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Abstract Pulmonary hypertension (PH) is a common

phenomenon that may occur as a consequence of various

diseases (e.g., heart failure, chronic lung diseases, and

pulmonary embolism), as a distinct disease of the small

pulmonary arterioles, or a combination of both. Indepen-

dently from the origin, PH has important impact on patient́s

symptoms and life expectancy. The establishment of an

exact diagnosis and classification, as well as the under-

standing of the hemodynamic interrelations, provides the

basis for often challenging treatment decisions. Recently,

the 5th World Symposium on PH took place in Nice,

France, where important standards and definitions were

specified. Furthermore, the results of recent phase III trials

have led to the approval of new targeted therapies. The

most relevant developments including the rating of novel

treatment options are summarized in this article.
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Introduction

Despite significant improvements in the diagnosis and

treatment of pulmonary hypertension (PH), this disease

remains to be associated with a profound reduction of

quality of life and survival. The timely establishment of the

diagnosis and the precise subclassification of patients

according to the clinical classification of PH (Nice 2013)

are of great importance, particularly because targeted

therapy of pulmonary arterial hypertension (PAH) differs

from the treatment approaches in other forms of PH [1].

Due to the complexity of the pathophysiological interre-

lations and because individual treatment decisions are often

challenging, patients with PH should be treated in spe-

cialized centers [1].

During the last decades, novel developments and

improvements in this field were constantly revisited at

World Symposia, which have been held every 5 years. The

respective recommendations provided the basis for national

and international guidelines. The standards and definitions

of PH were last revisited in 2008 in Dana Point. Recently,

the ‘‘5th World Symposium on Pulmonary Hypertension’’

(WSPH) was held in Nice, France, where important mod-

ifications were established. The respective results were

now published in a supplement of the Journal of the

American College of Cardiology (JACC). Furthermore, the

results of recent phase III trials have led to the approval of

new targeted therapies. This article summarizes the most

important aspects and provides a detailed overview of the

definitions, classification, terminology, and treatment of

PH.

Classification and pathobiology

The current Nice classification of PH remains to distin-

guish five subgroups of the disease [2]. These are pul-

monary arterial hypertension (PAH; group 1), PH due to

left heart disease (group 2), PH due to lung diseases and/

or hypoxia (group 3), chronic thromboembolic PH

(CTEPH, group 4) and PH with unclear multifactorial

mechanisms (group 5). This assorting is similar to the
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previous Dana Point classification [3]. However, novel

insights have led to modifications of this classification

within the main groups (Table 1, main modifications

highlighted in red). For instance, recently identified gene

defects (Smad9, CAV1, and KCNK3) have been added to

heritable PAH, and group 2 was extended by congenital or

acquired left heart inflow/outflow tract obstruction and

congenital cardiomyopathies. With regard to the patho-

biology of PAH, the disease is increasingly recognized as

a proliferative and inflammatory disorder [4, 5], which has

important impact on the identification of novel targets and

the development of new treatment strategies. In addition,

the significance of pathogenic changes within the venous

part of the pulmonary circuit is increasingly recognized

[4].

Change of phenotype and improved prognosis

Current registry data have provided important information

about the epidemiology and phenotype of patients with

PAH. Interestingly, profound changes of the PAH phe-

notype have been observed during the past decades. These

include substantial changes in age, gender, comorbidities,

and survival [6]. Whereas the mean age in patients with

idiopathic PAH (IPAH; then termed primary PH) in the

initial NIH registry (data acquisition 1981–1982) was

36 ± 15 years [7, 8], PAH is nowadays frequently diag-

nosed in elderly patients, so that the mean age at diagnosis

in current registries is between 50 ± 14 and

65 ± 15 years [9, 10]. A possible explanation for this

development may be the increased awareness for PAH in

the modern management era, since effective therapies are

now available. PAH may indeed be detected more fre-

quently in elderly patients, as the population of most

western countries is aging. However, potential misclas-

sifications between PAH and non-PAH PH may also be

considered, particularly in patients with heart failure with

preserved ejection fraction (HFpEF), which may occur as

a result of uncertainties in the current definitions and

difficulties in the measurement of the pulmonary arterial

wedge pressure (PAWP) [11, 12], that are especially rel-

evant in elderly patients.

A further profound change is the improved survival of

patients with PAH. Whereas the median survival time

after establishment of the diagnosis in the early registries

(NIH) was limited to only 2.8 years [7, 8], current registry

data show a 3-year survival of up to 83 % [10]. These data

implicate that improved care of PAH patients including

the treatment with targeted PAH drugs has substantially

improved quality of life and survival. Of note, elderly

patients ([65 years) diagnosed with PAH display a worse

prognosis as compared to younger patients, despite less

pronounced impairment of pulmonary hemodynamics

[10].

Table 1 Updated clinical classification of pulmonary hypertension

(Nice 2013) [2]

1. Pulmonary arterial hypertension (PAH)

1.1 Idiopathic PAH

1.2 Heritable PAH

1.2.1 BMPR2

1.2.2 ALK-1, ENG, Smad9, CAV1, KCNK3

1.2.3 Unknown

1.3 Drug and toxin induced

1.4 Associated with:

1.4.1 Connective tissue disease

1.4.2 HIV infection

1.4.3 Portal hypertension

1.4.4 Congenital heart disease

1.4.5 Schistosomiasis

10 Pulmonary veno-occlusive disease (PVOD) and/or pulmonary

capillary hemangiomatosis (PCH)

100 Persistent pulmonary hypertension of the newborn (PPHN)

2. Pulmonary hypertension due to left heart disease

2.1 Left ventricular systolic dysfunction

2.2 Left ventricular diastolic dysfunction

2.3 Valvular disease

2.4 Congenital/acquired left heart inflow/outflow tract

obstruction and congenital cardiomyopathies

3. Pulmonary hypertension due to lung diseases and/or hypoxia

3.1. Chronic obstructive pulmonary disease

3.2. Interstitial lung disease

3.3. Other pulmonary diseases with mixed restrictive and

obstructive pattern

3.4. Sleep-disordered breathing

3.5. Alveolar hypoventilation disorders

3.6. Chronic exposure to high altitudes

3.7. Developmental lung diseases

4. Chronic thromboembolic pulmonary hypertension

5. Pulmonary hypertension with unclear multifactorial

mechanisms

5.1 Hematologic disorders: chronic hemolytic anemia,

myeloproliferative disorders, splenectomy

5.2 Systemic disorders: sarcoidosis, pulmonary histiocytosis, and

lymphangioleiomyomatosis

5.3 Metabolic disorders: glycogen storage diseases, Gaucher’s

disease, and thyroid disorders

5.4 Others: tumoral obstruction, fibrosing mediastinitis, chronic

renal failure, and segmental PH

Main modifications to the previous Dana Point classification (2008)

are highlighted in red

BMPR2 bone morphogenetic protein receptor type 2, ALK-1 activin

receptor-like Kinase 1, ENG endoglin, CAV1 caveolin 1, HIV human

immunodeficiency virus
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Definitions and standardization of diagnostic

procedures

In light of the complexity of the hemodynamic interrela-

tions between left heart, pulmonary circulation, and right

heart, the establishment and confirmation of the diagnosis

‘‘pulmonary hypertension’’ and the proper classification of

the disease (groups 1–5) are of major importance, partic-

ularly with regard to treatment decisions. A diagnostic

algorithm aiming to ensure a proper work-up is shown in

Fig. 1 [13]. The PH World Symposium in Nice also aimed

to overcome a lack of standardization of diagnostic pro-

cedures, particularly right heart catheterization (RHC).

This is particularly related to the measurement of the

PAWP, which is frequently used to make the distinction

between pre- and postcapillary PH and thus has direct

therapeutic implications. The Nice recommendations [13]

suggest to measure PAWP, which is influenced by respi-

ratory swings, at the end of normal expiration, because this

method showed best agreement with the direct measure-

ment of left ventricular end-diastolic pressure (LVEDP)

[11], although this remains a matter of debate [12]. The

Nice recommendation is in accordance with existing ger-

man recommendations for RHC in PH [14]. Furthermore,

due to current scientific data [15], there was agreement to

set the ‘‘zero point’’ for all invasive hemodynamic mea-

surements at the mid-thoracic level [13].

Treatment of PAH (group 1): novel compounds

A number of compounds belonging to three distinct drug

classes have been approved for the treatment of PAH.

These include endothelin receptor antagonists (ERAs) such

as bosentan and ambrisentan, phosphodiesterase type 5

(PDE5) inhibitors such as sildenafil and tadalafil, and

prostacyclin analogues such as epoprostenol, iloprost, and

treprostinil. In accordance with clinical trial results and the

recommendations of the World Symposium in Dana Point,

the treatment algorithm of the current European guidelines

(ESC/ERS 2009) recommends the use of these compounds

with various levels of evidence, based on the clinical

severity of the disease (WHO functional class) [1, 16].

However, despite significant improvements the treatment

options in PAH remain limited at present. Although the

establishment of the current treatments has led to a sub-

stantial improvement of quality of life and survival, there is

no cure for the disease, and mortality remains unacceptably

high (5–10 % per year) [8–10]. Hence, it is essential to

develop additional treatment options which further

Fig. 1 Diagnostic algorithm for the detection and classification of

pulmonary hypertension (PH) according to the 5th World Symposium

on PH 2013 in Nice (modified from [13]). BGA blood gas analysis,

CHD congenital heart disease, CLD chronic lung disease, CPET

cardiopulmonary exercise testing, CTD connective tissue disease,

CTEPH chronic thromboembolic pulmonary hypertension, DLCO

diffusion capacity for carbon monoxide, HPAH heritable PAH, HR-

CT high-resolution computed tomography, IPAH idiopathic PAH,

LHD left heart disease, PFT pulmonary function testing, PoPH

portopulmonary hypertension, PVOD pulmonary veno-occlusive

disease, V/Q scan ventilation/perfusion scintigraphy
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improve outcome. Recently, several new drugs have been

developed, and their efficacy and safety has been investi-

gated in randomized, controlled phase III trials. The

updated treatment algorithm (World Symposium Nice

2013) now includes two novel compounds (macitentan and

riociguat), which were recently approved by the EMA and

the FDA for the treatment of PAH (Fig. 2) [17].

The novel ERA macitentan was particularly developed

to improve tissue penetration, reach a higher affinity for

endothelin receptors, and to limit the potential for drug

Fig. 2 Updated treatment

algorithm for PAH according to

the 5th World Symposium on PH

2013 in Nice (modified from [17]).

BSA balloon atrial septostomy,

CCB calcium channel blocker,

ERA endothelin receptor

antagonist, PDE-5i

phosphodiesterase type 5 inhibitor,

sGCS soluble guanylate cyclase

stimulator, WHO-FC World

Health Organization functional

class

200 Clin Res Cardiol (2015) 104:197–207

123



interactions [18–20]. The efficacy and safety of macitentan

was now investigated in 742 patients with symptomatic

PAH in the multicenter, double-blind, placebo-controlled

SERAPHIN study (Study with Endothelin Receptor

Antagonist in Pulmonary Arterial Hypertension to Improve

Clinical Outcome). In this trial, patients received two dis-

tinct dosages of macitentan (3 and 10 mg once daily) or

placebo (randomized 1:1:1). This event-driven study,

which was the first PAH study to use a combined mor-

bidity/mortality endpoint, demonstrated a significant risk

reduction of the composite primary study endpoint (death,

atrial septostomy, lung transplantation, initiation of intra-

venous/subcutaneous prostanoid therapy or worsening of

PAH) by macitentan by 30 % in the 3 mg arm (p = 0.008)

and by 45 % in the 10 mg arm (p \ 0.0001) [21]. The

treatment duration until the predefined number of events

was reached was up to three and a half years (mean time

85.3 weeks with placebo, 99.5 weeks in the macitentan

3 mg and 103.9 weeks in the macitentan 10 mg arms). The

impact of macitentan on the primary endpoint was inde-

pendent from pre-existing treatments with other targeted

PAH therapies such as PDE5 inhibitors or prostanoids.

Thus, it was shown for the first time that a targeted PAH

drug improved a combined morbidity/mortality endpoint in

an event-driven RCT, both in treatment-naı̈ve and pre-

treated patients. Furthermore, there were no signs for liver

toxicity of macitentan, as was previously reported for other

ERAs [21]. Observed side effects included headache,

nasopharyngitis, and anemia.

Riociguat is a stimulator of soluble guanylate cyclase

(sGC), which induces the liberation of cyclic guanosine

monophosphate (cGMP) and thereby promotes vasorelax-

ation. Riociguat stimulates the enzyme directly in an NO-

independent manner and furthermore increases the sensi-

tivity of sGC toward endogenous NO [22]. It thus repre-

sents the first member of a new class of drugs, which—

similar to PDE5 inhibitors—affects the NO pathway. The

concomitant use of sGC stimulators and PDE5 inhibitors is

therefore contraindicated. The results of an open-label

phase II study implicated that riociguat improves exercise

tolerance and pulmonary hemodynamics in patients with

PAH and CTEPH [23].

The efficacy and safety of riociguat was now investi-

gated in two multicenter, randomized, double-blind, pla-

cebo-controlled phase III studies in patients with PAH

(PATENT trial) and CTEPH (CHEST trial) [24, 25]. The

PATENT 1 trial (Pulmonary Arterial Hypertension sGC-

Stimulator Trial) recruited 443 patients, of which 317 were

randomized to receive riociguat (254 individual titration up

to 2.5 mg tid, 63 explorative dosing up to 1.5 mg tid).

When compared to placebo, riociguat led to a significant

improvement of the primary study endpoint (6-min walk

distance) by 36 m (95 % CI 20–52 m, p \ 0.001) at

12 weeks [24]. A prespecified subgroup analysis revealed

that riociguat improved the primary endpoint both in

treatment-naı̈ve patients and in patients with pre-existing

targeted PAH therapy with either ERAs or prostanoids

(improvement of 6MWD by 38 vs. 36 m). In patients who

received riociguat, pulmonary vascular resistance (PVR)

was reduced by 223 dyn 9 s 9 cm-5 as compared to 9 dyn

9 s 9 cm-5 in the placebo group (p \ 0.0001). Likewise,

riociguat led to significant improvements of the mean

pulmonary artery pressure (PAP) (p = 0.0002), cardiac

output (p \ 0.0001), NTproBNP serum levels (p \ 0.001),

WHO functional class (p = 0.003), and time to clinical

worsening (p = 0.005). A current interim analysis of the

open-label PATENT-2 extension study revealed that the

improvement of the 6MWD by riociguat persists for at

least 1 year and may even be further improved, if the

treatment is constantly continued [24]. Significant adverse

events included the occurence of syncope (4 vs. 1 %), and

hemoptyses.

Based on the recent evidence from the above RCTs and

approval by the regulatory agencies, macitentan and rio-

ciguat were included in the updated treatment algorithm

(Fig. 2) [17]. A further compound, the prostanoid receptor

agonist selexipag [26], also improved clinical outcome in

an event-driven RCT and may await approval for PAH

[27]. In contrast, the tyrosine kinase inhibitor imatinib [28],

which has also proven effective for the treatment of PAH in

the IMPRES trial [29], will not be approved for this indi-

cation due to safety concerns.

The updated PAH treatment algorithm (Nice) suggests

that initial combination therapy may be considered in

patients presenting in WHO-FC II or III (Fig. 2). This

concept is supported by the recent AMBITION (first-line

combination therapy with AMBbrIsentan and Tadalafil in

patients with pulmonary arterial hypertensION) trial, which

demonstrated that upfront combination therapy with the

PDE5i tadalafil and the ERA ambrisentan was superior to

either compound alone in preventing morbidity and mor-

tality events [30, 31]. In this randomized, double-blind,

multicenter study, 500 patients with PAH were randomized

(2:1:1) to receive first-line treatment with ambrisentan and

tadalafil (n = 253), or monotherapy with ambrisentan

(n = 126) or tadalafil (n = 121). Upfront combination

reduced the primary endpoint of clinical failure (defined as

time from randomization to the first occurrence of death,

hospitalization for worsening PAH, disease progression or

unsatisfactory long-term clinical response) by 50 % com-

pared to the pooled ambrisentan and tadalafil monotherapy

arm (HR = 0.502; 95 % CI 0.348–0.724; p = 0.0002), and

this reduction of the primary endpoint was also statistically

significant versus the individual ambrisentan and tadalafil

monotherapy groups (p \ 0.01) [30, 31]. This is in line

with the observations that novel therapies (macitentan,
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selexipag) were also able to prevent future morbidity/

mortality events when given in addition to other PAH

drugs [21, 27], and that riociguat has also proven effective

in pretreated patients [24]. Together, these results chal-

lenge the current concept of target-oriented, sequential

combination therapy and favor early combination treatment

in the majority of patients with PAH. This is also supported

by recent data from a pilot study demonstrating that upfront

triple combination therapy (epoprostenol, bosentan, silde-

nafil) in patients with very severe PAH (WHO-FC III/IV;

PVR [1.500 dyn 9 s 9 cm-5) was associated with sub-

stantial improvement of hemodynamics and excellent sur-

vival [32].

In addition to targeted PAH therapies, supportive care is

an integral component of PAH therapy [1, 17]. The current

ESC/ERS guidelines for the diagnosis and treatment of PH

recommend the use of therapeutic anticoagulation in

patients with idiopathic PAH (IPAH) [1]. However, sci-

entific data on this topic remain sparse, and it is unclear,

whether this historical recommendation holds true in the

modern era of PAH therapy. A recent analysis of the

COMPERA registry investigated the impact of anticoagu-

lation on survival in 1.283 consecutively included patients

with newly diagnosed PAH. Anticoagulation was given in

66 % of 800 patients with IPAH and in 43 % of the 483

patients with other forms of PAH [33]. The outcome ana-

lysis revealed that the 3-year survival rate of anticoagulated

IPAH patients was significantly better than in patients

without anticoagulation (p = 0.006), although the group of

patients on anticoagulation had more severe disease at

entry into the registry. In contrast, anticoagulation was not

associated with a survival benefit in other forms of PAH.

Recent studies have demonstrated that iron deficiency

(ID) is frequent and may be important in patients with

PAH, as it correlates with disease severity and impacts on

survival in various forms of PAH [34, 35]. ID in PAH may

be caused by impaired iron absorption from the gut, which

is due to increased levels of the main regulator of iron

homeostasis, hepcidin [34]. In a pilot study, intravenous

iron supplementation with ferric carboxymaltose was

shown to markedly improve exercise capacity (increase of

the 6MWD by 36 m) and quality of life [36]. While these

results have to be viewed as preliminary, the importance of

ID in PAH and the potential long-term benefit of iron

treatment have to be investigated in randomized controlled

trials which are currently under way.

Pulmonary hypertension owing to left heart disease

(PH-LHD): group 2

Pulmonary hypertension is a frequent phenomenon in

patients with left heart disease. This was established for

both systolic [heart failure with reduced ejection fraction

(HFrEF)] and diastolic [heart failure with preserved ejec-

tion fraction (HFpEF)] heart failure, as well as valvular

heart disease. Numerous trials have consistently shown that

the extent of PH and right ventricular dysfunction have

important impact on survival in patients with left heart

failure (both HFpEF and HFrEF) [37–41], and also deter-

mine the risk of patients with left-sided valve disease [42,

43]. Furthermore, the CHAMPION trial demonstrated that

continuous monitoring of PAP and its consideration as a

treatment target in heart failure was able to significantly

lower the rate of heart failure-associated hospitalizations

[44].

Among the patients diagnosed with PH, pulmonary

hypertension owing to left heart disease (Nice classification

group 2) by far represents the most common type of PH.

According to the hemodynamic definition, patients have a

mean PAP C25 mmHg and an increased PAWP of

[15 mmHg [1, 13]. However, it is important to note that

the PAWP may be ‘‘artificially’’ normalized in patients

with left heart failure, if patients are pretreated with

diuretics. Based on the transpulmonary pressure gradient

(TPG = PAPmean-PAWP), the current PH guidelines

distinguish between passive (TPG \12 mmHg) and reac-

tive or ‘‘out of proportion’’ postcapillary PH (TPG

C12 mmHg) [1]. However, current studies indicate that the

PVR and PA compliance, but not the TPG are prognosti-

cally relevant in HFrEF [41], and that the TPG is highly

dependent on volume load, left-sided filling pressure, and

stroke volume, whereas the diastolic pressure difference

(DPD = PAPdiast-PAWP) is much less influenced by

these variables and furthermore appears to be a prognostic

indicator in patients with postcapillary PH (Table 2a) [45,

46].

Due to the high prevalence and the prognostic impact of

PH owing to left heart failure, it may be important to

consider therapeutic consequences such as the use of PAH-

approved drugs. To this end, based on the current evidence

the Cologne Consensus Conference recommended, that

targeted treatment of PH owing to left heart disease should

only be considered, if appropriate diagnostic work-up

reveals that a precapillary component is foregrounded to

the disease, and other potential causes of PH have been

excluded [47]. In agreement with this recommendation, the

5th PH World Symposium in Nice decided to abandon the

terms ‘‘active‘‘ or ‘‘out of proportion‘‘ postcapillary PH,

and—based on the DPD—define isolated postcapillary PH

(IpcPH) and combined pre- and postcapillary PH (CpcPH).

This new classification (Table 2b) has now replaced the

previous terminology [48]. When PAH drugs are consid-

ered, treatment decisions should exclusively be made in

expert centers with expertise in both heart failure and PH,

and whenever possible, patients should be included into
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clinical trials. ERA and epoprostenol have not proven

effective in heart failure [48], although it should be noted

that these drugs have never been studied for PH owing to

left heart failure. Small studies indicated that patients with

HFpEF or HFrEF with significant PH may benefit from

treatment with PDE-5 inhibitors [49, 50]. However, the

RELAX trial recently demonstrated that patients with

HFpEF but without pronounced PH do not benefit from

additional treatment with the PDE-5 inhibitor sildenafil

[51]. Likewise, the LEPHT study has shown that the sGC

stimulator riociguat was not able to significantly lower

PAP as compared to placebo in patients with HFrEF,

although riociguat led to a substantial increase of cardiac

index and a reduction of PVR [52]. Based on the current

evidence, the use of targeted PAH therapies is not rec-

ommended in patients with heart failure and PH. Further

studies are required to investigate the safety and the

potential therapeutic efficacy of single compounds for the

treatment of PH in hemodynamically well-characterized

patients with PH owing to HFrEF or HFpEF.

Pulmonary hypertension due to chronic lung diseases

(PH-CLD): group 3

Chronic lung diseases such as chronic obstructive pul-

monary disease (COPD), idiopathic pulmonary fibrosis

(IPF) and combined pulmonary fibrosis and emphysema

(CPFE) are frequently associated with PH, which has

important impact on clinical symptoms and survival. While

moderate increases of PAP and PVR do not represent

indications for targeted PAH therapies, it may be difficult

to interpret and classify severe PH in patients with co-

existing lung diseases, and resulting treatment decisions

may be challenging. Based on the NETT registry (National

Emphysema Treatment Trial), the Cologne Consensus

Conference in 2010 defined criteria, that suggest severe

pulmonary vascular disease in group 3 PH and may thus

justify a treatment attempt with targeted PAH drugs

(Table 3a) [53]. These considerations were confirmed in a

recent study investigating the role of PH for ventilatory and

cardiocirculatory exercise profiles in COPD. This study

demonstrated that patients with COPD and without or with

mild PH are mainly characterized by ventilatory limitation,

whereas patients with COPD and severe PH are mainly

limited by an exhausted circulatory reserve (Table 3b)

[54]. This important finding may have impact on the

classification of PH due to pulmonary disease and potential

therapeutic consequences and was thus considered in the

current Nice recommendations for PH associated with

chronic lung disease [55]. The suggested terminology,

which is based on the mean PAP and cardiac index (CI), is

summarized in Table 4a. With regard to treatment deci-

sions, both the degree of PH and the severity of the

underlying lung disease must be considered (Table 4b).

Particularly in patients with severe PH, a definitive dis-

crimination might be impossible and the PH classification

may remain unclear. Based on various criteria, it must be

decided whether PAH (group 1) with concomitant lung

disease or PH due to lung disease (group 3) is present

(Table 4b; Fig. 1). Such patients should be referred to an

expert center with expertise in both PAH and lung disease.

Since sufficient evidence from clinical trials is lacking in

this group of patients but prognosis is poor, individualized

treatment decisions and patient care are required, and

patients should be included in ongoing or future clinical

studies [55].

Chronic thromboembolic pulmonary hypertension

(CTEPH): group 4

An important cause of PH, that is frequently overlooked or

diagnosed with significant delay, is chronic or recurrent

pulmonary embolism (PE). Ventilation/perfusion scintig-

raphy of the lung remains the gold standard for the

detection of CTEPH in patients with PH (Fig. 1) [56, 57].

In contrast to PAH, the primary treatment option in patients

with CTEPH, who harbor a poor prognosis if left untreated,

is the surgical removal of the thromboembolic lesions by

pulmonary endarterectomy (PEA). In properly selected

patients, this procedure is able to substantially improve or

even normalize pulmonary hemodynamics [56–58].

According to the current recommendations of the World

Symposium in Nice, the diagnostic work-up and assess-

ment of operability must be accomplished by a distin-

guished CTEPH team which includes an experienced PEA

surgeon [57]. Registry data have shown that PVR is nearly

normalized in the majority of operated patients, which is

due to both reduction of PAP and a substantial

Table 2 a. Diastolic pressure difference (DPD) in group 2 PH; b.

terminology and classification of PH owing to left heart disease

according to the recommendations of the 5th World Symposium on

PH in Nice 2013 (modified from [44])

a. Diastolic pressure difference (DPD) = PAPd-PAWP

Normal value 1–2 mmHg

Abnormal value [5 mmHg

Prognostic marker C7 mmHg

Precapillary PH C10 mmHg

b. Terminology PAWP PAPd-PAWP

Isolated postcapillary PH [15 mmHg \7 mmHg

Combined postcapillary

and precapillary PH

[15 mmHg C7 mmHg
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improvement of cardiac output. In many cases, this is

associated with normalization of right ventricular function

and hence restoration of normal life expectancy. This

complex intervention, which is mostly performed in deep

hypothermia cardiac arrest, thus represents a potentially

curative approach. Perioperative mortality is highly

dependent on disease severity as reflected by the preoper-

ative PVR and on the experience of the PEA surgeon as

well as the perioperative management. According to recent

data from case series and an international CTEPH registry,

in-hospital mortality is between 2.2 and 4.7 % [57, 58].

However, if the thromboembolic lesions are located in

the distal parts of the pulmonary vascular bed, they may

not be accessible for surgical interventions, and patients

may be judged as technically inoperable. Therefore, only

approximately 2/3 of patients with CTEPH are candidates

for successful surgery [57]. Furthermore, PH may persist or

recur even after successful PEA. In these cases, targeted

medical therapy of PH may be considered. However, there

has been no approved medical treatment for this condition

thus far. Preliminary studies suggested that the sGC stim-

ulator riociguat—in addition to PAH—may also be effec-

tive in CTEPH [23]. The efficacy and safety of riociguat in

patients with CTEPH, who were not candidates for PEA

(technical inoperability) or had persistent or recurrent PH

after PEA, was now investigated in a double-blind, ran-

domized, controlled phase 3 trial (CHEST; chronic

thromboembolic pulmonary hypertension soluble guany-

late cyclase-stimulator trial) [25]. A total of 261 patients

were randomized, of which 173 received riociguat. The

majority of patients were in WHO-FC III at baseline. At

16 weeks, the 6MWD (primary endpoint) improved by

39 m in patients treated with riociguat versus -6 m in the

placebo group, resulting in a net increase of 45 m

Table 3 a Criteria for the presence of severe PH in patients with

chronic lung diseases according to the Cologne Consensus Conference

(from [49]); b. Ventilatory versus circulatory limitation in patients

with COPD and PH of various severity (from [50])

a. At least two of the following criteria must be met

1. Mean PA pressure (PAPm) [35 mmHg

2. PAPm C25 mmHg with limited cardiac output

(CI \2.0 l/min/m2)

3. Pulmonary vascular resistance (PVR) [480 dyn s cm-5

b. COPD/no or mild PH COPD/severe PH

Ventilatory limitation Circulatory limitation

Ventilatory reserve 22 ± 20 Ventilatory reserve 37 ± 11

PaCO2 accumulation No CO2 accumulation

Mixed SvO2 48 ± 9 % Mixed SvO2 30 ± 6 %

As a rule, these criteria only apply if other causes of PH (e.g., chronic

thromboembolic PH or left ventricular failure) have been excluded

Table 4 Terminology of PH (a) and recommendations for the management (b) of PH in the setting of chronic lung disease (modified from [51])

Entity mPAP (mmHg)

a

COPD/IPF/CPFE without PH \25

COPD/IPF/CPFE with PH C25

COPD/IPF/CPFE with severe PH C35 mmHg or C25 mmHg

and low CI (\2.0 l/min/m2)

Underlying lung disease mPAP at rest \25 mmHg mPAPat rest C25 and \35 mmHg mPAP at rest C35 mmHg

b

COPD, FEV1 [60 %

IPF, FVC [70 %

CT: Absence or only very

modest airway or parenchymal

abnormalities

No PH

Targeted PAH therapy

not recommended

PH classification unclear

No data currently support

treatment with PAH-approved drugs

PH classification unclear

Discrimination of PAH (group 1)

with concomitant lung disease

versus PH caused by lung

disease (group 3)

Refer to expert center for both

PH and chronic lung disease

COPD, FEV1 \60 %

IPF, FVC [70 %

CT: Combined pulmonary

fibrosis and emphysema

No PH

Targeted PAH therapy

not recommended

PH-COPD, PH-IPF, PH-CPFE

No data currently support

treatment with PAH-approved drugs

Severe PH-COPD

Severe PH-IPF

Severe PH-CPFE

Refer to expert center for both

PH and chronic lung disease for

individualized patient care because

of poor prognosis, RCTs required

COPD chronic obstructive pulmonary disease, IPF idiopathic pulmonary fibrosis, CPFE combined pulmonary fibrosis and emphysema, CI

cardiac index, RCT randomized controlled trial

204 Clin Res Cardiol (2015) 104:197–207

123



(p \ 0.001). In patients on riociguat, PVR decreased by

262 dyn 9 s 9 cm-5, as compared to 23 dyn 9 s 9 cm-5

in the placebo group (p \ 0.001). Likewise, riociguat led to

significant improvements of the mean PAP, the mean

systemic blood pressure, cardiac output, Borg dyspnea

index, quality of life, and WHO-FC. Preliminary data from

the CHEST-2 open-label extension study implicate that the

improvement of the 6MWD by riociguat persists for at

least 1 year if patients remain on treatment. Further com-

pounds such as the ERAs ambrisentan (AMBER-1) and

macitentan (MERIT-1) are currently investigated in clini-

cal trials. Despite the positive trial results and the approval

of riociguat for inoperable CTEPH, medical treatment of

CTEPH must not be viewed as an alternative for surgery.

PEA remains the primary treatment option, and the

assessment of operability is a central task of the multidis-

ciplinary CTEPH team in each patient [57]. In addition to

PEA and medical treatment, pulmonary balloon angio-

plasty (PBA) may develop as an emerging treatment option

in patients with inoperable CTEPH, as it was shown to

markedly improve pulmonary hemodynamics and long-

term prognosis in such patients [59]. However, this

method, which is associated with significant risks such as

pulmonary hemorrhage, is not established yet and awaits

further evaluation.

Pulmonary hypertension with unclear multifactorial

mechanisms: group 5

Group 5 of the Nice classification summarizes other forms

of PH, which are characterized by unclear multifactorial

mechanisms [2]. These include hematologic, systemic, or

metabolic disorders, and other entities that may be asso-

ciated with PH (Table 1). In the updated clinical classifi-

cation, chronic hemolytic anemia as occurring in sickle cell

disease, thalassemia, spherocytosis, and stomatocytosis,

was moved from group 1 to group 5, because the cause of

PH is often unclear, and recent studies have shown that

precapillary PH associated with chronic hemolytic anemia

appears significantly different from other forms of PAH

with regard to pathological findings, hemodynamic char-

acteristics and response to PAH therapies [2]. While tar-

geted therapies are approved for PAH (group 1), only small

studies are available in various subpopulations of group 5,

which precludes a proper analysis of their efficacy and

safety. Therefore, treatment decisions in patients with PH

categorized into group 5 have to be made on an individual

basis.
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