lung for carbon monoxide
< 60%, because impaired diffusing capacity can be an early
marker of pulmonary vascular disease; it correlates with
functional parameters, and when abnormal is associated with
worse prognosis.33 This algorithm involved the assessment of
8 variables in a 2-step decision tree, improving the sensitivity
of identifying PAH from 71% to 96%.34,35 Interstitial lung
disease, coronary disease and left ventricular diastolic
dysfunction associated with scleroderma should be considered
when screening for PAH because these entities can cause
similar symptoms.36,37

Although the prevalence of PAH associated with HIV
infection is only 0.5%, echocardiography should be consid-
ered in such patients with unexplained dyspnea or multiple
risk factors for HIV-PAH.7,38 Screening echocardiography in
CHD patients should also be performed at centres with adult
CHD expertise, because nearly 10% of these patients might
have PAH.7,39 Portopulmonary hypertension is associated
with poor prognosis in the absence of medical therapy, with
some studies suggesting 5-year survival to be as low as
14%.40,41 Liver transplantation is contraindicated in patients
with a moderate to severe degree of portopulmonary hyper-
tension because the prognosis worsens with the severity of
PH. Echocardiographic screening in liver transplant candi-
dates has been shown to have a sensitivity and specificity of
97% and 77%, respectively.42-44
liver transplantation (Strong Recommendation, Low-
Quality Evidence).
Right heart catheterization

Cardiac catheterization is essential to evaluate PH and
cannot be replaced by noninvasive imaging. A normal echo-
cardiogram does not exclude postcapillary PH related to left
heart disease.45,46 RHC also enables acute vasodilator testing,
typically with inhaled nitric oxide (NO), to identify acutely
vasoresponsive PAH. This condition is distinct from other
types of PAH and has a unique treatment approach discussed
in the management section.

Historically, PAH diagnosis has required a mean PAP
� 25 mm Hg, a wedge pressure of � 15 mm Hg, and a
http://guide.medlive.cn/
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pulmonary vascular resistance (PVR) > 3 Wood units.33

However, recently a lower mean PAP cutoff of > 20 mm
Hg (with PVR > 3 Wood units) has been recommended.3

Mean PAP elevation to this degree is already 2 SDs above
the normal mean of 14 mm Hg, and is associated with worse
clinical outcomes in many types of PH.47-50

RHC for PH requires rigourous standardization, should be
tailored to the individual patient, and performed in high-
volume expert PH centres. This minimizes measurement er-
rors, which can alter the classification of PH and the choice of
therapy, as well as repeat testing, which causes inconvenience
and risk to the patient.
RECOMMENDATION

7. We recommend RHC in all patients with suspected
PAH or CTEPH to confirm the hemodynamic diag-
nosis of precapillary PH and to assess the severity of PH
(Strong Recommendation, Moderate-Quality
Evidence).

8. We recommend RHC in PH patients be performed
only in centres with technical expertise and experience
to accurately assess cardiopulmonary hemodynamics
and to diagnose and appropriately classify the cause of
PH (Strong Recommendation, Low-Quality Evidence).

9. We suggest CMR imaging in PAH patients when
accessible to assess right ventricle size and function to
help guide management (Weak Recommendation,
Moderate-Quality Evidence).
Practical tip. See Table 2: Technical considerations for
RHC.
Cardiac magnetic resonance

Cardiac magnetic resonance (CMR) imaging provides the
most accurate assessment of right ventricle size and function
and is an attractive imaging modality for the serial assessment
of PH because it is noninvasive and does not use ionizing
radiation. CMR has been used to predict mean PAP, cardiac
output, wedge pressure, and PVR with accuracy.58-60

Although studies have shown promise in differentiating pre-
capillary from postcapillary PH, the data were derived from
small, single-site experiences and many have lacked validation
Table 2. Technical considerations for right heart catheterization

Reference level The choice of reference level can lead to subst
approximating the level of the left atrium.51

Wedge pressure Mean PAP may be determined at end-expiration
lung disease, respiratory swings in intrathora
Computer-derived mean pressure measurem
30% of patients.52,53 We recommend pressu
of traces containing several respiratory cycles

When a reliable assessment of pulmonary arteria
left heart catheterization to obtain a left ven
etiologies of PH are being considered

Cardiac output Although most accurate, the direct Fick estimat
TD and indirect Fick methods. They correl
Because TD correlates better with RV funct

Additional manoeuvres � Vasodilator challenge is essential in the hemo
� Saline loading during catheterization might
� Catheterization with exercise might identify
� A shunt run can also help to identify left-to

PA, pulmonary angiography; PAH, pulmonary arterial hypertension; PAP, pulmo
thermodilution;
cohorts. Larger studies are needed before CMR can be
considered as an alternative to RHC for the diagnosis of PH.

The role of CMR in the prognostication of PAH is better
established. A recent meta-analysis has shown RV ejection
fraction to be a strong predictor of mortality, along with RV
volumes.61 RV measures on CMR also predict favourable
treatment responses62 and late disease progression.63 Recently,
parameters of RA function have been associated with PH
prognosis.64,65
Practical tip. At present, CMR is best used as a second-
line imaging test for difficult PH cases or for the assessment
of concurrent adult CHD. There are insufficient data to
recommend it for routine serial assessment.
Approach to Management of PAH
A diagnosis of PAH is reached by excluding the more

commonly seen PH due to left heart disease, lung disease, and
CTEPH. Risk stratification using a combination of clinical,
hemodynamic, and imaging features such as functional class,
6-minute walk test distance, brain natriuretic peptide levels,
and cardiac index helps to prognosticate at the time of diag-
nosis and is essential to guide management and follow-up
(Table 3). In this section we discuss specific issues sur-
rounding the management of PAH followed by a brief dis-
cussion of management of PH due to left heart and lung
disease.

Supportive measures

After a definitive diagnosis, all PAH patients should be
provided disease-specific education, psychosocial support, safe
physical activity though structured rehabilitation programs,66
antial variability in measured pressures, with mid-thoracic height best
See Figure 4A
, or with a mean throughout the respiratory cycle. With obesity or obstructive
cic pressure can be substantial, affecting interpretation of the hemodynamics.
ents instead of end-expiratory pressures can change PH classification in 25%-
re measurement at end expiration. Values should be taken using examination
and not the automatic digital estimation by recording devices. See Figure 4B
l wedge pressure is not possible, consideration should be given to performing a
tricular end diastolic pressure. This is particularly important when mixed

ion of cardiac output is rarely feasible. The commonly used techniques are the
ate with direct Fick, but the agreement between methods is only fair.54,55

ion and mortality, it should be used56,57

dynamic evaluation of suspected idiopathic, heritable, and drug-induced PAH
unmask left heart disease
early pulmonary vascular disease
-right shunts that might not have been detected noninvasively

nary artery pressure; PH, pulmonary hypertension; RV, right ventricular; TD,
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Table 3. Measures to consider in risk stratification of pulmonary
arterial hypertension patients

Parameter Low risk
Intermediate

risk High risk

WHO/NYHA functional class I-II III IV
Clinical right heart failure Absent Absent Present

Syncope No Occasional Repeated
Symptom progression No Slow Rapid

Six-minute walk distance, m > 440 165-440 < 165
NT pro-BNP, ng/mL or BNP, ng/L < 300 300-1400 > 1400

< 50 50-300 > 300
RAP, mm Hg < 8 8-14 > 14
CI, L/min/m2 >2.5 2.0-2.4 <2.0
SvO2 > 65% 60%-65% < 60%
Echo/CMR RA area, cm2 < 18 18-26 > 26

Pericardial effusion None None or
minimal

Present

CPET peak VO2, mL/min/kg > 15 11-15 < 11
VE/VCO2 slope < 36 36-45 > 45

BNP, brain natriuretic peptide; CI, cardiac index; CMR, cardiac
magnetic resonance; CPET, cardiopulmonary exercise test; Echo, echo-
cardiography; NT pro-BNP, N-terminal pro-brain natriuretic peptide;
NYHA, New York Heart Association; RA, right atrial; RAP, right atrial
pressure; SvO2, mixed venous oxygen saturation; VE/VCO2, ventilatory
equivalents for carbon dioxide; VO2, oxygen consumption; WHO, World
Health Organization.

Adapted from Galie et al.83 with permission from Oxford University
Press.

RECOMMENDATION

13. We suggest systemic anticoagulation with warfarin in
selected PAH patients (idiopathic PAH [IPAH], her-
itable PAH [HPAH], drug- and toxin-induced
[DPAH]) in the absence of elevated bleeding risk
(Weak Recommendation, Low-Quality Evidence).
We recommend against systemic anticoagulation in
patients with PAH associated with connective tissue
disease, CHD, portal hypertension, and HIV (Strong
Recommendation, Low-Quality Evidence).
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and contraception. Supportive medical therapy includes
carefully titrated diuretics to reduce fluid overload, and long-
term oxygen therapy for resting or exertional hypoxemia.
RECOMMENDATION

10. We recommend general supportive (education, psy-
chosocial support, contraception) measures in all PAH
patients to improve understanding and self-
management (Strong Recommendation, Low-
Quality Evidence).

11. We recommend supervised exercise rehabilitation be
considered in PAH patients to improve functional
capacity and health-related quality of life (HRQoL;
Strong Recommendation, Moderate-Quality
Evidence).

12. We suggest general medical therapeutic measures
(diuretics for volume overload, and oxygen for resting
hypoxemia) in all PAH patients (Weak Recommen-
dation, Low-Quality Evidence).

RECOMMENDATION

14. We recommend acute vasodilator testing (with
inhaled NO, intravenous [I.V.] epoprostenol or
adenosine) in selected PAH patients (IPAH, HPAH,
DPAH) (Strong Recommendation, Low-Quality Ev-
idence). Marked vasodilator responsiveness (decrease
in mean PAP � 10 mm Hg to < 40 mm Hg and
stable/increased cardiac output) identifies a subgroup
of patients more likely to respond to high-dose CCBs,
which should be initiated in PH expert centres
(Strong Recommendation, Low-Quality Evidence).
Anticoagulation

There is evidence for pulmonary arterial in situ thrombosis
in patients with PAH, and therefore anticoagulation might be
of benefit.67 However, no randomized controlled trials
(RCTs) have addressed this, and registry data have raised
questions regarding this practice.68 Anticoagulation with
warfarin (international normalized ratio 2-3) is recommended
in selected PAH patients, such as those with central venous
catheters, without significant bleeding risk.69 These
recommendations do not address the patient who might have
another indication for systemic anticoagulation (outside of
PAH). There are no studies to support the use of direct oral
anticoagulants in patients with PAH, but they might be
acceptable in patients who show intolerance or unsafe vari-
ability with warfarin.
Calcium channel blockers

Acute vasodilator testing remains essential to identify the
10%-15% of selected PAH patients (IPAH, HPAH, or
DPAH) who have a marked short-term hemodynamic
improvement that predicts a high likelihood of long-term
response to treatment with high doses of calcium channel
blockers (CCBs; amlodipine or diltiazem).70,71 These pa-
tients have > 95% survival over 5 years, but high-dose CCB
treatment can be dangerous in nonvasoreactive patients and
is contraindicated. Patient selection for high-dose CCB
vasodilator therapy requires careful clinical and hemody-
namic assessment and should only be done in a PH expert
centre. Moreover, regular clinical and hemodynamic follow-
up in expert centres are required to confirm a strong ther-
apeutic response and the achievement of a low-risk clinical
status.
PAH-targeted medications available in Canada

The range of PAH-targeted medications has evolved sub-
stantially in the past 2 decades. Ten Health Canada-approved
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agents are available, supported by a large body of evidence
showing short- and long-term benefits in clinically important
outcomes such as improved exercise capacity, reduced disease
progression, and improved survival.4,72,73 Although long-term
registry data support improved survival since the introduction
of these therapies, only 1 agent has been associated with a
survival benefit in the context of an RCT.74

Advances in the understanding of PAH pathophysiology
have implicated 3 key pathways that are targeted by currently
available medications: the prostacyclin, endothelin, and NO
pathways.

Prostacyclin pathway. Patients with PAH have deficient
levels of prostacyclin. The first and most effective drug
approved by Health Canada to treat PAH was epoprostenol, a
prostacyclin analogue with a short half-life requiring contin-
uous I.V. administration.74 This therapy can be a burden for
patients, who must aseptically reconstitute the drug, manage
an indwelling central venous catheter and delivery system, and
deal with multiple side effects. Because of their complexity,
many patients are not candidates for parenteral prostanoid
infusions, and typically only expert centres have the necessary
experience, expertise, and nursing support required to safely
manage these treatments. Selexipag, the newest oral PAH-
targeted medication, is a nonprostanoid prostacyclin recep-
tor agonist active on the prostacyclin pathway.75 Agents in
this class are typically uptitrated on the basis of adverse effects
(Table 4) to the highest tolerable dose.

Endothelin receptor antagonists. PAH is associated with
elevated levels of endothelin-1, a potent vasoconstrictor and
mitogen. Three oral endothelin receptor antagonists (ERAs)
are available that target this pathway (Table 4).76-78 Some
ERA therapy requires regular monitoring of liver enzymes and
hemoglobin levels, because of risks of hepatotoxicity and
anemia.

NO-cyclic GMP pathway. Deficiency of endogenous NO in
patients with PAH can be addressed by 2 families of medica-
tion: (1) phosphodiesterase type-5 inhibitors (PDE-5i),79,80

which target the downstream signalling pathway by reducing
the breakdown of cyclic guanosine monophosphate (cGMP);
and (2) soluble guanylate-cyclase stimulators (sGCs), which
increase the production of cGMP. Riociguat, an sGC stimu-
lator, is indicated to treat PAH and CTEPH patients81,82 and
requires careful uptitration over approximately 8 weeks.
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Risk-Based Assessment and Treatment
Strategies

All patients with symptomatic (New York Heart Associ-
ation functional classification [NYHA FC] II-IV) PAH
should be treated with PAH-targeted medications to reduce
symptoms, improve functional capacity, and to delay pro-
gression of PAH, hospitalization, and death. The initial
choice of therapy depends on the severity of PAH and RV
dysfunction at diagnosis, as well as other individual patient
factors, such as cause of PAH, comorbid illnesses, concom-
itant medications, as well as expected tolerance of known side
effects.83
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RECOMMENDATION

15. We recommend that all PAH patients be assessed in a
recognized PH centre to confirm the diagnosis, direct
institution of PH-targeted therapies, and evaluate the
response to treatment (Strong Recommendation,
Low-Quality Evidence).

16. We recommend initial oral monotherapy (ERA, PDE-
5i, or sGCs) only in low-risk (Table 3) treatment-
naive PAH patients (Strong Recommendation,
High-Quality Evidence).

17. We recommend initial dual oral combination therapy
in intermediate-risk treatment-naive PAH patients
(Strong Recommendation, High-Quality Evidence).

18. We recommend initial combination therapy including
I.V. epoprostenol in high-risk patients who are can-
didates for such therapies (Strong Recommendation,
Low-Quality Evidence). We suggest initial combina-
tion therapy including I.V./subcutaneous treprostinil
in high-risk PAH patients who are candidates for such
therapies (including NYHA FC IV; Weak Recom-
mendation, Low-Quality Evidence).

19. We recommend regular reassessment of all PAH pa-
tients using a panel of measures (clinical, functional,
hemodynamic, and/or right ventricle size/function
[Table 3]; Strong Recommendation, Low-Quality
Evidence).

986 Canadian Journal of Cardiology
Volume 36 2020
Recent studies have shown that patient-specific risk
stratification using a panel of clinical and hemodynamic
variables at baseline and follow-up within 1 year of treat-
ment best predicts survival.84-88 These variables reflect
symptoms, exercise capacity, and right heart function
(Table 3). Current treatment paradigms focus on achieving
a low-risk status defined by a combination of these prog-
nostic parameters.89 Not all parameters are routinely
repeated serially and might not be available at all centres
(eg, cardiopulmonary exercise testing), but a subset can be
used, and there are several approaches as to how to
combine the most practically obtained measures to guide
management.84-87,89

Historically, monotherapy with an oral agent has been the
first-line approach, but this remains acceptable only in
selected low-risk patients. The standard of care is combination
PAH-targeted medical therapy for most PAH patients,44,83

and upfront or initial dual oral combination is now recom-
mended for most patients.89,90 Patients with high-risk features
including NYHA FC IV should be considered for parenteral
prostanoid therapy.

Regardless of the choice of therapy, regular, compre-
hensive re-evaluation and risk stratification of individual
patients, with the involvement of a PH centre, is essential
for optimal outcomes. Lack of adequate response to any
PH-targeted therapy indicates a high risk for progression,
complications, and poor clinical outcomes. Achieving and
maintaining a low-risk profile is the most important goal
of treatment, and in its absence, intensification of
therapy and/or consideration of lung transplantation is
indicated.
Limitations to Access and Therapy
Canadian patients generally have access to required

PAH-targeted medications through private insurance or
provincial/territorial government funding. However, there
are disparities among provincial formularies, and
increasing restrictions in private insurance coverage. Ac-
cess to macitentan, riociguat, and selexipag is currently
limited despite Health Canada approval, because many
provinces have not approved funding for these important
treatment options.

Most Canadian patients can be treated with dual com-
bination PAH-targeted therapy if required, but access
mechanisms vary according to province, commonly Special
Authorization programs. There is limited access to triple
combination therapy at present. The high costs of targeted
therapies are a significant barrier and have led to efforts to
limit them, including the Canadian Agency for Drugs and
Technologies in Health report in 2015.91 However, recent
studies that show the survival benefit in patients who
achieve low-risk features86,87,92 underline the importance
of focusing treatment strategies on patient-specific param-
eters rather than an approach that emphasizes the lowest
cost.

Most provinces limit prescribing of PAH-targeted medi-
cations to PH expert centres. Although this might restrict
inappropriate use of these expensive medications, it can be a
barrier for patients living outside of the urban areas where
expert centres are located.
Practical tip. See Table 5 for practical tips for PAH
medical therapy
Which PH Patients Should Not Be Treated With
PAH-targeted Medications?

PH due to left heart disease (group II PH)

There is no evidence to support the use of PAH targeted
therapies in patients with group II PH due to left heart
disease.

Management options for group II PH need to address the
left-sided cardiac dysfunction (ventricular systolic, diastolic,
and valvular abnormalities) as well as the elevation in left sided
filling pressures/pulmonary venous congestion that results.
Percutaneous valve interventions such as MitraClip (Abbott,
Abbott Park, IL)93,94 and transcatheter aortic valve implan-
tation95 as well as cardiac resynchronization therapy96 can
reduce group II PH severity. Left ventricular assist devices
(LVADs) are frequently used to reduce PH severity in patients
being considered for heart transplantation.97-99 One of the
most important goals is optimization of volume status. PA
pressure-guided changes in diuretics and vasodilators can
reduce heart failure (HF) hospitalization100 in patients with
HF with reduced and preserved ejection fraction.101

PAH-targeted therapies have been associated with systemic
hypotension, fluid retention, and pulmonary edema as well as
increased mortality when left heart disease is present.102 Many
trials are limited by patient heterogeneity, lack of specific
criteria for PH at study entry, and variability in drug strategy
or dose.103 Of the several classes of medication that have
http://guide.medlive.cn/
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Table 5. Practical tips for PAH medical therapy

Initial/combination therapy No head-to-head trials or other data support any specific initial choice of therapy
There are no reliable factors that predict the likelihood of an individual PAH patient responding to any specific individual or
combination of PH-targeted medical therapies

The use of ambrisentan with tadalafil in upfront combination therapy is supported by a randomized controlled trial.90 Other
initial therapeutic combinations can be considered, but are less well supported by clinical evidence

Most combinations of the 4 classes of drugs are acceptable, except the combination of PDE-5i and sGCs which is
contraindicated because of the risk of systemic hypotension

Follow-up Regular comprehensive reassessment of all PAH patients is required to assess response to therapy and establish individual risk
for poor clinical outcomes (worse functional status, hospitalization, need for transplantation, or death)

Reassessment should occur within 3-4 months of institution of initial therapy or any change in therapy. In PAH patients who
achieve low-risk status, reassessment could be every 6-12 months, depending on geographic access to the PH expert centre

Risk assessment The definitions of low, intermediate, and high-risk patient profiles include a combination of measures that appear in Table 3.
There are various approaches on the parameters that should be included and how to weight each parameter84-89

After initial PH-targeted therapy, patients who improve to low-risk status upon reassessment can safely continue their
individual current maintenance therapy

PAH, pulmonary arterial hypertension; PDE-5i, phosphodiesterase type-5 inhibitor; PH, pulmonary hypertension; sGC, soluble guanylate-cyclase stimulator.
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shown consistently negative results, NO pathway agents show
some promise in safety and efficacy. Oral PDE-5i medications
have strong selectivity for the cGMP pathway in the pulmo-
nary circulation, and have shown mixed results in left heart
disease. Benefits have been seen in in patients with left
HF,104-107 and acutely in patients after cardiac transplantation
or LVAD implantation.108-112 However, worse HRQoL and
increased risk of hospitalization was shown with PDE-5i use
in patients with PH after left-sided valve surgery.113
RECOMMENDATION

20. We recommend that the management of patients with
group II PH should focus on efforts to optimize
ventricular filling pressures and treat the underlying
causes of and contributors to left heart disease (Strong
Recommendation, Low-Quality Evidence).

RECOMMENDATION

22. We recommend against routine RHC and against the
use of PAH-targeted therapy in patients with mild-
moderate World Health Organization group III PH
in the absence of RV failure (Strong Recommenda-
Practical tip. Comorbid conditions often accompany
group II PH (sleep apnea, obesity, hypertension, or diabetes)
and should be addressed and managed in parallel.
RECOMMENDATION

21. We recommend against the routine use of PAH-targeted
therapies in patients with group II (post-capillary) PH
(Strong Recommendation, Low-Quality Evidence).

tion, Moderate-Quality Evidence).
23. We suggest that patients with moderate-severe World

Health Organization group III PH (and/or features of
RV failure) be referred to a PH centre (Strong
Recommendation, Low-Quality Evidence).
Practical tip. The use of pulmonary vasodilator therapy in
select short-term scenarios such as post LVAD or cardiac
transplantation PH should only be done in centres with sig-
nificant expertise. Patients with group II PH who have a
significant precapillary component and/or significant right HF
should be evaluated in an expert PH centre for further diag-
nosis and treatment strategies.

PH due to lung disease and/or hypoxia (group III PH)

PH in general can be aggravated by the presence of signifi-
cant hypoxemia. PH can also be a complication ofmany types of
lung disease, including obstructive disease (eg, chronic
obstructive pulmonary disease), interstitial lung disease, and
sleep-disordered breathing. In particular, combined pulmonary
fibrosis and emphysema as well as obesity hypoventilation
syndrome commonly cause PH, which is associated with worse
functional capacity, worse hypoxemia, and shorter survival.114

Published experience with PAH-targeted drugs is scarce,
and there is no evidence for improved clinical outcomes with
these drugs in patients with group III PH. A potential risk of
pulmonary vasodilators is worsening V/Q matching and thus
worsening hypoxemia.

Currently there is no specific therapy for group III PH apart
from optimal management of the underlying lung disease.
However,moderate-severe PH/RV failure is unlikely to be a result
ofmild lung disease; in this scenario, other potential causes such as
left heart disease, CTEPH, or PAH should be considered.
Diagnosis and Management of CTEPH
(Group IV PH)

CTEPH is one of the most important causes of PH,
because it is common, treatable, and curable with pulmonary
endarterectomy (PEA). A small proportion (1%-4%) of sur-
vivors of acute PE develop CTEPH, although a significant
proportion (30%-50%) of CTEPH patients have no history of
documented pulmonary embolism (PE). Treatment with
lifelong anticoagulation alone is associated with poor survival,
estimated at 10% at 3 years in one study.115-117

The presence of dyspnea or exercise intolerance post acute
PE should trigger consideration of CTEPH. In patients with
unexplained PH, initial V/Q scanning is a sensitive test to
help exclude CTEPH.118,119
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PEA requires cardiopulmonary bypass with deep hypo-
thermic circulatory arrest and is now associated with a mor-
tality of 1%-2%.120 Less than one-third of CTEPH patients
are ineligible for PEA, largely because of either predominantly
surgically inaccessible “distal” disease, or because of prohibi-
tive comorbidities. The assessment of operability and de-
cisions regarding other treatment strategies are best made by a
multidisciplinary team of experts including an experienced
PEA surgeon.

There is evidence to support the use of PAH-targeted
medications in CTEPH patients. Riociguat is indicated for
the treatment of symptomatic patients with CTEPH,
including inoperable CTEPH and residual/recurrent CTEPH
post-PEA.82 Macitentan has also been shown to have benefit
in inoperable patients.121

Literature describing the efficacy of balloon pulmonary
angioplasty has recently emerged, with low complication rates
at experienced centres.122,123 Lung transplantation is an op-
tion for CTEPH patients ineligible for PEA or who develop
residual/recurrent post-PEA PH and have no other
contraindications.
RECOMMENDATION

24. We recommend that patients with residual dyspnea or
exercise intolerance after at least 3 months of uninter-
rupted anticoagulation post acute PE be assessed for
CTEPH with echocardiography and V/Q lung scan
(Strong Recommendation, Low-Quality Evidence).

25. We strongly recommend that the possibility of
CTEPH be assessed with initial V/Q scanning in
patients being evaluated for PH (Strong Recommen-
dation, Low-Quality Evidence).

26. We recommend that all potential CTEPH patients be
referred to a local expert PH centre for establishment
of a formal diagnosis of CTEPH and assessment for
the most appropriate treatment (Strong Recommen-
dation, Moderate-Quality Evidence)

27. We strongly recommend that all CTEPH patients be
evaluated for PEA in consultation with a PEA centre
(StrongRecommendation,Moderate-Quality Evidence).

28. We recommend treatment with riociguat monotherapy
in all patients with symptomatic inoperable or residual/
recurrent CTEPH post-PEA (Strong Recommendation,
Moderate-Quality Evidence). We do not currently
recommend for or against combination PH-targeted
medical therapy in CTEPH patients.

29. We suggest CTEPH patients who are ineligible for or
decline PEA be considered for balloon pulmonary angio-
plasty (Weak Recommendation, Low-Quality Evidence).

RECOMMENDATION

30. We recommend that PH patients (especially PAH and
CTEPH) with persistent severe PH (NYHA FC III or
IV, and/or RV failure) despite maximal medical
therapy be referred for lung transplantation assess-
ment (Strong Recommendation, Moderate-Quality
Evidence).

31. We suggest that PH patients with refractory RV
failure and/or hemodynamic instability be considered
for extracorporeal life support as a “bridge” to defin-
itive PH therapy (Weak Recommendation, Moderate-
Quality Evidence).
Practical tips.
� Either planar or single-photon emission computed
tomography or nuclear V/Q scan are acceptable mo-
dalities to screen for CTEPH.

� A normal perfusion (Q) scan effectively rules out the
possibility of CTEPH.

� A negative computed tomography pulmonary angio-
gram does not effectively rule out CTEPH.
� Macitentan improved hemodynamics and functional
capacity in inoperable CTEPH patients in a phase II
placebo-controlled RCT,121 but is not yet Health
Canada-approved for this indication.

� Low-quality evidence suggests a possible benefit of other
PAH-targeted medications (I.V. epoprostenol, subcu-
taneous treprostinil, oral bosentan, oral sildenafil).124
Lung Transplantation for PH
Transplantation remains a final treatment option for many

PH patients. Because of the potential delays in assessment and
eventual transplantation, referral should be considered for all
PAH and CTEPH patients with progressive disease despite
maximal therapy, or those who begin I.V./subcutaneous
prostanoid infusion treatment. Bilateral lung transplantation is
the procedure of choice for PAH and CTEPH whereas heart-
lung transplantation is usually reserved for patients with CHD
not amenable to surgical correction.

Modalities such as venoarterial extracorporeal membrane
oxygenation and centrally cannulated pumpless devices
(Pulmonary Artery-to-Left Atrial [PALA] Novalung; Fresenius
Medical Care, Waltham, MA) have been used successfully
to bridge patients to lung transplantation and early consul-
tation with a specialized centre should be sought for rapidly
deteriorating patients. Balloon atrial septostomy is not
routinely performed in Canada, but is a surgical option for
palliating patients with RV failure who are not transplant
candidates.
Summary
Significant progress has been made in the landscape of PH

diagnosis and management in Canada, however prognosis
remains poor for many patients and challenges remain.
Referral to a PH centre of excellence is essential when a
diagnosis of PAH is suspected, or when the etiology of PH
cannot be confirmed with initial investigations. Management
is now focused on early diagnosis and a goal-directed approach
to achieve a low-risk profile in each patient, which optimizes
HRQoL and delays progression. More patients are being
aggressively treated with multiple drugs across the 3 thera-
peutic pathways, with improved survival and better clinical
outcomes. At present, there are currently 10 drugs approved
for use by Health Canada, however, access to these therapies is
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not consistent across provinces, and unfortunately the choice
of therapy can be constrained by funding limitations. PAH-
targeted medications are not recommended for patients with
PH secondary to underlying cardiac or pulmonary disease.
Future research is needed to explore novel pathobiologic
pathways, identify targeted agents to reverse disease, and
explore personalized treatment strategies on the basis of bio-
markers known to be causally related to the disease.
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