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Abstract

Pulmonary hypertension (PH) is classified into 5 clinical subgroups: pulmonary arterial
hypertension (PAH), PH due to left-sided heart disease, PH due to chronic lung disease,
chronic thromboembolic PH (CTEPH), and PH with an unclear and/or multifactorial
mechanisms. A range of underlying conditions can lead to these disorders. Overall, PH affects
approximately 1% of the global population, and over half of patients with heart failure may be
affected. Cardiologists are therefore likely to encounter PH in their practice. Routine tests in
patients with symptoms and physical findings suggestive of PH include electrocardiography,
chest radiography, and pulmonary function tests. Transthoracic echocardiography is used to
estimate the probability of PH. All patients with suspected or confirmed PH, without
confirmed left-sided heart or lung diseases, should have a ventilation-perfusion scan to
exclude CTEPH. Right-sided heart catheterization is essential for accurate diagnosis and
classification. All patients with PAH or CTEPH must be referred to a specialist center. Surgical
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pulmonary endarterectomy is the treatment of choice for eligible patients with CTEPH.
Targeted treatments (phosphodiesterase type 5 inhibitors, soluble guanylate cyclase stimu-
lators, endothelin receptor antagonists, prostacyclin analogues, and prostacyclin receptor
agonists) are licensed for patients with PAH. The soluble guanylate cyclase stimulator rio-
ciguat is the only licensed targeted therapy for patients with inoperable or persistent/recur-
rent CTEPH. Management of PH resulting from left-sided heart disease primarily involves

treatment of the underlying condition.

© 2020 Mayo Foundation for Medical Education and Research. Published by Elsevier Inc. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) m Mayo Clin Proc.

2020:95(9):1978-1988

ulmonary hypertension (PH) is
P defined as a mean pulmonary arterial

pressure (mPAP) of 20 mm Hg or
greater at rest,’ confirmed by right-sided
heart catheterization. While there are many
causes of PH, it is almost always associated
with deteriorating symptoms and increased
mortality, regardless of the underlying dis-
ease.” Pulmonary hypertension affects
approximately 1% of the global population,
up to 10% of individuals older than 65 years,
and at least 50% of patients with heart failure
(HF).” Cardiologists can therefore expect to
encounter PH in their clinical practice.
This article provides an overview of the diag-
nosis and management of PH.

CLASSIFICATION AND HEMODYNAMIC
DEFINITIONS OF PH

The World Health Organization has classified
PH into 5 clinical subgroups."” Pulmonary
arterial hypertension (PAH) (group 1) is char-
acterized by loss and obstructive remodeling
of the pulmonary vascular bed. Pulmonary
arterial hypertension features precapillary
PH, defined as an mPAP of 20 mm Hg or
greater, pulmonary artery wedge pressure
(PAWP) of 15 mm Hg or less, and pulmonary
vascular resistance (PVR) of 3 Wood units
(WU) or greater." The chronic elevation of
PVR can result in progressive right ventricular
(RV) dysfunction and RV failure (RVE).* In
the presence of RVF, right atrial pressure
may increase and cardiac index may decrease.
Pulmonary arterial hypertension is divided
into 7 subgroups: idiopathic PAH (group
1.1), heritable PAH (group 1.2), drug- and
toxin-induced PAH (group 1.3), PAH associ-
ated with various conditions including

connective tissue diseases, HIV infection, por-
tal hypertension, and congenital heart disease
(group 1.4), PAH in long-term responders to
calcium channel blockers (group 1.5), PAH
with venous/capillary involvement (group
1.6), and persistent PH of the newborn (group
1.7)." Drugs definitely associated with PAH
include aminorex, fenfluramine, dexfenflura-
mine, benfluorex, methamphetamines, dasa-
tanib, and toxic rapeseed oil.'"” Drugs
possibly associated include cocaine, phenyl-
propanolamine, L-tryptophan, St John’s
wort, amphetamines, interferon-o. and inter-
feron-B, alkylating agents, bosutinib, direct-
acting antiviral agents against hepatitis C,
leflunomide, and indirubin." There is an
increased risk of persistent PH in newborns
of mothers receiving selective serotonin reup-
take inhibitors.’

Pulmonary hypertension due to left-sided
heart disease (LHD) (PH-LHD) (group 2) oc-
curs in response to an increase in left atrial
(LA) pressure and is usually a consequence
of an underlying cardiac disorder such as HF
(with preserved or reduced ejection fraction)
or valvular heart disease.” Patients with PH-
LHD usually have isolated postcapillary PH
(PAWP >15 mm Hg and PVR <3 WU
[=240 dyn~s-cm75 1), although some have
combined postcapillary and precapillary PH
(PAWP >15 mm Hg and PVR >3 WU)."

Pulmonary hypertension due to chronic
lung disease (CLD) (PH-CLD) and/or hyp-
oxia (group 3) can occur in many lung dis-
eases including chronic  obstructive
pulmonary disease (COPD), interstitial
lung disease, and sleep-disordered breathing.
Elevation of mPAP in COPD may result from
loss of lung vasculature, vascular
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distensibility, and reduced vessel recruit-
ment.® These patients have precapillary PH.'

Chronic thromboembolic PH (CTEPH)
(group 4) is characterized by obstruction of
the pulmonary vasculature by organized
thromboembolic material and
remodeling, resulting from prior pulmonary
embolism.” Chronic thromboembolic PH is
likely underdiagnosed, and its incidence
and prevalence have not recently been estab-
lished.” Estimates based on older data are
probably too low, as awareness has increased
in recent years.

Patients with unclear and/or multifacto-
rial mechanisms are listed as group 5." Group
5 is divided into PH associated with hemato-
logic disorders (group 5.1: chronic hemolytic
anemia, myeloproliferative disorders), sys-
temic and metabolic disorders (group 5.2:
glycogen storage disease, Gaucher disease,
sarcoidosis, pulmonary Langerhans cell his-
tiocytosis, lymphangioleiomyomatosis, and
neurofibromatosis).” Pulmonary hyperten-
sion associated with fibrosing mediastinitis
or chronic renal failure forms group 5.3,
and PH associated with complex congenital
heart disease is group 5.4.

vascular

PROGNOSIS OF PATIENTS WITH PH

Pulmonary hypertension is a life-threatening
condition associated with increased mortality
regardless of the classification and underlying
etiology.” Pulmonary arterial hypertension
registries report survival rates of between
68% and 93% at 1 year and 39% and 77%
at 3 years.” Based on registry data, parameters
that predict survival have been identified
(Table).>® ' These parameters include exer-
cise capacity, functional class, hemodynamic
values, findings on imaging of the right side
of the heart, and laboratory values. Because
no single variable provides sufficient prog-
nostic information, various clinical, func-
tional, exercise, noninvasive, and invasive
parameters have been combined to produce
risk scores that predict survival and classify
patients into low-, intermediate-, and high-
risk groups (Table).”® '* These parameters
include the REVEAL (Registry to Evaluate
Early and Long-term PAH Disease Manage-
ment) 2.0 risk score, based on data from

REVEAL, the largest US PH registry.'” The
survival rates of patients across the risk
groups differ substantially between scores."’

The 12-month mortality for patients with
PH-LHD may be as high as 32%."’ Predictors
of worse prognosis include renal dysfunc-
tion, anemia, older age, RV dysfunction,
and the presence of combined postcapillary
and precapillary PH rather than isolated
postcapillary PH."*'*

A cohort study in patients with PH-CLD
reported 1-, 3-, and 5-year survival rates of
79%, 48%, and 31%, respectively.ls Patients
with more severe lung disease and severe
PH have a poor prognosis.(’

In an international CTEPH registry,
3-year survival was 90% in patients who un-
derwent pulmonary thromboendarterectomy
(PTE) and 70% in those who did not.” In pa-
tients with LHD (group 2) or CLD (group 3),
the presence of PH greatly reduced survival.”

PATHOLOGY OF RV DYSFUNCTION IN PH
In patients with PH, particularly those with
PAH, RV dilatation, RV dysfunction, and
RVF can result from elevated PVR, which in-
creases RV wall stress.'” When the pressure
load increases slowly, the RV can adapt by
increasing wall thickness and contractility.
The RV thus remodels from a low-pressure
to a high-pressure pump, maintaining RV
output.'® The RV cannot remodel indefi-
nitely, however, and when the elevated
PVR persists, the RV will dilate in an attempt
to maintain stroke volume.'® Ultimately, the
RV becomes decoupled from the pressure
load, and RVF develops.'® In other types of
PH, cardiomyopathy, diastolic dysfunction,
elevated right-sided filling pressures,
myocardial fibrosis, and septal wall abnor-
malities can lead to RV dysfunction without
elevated PVR.'""”

CLINICAL PRESENTATION

Common symptoms of PH include exertional
dyspnea, fatigue, weakness, angina, presyn-
cope, and syncope.’ Fluid retention leading
to abdominal distention and ankle edema can
develop with progressive RVE. Physical find-
ings may include left parasternal lift or retrac-
tion, augmented second heart sound, an RV
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TABLE. Parameters Associated With Worse Outcome in Registries of Patients with PAH?

ERS/ESC French COMPERA Swedish REVEAL
Variable guidelines™” registry®< registry”” registry' < registry' >
PAH diagnosis NR NR NR NR CTD-PAH, PoPH,
or heritable PAH
Demographic NR NR NR NR Males >60 y
characteristics
WHO FC [11-1V/ -1V I1=\% -V [11-1V
6MWD (m) <440 <440 <440 <440 <165
Peak VO, (mL/ min/kg) <I5 NR NR NR NR
Peak VO, % Predicted <65 NR NR NR NR
Ve /VCO; slope >36 NR NR NR NR
% Predicted DLco NR NR NR NR <40
BNP (ng/L) >50 >50 >50 NR >200
NT-proBNP (ng/L) >300 >300 >300 >300 >1100
Right atrial area (cm?) >18 NR NR >18 NR
RAP (mm Hg) >8 >8 >8 >8 >20 within | y
Cardiac index (L/min/m?) <25 <25 <25 <25 NR
SVO, (%) <65 <65 <65 <65 NR
PVR (Wood units) NR NR NR NR <5
Systolic blood NR NR NR NR <100
pressure (mm Hg)
Heart rate (beats/min) NR NR NR NR >96
Pericardial effusion NR NR NR NR Present
Renal function NR NR NR NR eGFR®
<60 mL/min/
1.73 m?
Hospitalization NR NR NR NR All-cause
hospitalization
within 6 mo

“6MWD = 6-minute walking distance; BNP = brain natriuretic peptide; COMPERA = Comparative, Prospective Registry of Newly Initiated Therapies for Pulmonary
Hypertension; CTD-PAH = pulmonary arterial hypertension associated with connective tissue disease; DLco = diffusion capacity of the lungs for carbon monoxide;
eGFR = estimated glomerular filtration rate; ERS = European Respiratory Society; ESC = European Society of Cardiology; NR = not reported; NT-proBNP = N-terminal
prohormone of BNP; PAH = pulmonary arterial hypertension; PoPH = portopulmonary hypertension; PVR = pulmonary vascular resistance; RAP = right atrial pressure;
REVEAL = Registry to Evaluate Early and Long-term PAH Disease Management; SvO, = mixed venous oxygen saturation; Ve / VCO, = ventilatory equivalents for carbon

dioxide; VO, = oxygen consumption; WHO FC = World Health Organization functional class.

®Parameters associated with intermediate or high risk.
“Parameters used to define risk groups.

9Parameters associated with a higher risk score in the REVEAL 2.0 risk calculator.

°Or renal insufficiency if eGFR not available.

third heart sound, elevated jugular venous
pressure with abnormal waveform, low-
volume arterial pulses, hepatomegaly, ascites,
peripheral edema, and a tricuspid regurgitant
murmur.” History, physical examination,
resting electrocardiography, and resting echo-
cardiography in primary care can estimate the
probability of PH.”*° The H,FPEF score, based
on clinical and echocardiographic parameters,
may help to identify HF with preserved

ejection fraction.”' Right-sided heart catheter-
ization may be conducted in patients with PH-
LHD or PH-CLD if referred to an expert PH
center’ but may not be necessary if it will
have no bearing on management.

If no LHD or lung disease is present, a
ventilation-perfusion scan is mandatory to
exclude CTEPH (discussed subsequently).
In patients with PAH, further tests to estab-
lish the underlying cause may include chest
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radiography, exercise echocardiography,
pulmonary function tests, high-resolution
computed tomography, contrast-enhanced
tomography, pulmonary angiography, car-
diac magnetic resonance imaging, laboratory
tests (eg, thyrotropin, HIV, antinuclear anti-
bodies, liver function tests, serum and urine
protein electrophoresis), and sleep study or
overnight oximetry.” The European Society
of Cardiology/European Respiratory Society
diagnostic algorithm for diagnosis of PH is
shown in Figure 1.

ECHOCARDIOGRAPHY TO ESTIMATE THE
PROBABILITY OF PH

The probability of PH is estimated by transtho-
racic echocardiography.’ The unique geometry
of the right ventricle makes it challenging to
obtain RV ejection fraction from 2-dimensional
echocardiography, and therefore surrogate
measures of RV function are used. Firstly,
peak tricuspid regurgitation velocity (TRV) is
measured by continuous-wave Doppler echo-
cardiography, and pulmonary artery systolic
pressure is estimated using the simplified Ber-
noulli equation. Next, TRV is classified as 2.8
m/s or less or not measurable, 2.9 to 3.4 m/s,
or greater than 3.4 m/s. Echocardiographic
signs suggestive of PH include RV/left ventric-
ular (LV) basal diameter ratio of greater than
1.0, flattening of the interventricular septum,
and pulmonary artery RV outflow Doppler ac-
celeration time of less than 105 ms
(Supplemental Table, available online at
http://www.mayoclinicproceedings.org).” Ac-
cording to the category of TRV and the pres-
ence or absence of echocardiographic signs,
the patient can be assigned a low, intermediate,
or high probability of PH.” The presence of
elevated pulmonary artery systolic pressure
by this method, however, is neither specific to
nor predictive of the hemodynamic subgroup
or classification of PH, nor does it provide
insight into the nature of changes in PVR,
PAWP, or cardiac output. In addition, several
other transthoracic echocardiographic parame-
ters can indicate the probability of PH
(Supplemental Table).”> Common abnormal
measurements of the right side of the heart in
PH include tricuspid annular plane systolic
excursion of less than 17 mm, RV systolic tissue

Doppler velocity of less than 10 cm/s measured
at the lateral tricuspid annulus, and RV ejection
fraction of less than 45%. With cardiac mag-
netic resonance imaging and the presence of
late gadolinium enhancement, reduced pulmo-
nary arterial distensibility, and retrograde flow
have a high predictive value for identification of
PH, although no single measurement can
exclude PH.’

OTHER ROLES OF ECHOCARDIOGRAPHY IN
THE DIAGNOSIS AND ASSESSMENT OF PH
Echocardiography has several additional roles
in the assessment of PH. For example, an
echocardiogram can be used to predict the
probability of elevated PVR with normal
PAWP” or to detect occult postcapillary
PH.”" Signs suggesting PH-LHD include LV
ejection fraction less than 50%, E/e’ ratio (ra-
tio between early mitral inflow velocity and
mitral annular early diastolic velocity) greater
than 15, LA volume index greater than 34
ml/m?* LV mass index greater than 104 g/
m” in males and greater than 90 g/m? in fe-
males, and evidence of valvular heart dis-
ease.”” " Conversely, high pulmonary
arterial pressures accompanied by a small
LA volume are strongly suggestive of
PAH.” An algorithm to estimate the proba-
bility of PH-LHD has been proposed
(Supplemental Table).”

Echocardiographic parameters reported
to predict survival in patients with PAH or
CTEPH include TRV, tricuspid annular
plane systolic excursion, pulmonary artery
dilatation, moderate to severe tricuspid
regurgitation, RV functional area change,
pericardial effusion, and myocardial perfor-
mance index.”>*°

FURTHER DIAGNOSIS AND ASSESSMENT
OF PH

All patients with suspected or confirmed PH,
without confirmed left-sided heart or lung dis-
eases, should have a ventilation-perfusion scan
to exclude CTEPH because of its high sensi-
tivity (90% to 100%) and specificity (94% to
100%).” Other imaging techniques may be
indicated to confirm the diagnosis and charac-
terize pulmonary vessel morphology.” Right-
sided heart catheterization is essential in all
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Symptoms, signs, history suggestive of PH

|

Echocardiographic probability of PH

High to intermediate |

|

Consider left-sided heart disease and lung
diseases by symptoms, signs, risk factors, ECG,
PFT+DL_, chest radiography and HRCT,
arterial blood gases

!

Consider other causes and/or follow-up

Yes

}

Diagnosis of left-sided
or lung diseases confirmed

Yes

!

Treat underlying disease

No signs of severe No
PH/RV dysfunction
| |
V/Q scan?

Mismatched perfusion defects?

Society. © ERS 2020.

Refer to PH

!

Signs of severe PH/RV
dysfunction

Refer to PH expert center

Yes

expert center

No

!

CTEPH possible:

!

RHC

CT pulmonary angiography, mPAP 225 mm Hg, PAWP
RHC +/- pulmonary angiography <15 mm Hg, PVR >3 Wood units
Yes | No
PAH likely Consider other
Specific diagnostic tests causes
o ] o o
Portopulmonary
Heritable Idiopathic Idiopathic L Heritable
PVOD/PCH PVOD/PCH PAH PAH

FIGURE 1. European Society of Cardiology/European Respiratory Society algorithm for diagnosis of pulmonary hypertension (PH).
“Computed tomographic (CT) pulmonary angiography alone may miss a diagnosis of chronic thromboembolic pulmonary hyper-
tension (CTEPH). CHD = congenital heart diseases; CTD = connective tissue disease; DLCO = carbon monoxide diffusing capacity;
ECG = electrocardiography; HRCT = high-resolution CT; mPAP = mean pulmonary arterial pressure; PAH = pulmonary arterial
hypertension; PAWP = pulmonary artery wedge pressure; PFT = pulmonary function tests; PVOD/PCH = pulmonary veno-
occlusive disease or pulmonary capillary hemangiomatosis; PVR = pulmonary vascular resistance; RHC = right-sided heart cathe-
terization; RV = right ventricular; V /Q' = ventilation-perfusion. From Eur Respir J,* with permission from the European Respiratory
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patients with suspected PAH or CTEPH prior
to starting therapy.” It should be performed
after other investigations so that it can answer
specific questions that may arise from them
and avoid an unnecessary procedure in which
an alternative diagnosis is revealed.” Consider-
ations include zeroing of the external pressure
transducer at the midthoracic line, determina-
tion of pressure assessments at end-expiration,
and blood sampling with the balloon inflated
at the wedge position to ensure that a true pul-
monary capillary wedge pressure measure-
ment has been taken.’

BIOMARKERS OF PH

Many biomarkers have been investigated in
PH, but only brain natriuretic peptide (BNP)
and N-terminal prohormone of BNP are
widely used in routine practice and clinical
trials.” Both markers correlate with myocar-
dial dysfunction, provide prognostic informa-
tion at diagnosis and during follow-up, and
have been incorporated into risk scores, but
N-terminal prohormone of BNP seems to be
a stronger predictor of prognosis than BNP.’

TREATMENT OF PH

Patients with known or suspected PAH or sus-
pected CTEPH should be referred to an expert
PH center. Referral to a PH center of excellence
is especially important in PAH because high-
volume centers achieve better results in this
rare disease.” These centers can also expedite
a diagnostic work-up for CTEPH, assess for
operability, and perform PTE or balloon pul-
monary angioplasty (BPA).”’

Management of comorbidities (eg, sleep
apnea and COPD) is essential in all patients
with PH, and patients in any group may
require supportive therapies such as diuretics,
oxygen, and management of HF, including
treatment of aggravating factors, optimization
of fluid status, reduction of RV afterload, and
cardiac inotropes if indicated. " Oral antico-
agulation is indicated in all patients with
CTEPH even if they do not have a known his-
tory of pulmonary embolism and may be
appropriate in other types of PH. Iron defi-
ciency is common in PAH, and monitoring
of iron levels, with iron substitution when
necessary, is indicated.

Specific treatment of PH depends on the
disease group. Insights into the pathophysi-
ology of PAH™ led to the development of
targeted treatments, which improve exercise
capacity, hemodynamics, and outcomes
compared with untreated patients.”'” The
first agents introduced were the prostacyclin
analogues, potent vasodilators that act on
the prostacyclin receptor.” Available prosta-
cyclin analogues include oral beraprost,
intravenous epoprostenol, intravenous and
subcutaneous treprostinil, and iloprost,
available in intravenous, oral, and nasal aero-
sol formulations. Selexipag is a selective oral
nonprostanoid prostacyclin receptor agonist.
Endothelin receptor antagonists, including
bosentan, macitentan, and ambrisentan, pre-
vent the vasoconstrictive and mitogenic ef-
fects of endothelin 1.”° The nitric oxide
(NO)—soluble guanylate cyclase (sGC)—cy-
clic guanosine monophosphate (cGMP)
pathway is also involved in the pathogenesis
of PAH.” Production of cGMP triggers vaso-
dilation and inhibits cell proliferation, but in
PAH, the NO-sGC-cGMP pathway is sup-
pressed and phosphodiesterase type 5, which
hydrolyzes ¢cGMP, is induced, leading to
vasoconstriction and cell proliferation. Phos-
phodiesterase type 5 inhibitors prevent
breakdown of ¢cGMP, while the sGC stimu-
lator riociguat stabilizes NO-sGC binding,
sensitizing sGC to NO, and also stimulates
sGC directly, resulting in increased cGMP
synthesis.

The European Society of Cardiology/Eu-
ropean Respiratory Society3 and the American
College of Chest Physicians (Figure 2)”° have
published recommendations for the use of tar-
geted therapies in PAH. Patients should
receive initial combination therapy, while
high-risk patients should be considered for
early escalation to triple therapy.”' > In
high-risk patients (eg, RV dysfunction and/
or severe hemodynamic impairment), initial
combination therapy should include paren-
teral prostanoids, with epoprostenol having
the highest recommendation because of mor-
tality reduction in a high-risk cohort of pa-
tients.'> The combination of riociguat with
phosphodiesterase type 5 inhibitor is contra-
indicated.”'” Lung transplant is an option

Mayo Clin Proc. ® September 2020;95(9):1978-1988 m https://doi.org/10.1016/j.mayocp.2020.04.039

www.mayoclinicproceedings.org


https://doi.org/10.1016/j.mayocp.2020.04.039
http://www.mayoclinicproceedings.org

PULMONARY HYPERTENSION GUIDE FOR CLINICIANS

Treatment-naive PAH patients Continued monitoring for disease progression
with WHO FC | (ungraded consensus-based)

Determine when to start therapy

Combination therapy with ambrisentan and
tadalafil (weak recommendation,
moderate-quality evidence)

Treatment-naive PAH patients
with WHO FC Il

Is the patient willing or able to tolerate
combination therapy? *

Monotherapy with either bosentan,
macitentan, ambrisentan, riociguat,
sildenafil, or tadalafil

Combination therapy with ambrisentan and
tadalafil ecommendation,
moderate-quality evidence)

Treatment-naive PAH patients
with WHO FC Il without evidence
of rapid disease progression
or poor prognosis

Is the patient willing or able to tolerate
combination therapy?

Monotherapy with either bosentan,
macitentan, ambrisentan, riociguat,
sildenafil, or tadalafil

Continuous i.v. epoprostenol, i.v. treprostinil,
or SC treprostinil

PAH patients with WHO FC Il
with evidence of rapid disease
progression or poor diagnosis

Is the patient willing and able to manage
parenteral prostanoids?

Consider addition of inhaled or oral
prostanoid

Continuous i.v. epoprostenal, i.v. treprostinil,
or SC treprostinil

Is the patient willing and able to manage
parenteral prostanoids?

Inhaled prostanoid in combination with an
oral PDE-5 inhibitor and an oral endothelin
receptor antagonist (ungraded
consensus-based)

For WHO FC Il or IV PAH patients with
unacceptable clinical status despite
established PAH-specific monotherapy

Addition of a second class of PAH therapy

Patients with inadequate
response to initial therapy

Addition of a third
ded cor

of PAH therapy
-based)

For WHO FC Il or IV PAH patients with
unacceptable or deteriorating clinical status (u
despite established PAH-specific therapy
with 2 classes of PAH pharmacotherapy

List for lung transplant ©

FClll'and IV patients with
inadequate response to maximal
pharmacotherapy

Is the patient a candidate for lung transplant?

Incorporate pallative care services in the
management of PAH patients
(upgraded consensus-based statement)

FIGURE 2. United States recommendations for the use of pulmonary arterial hypertension (PAH)—approved therapies. “Combi-
nation therapy carries with it costs as well as multiple medications, including the potential for increased adverse events that may be
undesirable for some patients. In these situations patients are unwilling or unable to tolerate combination therapy and the US panel
suggests monotherapy. "No data available for the use of oral or inhaled prostanoids in patients in whom parenteral prostanoids are
indicated, but patient is unable to comply. Thus, the US panel does not have a specific recommendation for this population. “Lung
transplant is outside the scope of this guideline, which focuses on pharmacotherapy for patients with PAH. Thus, the evidence based
for lung transplants in patients with PAH has not been evaluated by this panel. Please consult the guidelines publication for further
details.”® FC = functional class; IV = intravenous; PDE-5 = phosphodiesterase type 5; SC = subcutaneous, WHO = World Health
Organization. From Chest,”® with permission from Elsevier.

for selected patients with severe PAH that
does not respond to maximal medical therapy.
However, with the increase in PAH treatment
options and the progressive approach with
combination therapy, lung transplant should
be used only as a last resort.”

The cornerstone of PH-LHD therapy is
management of the underlying heart disease.’

Examples include repair of valvular heart dis-
ease and aggressive treatment of HF with
reduced systolic function.” Nonspecific vaso-
dilators may be beneficial, although the evi-
dence is limited.” In severe HF, it is essential
to optimize volume status, potentially through
invasive monitoring. Patients with PH-LHD
have a poor prognosis and should be referred
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to expert PH centers for individual assessment
and management, including consideration for
clinical trials. There is no evidence for benefit
from PH-approved therapies in PH-LHD, and
some have shown potential safety signals.’
Guidelines recommend against PH-approved
therapies in this group.’

Treatment of PH-CLD primarily in-
volves management of the underlying lung
disease, and the only potentially curative
treatment is lung transplant. Pulmonary
hypertension—CLD is associated with
increased mortality, and patients should
be referred to expert PH centers and
considered for clinical trials.”® There is
no established medical therapy for PH-
CLD and no evidence that PH-approved
therapies are beneficial.” Ambrisentan is
contraindicated in idiopathic pulmonary
fibrosis and riociguat is contraindicated in
PH associated with idiopathic interstitial
pneumonias.6

Pulmonary thromboendarterectomy is the
treatment of choice for CTEPH as it is poten-
tially curative, achieving substantial symptom
relief and improvement of hemodynamics
and RVF in most patients.””" Surgery should
therefore not be delayed in favor of medical
therapy in patients who are candidates for
PTE. However, up to 40% of patients are ineli-
gible for PTE, and in up to 51%, persistent/
recurrent PH develops after PTE.” These pa-
tients are candidates for targeted medical ther-
apy and should be considered for BPA at an
expert CTEPH center.”’~’” Riociguat, the only
approved medical therapy for CTEPH, is indi-
cated for adults with inoperable or persistent/
recurrent CTEPH based on efficacy and safety
data from the CHEST-1 (Chronic Thromboem-
bolic Pulmonary Hypertension Soluble Guany-
late Cyclase—Stimulator Trial 1) study.”’
Several other PAH-approved agents have been
evaluated in patients with CTEPH, most
notably macitentan, which showed benefits
on PVR in patients with inoperable CTEPH in
the MERIT-1 (Macitentan for the Treatment
of Inoperable Chronic Thromboembolic Pul-
monary Hypertension) study and in prelimi-
nary results from its long-term extension,
MERIT-2."* In selected patients with

CTEPH, BPA can improve hemodynamics,

symptoms, exercise capacity, and RV
function.”
CONCLUSION

Pulmonary hypertension features progressive
loss and obstruction of the pulmonary
vascular bed, leading to elevated mPAP and
PVR, which can ultimately produce RV
dysfunction and RVF. Pulmonary hyperten-
sion is subdivided in 5 groups: PAH (group
1), PH-LHD (group 2), PH-CLD (group 3),
CTEPH (group 4), and unclear and/or multi-
factorial mechanisms (group 5). Careful
assessment of medical history, physical con-
dition, echocardiograms, and hemodynamic
parameters (obtained via right-sided heart
catheterization) is essential to diagnose and
characterize the different forms of PH effec-
tively. Management of PH-LHD and PH-
CLD concentrates on treatment of the under-
lying disorder, with referral to expert PH pro-
grams for individual assessment and tailored
therapy. Targeted pharmacological and surgi-
cal treatments are available for patients with
PAH or CTEPH, for whom early referral to a
specialist PH center is recommended.
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Abbreviations and Acronyms: BNP = brain natriuretic
peptide; BPA = balloon pulmonary angioplasty; cGMP =
cyclic guanosine monophosphate; CLD = chronic lung
disease; COPD = chronic obstructive pulmonary disease;
CTEPH = chronic thromboembolic pulmonary hyper-
tension; HF = heart failure; LA = left atrial; LHD = left-
sided heart disease; LV = left ventricular; mPAP = mean
pulmonary arterial pressure; NO = nitric oxide; PAH =
pulmonary arterial hypertension; PAWP = pulmonary
artery wedge pressure; PH = pulmonary hypertension;
PH-CLD = pulmonary hypertension due to chronic lung
disease; PH-LHD = pulmonary hypertension due to left-
sided heart disease; PTE = pulmonary thromboendar-
terectomy; PVR = pulmonary vascular resistance; RV =
right ventricular; RVF = RV failure; sGC = soluble gua-
nylate cyclase; TRV = tricuspid regurgitation velocity; WU
= Wood units

Mayo Clin Proc. ® September 2020;95(9):1978-1988 m https://doi.org/10.1016/j.mayocp.2020.04.039

www.mayoclinicproceedings.org


http://www.mayoclinicproceedings.org
https://doi.org/10.1016/j.mayocp.2020.04.039
http://www.mayoclinicproceedings.org

PULMONARY HYPERTENSION GUIDE FOR CLINICIANS

Grant Support: Medical writing services provided by
Richard Murphy, PhD, of Adelphi Communications Ltd, Bol-
lington, Macclesfield, UK, were funded by Bayer AG in
accordance with Good Publication Practice (GPP3)
guidelines.

Potential Competing Interests: Dr Mandras has received
consulting fees and payment for lectures/service on speakers
bureaus for Bayer AG, Berlin, Germany, and United Thera-
peutics Corporation. Dr Mehta has received speaker fees
from Actelion Pharmaceuticals Ltd, Switzerland and Bayer
AG, Berlin, Germany, consulting fees from Bayer AG, Berlin,
Germany, and research support from Actelion Pharmaceu-
ticals Ltd, Swtizerland related to this work. Dr Vaidya has
received speaker and consulting fees from Actelion Pharma-
ceuticals Ltd, Switzerland, Bayer AG Berlin, Germany,
Liquidia Technologies, NC, USA, and United Therapeutics
Corporation.

Correspondence: Address to Stacy A. Mandras, MD, Direc-
tor, Ochsner Medical Center,|514 Jefferson Hwy, New
Orleans, LA, 70121 (smandras@ochsner.org).

ORCID
Stacy A. Mandras:
5714

https://orcid.org/0000-0003-0077-

REFERENCES

1. Simonneau G, Montani D, Celermajer DS, et al. Haemody-
namic definitions and updated clinical classification of pulmo-
nary hypertension. Eur Respir J. 2019;53(1):1801913.

2. Hoeper MM, Humbert M, Souza R, et al. A global view of pul-
monary hypertension. Lancet Respir Med. 2016;4(4):306-322.

3. Galie N, Humbert M, Vachiery J-L, et al. 2015 ESC/ERS guidelines
for the diagnosis and treatment of pulmonary hypertension: the
Joint Task Force for the Diagnosis and Treatment of Pulmonary
Hypertension of the European Society of Cardiology (ESC) and
the European Respiratory Society (ERS); Endorsed by: Associa-
tion for European Paediatric and Congenital Cardiology
(AEPC), Interational Society for Heart and Lung Transplantation
(ISHLT) [published correction appears in Eur Respir J. 2015;46(6):
1855-1856]. Eur Respir J. 2015;46(4):903-975.

4. Rose-Jones L, MclLaughlin VV. Pulmonary hypertension: types
and treatments. Curr Cardiol Rev. 2015;11(1):73-79.

5. Vachiéry J-L, Tedford RJ, Rosenkranz S, et al. Pulmonary hyper-
tension due to left heart disease. Eur Respir J. 2019;53(1):
1801897.

6. Nathan SD, Barbera JA, Gaine SP, et al. Pulmonary hyperten-
sion in chronic lung disease and hypoxia. Eur Respir J. 2019;
53(1):1801914.

7. Kim NH, Delcroix M, Jais X, et al. Chronic thromboembolic
pulmonary hypertension. Eur Respir J. 2019;53(1):1801915.

8. Boucly A, Weatherald ), Savale L, et al. Risk assessment, prog-
nosis and guideline implementation in pulmonary arterial hy-
pertension. Eur Respir J. 2017,50(2):1700889.

9. Hoeper MM, Kramer T, Pan Z, et al. Mortality in pulmonary
arterial hypertension: prediction by the 2015 European pulmo-
nary hypertension guidelines risk stratification model. Eur Respir
J. 2017,50(2):1700740.

10. Kylhammar D, Kjellstrom B, Hijalmarsson C, et al
A comprehensive risk stratification at early follow-up deter-
mines prognosis in pulmonary arterial hypertension. Eur Heart
J.2018;39(47):4175-4181.

1. BenzaRL, Gomberg-Maitland M, Elliott CG, etal. Predicting survival
in patients with pulmonary arterial hypertension: the REVEAL risk

15.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

score calculator 2.0 and comparison with ESC/ERS-based risk
assessment strategies. Chest. 2019;156(2):323-337.

Galie N, Channick RN, Frantz RP, et al. Risk stratification and
medical therapy of pulmonary arterial hypertension. Eur Respir
J-2019;53(1):1801889.

Farber HW, Gibbs S. Under pressure: pulmonary hypertension
associated with left heart disease. Eur Respir Rev. 2015;24(138):
665-673.

Hirashiki A, Kondo T, Murohara T. The roles of classic and cur-
rent prognostic factors in pulmonary hypertension due to left
heart disease [editorial]. Circ J. 2016;80(1):72-73.

Rose L, Prins KW, Archer SL, et al. Survival in pulmonary hyper-
tension due to chronic lung disease: influence of low diffusion
capacity of the lungs for carbon monoxide. | Heart Lung Trans-
plant. 2019;38(2):145-155.

. Westerhof BE, Saouti N, van der Laarse W), Westerhof N,

Vonk Noordegraaf A. Treatment strategies for the right heart
in pulmonary hypertension. Cardiovasc Res. 2017;113(12):
1465-1473.

. Adusumalli S, Mazurek JA. Pulmonary hypertension due to left

ventricular cardiomyopathy: is it the result or cause of disease
progression? Curr Heart Fail Rep. 2017;14(6):507-513.

Hoeper MM, Granton J. Intensive care unit management of pa-
tients with severe pulmonary hypertension and right heart fail-
ure. Am J Respir Crit Care Med. 201 1;184(10):1114-1124.

. Vonk Noordegraaf A, Chin KM, Haddad F, et al. Pathophysiology

of the right ventricle and of the pulmonary circulation in pulmo-
nary hypertension: an update. Eur Respir J. 2019;53(1):1801900.
Frost A, Badesch D, Gibbs JSR, et al. Diagnosis of pulmonary
hypertension. Eur Respir J. 2019;53(1):1801904.

Reddy YNV, Carter RE, Obokata M, Redfield MM, Borlaug BA.
A simple, evidence-based approach to help guide diagnosis of
heart failure with preserved ejection fraction. Circulation. 2018;
138(9):861-870.

Cordina RL, Playford D, Lang |, Celermajer DS. State-of-the-art
review: echocardiography in pulmonary hypertension. Heart
Lung Circ. 2019;28(9):1351-1364.

Opotowsky AR, Ojeda J, Rogers F, et al. A simple echocardio-
graphic prediction rule for hemodynamics in pulmonary hyper-
tension. Circ Cardiovasc Imaging. 2012;5(6):765-775.

Agrawal V, Byrd BF Ill, Brittain EL. Echocardiographic evaluation
of diastolic function in the setting of pulmonary hypertension.
Pulm Circ. 2019,9(1):2045894019826043.

Grapsa J, Pereira Nunes MC, Tan TC, et al. Echocardiographic
and hemodynamic predictors of survival in precapillary pulmo-
nary hypertension: seven-year follow-up. Circ Cardiovasc Imag-
ing. 2015;8(6):€002107.

Mazurek JA, Vaidya A, Mathai SC, Roberts |D, Forfia PR
Follow-up tricuspid annular plane systolic excursion predicts
survival in pulmonary arterial hypertension. Pulm Circ. 2017,
7(2):361-371.

Hoeper MM, Benza RL, Corris P, et al. Intensive care, right ven-
tricular support and lung transplantation in patients with pulmo-
nary hypertension. Eur Respir J. 2019;53(1):1801906.
Humbert M, Ghofrani H-A. The molecular targets of approved
treatments for pulmonary arterial hypertension. Thorax. 2016;
71(1):73-83.

Galié N, Manes A, Branzi A. The endothelin system in pulmo-
nary arterial hypertension. Cardiovasc Res. 200461 (2):227-237.
Klinger JR, Elliott CG, Levine D), et al. Therapy for pulmonary
arterial hypertension in adults: update of the CHEST guideline
and expert panel report. Chest. 2019;155(3):565-586.

Raza F, Vaidya A, Lacharite-Roberge A-S, et al. Initial clinical and
hemodynamic results of a regional pulmonary thromboendar-
terectomy program. | Cardiovasc Surg (Torino). 2018,59(3):
428-437.

Elwing JM, Vaidya A, Auger WR. Chronic thromboembolic pul-
monary hypertension: an update. Clin Chest Med. 2018;39(3):
605-620.

Mayo Clin Proc. ® September 2020;95(9):1978-1988 ® https://doi.org/10.1016/j.mayocp.2020.04.039

www.mayoclinicproceedings.org


mailto:smandras@ochsner.org
https://orcid.org/0000-0003-0077-5714
https://orcid.org/0000-0003-0077-5714
https://doi.org/10.1016/j.mayocp.2020.04.039
http://www.mayoclinicproceedings.org

MAYO CLINIC PROCEEDINGS

33. Ghofrani H-A, Simonneau G, D'Armini AM, et al; MERIT Study 34. Howard LS, Ghofrani HA, D'Armini AM, et al. Long-term

Investigators. Macitentan for the treatment of inoperable chronic safety, tolerability and efficacy of macitentan in patients with
thromboembolic pulmonary hypertension (MERIT-1): results inoperable chronic thromboembolic pulmonary hypertension:
from the multicentre, phase 2, randomised, double-blind, pla- the MERIT-1 study and its open-label extension MERIT-2 [ab-
cebo-controlled study. Lancet Respir Med. 2017;5(10):785-794. stract]. Am | Respir Crit Care Med. 2020;201:A6068.

1988 Mayo Clin Proc. ® September 2020;95(9):1978-1988 m https://doi.org/10.1016/j.mayocp.2020.04.039

www.mayoclinicproceedings.org


https://doi.org/10.1016/j.mayocp.2020.04.039
http://www.mayoclinicproceedings.org

	Pulmonary Hypertension: A Brief Guide for Clinicians
	Classification and Hemodynamic Definitions of PH
	Prognosis of Patients With PH
	Pathology of RV Dysfunction in PH
	Clinical Presentation
	Echocardiography to Estimate the Probability of PH
	Other Roles of Echocardiography in the Diagnosis and Assessment of PH
	Further Diagnosis and Assessment of PH
	Biomarkers of PH
	Treatment of PH
	Conclusion
	Supplemental Online Material
	References


