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Abstract: Pulmonary hypertension (PH) is a frequent and important complication of chronic

obstructive pulmonary disease (COPD). It is associated with worse clinical courses with more

frequent exacerbation episodes, shorter survival, and greater need of health resources. PH is

usually of moderate severity and progresses slowly, without altering right ventricular function in

the majority of cases. Nevertheless, a reduced subgroup of patients may present disproportionate

PH, with pulmonary artery pressure (PAP) largely exceeding the severity of respiratory impair-

ment. These patients may represent a group with an exaggerated vascular impairment (pulmon-

ary vascular phenotype) to factors that induce PH in COPD or be patients in whom idiopathic

pulmonary arterial hypertension (PAH) coexist. The present review addresses the current defini-

tion and classification of PH in COPD, the distinction among the different phenotypes of

pulmonary vascular disease that might present in COPD patients, and the therapeutic approach

to PH in COPD based on the available scientific evidence.

Keywords: chronic lung disease, pulmonary circulation, vascular remodeling, pulmonary

arterial pressure

Epidemiology of Pulmonary Hypertension in COPD
Pulmonary hypertension (PH) is a functional disorder that can occur clinically as an

isolated disease (idiopathic pulmonary arterial hypertension), which etiology is

unknown, or as a complication associated with other processes. The current classi-

fication of pulmonary hypertension (PH) reflects this concept and subdivides it into

five broad categories that include processes with common pathogenic mechanisms.1

Pulmonary hypertension due to lung disease and/or hypoxia (group 3 of the

classification)1 (Table 1) is one of the most common forms of PH, being chronic

obstructive pulmonary disease (COPD) the most frequent cause.

Pulmonary hypertension is defined in hemodynamic terms by an abnormal

increase of pulmonary arterial pressure (PAP). In the last Word Symposium on

Pulmonary Hypertension, held in Nice in February–March 2018, it was proposed to

lower the previous cutoff value of mean PAP (mPAP) to define PH, adapting it to

the normal value of 14.0±3.3 mmHg, shown by Kovacs et al after reviewing more

than 1000 right heart catheterizations in healthy subjects.2 Accordingly, the new

proposed value to define PH is a mPAP greater than 20 mmHg, which is the upper

normal limit shown in healthy subjects,2 with a pulmonary vascular resistance

(PVR) greater than 3 Wood Units.

The prevalence of PH in patients with COPD (COPD-PH) is not negligible, and,

in general, it is dependent on the severity of the disease. Specific genetic signatures
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are also linked with the development of PH in COPD.3

Studies in patients with spirometric Global Initiative for

Chronic Obstructive Lung Disease (GOLD) stage 4 have

shown that up to 90% of patients might have abnormal

mPAP (>20 mmHg), with most of them ranging between

20 and 35 mmHg. Approximately, only 1% to 5% of

patients with COPD have mPAP greater than 35–40

mmHg at rest.4 Interestingly, even under moderate exer-

cise conditions, most COPD patients show a rapid rise in

mPAP, indicating loss of lung vasculature, vascular disten-

sibility and/or vessel recruitment capability.5 It should be

noted that in COPD, PH at rest or during exercise may be

also due to comorbid left heart disease (more frequently),

sleep disordered breathing or chronic pulmonary

thrombosis.

In COPD, PH is usually of moderate severity, without

altering right ventricular function in most cases.6,7

Nevertheless, a small subgroup of patients may present

severe PH, with PAP values exceeding those expected

according to the severity of respiratory impairment.

These patients may depict a clinical picture similar to

more severe forms of PH and have greater mortality.

Pathobiology of Pulmonary
Hypertension in COPD
Remodeling of pulmonary vessels is the major cause of

PH in COPD. It affects small and precapillary arteries and

has been identified at different degrees of disease

severity.8,9 The most prominent feature of pulmonary vas-

cular remodeling in COPD is the enlargement of the inti-

mal layer in muscular arteries. Intimal hyperplasia is

produced by the proliferation of smooth muscle cells

(SMC), which in advanced stages conform bundles of

longitudinal muscle that differs from the normal circum-

ferential disposition, and deposition of elastic and collagen

fibers.8,9 In the arterioles, there is development of a medial

coat of circular smooth muscle bounded by a new elastic

lamina.

Intimal hyperplasia of pulmonary muscular arteries is

apparent at all disease stages. In mild-to-moderate COPD

the majority of SMC proliferating in hyperplasic intimas

have a poorly differentiated phenotype, as shown by the

lack of expression of contractile filaments that are char-

acteristic of mature cells.8

Changes in the tunica media are less conspicuous and the

majority of morphometric studies have failed to demonstrate

differences in the thickness of the muscular layer when

comparing COPD patients with control subjects.10–12

The pathophysiologic mechanisms underlying the devel-

opment of PH in COPD are still poorly understood. It is

believed that the sequence of changes that lead to PH begins

at early disease stages by an impairment of endothelial

function in pulmonary vessels.13 Our group has previously

suggested that in COPD, such endothelial impairment could

be caused by cigarette smoke products, which represents an

early triggering factor for pulmonary vascular alterations.14

Products contained in cigarette smoke play a critical role in

the initiation of pulmonary endothelial cell alterations.14

However, these changes are not sufficient to explain the

development of PH, and even less to explain why some

patients with COPD develop severe PH.

Other mechanisms such as a decrease in pulmonary

vascular surface, parenchymal loss, air-trapping, abnormal

pulmonary mechanics, and alveolar hypoxia could concur

and promote the development of PH in COPD.15–17

Hypoxemia has been suggested to be a PH trigger, but

the relationship between PAP and arterial PO2 (PaO2) has

great variability,18 suggesting that there must be additional

factors explaining the development of PH in COPD.

Endothelial dysfunction in COPD-PH is associatedwith an

impaired release of endothelium-derived vasodilating agents

(nitric oxide, prostacyclin) and increased expression of growth

factors.14 Smoking induces remodeling of pulmonary arteries,

which could be further enhanced by chronic hypoxia.19

Hypoxia induces endothelial cell damage, causing the release

of molecules such as endothelin that leads to neighboring

smooth muscle cell vasospasm and proliferation.19 Although

initial stages of vascular remodeling due to cigarette smoke

exposure or early hypoxia exposure could still be a reversible

process, persistent inflammation and chronic hypoxia seem to

be largely irreversible.19 Once the pulmonary artery wall has

been remodeled, the intima layer thickens and the neointima

shaped, remodeling reversion of the pulmonary vascular ves-

sels is not possible.

Vascular stiffness is increased due to a higher deposition

of elastic and collagen fibers. This results in an increase of

Table 1 Pulmonary Hypertension Due to Lung Diseases and/or

Hypoxiaa

Obstructive lung disease

Restrictive lung disease

Other lung disease with mixed restrictive/obstructive pattern

Hypoxia without lung disease

Developmental lung disorders

Note: aFrom the Pulmonary Hypertension Classification updated at the 6th World

Symposium on Pulmonary Hypertension, Nice, France, 2018.
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PVR with the subsequent increase in PAP. Small reductions

in the diameter of remodeled small pulmonary arteries can

lead to significant increases in PVR.19

Clinical Implications and Diagnostic
Tools
The diagnosis of COPD-PH is a difficult task, especially in

its mildest form. Symptoms due to PH, such as dyspnea or

fatigue, are difficult to differentiate from the clinical picture

of COPD itself. On the other hand, the identification of some

clinical signs can be masked by the existence of lung hyper-

inflation, the large oscillations in intrathoracic pressure, or

superimposed respiratory sounds (rhonchi or crackles). Thus,

typical findings such as ejection click increased pulmonary

component of the second tone or pansystolic murmur of

tricuspid regurgitation may not be recognized. Frequently,

the suspicion of PH in COPD is based on the presence of

peripheral edema.20 Complementary examinations such as

chest x-ray or EKG have low sensitivity in the detection of

PH.21 Pulmonary function tests are necessary for the diag-

nosis of COPD, although there are no specific patterns of

impairment of pulmonary function associated with the devel-

opment of PH. In situations where the lung parenchyma is

preserved, the existence of PH may be associated with

a decrease in carbon monoxide diffusing capacity (DLCO).

Other non-invasive modalities that might raise suspi-

cion for the presence of PH in COPD include circulating

biomarkers, abnormalities in exercise testing, altered blood

gases, and changes at the echocardiography and other

imaging tests. Plasma levels of BNP or NT-pro-BNP are

elevated in severe COPD-PH but have less sensitivity and

specificity for moderate PH and may be confounded by

left heart abnormalities.22,23 In COPD, PH is generally

associated with diminished exercise capacity and greater

impairment of gas exchange at rest or during exercise than

that expected based on ventilatory limitation.

Echocardiography is a non-invasive and easily acces-

sible tool and is critical in the diagnosis of any patient with

suspected PH. It allows the evaluation of hypertrophy or

dilatation of the right ventricle and the estimation of sys-

tolic PAP. However, echocardiography presents technical

difficulties in COPD patients due to the hyperinflation of

the chest.24 Echocardiography should be performed when

it is considered that PH may have a significant contribu-

tion to the patient’s clinical status, such as dissociation

between the intensity of symptoms and the degree of

functional impairment; existence of manifest disparity

between the decrease in DLCO and the degree of spiro-

metric impairment; or the suspicion of disproportionate

PH based on physical examination and complementary

examinations (chest x-ray, EKG).25,26

The ratio of the main pulmonary artery to the ascend-

ing aorta diameter (PA/Ao) on the computed tomography

(CT) scan may predict PH in COPD, with a ratio >1 (range

0.9–1.1) suggested as a threshold.27–29 Combining PA/Ao

and other non-invasive measures (including echocardio-

graphic and other physiologic variables) improves the

accuracy for predicting PH. Additionally, other CT mar-

kers such measurements of small vessels surface, as well

as assessments of bronchial wall and emphysematous

changes, are emerging and might be used for predicting

and phenotyping PH in COPD.30,31

Recent studies with cardiac magnetic resonance (CMR)

have demonstrated that parameters of pulmonary artery

stiffness such as pulse wave velocity have high sensitivity

and specificity for identifying PH.32 In addition, other

parameters assessed by CMR such as right ventricular

mass index and pulmonary artery relative area change

are useful in assessing the prognosis of COPD-PH.33

Thus, CMR appears to have a promising role in the early

non-invasive assessment of PH in COPD.

Pulmonary hemodynamics assessed by right cardiac

catheterization is the gold standard tool to confirm the diag-

nosis of PH. However, due to its invasive nature, despite

being a safe procedure in expert hands, it is not routinely

recommended in the evaluation of patients with COPD.

However, in certain circumstances, such as frequent episodes

of right ventricular failure, or candidates for lung transplan-

tation or lung volume reduction, right heart catheterization

might be indicated, after a comprehensive assessment using

noninvasive tools. The procedure should be done while the

patient is in a stable condition and taking into account the

appropriate setting of the zero-reference level and the effects

of respiratory swings on pressure readings.34,35

According to the results of right heart catheterization, the

6th World Symposium on Pulmonary Hypertension proposed

a hemodynamic classification of COPD-PH into three

categories:36 without PH, with PH and with severe PH

(Table 2).

Pulmonary Vascular Disease
Phenotypes in COPD
The group of COPD patients with severe PH is an intri-

guing one. The reason why a small cluster of COPD
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patients (3–5%) present with severe hemodynamic impair-

ment has not been elucidated. Hypothetically, it might

represent a subgroup with a particularly aggressive form

of PH, or patients in which pulmonary arterial hyperten-

sion (PAH) (group 1 of the PH classification) coexists with

COPD by chance (Figure 1). In the past, the term “out-of-

proportion” PH was used to define this subgroup of

patients, but this term has been abandoned because it is

unclear whether the disproportion to the PAP value should

be considered based on the severity of the airflow obstruc-

tion, the extent of parenchymal derangement or other

parameters. In a recent perspective article, Kovacs et al34

proposed the term “pulmonary vascular phenotype” to

define this subgroup of patients. The pulmonary vascular

phenotype in COPD is characterized by severe PH,36 less

severe airflow limitation (mostly moderate obstruction),

hypoxemia, very low DLCO, normo- or hypocapnia, and

exercise limitation of cardiovascular origin.34,37

Interestingly, the vascular lesions in COPD with severe

PH are morphologically similar to those seen in idiopathic

PAH11 and differ from those observed in patients with

COPD and moderate PH12 (Figure 2). The identification

of COPD patients with the pulmonary vascular phenotype

and the distinction of those in which COPD and idiopathic

PAH coexist is based on clinical judgement, taking into

account a set of parameters (Table 3). These parameters

include clinical features, pulmonary function testing, chest

imaging, hemodynamic profile and the pattern of the

response to cardiopulmonary exercise testing. It would be

interesting to integrate these variables in a composite score

that would assist the clinician to establish a pre-test prob-

ability of the pulmonary vascular phenotype or co-existing

PAH before undertaking the invasive confirmation of PH

with right heart catheterization (Figure 3).

It has been previously established that the presence of

PH has a stronger association with mortality in COPD than

the forced expiratory volume in the first second (FEV1) or

gas exchange variables.38 In addition, an enlarged pulmon-

ary artery diameter, as detected by CT scan, predicts hos-

pitalization due to acute COPD exacerbation.27,39

The majority of patients with COPD-PH present with

severe or very severe airflow obstruction (GOLD spiro-

metric stages 3 or 4, FEV1 <50% of predicted) or severe

emphysema in the CT scan, and mild-to-moderate preca-

pillary PH (mPAP 21–34 mmHg, cardiac index >2.5 L/

min/m2). These cases could be considered as having “pro-

portionate PH” (Figure 3).

Another phenotype to consider in COPD is the pre-

sence of postcapillary PH,34 due to the frequent associa-

tion with left heart disease. Sometimes the presence of

heart failure with preserved ejection fraction is difficult

to detect. The combination of clinical features and results

of non-invasive exams may help to establish the probabil-

ity of this condition40 (Figure 3).

Treatment of PH in COPD
According to what we know so far, PH should not be seen

as a simple complication of hypoxemia that occurs in the

most advanced stages of the disease. Furthermore, it

should be borne in mind that pulmonary circulation dis-

orders can also be observed in patients with mild disease

without hypoxemia, and even in smokers without airflow

obstruction. These considerations are of interest when

addressing the treatment of pulmonary vascular disorders

in COPD.

First of all, COPD should be optimally treated according

to current guidelines. In patients with hypoxemia, the cor-

rection of alveolar hypoxia with long-term oxygen treat-

ment (LTOT) appears to be the most logical intervention to

reduce PH. In stabilized hypoxemic COPD patients, LTOT

for 15 h/day prevents the progressive increase of PAP and,

when used >18 h/day, produces a slight decrease of

PAP.39,41 However, in COPD patients with moderate resting

Table 2 Hemodynamic Classification of Pulmonary Hypertension

in COPD

COPD without PH mPAP <21 mmHg

mPAP 21–24 mmHg with PVR <3 WU

COPD with PH mPAP 21–24 mmHg with PVR ≥3 WU

mPAP 25–34 mmHg

COPD with severe PH PAP ≥35 mmHg

PAP ≥25 mmHg with CI <2.0 L/min/m2

Abbreviations: PH, pulmonary hypertension; mPAP, mean pulmonary artery

pressure; PVR, pulmonary vascular resistance; WU, Wood units (mmHg/L/min);

CI, cardiac index.

PH due to COPD

COPD PH

COPD & PAH coexist

COPD PAH

Figure 1 Potential explanations for severe pulmonary hypertension in COPD.

Hypothetically, in patients with COPD, severe pulmonary hypertension (PH) may

occur as a consequence of an aggressive form of pulmonary vascular disease (PH

due to COPD), or because there is a co-existing pulmonary arterial hypertension.
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(SpO2 89–93%) or exercise-induced (<90% for ≥10 sec-

onds) oxygen desaturation, LTOT does not provide benefit

in terms of survival or hospitalizations.41 Therefore, in

COPD, LTOT is the most appropriate treatment for PH

associated with respiratory failure, although it has little

impact on pulmonary hemodynamics and does not reverse

the pathological lesions of the pulmonary circulation.

The safety and efficacy of PAH-targeted therapy in COPD-

PH has been evaluated in recent years. Seven randomized

controlled trials (RCTs) have evaluated the safety and efficacy

of PAH-targeted therapy in COPD-PH, see Nathan et al36 and

Gredic et al42 for a detailed review of the trials. Most of these

studies were conducted in a limited number of subjects, in

some of them PH was diagnosed on the basis of echocardio-

graphic findings, and all but one evaluated COPD patients

with mild-to-moderate PH.36,42 Only Vitulo et al43 evaluated

COPD patients with severe PH, which was defined by mPAP

>35mmHg if FEV1 was <30% of predicted, or by mPAP

≥30mmHg if FEV1 was ≥30% of predicted.

Recent meta-analyses44–46 have analyzed the pooled

results of these RCTs. According to these meta-analyses,

targeted PAH therapy definitely improves pulmonary hemo-

dynamics, assessed by right heart catheterization.44,45 Such

beneficial hemodynamic effect has been demonstrated with

both bosentan, an endothelin-1 receptor antagonist, and sil-

denafil, a phosphodiesterase-5 (PDE5) inhibitor.44,45

The effect of PAH-targeted therapy on exercise capa-

city in patients with COPD-PH is less apparent. Individual

studies show mixed results.36,42 One of the meta-analysis

showed improvement in the distance covered at the 6

minutes walking test (6MWD), whereas other two meta-

analyses failed to show any improvement in 6MWD.44–46

The lack of consistent improvement in exercise capacity

with PAH-targeted therapy could be explained, at least in

part, by the design of the studies. The only two studies that

showed an improvement in 6MWD47,48 have some meth-

odological limitations, since both included a reduced num-

ber of patients, in one of them the diagnosis of PH was

A

C D

B

Figure 2 Remodeling of pulmonary muscular arteries in pulmonary hypertension. (A) Pulmonary muscular artery of a control subject without COPD. (B) Pulmonary

muscular artery with a moderately remodeled intima in a patient with COPD and mild pulmonary hypertension. (C) Pulmonary muscular artery with a highly enlarged intima

from a patient with COPD and severe pulmonary hypertension. (D) Pulmonary artery showing a prominent muscular hypertrophy in a patient with pulmonary arterial

hypertension.
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made by echocardiography47 and the other had an open-

label design.48 Differences in the effects on 6MWD are not

due to the type of drug, since inconsistent effects have

been shown using bosentan or PDE5 inhibitors.36,42 In

addition to the methodological differences among RCTs,

it must be considered that COPD itself limits exercise

tolerance and hence differences in COPD severity might

influence too the results of the 6MWD and explain, in part,

discrepancies among studies.

The efficacy of PAH-targeted therapy on quality of life

or dyspnea in patients with COPD-PH is also limited and,

in general, with disappointing results.44,45 Most of the

studies did not show any improvement in quality of life.

However, Vitulo et al43 showed an improvement in the

BODE (body mass index, lung obstruction, dyspnea and

exercise capacity) score, the modified Medical Research

Council scale, and the SF-36 general health domain, after

16 weeks of treatment with sildenafil 20 mg t.i.d in COPD

patients who had severe PH.43

In summary, current evidence does not support that in

patients with COPD-PH, the improvement in pulmonary

hemodynamics shown with targeted PAH therapy results in

greater exercise capacity and/or improvement in symptoms.

The effect of targeted PAH therapy on survival in

COPD-PH has been assessed retrospectively in studies

with a mixed population of patients with different respira-

tory diseases (not only COPD), and usually with severe

PH. Having these limitations in mind, two studies showed

longer survival in patients that had been treated with

targeted PAH therapy, which in most cases consisted of

sildenafil or tadalafil, a PDE5 inhibitor, as compared with

untreated patients.22,23 Of note, in one of these studies,

survival benefit with targeted PAH therapy was only

apparent in patients who had severe PH, whereas no ben-

efit was observed in patients with mild-to-moderate PH.23

In terms of safety, the vasodilator effect of targeted PAH

therapy may worsen gas exchange in COPD due to the

inhibition of hypoxic pulmonary vasoconstriction, which

increases ventilation-perfusion (VA/Q) mismatching.13,49

Evidence for the long-term effect of targeted PAH therapy

on gas exchange in COPD-PH is heterogeneous.44 While

deterioration of gas exchange was shown in some studies

with the long-term use of bosentan or sildenafil, no change

was observed in others using sildenafil or tadalafil43,50-52 and

rarely resulted in treatment withdrawal.53

Rehabilitation with exercise training is an established

therapy for patients with COPD. In patients with PAH,

supervised exercise rehabilitation has also been shown to

improve exercise tolerance.54 There is very few information

on the effects of pulmonary rehabilitation in patients with

COPD-PH. In a RCT performed by our group, addressed to

evaluate the effects of sildenafil added to a program of

pulmonary rehabilitation in patients with COPD-PH, we

showed that all patients improved significantly exercise

endurance with pulmonary rehabilitation, irrespective if

they received sildenafil or placebo.52 Indeed, sildenafil did

not provide additional benefit to that obtained with pulmon-

ary rehabilitation alone.52 Therefore, exercise training should

be considered in patients with COPH-PH as a therapeutic

option addressed to improve exercise tolerance.36

In summary, unfortunately, to date, we do not have

appropriate therapeutic alternatives for the treatment of

PH in patients with COPD, and available drugs are

Table 3 Assessment of the Pulmonary Vascular Phenotype in

COPD

Clinical features

Exclusion of other causes of PH

● Chronic thromboembolism: angio-CT, V-Q scintigraphy

● Left heart disease: echocardiography, right heart catheterization

● Sleep breathing disorders

Risk factors for PAH

● HIV infection

● BMPR2 mutations

● Portal hypertension

● Connective tissue disease

Pulmonary function testing

● Forced spirometry

● CO diffusing capacity (DLCO)

● Arterial blood gases: PaO2 and PaCO2

Imaging techniques

● High-resolution CT scan: assessment of extent and severity of

emphysema

Right heart catheterization

● Mean PAP

● Cardiac index

Cardiopulmonary exercise testing

● Cardiovascular limitation pattern

● Preserved ventilatory response

● Gas exchange inefficiency: low end-tidal CO2, high VE/VCO2 slope

Circulating biomarkers

● BNP or NT-proBNP

Abbreviations: PH, pulmonary hypertension; angio-CT, computed tomography

angiogram; V-Q, ventilation and perfusion; PAH, pulmonary arterial hypertension;

HIV, human immunodeficiency virus; BMPR2, bone morphogenetic protein receptor

type 2; PAP, pulmonary artery pressure; VE, minute ventilation; VCO2, carbon

dioxide output; BNP, brain natriuretic peptide; NT-proBNP, N-terminal prohor-

mone of brain natriuretic peptide.
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limited to supportive care.19 Most RCTs conducted with

targeted PAH therapy have failed to demonstrate sympto-

matic improvement or improvement in exercise

tolerance.15,52 Nevertheless, it should be considered that

most of RCTs conducted in COPD-PH involved patients

with mild-to-moderate PH. There is also a concern that in

COPD the administration of targeted PAH therapy may

worsen gas exchange.49 Therefore, further studies are

needed to identify novel targets directed to prevent or

reduce the uncontrolled cellular hyperproliferation in pul-

monary arteries, as well as the determinants of the hetero-

geneity in its presentation, in order to find suitable

therapeutic alternatives, particularly in COPD patients

with severe PH or the “pulmonary vascular phenotype”.

We consider that future RCTs in COPD-PH should target

specifically this subgroup of patients and consider new

trial endpoints, as it has been already done in PAH, given

the lack of sensitivity of 6MWD to reflect hemodynamic

changes in COPD.

We can conclude that the treatment of choice for patients

with COPD-PH and associated hypoxemia is long-term oxy-

gen therapy. Regarding the use of targeted PAH therapy, it

should be restricted to those patients with PAH and co-

existing COPD. The use of targeted PAH in the “pulmonary

vascular phenotype” should be considered on individual

basis, circumscribed to centers expert in both PH and

COPD, and employed in the context of RCTs and/or clinical

registries, in order to acquire firm evidence about its safety

and efficacy (Figure 4). With the currently available infor-

mation, the use of targeted PAH therapy in COPD patients

with mild-to-moderate or “proportionate” PH is discouraged.

Conclusion
Pulmonary hypertension is a serious complication in the

natural history of COPD. Its presence is associated with

reduced survival and has been identified as a predictive

factor of greater use of health resources. Pulmonary vascular

disease covers a wide spectrum of COPD. Moderate degrees

of PH are relatively frequent in COPD, usually associated

with severe airflow obstruction or parenchymal destruction.

There is a subgroup of patients in whom PH reaches

a severe, disproportionately high value with mild airflow

obstruction, which is similar to those who present idiopathic

PAH. In these patients, clinical judgement based on

COPD with

post-capillary PH

“Proportionate”

mild-moderate PH 

Pulmonary vascular

phenotype

FEV
1 /       /  /        / /

DLCO N / /

6MWT

CPET
/ / 

PaO
2 N / N / /      / /       /

Pulmonary

hemodynamics

mPAP ≤20 mmHg or

mPAP 21-24 mmHg & PVR <3 WU

mPAP >20 mmHg

PAWP >15 mmHg

mPAP 21-24 mmHg & PVR ≥3 WU

or mPAP 25-34 mmHg

mPAP 25-34 mmHg & CI <2.5 L/min/m
2

or mPAP ≥35 mmHg

COPD

without PH

ventilatory
limitation

cardiovascular
limitation

Risk of mortality

due to PH

Figure 3 Pulmonary vascular disease phenotypes in COPD. Risk of death due to pulmonary hypertension and features in different pulmonary vascular disease phenotypes in

COPD.

Abbreviations: PH, pulmonary hypertension; FEV1, forced expiratory volume in the first second; DLCO, diffusing capacity for carbon monoxide; 6MWT, six-minute

walking test; CPET, cardiopulmonary exercise test; PaO2, partial pressure of arterial oxygen; mPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance;

CI, cardiac index; PAWP, pulmonary artery wedge pressure.
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a multidimensional assessment must discern whether they

have a “pulmonary vascular phenotype” or co-existing PAH.

There are indications that the sequence of alterations that

lead to PH begins in the early stages of the disease from

pulmonary endothelial dysfunction. As a consequence of

this dysfunction, there is an imbalance in the substances of

endothelial synthesis, in favor of those that produce vaso-

constriction and promote cell proliferation and the deposi-

tion of extracellular matrix in the arterial wall.

Regarding treatment, PAH-targeted therapy should be

restricted to those patients with co-existing PAH. It could

also be considered in individual cases with the “pulmonary

vascular phenotype” in expert PH and COPD centers, in

the context of clinical trials or registries.
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