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Purpose of review

Pulmonary hypertension (PH) is a common complication of chronic obstructive lung disease (COPD), but
clinical presentation is variable and not always ’proportional’ to the severity of the obstructive disease. This
review aims to analyze heterogeneity in clinical features of PH-COPD, providing a guide for diagnosis and
management according to phenotypes.

Recent findings

Recent works have focused on severe PH in COPD, providing insights into the characteristics of patients
with predominantly vascular disease. The recently recognized ’pulmonary vascular phenotype’,
characterized by severe PH and mild airflow obstruction with severe hypoxemia, has markedly worse
prognosis and may be a candidate for large trials with pulmonary vasodilators. In severe PH, which might
be best described by a pulmonary vascular resistance threshold, there may also be a need to distinguish
patients with mild COPD (pulmonary vascular phenotype) from those with severe COPD (’Severe COPD-
Severe PH’ phenotype).

Summary

Correct phenotyping is key to appropriate management of PH associated with COPD. The lack of evidence
regarding the use of pulmonary vasodilators in PH-COPD may be due to the existence of previously
unrecognized phenotypes with different responses to therapy. This review offers the clinician caring for
patients with COPD and PH a phenotype-focused approach to diagnosis and management, aimed at
personalized care.
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INTRODUCTION

Pulmonary hypertension (PH) is a complication of
chronic obstructive pulmonary disease (COPD) [1]
associated with increased morbidity [2,3] and mor-
tality [4

&&

,5,6]. Prevalence, reported to be up to 90%
[7–9], varies widely according to the different study
populations (mild COPD to pretransplant stages)
and different definitions of PH (including postca-
pillary PH and diverse thresholds for PH diagnosis)
[9,10]. The threshold to define PH in lung disease
has been lowered [1] to define mild-moderate PH as
mean pulmonary artery pressure (mPAP)
�21mmHg in the presence of increased pulmonary
vascular resistance (PVR �3 wood units, WU) or
mPAP �25mmHg, and severe PH as mPAP
�35mmHg ormPAP�25mmHgwith cardiac index
(CI) <2L/min/m2. PH is usually mild to moderate
in COPD but is severe in 1–5% of cases [8,11],
representing a distinct subgroup with markedly
worse prognosis and predominant vascular
rs Kluwer Health, Inc. All rights rese
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impairment associated with relativelymild obstruc-
tive disease [6,12], which has been described as a
’pulmonary vascular phenotype’ (PVP) [13]. A para-
digm shift is taking place in PH research, aimed at
the analysis of phenotypic heterogeneity and ulti-
mately precision medicine [14,15]. This review
aims to update and orient the clinician on the
changing landscape of COPD associated with PH,
providing a guide for diagnosis and management
according to phenotype.
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KEY POINTS

� Pulmonary hypertension (PH) associated with chronic
obstructive pulmonary disease (COPD) is
heterogeneous in both clinical presentation
and outcome.

� In patients with severe PH and mild COPD, the
magnitude of gas exchange impairment, rather than
that of airflow obstruction, may be useful to distinguish
COPD with ’pulmonary vascular phenotype’ from the
concurrence of COPD and idiopathic pulmonary
arterial hypertension.

� Patients with ’severe COPD-severe PH’ may need to be
distinguished from the ’pulmonary vascular phenotype’,
characterized by mild COPD and severe PH, in future
observational studies and clinical trials.

� The correct phenotyping of PH in COPD is key to
proper patient management and to designing
future research.

Disorders of the pulmonary circulation
PATHOPHYSIOLOGY

The loss of pulmonary vessels due to emphysema-
tous destruction and vascular remodeling of small
muscular arteries and arterioles are the main mech-
anisms for PH in COPD [16]. Capillary density in
COPD lungs appears to be dependent on PH severity
[17]; vascular changes develop in different stages of
COPD and in heavy smokers with preserved lung
function [18–20]. The main histologic changes are:
intimal hyperplasia through proliferation of smooth
muscle cells [18,21,22], possibly by dedifferentia-
tion and migration from the media to the intima
[23]; medial thickening [24,25]; and the deposition
of elastic and collagen fibers; all this produces thick-
ening of the arterial wall and increased pulmonary
vascular resistance [26]. The progressive luminal
narrowing and loss of smaller distal vessels results
in the ’pruning’ described in CT scan and angiog-
raphy [27,28], and the loss of distal arterial vascu-
lature is related to right ventricle (RV) enlargement
[27].
PATHOGENESIS: ENVIRONMENTAL
FACTORS AND GENETICS

The mechanisms leading to PH in COPD are related
to endothelial dysfunction at early disease stages.
Airborne particulates and tobacco smoke are triggers
for pulmonary vascular alterations [29], even in
patients with normal lung function [16] and prior
to emphysema development [20,30,31]. Persistent
hypoxia contributes to chronic vasoconstriction
and vascular remodeling [1,18,32]. The relationship
344 www.co-pulmonarymedicine.com
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between pulmonary pressure and arterial oxygen
(PaO2) is variable [9], and vascular alterations related
to hypoxia might be partially reversible [33,34].
Finally, genetic heterogeneity might play a role in
the development of a PVP in COPD patients. Some
gene variants related to pulmonary arterial hyper-
tension (PAH) are probably also implicated in PH
and respiratory diseases [35,36]. Genes belonging to
the retinol metabolism and extracellular matrix
pathways [37] and to T-lymphocyte activation
[38] are also implicated in vascular remodeling.
DIAGNOSTIC WORKUP

Symptoms of PH are nonspecific and common to
COPD: exertional dyspnea, weakness and fatigue
[39]. However, symptoms that seem excessive for
the degree of obstructive disease should warn of
vascular involvement. In advanced disease, more
specific symptomatology of progressive right heart
failure ensues: chest pain, syncope, peripheral
edema, jugular venous dilation, and abdominal dis-
tension; however, no individual physical finding
can accurately predict PH [40].

Echocardiography is an accessible, noninvasive
tool, crucial to corroborate the suspicion of PH.
Besides estimating the systolic pulmonary arterial
pressure, it allows the assessment of RVmorphology
and function, right atrium diameter, signs of fluid
overload, valvular or other left heart abnormalities
which might be the cause of PH, and which are
highly prevalent [41] in patients with tobacco expo-
sure [42,43]. Although echocardiography presents
technical difficulties in COPD patients [44], it
should be performed whenever PH is suspected.
Common situations in clinical practice are dispro-
portionate symptoms and/or low diffusing capacity
for carbon monoxide (DLCO) with relatively pre-
served spirometry and lung parenchyma [45]. The
size of the main pulmonary artery on computed
tomography (CT), together with other signs suggest-
ing RV overload, may suggest PH [3,46,47]. The
role of biomarkers is controversial. Brain natriuretic
peptide (BNP) or N-terminal pro-BNP are often
increased in patients with COPD, reflecting pulmo-
nary vascular and RV remodeling but also left heart
dysfunction and other comorbidities [48–50]. A
recentwork [51

&&

] suggests the combination of echo-
cardiographic, blood markers and CT parameters to
reliably predict severe PH in COPD. Cardiopulmo-
nary exercise tests are useful to distinguish ventila-
tory from circulatory limitation associated with PH
in COPD patients [52,53].

After assessment with noninvasive tools, hemo-
dynamic confirmation of PH by right heart catheter-
ization (RHC) should be considered when severe PH
Volume 28 � Number 5 � September 2022
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is suspected [13] or in thework-up to lung transplant
or lung reduction surgery evaluation.
PHENOTYPE PRESENTATION DURING
DIAGNOSTIC WORK-UP

According to a classical paradigm, the physiopathol-
ogy of PH is fundamentally driven by that of COPD
[54]andcausedbyobstruction toairflowandhypoxic
vasoconstriction. It would follow that PH is an inevi-
table, almost mechanical consequence of severe
obstructive disease [55]. Although thesemechanisms
have indeed been confirmed experimentally as hav-
ing a relevant role in the pathogenesis of PH [56],
other patterns of pulmonary vascular disease in
COPD have emerged in recent years, suggesting a
more complex interplay.
RESPIRATORY FUNCTION AND
HEMODYNAMIC PROFILES

PH is usually somewhat proportional to the degree of
airflow obstruction [9,57], and its rate of progression
relatively slow [58,59] compared to other lung dis-
eases [60,61], increasingbyapproximately0.5mmHg
ofmPAPper year. It is difficult to establish prevalence
and natural history of PH in COPD because patients
are not systematically referred for RHC due to its
limited indications. However, evidence [58] shows
that approximately 25% of COPD patients without
PH at a given time will develop it after 5years, with
increased risk for those with higher mPAP at rest and
during exercise. The development of PH is correlated
withworseningofhypoxemia,whichmightprovidea
clue in the absence of worsening of COPD [58].
Recently, theconceptofa specificvascularphenotype
[1] has been put forth. This phenotype is character-
ized by severe hemodynamic compromise, moderate
airflow obstruction, marked reduction in DLCO [62

&

]
andseverehypoxemia,withnormalarterialCO2[11].
Thabut et al. [10] previously identified four clusters of
COPDpatients: patientswithoutPH,withamoderate
decrease in forced expiratory volume in one second
(FEV1) and PaO2; patients with moderate PH, severe
airflow obstruction and moderate hypoxemia;
patientswith severe airflowobstruction, severehypo-
xemiaandseverePH;and thePVP,withseverePHand
hypoxemia but only moderate airflow obstruction.
Thus, the level of hemodynamic compromise is not
alwaysproportional tothatof theairflowobstruction,
and patients with severe PH don’t always have mild
airflow obstruction.
IMAGING PATTERNS

Due to the importance of early PH detection,
research has focused on CT imaging, routinely
1070-5287 Copyright © 2022 Wolters Kluwer Health, Inc. All rights rese
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performed on COPD patients. Although no corre-
lation exists [9,57,63] between the extent of
emphysema and PH severity, airway remodeling
and pulmonary artery to aorta diameter ratio are
proportional to the degree of PH [57,64] and in
severe COPD patients a ratio >1 is predictive of PH
[65]. Furthermore, patients with severe PH have
increased remodeling of small pulmonary vessels
on chest CT [66]. Finally, patients at earlier COPD
stages and with milder emphysema present
increased RV size and arterial pruning [27] than
those with more advanced COPD, suggesting a
similar profile to the PVP.
HEMODYNAMIC STATUS,
EXACERBATIONS AND EXERCISE
CAPACITY

PH (and even an mPAP >18mmHg) is a risk factor
for hospitalization from acute exacerbation of
COPD [2]; furthermore, mortality in COPD patients
with severe PH is increased with the severity and
number of exacerbations requiring hospitalization
in the previous year [62

&

]. Interestingly, COPD
patients admitted for an ’exacerbation’ episode
may actually have decompensated heart failure
from postcapillary PH [67].

PH decreases the exercise capacity of COPD
patients, as evidenced by the six-minute walk test
[68,69] and the cardio-pulmonary exercise test [70],
independently from other concurring factors such
as FEV1 or PaO2 [69] and particularly in patients who
are not candidates for lung-transplant [71]. Further-
more, patients with severe PH present a cardiovas-
cular limitation to exercise [53] rather than
exhausted ventilatory reserve seen in COPD patients
without and with moderate PH.
OVERVIEW OF DIAGNOSIS AND
MANAGEMENT ACCORDING TO
PHENOTYPES

PH can take many forms in COPD (Fig. 1), partly
explaining its variable prevalence [8–10,72–74]. All
COPD patients, regardless of hemodynamic status,
should be treated according to guidelines including
oxygen (if in respiratory failure), physiotherapy and
optimal medical therapy. Once RHC confirms PH, to
avoid missing potentially treatable forms, possible
causes of PAH (autoimmune disease, HIV, liver dis-
ease, congenitalheartdefects, pulmonaryveno-occlu-
sive disease/pulmonary capillary hemangiomatosis
and schistosomiasis) should be considered, and
chronic thromboembolic PH ruled out. If all these
hypotheses are discarded, PH associated with COPD
might be considered.
rved. www.co-pulmonarymedicine.com 345
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FIGURE 1. Algorithm for diagnosis and management of PH in COPD according to phenotype. Right heart catheterization is
mandatory only if severe PH is suspected or in the work-up to lung transplant or lung reduction surgery evaluation. Assess
COPD severity and manage according to current recommendations [98]. 6th World Symposium on PH classification is
considered for grouped PH [86]. CI, cardiac index; COPD, chronic obstructive lung disease; IPAH, idiopathic pulmonary
arterial hypertension; mPAP, mean pulmonary arterial pressure; PH, pulmonary hypertension.

Disorders of the pulmonary circulation
In the following section we outline the different
clinical scenarios where COPD can coexist with PH
(Table 1).
PULMONARY HYPERTENSION DURING
EXERCISE

Even in the absence of PH, COPD patients often
suffer from systemic [75] and pulmonary [76] endo-
thelial dysfunction. Abnormal hemodynamic
response to exercise is common in COPD [58],
and patients with mild COPD [22] and smokers
without airflow obstruction [16] can develop pul-
monary vascular remodeling, although it is
unknown if and how these patients may progress
to PH. Furthermore, elevation of mPAP during exer-
cise might be a consequence of rising pulmonary
capillary pressure from left heart dysfunction and
only RHC can reliably distinguish the latter from
346 www.co-pulmonarymedicine.com
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pulmonary vascular remodeling [77]. Whatever the
case, patients with PH during exercise are not can-
didates for treatment with pulmonary vasodilators;
however, they should be monitored with echocar-
diography, especially during an otherwise unex-
plained worsening of symptoms or hypoxemia.
MILD-MODERATE PRE-CAPILLARY
PULMONARY HYPERTENSION

One of the most common forms of PH in COPD, it is
usually identified in later stages [8]; in these
patients, endothelial dysfunction is even greater
than in COPD without PH and accompanied by
arterial stiffness [75], potentially explaining PH
development. The clinical picture is thus character-
ized by severe or very severe airflow obstruction,
moderate to severe hypoxemia, mild to moderate
PH and ventilatory limitation to exercise.
Volume 28 � Number 5 � September 2022

ealth, Inc. All rights reserved.



Table 1. Clinical phenotypes characteristics and treatment recommendations.

Phenotype Characteristics Recommendations

PH during exercise PAP abnormally rises during exercise
Related to vascular remodeling or left heart

dysfunction
Risk to develop PH at rest

Treat COPD and cardiovascular risk factors
Pulmonary vasodilator not recommended

Postcapillary PH RHC: mPAP �21 mmHg and PAWP �
15mmHg

Frequently mild PH
More cardiovascular risk factors
Predominant LA enlargement
LV diastolic or/and systolic dysfunction.

Mitral valve disease, less frequent aortic
valve disease.

Treat COPD and cardiovascular risk factors
Treat heart failure and valve disease
Consider diuretics
Consider low-sodium diet
Pulmonary vasodilator not recommended

Mild to moderate precapillary PH Frequent type of PH at rest in COPD patients
More frequent in severe and very severe

COPD
More endothelial dysfunction and arterial

stiffness
Ventilatory limitation during exercise: low

breathing reserve, increased PaCO2

Treat COPD
Consider diuretics
Pulmonary vasodilator not recommended

Pulmonary vascular phenotype Mild to moderate airflow obstruction (FEV1

� 60%) and severe PH (mPAP � 35
mmHg or CI <2 L/min/m2)

Severe hypoxemia with no hypercapnia
Severe DLCO reduction
Cardiovascular limitation during exercise

with low peak VO2, lower PetCO2

Treat COPD
Consider diuretics
Refer to a PH reference center and consider
inclusion in large clinical trial with
pulmonary vasodilators

Severe COPD -- Severe PH phenotype Severe airflow obstruction (FEV1 <50%) and
severe PH (mPAP � 35 mmHg or CI <2
L/min/m2)

Severe gas impairment
Increased mortality

Treat COPD
Consider diuretics
Refer to a PH reference center and consider
inclusion in specific clinical trial

CI, cardiac index; DLco, diffusing capacity of the lungs for carbon monoxide; FEV1, forced expiratory volume in one second; LA, left atrium; LV, left ventricle;
mPAP, mean pulmonary arterial pressure; PaCO2, partial arterial pressure of carbon dioxide; PAWP, pulmonary artery occlusion pressure; PetCO2, end-tidal
carbon dioxide; PH, pulmonary hypertension; PVR, pulmonary vascular resistance; UW, wood units; VO2, oxygen consumption.
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Pulmonary vasodilators are contra-indicated as they
may have a detrimental effect on gas exchange [78];
in eligible patients, lung transplantation should be
prioritized. Hemodynamic status should be moni-
tored through echocardiography to detect the devel-
opment of severe PH.
POST-CAPILLARY PULMONARY
HYPERTENSION

Patients with COPD have increased cardiovascular
risk [79] and COPD is a risk factor for cardiovascular
events in patients with systemic hypertension [80];
even reduced lung function per se has the same
effect [81]. It is therefore not surprising that COPD
patients should present with PH due to left heart
disease [82], frequent during exacerbations. A note-
worthy cause of postcapillary PH inCOPDpatients is
diastolic dysfunction, present in about half of mod-
erate to severe COPD patients and correlated with
exercise intolerance [83]. When probability of post-
capillary PH is high [84] because of left heart disease
or cardiovascular risk factors, RHC is not mandatory
1070-5287 Copyright © 2022 Wolters Kluwer Health, Inc. All rights rese
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]. Since RHC is the only way to safely discrim-
inate between pre and postcapillary PH, the preva-
lence of postcapillary PH in COPD is unknown, but
pulmonary artery wedge pressure may be increased
in >60% of COPD patients [9]. Postcapillary PH in
COPD should be correctly categorized as group two
of the PHNice classification [86] and treated as such.
There are no studies assessing the clinical character-
istics and outcomes of combined pre and postcapil-
lary PH in COPD.
PULMONARY VASCULAR PHENOTYPE
VERSUS CHRONIC OBSTRUCTIVE
PULMONARY DISEASE WITH IDIOPATHIC
PULMONARY ARTERIAL HYPERTENSION

The PVP, with its characteristic profile of moderate
airflow obstruction, severe hypoxemia and DLCO
reduction, cardiovascular limitation to exercise,
and poor prognosis [11,63], constitutes a real diag-
nostic challenge. This clinical picture may indeed
represent either the PVP or just the coincidence
of rare idiopathic PAH (iPAH) with the highly
rved. www.co-pulmonarymedicine.com 347
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Disorders of the pulmonary circulation
prevalent COPD in mild form[87]. This distinction,
which might seem philosophical, has bearings
on overall management since iPAH is treated with
vasodilator drugs, for which there is no conclusive
evidence in COPD patients with PH [1,88]; further-
more, it is unknown whether risk assessment scores
and follow-up guidelines for iPAH apply to the PVP.
Some clues from clinical studies [53,89], case series
[90,91], and small randomized-controlled trials [92]
point to this phenotype as a possible candidate for
pulmonary vasodilators and patients should always
be referred to an expert PH center for diagnosis and
inclusion in a clinical trial and/or lung transplant
workup.

In the debate on how to best distinguish
between the PVP and the coincidence of iPAH and
COPD, we propose that the severity of hypoxemia,
and not that of airflow obstruction, might provide a
clue to favor the diagnosis of PVP (Fig. 2; Table 1
supplementary material, http://links.lww.com/
COPM/A31). Patients with iPAH rarely show more
than mild hypoxemia, in contrast with the severe
hypoxemia existing in the PVP. Although the pro-
portion of patients with iPAH and COPD in pub-
lished series is unknown [93,94,95

&

], obstructive
disease is certainly not uncommon among iPAH
patients [94] and despite being associated with a
FIGURE 2. Relationship between PaO2, mPAP and FEV1 in CO
arterial hypertension (PAH). Each bubble represents the relationsh
of SPH-COPD [10,11,62&,63,88,95&,96] and PAH [93,94,95&].
in the same studies. Patients with COPD and severe PH are consis
severity. Thus, when mild-moderate COPD is observed, PaO2 may
PVP over concurrent mild-moderate COPD and PAH. FEV1, forced
artery pressure; PAH, idiopathic pulmonary arterial hypertension;
vascular phenotype; SPH-COPD, COPD and severe PH.

348 www.co-pulmonarymedicine.com
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certain reduction in PaO2, the latter is rarely as
severe as seen in case series of severe PH in
COPD, in which PVP patients are included
[10,11,62

&

,63,76,88,95
&

,96]. This proposal needs to
be validated by future clinical and physiological
studies.
BEYOND THE PULMONARY VASCULAR
PHENOTYPE: IS THERE A ’SEVERE
CHRONIC OBSTRUCTIVE PULMONARY
DISEASE -SEVERE PULMONARY
HYPERTENSION’ PHENOTYPE?

Severe hemodynamic compromise is rare in clini-
cally stable patients [8,39,97] and doesn’t always
present with mild airflow obstruction, as in the
PVP. In the study by Thabut et al., patients with
severe COPD and severe PH formed a separate clus-
ter from the PVP [10]; furthermore, two large registry
cohorts [51

&&

,95
&

] described patients with severe PH
and similar FEV1 to those withmilder PH, indicating
that patients with PVP (who normally have signifi-
cantly higher FEV1 than mild PH patients) were
lumped together with patients with severe hemody-
namic compromise and severe airflow obstruction.
Interestingly, in the last of those studies [51

&&

],
patients with advanced COPD stages and severe
PD patients with severe PH (SPH-COPD) and in pulmonary
ip of mean values of mPAP and PaO2 reported in case series
The diameter of bubbles is proportional to the FEV1 reported
tently more hypoxemic than PAH regardless of hemodynamic
be more helpful than FEV1 in differentiating patients with
expiratory volume in one second; mPAP, mean pulmonary
PaO2, arterial oxygen partial pressure; PVP, pulmonary
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PH presented the worst survival, suggesting the
importance of singling out this phenotype.

What factors favor the development of mild
versus severe PH in patients with severe obstructive
disease? Asmentioned, the severity of emphysema is
not correlated with hemodynamic compromise
[9,57,63], and postcapillary was carefully excluded
in works studying this group of patients
[10,51

&&

,95
&

]. Interestingly, studies using mPAP
�40mmHg as definition for severe PH [11,63] prop-
erly identified patients with the PVP, since their
FEV1 was significantly higher than in the moderate
PH group; this suggests that a higher mPAP thresh-
old might be a better discriminant for the PVP.
Recently it has been shown [4

&&

] that PVR >4 WU
may be associated with poorer outcomes in COPD
and thus a better descriptor of severe PH, but
whether these patients conform to the PVP (statisti-
cally higher FEV1, lower PaO2 compared to patients
with PVR�4WU) is unknown. Finally, patients with
severe PH and severe obstructive disease were
included in a small randomized controlled trial
showing positive results with pulmonary vasodila-
tors in severe PH [92]. Overall, studies focusing on
this specific phenotype of patients separately from
the PVP may be warranted to evaluate its clinical
presentation and outcomes.
FUTURE DIRECTIONS

Preliminary data focusing on severe PH patients
have been encouraging and these patients may be
a good target for future, dedicated large clinical trials
with pulmonary vasodilators; it may also be useful
to distinguish between the PVP and the ‘severe
COPD-severe PH’ phenotype. Furthermore, the role
of hypoxemia in the PVP versus iPAH should be
investigated (Fig. 2).

Future studies should address the variety of
presentations of PH in COPD (Table 1, Fig. 1) by
focusing on deeply phenotyped cohorts, comparing
clinical presentation and outcomes, harnessing
registries to increase reproducibility with larger
cohorts, and concentrating pharmacological trials
on likely candidate phenotypes with carefully
targeted compounds.
CONCLUSION

PH associated with COPDmay present in a variety of
phenotypes that require careful investigation, indi-
vidualized management and, in the case of severe
hemodynamic compromise, referral to an expert PH
center. All patients require optimal management of
their underlying condition; PH in COPD should also
elicit referral to a lung transplant center in eligible
1070-5287 Copyright © 2022 Wolters Kluwer Health, Inc. All rights rese
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patients. There is still not enough evidence favoring
the use of pulmonary vasodilators in PH associated
with COPD, likely due to insufficient discrimination
between previously unrecognized phenotypes with
different responses to therapy in historical random-
ized clinical trials.
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84. Vachiéry JL, Tedford RJ, Rosenkranz S, et al. Pulmonary hypertension due to
left heart disease. Eur Respir J 2019; 53:1801897.

85.
&

Kanwar MK, Tedford RJ, Thenappan T, et al. Elevated pulmonary pressure
noted on echocardiogram: a simplified approach to next steps. J Am Heart
Assoc 2021; 10:e017684.

This mini-review gives simplified, case-based directions for the diagnostic ap-
proach of elevated pulmonary artery pressure on echocardiogram to general
practitioners and clinicians.
86. Simonneau G, Montani D, Celermajer DS, et al. Haemodynamic definitions

and updated clinical classification of pulmonary hypertension. Eur Respir J
2019; 53:1801913.
1070-5287 Copyright © 2022 Wolters Kluwer Health, Inc. All rights rese

Copyright © 2022 Wolters Kluwe
87. Blanco I, Tura-Ceide O, Peinado VI, Barberà JA. Updated perspectives on
pulmonary hypertension in COPD. Int J COPD 2020; 15:1315–1324.

88. Girard A, Jouneau S, Chabanne C, et al. Severe pulmonary hypertension
associated with COPD: Hemodynamic improvement with specific therapy.
Respiration 2015; 90:220–228.

89. Brewis MJ, Church AC, Johnson MK, Peacock AJ. Severe pulmonary hyper-
tension in lung disease: phenotypes and response to treatment. Eur Respir J
2015; 46:1378–1389.

90. Abuserewa ST, Selim A, Youssef A, Zolty R. Role of selexipag in chronic
obstructive pulmonary disease (COPD) patients with out-of-proportion pul-
monary hypertension. Cureus 2021; 13:e16520.

91. Calcaianu G, Canuet M, Schuller A, et al. Pulmonary arterial hypertension-
specific drug therapy in copd patients with severe pulmonary hypertension
and mild-to-moderate airflow limitation. Respiration 2016; 91:9–17.

92. Vitulo P, Stanziola A, Confalonieri M, et al. Sildenafil in severe pulmonary
hypertension associated with chronic obstructive pulmonary disease: A
randomized controlled multicenter clinical trial. J Heart Lung Transplant
2017; 36:166–174.

93. Stubbe B, Seyfarth HJ, Kleymann J, et al. Monotherapy in patients with
pulmonary arterial hypertension at four German PH centres. BMC Pulm
Med 2021; 21:130.

94. Hoeper MM, Pausch C, Gr€unig E, et al. Idiopathic pulmonary arterial hyper-
tension phenotypes determined by cluster analysis from the COMPERA
registry. J Heart Lung Transplant 2020; 39:1435–1444.

95.
&

Vizza CD, Hoeper MM, Huscher D, et al. Pulmonary hypertension in patients
with COPD: results from the comparative, prospective registry of newly
initiated therapies for pulmonary hypertension (COMPERA). Chest 2021;
160:678–689.

This analysis of the COMPERA registry reports that male sex, low exercise
tolerance and high PVR are predictors of death in COPD-PH, and that PH-targeted
therapy may improve exercise capacity and functional class in a subgroup of
patients with severe COPD-PH.
96. Tanabe N, Taniguchi H, Tsujino I, et al. Multiinstitutional retrospective cohort

study of patients with severe pulmonary hypertension associated with re-
spiratory diseases. Respirology 2015; 20:805–812.

97. Hoeper MM, Humbert M, Souza R, et al. A global view of pulmonary
hypertension. Lancet Respir Med 2016; 4:306–322.

98. Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strategy for the
diagnosis, management, and prevention of chronic obstructive lung disease
2017 report. GOLD Executive Summary. Am J Respir Crit Care Med 2017;
195:557–582.
rved. www.co-pulmonarymedicine.com 351

r Health, Inc. All rights reserved.




