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Abstract

Background: Pulmonary arterial hypertension (PAH) is a progressive, fatal disease. Long-term

outcomes data are scarce in Portugal. We aimed to estimate survival of newly diagnosed PAH

at a Portuguese referral center in the modern management era.

Methods: Between January 2009 and November 2015 all incident PAH cases were consecutively

enrolled in a prospective cohort study. Sixty-five patients were followed up for a median of 3.1

[interquartile range 1.7---5.4] years. Kaplan---Meier survival analysis was used to estimate 1-, 3-,

and 5-year survival and to compare it with a historical PAH survival estimated from the NIH

cohort.

Results: Mean age was 48 ± 19 years with female preponderance (68%). The most common

PAH subgroup was congenital heart disease (PAH-CHD) (n = 31; 48%), followed by connective

tissue disease (PAH-CTD) (n = 16; 25%), idiopathic (IPAH) (n = 8; 12%) and hereditary (HPAP) (n = 1;

1.5%). BNP values (hazard ratio [HR] 2.07; 95%CI 1.34---3.22; P = 0.001) and male gender [HR 4.34

(1.44---13.09); P = 0.009] were predictors of death. Survival rates at 1-, 3- and 5-years were 95%,

77% and 71%. Survival was not statistically different between PAH etiologies (Log-rank P = 0.7).

However, PAH-CHD was associated with a decreased risk of the combined endpoint of all-cause

mortality and admission for decompensated heart failure [HR 0.36 (0.15---0.85); P = 0.02]. We

found a non-significant numerically higher survival of incident IPAH, HPAH and DPAH patients in

comparison with the historical NIH cohort.

Conclusions: In this cohort of incident PAH patients, PAH-CHD patients had better overall prog-

nosis. Higher BNP values and male gender were associated with higher mortality.

© 2017 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Introduction

Pulmonary arterial hypertension (PAH) is a progressive,

symptomatic, and ultimately fatal disorder that involves

the lung vasculature.1 Vascular proliferation and remodel-

ing constitute the hallmark of the disease, leading to a

progressive increase in pulmonary vascular resistance, right

ventricular afterload and ultimately right heart failure.2

PAH is clinically divided into several groups: idiopathic

(IPAH), hereditable (HPAH), drug-related (DPAH), congeni-

tal heart disease-associated (PAH-CHD), connective tissue

disease-associated (PAH-CTD), portopulmonary (PoPH) and

associated to infections, such as HIV or schistosomiasis.3

Pulmonary capillary hemangiomatosis (PCH) and pulmonary

veno-occlusive disease (PVOD), a spectrum of diseases

involving the capillaries and venules, are included in a

separate group (1′) within the PAH group.3 PAH is a very

rare disease with an estimated incidence of 1---3 cases per

million.4 The population-based prevalence ranges from 15

to 50 per 1 million.5,6

Substantial advances in treatment have been made dur-

ing the past decade.4,7,8 In the late 1980s, the National

Institutes of Health (NIH) registry was the first to evaluate

the epidemiology of IPAH, HPAH and DPAH during an era lack-

ing specific PAH therapies.9 The survival rates reported at

1-, 3- and 5- years were 68%, 47% and 37%, respectively.10 In

the modern management era, several registry-based stud-

ies have reported an improved survival, compared with the

historical NIH registry.11

In Portugal, PAH care delivery is provided by 4 treat-

ment centers designated by the Ministry of Health. Although

retrospective12 and prospective13 short-term outcomes stud-

ies are available for Portuguese cohorts, long-term outcomes

data are scarce, specifically in relation to incident patients,

a critical issue to prevent immortal-time bias.11 Therefore,

we aimed to characterize and estimate survival in the mod-

ern management, guideline-driven treatment era of newly

diagnosed, incident PAH patients14 in a Portuguese treat-

ment center.

Methods

Between January 2009 and November 2015, all incident

patients diagnosed with PAH were consecutively enrolled

in our registry at the Pulmonary Vascular Unit of Centro

Hospitalar e Universitário de Coimbra. Patients from local

hospitals from the central region of Portugal, with a referral

population of ca. 2.5 million, are referred to our center to

undergo diagnostic workup and initiate specific therapy. We

followed the Declaration of Helsinki (2008) principles, with

local research ethic committee approval.

Study design

We designed a single-center, prospective cohort study

based on incident cases of PAH. PAH was defined as per

guidelines14: right heart catheterization (RHC)-confirmed

precapillary pulmonary hypertension (PH) in the absence

of other etiologies for PH (left heart disease, lung dis-

ease, chronic thromboembolic PH). Precapillary PH was

defined as a mean pulmonary arterial pressure (mPAP) of

≥25 mmHg and a pulmonary arterial occlusion pressure

(PAOP) of ≤15 mmHg. PAH was classified into six different

groups based on etiology, based on the latest guidelines14:

IPAH, HPAH, DPAH, PAH-CHD, PAH-CTD, PoPH, and PVOD

(group 1′). Patients were ineligible if they were aged under

18 years at enrollment.

For purposes of analysis, we divided the groups into two

major diagnostic subgroups: PAH-CHD patients (Eisenmenger

syndrome in non-corrected systemic to pulmonary shunts

and PAH after shunt correction) and non-PAH-CHD patients

(IPAH, HPAH, DPAH, PAH-CTD and PoPH). IPAH, HPAP and

DPAH were combined into one group to simplify survival anal-

ysis. We also stratified the population according to age and

gender to perform subgroup survival analysis.

We collected information regarding demographics, clin-

ical and laboratorial parameters at presentation, namely

6-minute walking distance (6MWD), B-type natriuretic pep-

tide (BNP) and hemodynamics from the diagnostic, baseline

RHC.

Follow-up, outcomes and exposure variables

All follow-up visits were conducted at our institution and

managed by a small group of PH specialists (G.C., R.B. and

A.M.S.). Follow-up intervals and initiation of relevant ther-

apy were determined at the physician’s discretion. Because

of changes in therapy, availability, and recommendations

throughout the time period, treatment is registered as the

latest administration on last visit.

The primary endpoint of our study was all-cause mortal-

ity. The secondary endpoint was a combination of all-cause

mortality and admission for decompensated heart failure.

Survival time was estimated from the date of the diagnostic

RHC. At the end of the study, on November 12, 2015, vital

status was obtained by access to the National Health Data

Platform (Plataforma Nacional de Dados de Saúde). We also

registered all hospital admissions for decompensated heart

failure after the first hospital admission. No patient was lost

to follow-up.

Statistical analysis

Continuous variables were reported as means ± SD or as

medians with interquartile range (IQR) where appropriate.

Categorical variables were reported as absolute frequen-

cies and percentages. Survival analysis was performed using

Kaplan---Meier curves, with the date of entry into the study

defined as the date of the first diagnostic RHC or the first visit

to the PH clinic for those patients that did not undergo any

initial RHC. Patients that did not die were censored at the

end of the study. The log-rank test was used for comparison

between groups.

Univariate Cox’s proportional hazards analysis was used

to assess the relationship between PAH and outcomes.

Co-linearity between variables was examined. Significant

variables on the univariate analysis along with those varia-

bles previously reported to be related with mortality, were

included in a forward stepwise multivariate Cox’s pro-

portional hazards model in order to identify independent

predictors of outcomes in the overall PAH population.
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We conducted three subgroup analysis, investigat-

ing the interaction between PAH etiology (PAH-CHD vs.

non-PAH-CHD), age, gender and prognosis. We also con-

ducted an exploratory analysis including the IPAH, HPAP

and DPAH groups in which the actual survival was

compared with the historical survival from the NIH

cohort,10 using the prognostic equation as follows15:

P(t) = H(t)A(x,y,z); H(t) = 0.88---0.14t + 0.01t2, where t = time

in years; A(x,y,z) = e(0.007325x+ 0.0526y− 0.3275z), where x = mean

pulmonary artery pressure; y = mean right-sided atrial pres-

sure; and z = cardiac index. The calculated survival was

visually compared with the observed survival at the same

time points with 95% CI. A P value (two-sided) below

0.05 was considered statistically significant. STATA software

(STATA IC for Windows, ver. 13, Lakeway Drive, TX, USA) was

used for statistical analysis.

Results

Study population

A total of 65 patients were consecutively enrolled in our

study; their clinical and hemodynamic characteristics at the

time of diagnosis are shown in Table 1. The mean age was

48 (±19.2) years and the majority of patients were female

(68%, n = 44). The most common PAH subgroup was PAH-CHD

(n = 31; 48%), followed by PAH-CTD (n = 16; 25%), IPAH (n = 8;

12%), PoPH (n = 8; 12%) and HPAH (n = 1; 1.5%). On admis-

sion, the mean 6MWD was 399 (±113.9) m and the median

BNP was 79 [IQR 36---138] pg dL−1. Most patients had severe

hemodynamics at diagnosis, characterized by high indexed

pulmonary vascular resistance (7.5 ± 5.2 Wood units m−2)

and low cardiac index (2.7 ± 1.3 L min−1 m−2). On the last

follow-up visit, regarding pulmonary vasodilator therapy,

about half (n = 37) of the patients were on monotherapy and

one-third (n = 22) were on combination therapy (Table 2).

Survival analysis

Over a median follow-up period of 3.1 [IQR 1.7---5.4] years,

17 patients (26%) died. The Kaplan---Meier survival curve for

the total cohort is illustrated in Figs. 1 and 2 shows the

estimated survival according to the different etiologies. Sur-

vival was numerically better in patients with PAH-CHD than

in patients without PAH-CHD, although it did not achieve

statistical significance (log-rank P = 0.06). No significant dif-

ference was observed in estimated survival between male

and female patients (log-rank P = 0.07) or among different

Table 1 Clinical and hemodynamic data at the time of diagnosis. IPAH: idiopathic pulmonary arterial hypertension; HPAH: hered-

itary pulmonary arterial hypertension; PAH-CHD: congenital heart disease-associated pulmonary disease; PAH-CTD: connective

tissue disease-associated pulmonary arterial hypertension; PPAH: porto pulmonary arterial hypertension; PVOD: veno-occlusive

pulmonary disease. 6-minute walk distance; mPAP: mean pulmonary arterial pressure; RAP: right atrial pressure; PAOP: pulmonary

arterial occlusion pressure; PVR: pulmonary vascular resistance.

Total cohortn = 65 Non PAH-CHDn = 34 PAH-CHD P value

Age, years 48 ± 19.2 59 ± 15.4 37 (±16.2) <0.001

0---39 years, no (%) 29 (44.6) 29 (44.6) 24 (77.4)

40---59 years, no (%) 14 (21.5) 14 (21.5) 4 (12.9)

≥60 years, no (%) 22 (33.8) 22 (33.8) 3 (9.7)

Female, no (%) 44 (67.7) 26 (76.5) 18 (58.1) 0.113

Diagnosis, no (%)

IPAH 8 (12.3) 8 (23.5)

HPAP 1 (1.5) 1 (2.9)

PAH-CTD 16 (24.6) 16 (47.1)

PPAH 8 (12.3) 8 (23.5)

PVOD 1 (1.5) 1 (2.9)

PAH-CHD 31 (47.7) ---

Ventricular septal defect 17 (65.4)

Atrial septal defect 8 (32)

Auriculoventricular septal defect 4 (19.1)

Patent ductus arteriosus 8 (32)

6 MWD, m 399 (±113.9) 377.4 (±117.8) 422.8 (±106.2) 0.108

BNP at admission, pg/mL 78.8 [36.4---138.4] 106.3 [71.6---155.5] 39.7 [15.9---92.2] <0.001

Hemodynamics

mPAP, mmHg 60.6 (±21.2) 49.7 (±14.4) 71.9 (±21.5) <0.001

RAP, mmHg 7.4 (±4.0) 6.8 (±4.3) 8.1 (±3.6) 0.220

PAOP, mmHg 9.8 (±5.2) 8.3 (±3.9) 11.3 (±5.9) 0.02

CO, L/min 4.6 (±2.3) 4.4 (±1.9) 4.8 (±2.5) 0.526

CI, L/min/m2 2.7 (±1.3) 2.6 (±1.2) 2.8 (±1.5) 0.530

PVR, UW 12.8 (±8.8) 12 (±10.0) 13.5 (±7.3) 0.193

Indexed PVR, UW/m2 7.5 (±5.15) 7.1 (±5.9) 7.9 (±4.3) 0.190

All-cause mortality, no (%) 17 (26.2) 12 (35.3) 5 (16.1) 0.079
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Table 2 Medical therapy on last follow-up visit.

Total cohort (n = 65) PAH-CHD (n = 31) Non PAH-CHD (n = 34)

Monotherapy, no (%) 38 (58.5) 26 (83.9) 12 (35.3)

PDE-5I 3 0 3

Prostanoids 0 0 0

ETA 28 24 4

Riociguat 2 1 1

CCB 5 1 4

Combination therapy, no (%) 27 (41.5) 5 (16.1) 22 (64.7)

PDE-5I + ETA 11 2 12

PDE-5I + prostanoids 2 0 2

ETA + prostanoids 2 2 0

ETA + riociguat 3 0 3

PDE-5 + ETA + prostanoids 6 1 5

CCB: calcium channel blockers; PDE-5I: phosphodiesterase 5 inhibitors; ETA: endothelin receptor antagonists.

1.00 1.00

0.75 0.75

0.50 0.50

0.25 0.25

0.00 0.00

0

S
u
rv

iv
a
l,
 %

S
u
rv

iv
a
l,
 %

64 61 58 50 44 38 33 31 25 20 20 16 12 7

Number at risk

6 12 18 24 30 36 42 48 54 60 66 72 78

Months from diagnosis

A

8 8 7 6 5 3 2 2 2 2 2 2 2 2PoPH

16 14 14 11 9 7 5 5 5 3 3 3 3 2CTD−PAH

31 30 28 27 24 22 21 19 14 12 12 9 7 3CHD−PAH

9 9 9 6 6 6 5 5 4 3 3 2 0 0

Number at risk

IPAH+HPAH

0 6 12 18 24 30 36 42 48 54 60 66 72 78

Months from diagnosis

IPAH+HPAH CHD−PAH

CTD−PAH PoPH

B

Figure 1 Kaplan---Meier curves for all-cause mortality. (A) Global cohort of patients with pulmonary arterial hypertension (PAH)

(n = 65). (B) PAH cohort stratified by the different etiologies of PAH. IPAH + HPAH: idiopathic and hereditable PAH; PAH-CTD: connective

tissue disease-associated PAH; PAH-CHD: congenital heart disease-associated PAH and PoPH: portopulmonary hypertension.

age groups (log-rank P = 0.14). However, higher BNP values at

diagnosis were significantly associated with increased mor-

tality (log-rank P < 0.001) (see Fig. S1 in the Supplementary

Material Online).

Kaplan---Meier curve for the secondary endpoint is rep-

resented in Fig. 3. Older age (log-rank P = 0.010), higher

BNP levels at diagnosis (log-rank P = 0.003) and non-CHD-PAH

(log-rank P = 0.017) were associated with worse prognosis,

regarding all-cause death and admission for heart failure

decompensation) (see Fig. S2 in the Supplementary Material

Online).

Predictors of the primary and secondary endpoints

In a Cox proportional hazards model, BNP, age and male

gender were independently associated with the primary and

secondary endpoints (Table 3, see also Table S1 in the Sup-

plementary Material Online). We generated and compared

two subgroups from the main cohort, concerning BNP levels

and gender: females with BNP levels lower than the median

and males with BNP levels over the median. The rates of

death [OR 8.5 (95% CI 1.4---51.5), P = 0.02] and combined

endpoint of death and admission for decompensated heart
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Figure 2 Kaplan---Meier curve for the secondary, combined

endpoint of all-cause mortality and admission for decompen-

sated heart failure. Global cohort of patients with pulmonary

arterial hypertension (PAH) (n = 65).
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Figure 3 Kaplan---Meier estimates with 95% confidence inter-

vals and predicted survival using the NIH equation10,15 for the

IPAH, HPAH and DPAH cohort (n = 9). At the 1-year time-point,

there is a numerically difference of survival. At the latter

time-points, the 95% confidence interval includes the observed

survival. —: observed survival; ------: predicted survival.

failure [OR 11.2 (95% CI 1.2---104), P = 0.03) were significantly

higher in the latter group.

Comparison of the IPAH, HPAH and DPAH groups

with the NIH PAH cohort

We conducted an exploratory analysis using the NIH prog-

nostic equation10,15 to calculate the expected survival

of our incident IPAH, DPAH and HPAH cohort at 1 and

3 years. The 1- and 3-year expected survival was 75%,

and 55%, respectively; the observed survival was numer-

ically higher (100% and 76%), although not statistically

significant (Fig. 3).

Table 3 Multivariate predictors of all-cause mortality and

the combined endpoint of all-cause mortality and admis-

sion for decompensated heart failure in Cox’s proportional

hazards analysis.

End-point HR (95% CI) P value

End-point 1: all-cause mortality

Age 1.03 (1.01---1.06) 0.033

Male 3.95 (1.34---11.57) 0.012

BNP 2.24 (1.49---3.36) <0.001

End-point 2: all-cause mortality or admission for

decompensated heart failure

Age 1.03(1.01---1.05) 0.030

Male 2.61 (1.1---6.17) 0.030

BNP 1.8(1.25---2.55) 0.001

CI denotes confidence interval, HR: hazard ratio, BNP: type B

natriuretic peptide.

Discussion

We presented the long-term survival data of a Portuguese

cohort of incident PAH patients in the modern mana-

gement era. We demonstrate a 1-year survival of 95%

and a 3-year survival of 77%, in line with the published

series from other countries.6,16---21 The REVEAL (Registry

to Evaluate Early and Long-Term PAH Disease Manage-

ment) registry evaluated incident and prevalent cases of

PAH and found 1- and 3-year survival rates of 85% and

68%, respectively.16 Similarly, a French multicenter registry

included 121 incident PAH patients, with 1- and 3-year sur-

vival rates of 88% and 65%, respectively.17 Some smaller

registries, like the Spanish and the Danish ones, yielded

similar findings.6,20

Baseline disease characteristics in our cohort showed, as

expected, a majority of middle-aged female patients. Sim-

ilar trends were found in the French registry17 and the US

REVEAL study.16 PAH-CHD was the most common form of PAH,

followed by PAH-CTD. This larger proportion of PAH-CHD was

not found in the REVEAL16 and French17 studies, although it

was similar to the Scottish,21 Czech18 and the new Chinese

registry.22

The main anomaly in our PAH population etiologi-

cal distribution in regard to other published registries

is the larger proportion of PAH-CHD patients (48%), a

significantly higher proportion than the French17 and

the REVEAL16 cohorts, somewhat higher than the Scot-

tish (23%),21 Czech (21%)18 and similar to the Chinese

registry (43%).22 PAH-CHD is associated with increased

morbidity and mortality and is particularly prevalent in

patients with uncorrected systemic-to-pulmonary shunts.23

Pulmonary pressures can elevate to such an extent that the

shunt is reversed, resulting in the return of deoxygenated

blood to the systemic circulation and the development

of Eisenmenger syndrome, the most advanced form of

PAH-CHD.24 Portugal lacked appropriate corrective cardiac

surgery centers before the early 1980s, when most of these

patients were born, therefore conditioning many patients

to develop Eisenmenger syndrome. PAH-CHD patients are

also clearly underrepresented in other epidemiological

series, as in the French cohort due to health organization
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issues where many patients were followed in cardiology

departments, not expert PH centers,17 and that can also

explain the different prevalence of PAH-CHD among the

series.

Survival in incident cohorts

The French17 and the REVEAL16 studies comprised a large

percentage of prevalent cases, with a significantly worse

survival for incident cases than for prevalent cases. This

can be explained by inclusion of long-term survivors in the

prevalent cohorts. The difference in 1-year survival between

these two studies is minimal (88% vs. 85%). However, these

survival rates are numerically lower than the ones in our

cohort, with a 1-year survival of 95%. In terms of long-term

outcomes, our cohort had a 3-year survival rate of 77%,

higher than the 65---68% reported in previous studies16,17; and

a 5-year survival of 71% also numerically higher than the 57%

reported in the REVEAL study.16 The survival estimates pre-

sented in our population are from an incident cohort, usually

displaying lower survival rates than cohorts including preva-

lent cases. Reasons for a higher survival rate in our cohort

than in other cohorts reflect, but may be not limited to, a

larger population of PAH-CHD patients, usually with better

overall prognosis. Also, the availability of all drugs to treat

PAH patients may help to promote survival in this group of

patients.

Factors affecting survival

PAH mortality has been associated with male sex, right

ventricular hemodynamic function and exercise limitation

(6MWD) in the REVEAL,16 French17 and Spanish6 registries. In

our study, male sex and higher BNP values were independent

predictors of death and hospitalization for decompen-

sated heart failure. Although reported in several studies,

there is no clear explanation for the association of male

sex and mortality.5,9,17 Additionally, no significant differ-

ence was observed in survival times between male and

female patients. An improved understanding of the influ-

ence of gender on PAH outcomes is, therefore, of critical

importance.5,17 Higher BNP values at diagnosis were associ-

ated with increased mortality, as also described in previous

studies.25---27 This probably reflects the impact of right

ventricular failure in determining the prognosis. In our

registry, hemodynamic parameters did not achieve statis-

tical significance as predictors of mortality, which can be

explained by the lack of statistical power of our study

population.

Study limitations

The major limitation of our study is the small sample size,

which did not allow us to identify other predictors of mortal-

ity. Our study is underpowered due to the small number of

patients and events. Taking into consideration an expected

mortality reduction of 43%,28 we calculated that 106 events

would be necessary in order to identify a mortality reduc-

tion against placebo (i.e. the NIH patients). This number

is even more limitative as we could only include IPAH,

HPAH and DPAH in our NIH-comparative analysis. However,

although underpowered, our analysis reflects the totality of

our patients since 2009, having true value as real world data

in our country. The direct comparison of the Kaplan---Meier

curves of our IPAH, HPAP and DPAH subgroups against the

expected survival predicted by the NIH curve has several

limitations, as (i) the NIH equation was extrapolated from

a mixed cohort of incident and prevalent cases, (ii) it only

comprised 3 hemodynamic variables, (iii) the patients were

younger with a different demographic distribution and (iv)

from a cohort living 30 years ago. Although limited, this anal-

ysis is of interest as the simple observation of the curves

gives a clear signal of the difference that is the actuarial

survival gain with a contemporary approach. Finally, com-

parisons with other studies must be made with caution,

given the disparity of the population size and characteris-

tics, such as a larger cohort of PAH-CHD, which might result

in overly optimistic survival estimates. The external validity

of the sample is limited to centers with similar medical and

pharmacological resources available.

Conclusion

In this cohort of incident PAH patients, we report a higher

incidence of PAH-CHD in comparison to other PAH registries,

which may need special attention. This subgroup displayed

a numerically higher survival rate and overall better progno-

sis, compared to the non-CHD-PAH subgroup. In the global

PAH population, higher BNP values and male gender were

associated with higher mortality. The 1-year survival was

95% and the 3- and 5-year survival exceeded 70%, reflect-

ing access to contemporary PAH treatment and constitute

a strong incentive to the continuous work developed by all

members involved in caring for this condition. Our findings

encourage and reinforce the need for a long-term nation-

wide registry, pursuing better care for PAH patients.

Ethics approval

This study was approved by an Ethical Committee and fol-

lowed the 2008 Declaration of Helsinki principles.

Ethical responsibilities

Protection of human and animal subjects. The authors

declare that no experiments were performed on humans or

animals for this study.

Confidentiality of data. The authors declare that no patient

data appear in this article.

Right to privacy and informed consent. The authors

declare that no patient data appear in this article.

Authors’ contributions

P.A., conception and design, analysis and interpretation of

data, manuscript writing. R.B., G.C. attending physicians,

acquisition and analysis of data, revising it critically for

Document downloaded from http://www.elsevier.es, day 25/04/2017. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.



130 P. Marques-Alves et al.

important intellectual content. G.C., A.S., M.P. interpreta-

tion of data, revising it critically for important intellectual

content. All authors read and approved the final manuscript.

Conflicts of interest

The authors have no conflicts of interest to declare.

Acknowledgements

We would like to thank Adriana Belo, MSc, for biostatistician

support.

Appendix A. Supplementary data

Supplementary material associated with this article

can be found in the online version available at doi:

doi:10.1016/j.rppnen.2017.01.006.

References

1. McLaughlin VV, Davis M, Cornwell W. Pulmonary Arterial

Hypertension. Curr Probl Cardiol. 2011;36:461---517, http://dx.

doi.org/10.1016/j.cpcardiol.2011.08.002.

2. Humbert M, Morrell NW, Archer SL, Stenmark KR, MacLean

MR, Lang IM, et al. Cellular and molecular pathobiol-

ogy of pulmonary arterial hypertension. J Am Coll Car-

diol. 2004;43:S13---24, http://dx.doi.org/10.1016/j.jaac.2004.

02.029.

3. Simonneau G, Robbins IM, Beghetti M, Channick RN, Del-

croix M, Denton CP, et al. Updated Clinical Classification of

Pulmonary Hypertension. J Am Coll Cardiol. 2009;54:S43---54,

http://dx.doi.org/10.1016/j.jacc.2009.04.012.

4. Awdish R, Cajigas H. Definition, epidemiology and reg-

istries of pulmonary hypertension. Heart Fail Rev. 2015,

http://dx.doi.org/10.1007/s10741-015-9510-y.

5. Humbert M, Sitbon O, Chaouat A, Bertocchi M, Habib G,

Gressin V, et al. Pulmonary arterial hypertension in France:

results from a national registry. Am J Respir Crit Care

Med. 2006;173:1023---30, http://dx.doi.org/10.1164/rccm.

200510-1668OC.

6. Escribano-Subias P, Blanco I, Lopez-Meseguer M, Lopez-Guarch

CJ, Roman A, Morales P, et al. Survival in pulmonary

hypertension in Spain: insights from the Spanish registry.

Eur Respir J. 2012;40:596---603, http://dx.doi.org/10.1183/

09031936.00101211.

7. Rich S. The value of approved therapies for pulmonary arte-

rial hypertension. Am Heart J. 2007;153:889---90, http://dx.

doi.org/10.1016/j.ahj.2007.03.001.

8. Rich S. The current treatment of pulmonary arterial hyper-

tension: time to redefine success. Chest. 2006;130:1198---202,

http://dx.doi.org/10.1378/chest.130.4.1198.

9. Rich S, Dantzker DR, Ayres SM, Bergofsy EH, Brundage

BH, Detre KM, et al. Primary pulmonary hypertension. A

national prospective study. Ann Intern Med. 1987;107:216---23,

http://www.ncbi.nlm.nih.gov/pubmed/3605900. Accessed

January 3, 2016.

10. D’Alonzo GE, Barst RJ, Ayres SM, Bergofsy EH, Brundage BH,

Detre KM, et al. Survival in patients with primary pulmonary

hypertension. Results from a national prospective reg-

istry. Ann Intern Med. 1991;115:343---9, http://www.ncbi.nlm.

nih.gov/pubmed/1863023. Accessed December 20, 2015.

11. McGoon MD, Benza RL, Escribano-Subias P, Jiang X, Miller

DP, Peacock AJ, et al. Pulmonary arterial hypertension:

epidemiology and registries. J Am Coll Cardiol. 2013;62

Suppl.:D51---9, http://dx.doi.org/10.1016/j.jacc.2013.10.023.

12. Agapito AF, Sousa L, Oliveira JA, Feliciano J, Cacela D,

Quininha J. Eisenmenger syndrome in the adult --- expe-

rience with new drugs for the treatment of pulmonary

hypertension. Rev Port Cardiol orga˜o Of da Soc Port Car-

diol=Port J Cardiol an Off J Port Soc Cardiol. 2005;24:421---31,

http://www.ncbi.nlm.nih.gov/pubmed/15929625. Accessed

January 3, 2016.

13. Baptista R, Meireles J, Agapito A, Castro G, Marinho-Silva A,

Shiang T, et al. Pulmonary hypertension in Portugal: first data

from a nationwide registry. Biomed Res Int. 2013;2013:489574,

http://dx.doi.org/10.1155/2013/489574.

14. Galiè N, Humbert M, Vachiery J-L, Gibbs S, Lang I, Torbicki

A, et al. 2015 ESC/ERS Guidelines for the diagnosis and treat-

ment of pulmonary hypertension. Eur Heart J. 2016;37:67---119,

http://dx.doi.org/10.1093/eurheartj/ehv317.

15. McLaughlin VV, Sitbon O, Badesch DB, Barst RJ, Black C, Galiè

N, et al. Survival with first-line bosentan in patients with pri-

mary pulmonary hypertension. Eur Respir J. 2005;25:244---9,

http://dx.doi.org/10.1183/09031936.05.00054804.

16. Benza RL, Miller DP, Barst RJ, Badesch DB, Frost AE, McGoon

MD. An evaluation of long-term survival from time of diagnosis

in pulmonary arterial hypertension from the REVEAL reg-

istry. Chest J. 2012;142:11---460, http://dx.doi.org/10.1378/

chest.

17. Humbert M, Sitbon O, Yaïci A, Montani D, O’Callaghan DS, Jaïs X,

et al. Survival in incident and prevalent cohorts of patients with

pulmonary arterial hypertension. Eur Respir J. 2010;36:549---55,

http://dx.doi.org/10.1183/09031936.00057010.

18. Jansa P, Jarkovsky J, Al-Hiti H, Popelova J, Ambroz D, Zatocil

T, et al. Epidemiology and long-term survival of pulmonary

arterial hypertension in the Czech Republic: a retrospective

analysis of a nationwide registry. BMC Pulm Med. 2014;14:45,

http://dx.doi.org/10.1186/1471-2466-14-45.

19. Ling Y, Johnson MK, Kiely DG, Condliffe R, Elliot CA, Gibbs

JS, et al. Changing demographics, epidemiology, and sur-

vival of incident pulmonary arterial hypertension: results from

the pulmonary hypertension registry of the United Kingdom

and Ireland. Am J Respir Crit Care Med. 2012;186:790---6,

http://dx.doi.org/10.1164/rccm.201203-0383OC.

20. Korsholm K, Andersen A, Kirkfeldt RE, Hansen KN, Mellemkjær

S, Nielsen-kudsk JE. Survival in an incident cohort of patients

with pulmonary arterial hypertension in Denmark. Pulm Circ.

2015;5:364---9, http://dx.doi.org/10.1086/681270.

21. Peacock AJ, Murphy NF, McMurray JJV, Caballero L, Stewart

S. An epidemiological study of pulmonary arterial hyperten-

sion. Eur Respir J. 2007;30:104---9, http://dx.doi.org/10.1183/

09031936.00092306.

22. Zhang R, Dai L-Z, Xie W-P, Yu Z-X, Wu B-X, Pan L, et al.

Survival of Chinese patients with pulmonary arterial hyper-

tension in the modern treatment era. Chest. 2011;140:301---9,

http://dx.doi.org/10.1378/chest. 10-2327.

23. Diller GP, Gatzoulis MA. Pulmonary vascular disease in adults

with congenital heart disease. Circulation. 2007;115:1039---50,

http://dx.doi.org/10.1161/CIRCULATIONAHA.105.592386.

24. Hopkins WE, Ochoa LL, Richardson GW, Trulock EP. Compari-

son of the hemodynamics and survival of adults with severe

primary pulmonary hypertension or Eisenmenger syndrome.

J Heart Lung Transplant. 1996;15 Pt 1:100---5, http://www.

ncbi.nlm.nih.gov/pubmed/8820089. Accessed April 16, 2016.

25. Yap LB, Ashrafian H, Mukerjee D, Coghlan JG, Timms

PM. The natriuretic peptides and their role in disorders

of right heart dysfunction and pulmonary hypertension.

Clin Biochem. 2004;37:847---56, http://dx.doi.org/10.1016/

j.clinbiochem.2004.06.002.

26. Andreassen AK, Wergeland R, Simonsen S, Geiran O, Gue-

vara C, Ueland T. N-terminal Pro-B-type natriuretic peptide

Document downloaded from http://www.elsevier.es, day 25/04/2017. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

dx.doi.org/10.1016/j.clinbiochem.2004.06.002
dx.doi.org/10.1016/j.clinbiochem.2004.06.002
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0260
dx.doi.org/10.1161/CIRCULATIONAHA.105.592386
dx.doi.org/10.1378/chest. 10-2327
dx.doi.org/10.1183/09031936.00092306
dx.doi.org/10.1183/09031936.00092306
dx.doi.org/10.1086/681270
dx.doi.org/10.1164/rccm.201203-0383OC
dx.doi.org/10.1186/1471-2466-14-45
dx.doi.org/10.1183/09031936.00057010
dx.doi.org/10.1378/chest
dx.doi.org/10.1378/chest
dx.doi.org/10.1183/09031936.05.00054804
dx.doi.org/10.1093/eurheartj/ehv317
dx.doi.org/10.1155/2013/489574
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0200
dx.doi.org/10.1016/j.jacc.2013.10.023
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0185
dx.doi.org/10.1378/chest.130.4.1198
dx.doi.org/10.1016/j.ahj.2007.03.001
dx.doi.org/10.1016/j.ahj.2007.03.001
dx.doi.org/10.1183/09031936.00101211
dx.doi.org/10.1183/09031936.00101211
dx.doi.org/10.1164/rccm.200510-1668OC
dx.doi.org/10.1164/rccm.200510-1668OC
dx.doi.org/10.1007/s10741-015-9510-y
dx.doi.org/10.1016/j.jacc.2009.04.012
dx.doi.org/10.1016/j.jaac.2004.02.029
dx.doi.org/10.1016/j.jaac.2004.02.029
dx.doi.org/10.1016/j.cpcardiol.2011.08.002
dx.doi.org/10.1016/j.cpcardiol.2011.08.002
http://dx.doi.org/10.1016/j.rppnen.2017.01.006


Long-term survival of patients with pulmonary hypertension 131

as an indicator of disease severity in a heterogeneous

group of patients with chronic precapillary pulmonary hyper-

tension. Am J Cardiol. 2006;98:525---9, http://dx.doi.org/

10.1016/j.amjcard.2006.02.061.

27. Park MH, Scott RL, Uber PA, Ventura HO, Mehra MR. Useful-

ness of B-type natriuretic peptide as a predictor of treatment

outcome in pulmonary arterial hypertension. Congest Heart

Fail. 2004;10:221---5.

28. Galiè N, Manes A, Negro L, Palazzini M, Bacchi-Reggiani ML,

Branzi A. A meta-analysis of randomized controlled trials in pul-

monary arterial hypertension. Eur Heart J. 2009;30:394---403,

http://dx.doi.org/10.1093/eurheartj/ehp022.

Document downloaded from http://www.elsevier.es, day 25/04/2017. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

dx.doi.org/10.1093/eurheartj/ehp022
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30030-1/sbref0275
dx.doi.org/10.1016/j.amjcard.2006.02.061
dx.doi.org/10.1016/j.amjcard.2006.02.061

