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Abstract
AIM: To present 18 new cases of human immunodeficiency virus (HIV)-related pulmonary arterial hypertension (PAH) with presenting features, treatment options and follow-up data.

METHODS: This is a single-centre, retrospective, observational study that used prospectively collected data, conducted during a 14-year period on HIV-related PAH patients who were referred to a pulmonary hypertension unit. All patients infected with HIV were consecutively admitted for an initial evaluation of PAH during the study period and included in our study. Right heart catheterisation was used for the diagnosis of PAH. Specific PAH treatment was started according to the physician’s judgment and the recommendations for idiopathic PAH. The data collected included demographic characteristics, parameters related to both HIV infection and PAH and disease follow-up.

RESULTS: Eighteen patients were included. Intravenous drug use was the major risk factor for HIV infection. Risk factors for PAH, other than HIV infection, were present in 55.5% patients. The elapsed time between HIV infection and PAH diagnoses was 12.2 ± 6.9 years. At PAH diagnosis, 94.1% patients had a CD4 cell count > 200 cells/mL. Highly active antiretroviral therapy (present in 47.1% patients) was associated with an accelerated onset of PAH. Survival rates were 93.8%, 92.9% and 85.7% at one, two and three years, respectively. Concerning specific therapy, 33.3% of the patients were started on a prostacyclin analogue, and the rest were on oral drugs, mainly phosphodiesterase-5 inhibitors. During the follow-up period, specific therapy was de-escalated to oral drugs in all of the living patients.

CONCLUSION: The survival rates of HIV-related PAH patients were higher, most likely due to new aggressive specific therapy. The majority of patients were on oral specific therapy and clinically stable. Moreover, sildenafil appears to be a safe therapy for less severe HIV-related PAH.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Pulmonary arterial hypertension (PAH) is a progressive disease that is caused by the chronic obstruction of small pulmonary arteries, leading to right ventricular failure and potential death[1]. Idiopathic and inherited forms have been described. However, this condition is associated with connective tissue diseases, portal hypertension, congenital heart disease, drugs, toxins and human immunodeficiency virus (HIV) infection[2].

Before the introduction of highly active antiretroviral therapy (HAART), HIV-related PAH was under-diagnosed due to the patients’ short survival, which was primarily caused by opportunistic infections. After the introduction of this novel antiretroviral therapy scheme, long-term cardiovascular complications, such as PAH, have emerged[3].

The first case of HIV-related PAH was described in 1987 in an HIV-infected subject with haemophilia and membranoproliferative glomerulonephritis[4]. Subsequently, several other cases have been reported. Nonetheless, HIV-related PAH is a rare disease: in 1991, prior to the introduction of HAART, the prevalence of HIV-related PAH was estimated to be 0.5% in developed countries[5]. This rate is 25-fold higher than the prevalence of PAH in the general population[6].

Recent studies have shown that prevalence has not changed in recent years. As described by Sitbon et al[7], the prevalence is 0.46%, suggesting that HAART does not prevent HIV-related PAH. However, because most published studies do not include asymptomatic patients, the actual prevalence could be higher. In 2008, Reinsch et al[8] found that the prevalence in asymptomatic patients is 4.8%, although the diagnosis of PAH was only based on echocardiographic parameters. HIV-related PAH is clinically and histologically similar to idiopathic PAH[3].

The aim of this study is to present 18 new cases of HIV-related PAH with presenting features, treatment options and follow-up data.

MATERIALS AND METHODS
This is a single-centre, retrospective, observational study using prospectively collected data that was conducted over a 14-year period between June 1998 and June 2012.

All HIV-infected patients consecutively admitted to the Pulmonary Hypertension Unit of Hospital 12 De Octubre for an initial evaluation of PAH during the study period were included in our study.

PAH was diagnosed with right heart catheterisation and defined by a resting mean pulmonary arterial pressure of more than 25 mmHg and a pulmonary capillary wedge pressure of less than 15 mmHg. Poor prognostic factors included a right atrium pressure (RAP) > 15 mmHg and a cardiac output ≤ 2.0 mL/min[2,9].

No specific recommendations for the treatment of PAH-HIV have been made thus far; therefore, specific PAH treatment was initiated according to the physician’s judgment and the recommendations for idiopathic PAH treatment. HAART is a combination of at least 3 antiretroviral drugs, such as 3 nucleoside reverse transcriptase inhibitors, 2 nucleoside reverse transcriptase inhibitors and 1 protease inhibitor or 2 nucleoside reverse transcriptase inhibitors and 1 non-nucleoside reverse transcriptase inhibitor.

All patients received nonspecific supportive therapy as recommended, unless such therapy was contraindicated or not necessary: oral anticoagulation to maintain an international normalised ratio of 2.0-3.0, long-term oxygen therapy if there was evidence of hypoxemia and diuretic therapy for right heart failure symptomatic control.

Baseline evaluation included an assessment of the NYHA functional class, 6-Minute Walk Distance (6MWD) and echocardiogram. A re-evaluation of right heart catheterisation was only performed if clinical worsening occurred. Follow-up was conducted indefinitely for alive patients or until death.

The data collected included demographic characteristics (age, gender), parameters related to both HIV infection and PAH and disease follow-up. The date of PAH diagnosis was used as the baseline for survival estimates.

Because patients had already consented to be included in the PAH national registry, no additional informed consent was needed for this sub-study.

Statistical analysis

Standard descriptive statistics were used. Variables such as New York heart association (NYHA) functional class and 6MWD were compared using the paired-sample t-test. Due to the small population size, univariate analysis was not possible.

All statistical tests were performed using SPSS for Windows (version 16.0: SPSS, Chicago, IL, United States).

RESULTS
Eighteen patients were admitted to our centre during the study period, and their baseline characteristics are listed in table 1. Male gender was predominant (61.1%), and the mean age was 40.2 years (range 25-47 years).

Concerning HIV infection, intravenous drug use was the major risk factor for infection (77.8%). At PAH diagnosis, only 16.7% were in Centers for Disease Control and Prevention stage C. The mean CD4 cell count was 554 ± 267 cells/mL, with only one patient having a CD4 cell count < 200 cells/mL. The viral load was undetectable in 76.5% of the patients.

The mean time interval between HIV infection diagnosis and PAH diagnosis was 12.2 ± 6.9 years (range 1-23 years). Approximately half of the patients were on HAART; among those who were not on HAART, only three patients had an indication for HIV treatment before the diagnosis of PAH (one was not under treatment at all due to poor adherence, and the other two took only two drugs: a non-nucleoside reverse transcriptase inhibitor and a protease inhibitor). There is a statistically significant acceleration in the onset of PAH in patients on HAART (p = 0.012).

Concomitant viral hepatitis (either C or C and B) was present in 77.8% of the patients. In 55.5% of the patients, other risk factors for PAH were identified (Table 1), including portopulmonary hypertension, splenectomy and congenital heart defects. An atrial septal defect (ASD) was present in three patients: two patients had the ostium secundum type with a bidirectional shunt and a diameter of 1.8 and 0.7 cm, and the other patient had Eisenmenger’s syndrome due to a sinus venosus type ASD with a 3.0 cm diameter. At PAH diagnosis, 55.6% of the patients were in the NYHA functional classes Ⅲ-Ⅳ. Shortness of breath was the most prevalent symptom (present in all patients), followed by chest pain (27.8%), syncope (22.2%) and peripheral oedema and ascites (5.6%).

Exercise capacity was assessed by the 6MWD (Table 2), with a mean achieved distance of 436 ± 113 m. All but one patient walked 300 m or more at diagnosis. There was an overall improvement in the test, but no significant difference was found among the patients with or without HAART (p = 0.401).

Hemodynamic parameters, as assessed by right heart catheterisation, showed a mean pulmonary artery pressure (mPAP) of 52.6 ± 12.2 mmHg (17.6% of patients had a mPAP between 35-40 mmHg, 23.5% were between 41-45 mmHg and 58.8% were > 45 mmHg), a RAP of 6.1 ± 3.8 mmHg (none of the patients were > 15 mmHg) and a cardiac output of 4.6 ± 1.4 mL/min (11.7% of the patients with a cardiac output ≤ 2.0 mL/min).

The mean follow-up period was 5.8 ± 4.2 years, with a minimum of 0.3 and a maximum of 11.8 years (Table 2). Overall, the patients had an improved NYHA functional class, with a reduction of approximately half a functional class per patient (p = 0.008) and an improvement of 85 m on the 6MWD (p = 0.002). Functional class improvement was not dependent on HAART therapy (p = 0.343). 

At PAH diagnosis, six (33.3%) patients were started on prostacyclin analogues. One patient was started on epoprostenol but died due to right heart failure. Recurrent infections of the Hickman catheter, which the patient used for drug abuse, might have played a role. At the last registered visit, the other five patients had clinically improved and reduced the specific therapy to oral drugs, such as phosphodiesterase-5 inhibitors and endothelin receptor antagonist (Table 2).

All but one of the remaining patients were started on specific oral monotherapy. On their most recent follow-up, these patients were on the same therapy, except for four patients who needed other specific drugs (two were started on dual combined therapy, and the other two were started on triple combined therapy). An improvement in NYHA functional class and 6MWD was observed in half and all of these patients, respectively. Specific oral therapy was well tolerated in all patients, without any major documented adverse reactions, except elevated liver enzymes in one patient on sildenafil, in whom the specific therapy was changed to tadalafil.

Concerning survival during the follow-up period, two patients died (11.1%), but only one death was related to PAH (right heart failure); this patient had one of the lowest CD4 cell counts (339 cells/mL). The other, as already discussed, had the worst NYHA functional class at PAH diagnosis; this death was related to chronic liver disease, and the patient died soon after PAH diagnosis. Two patients were lost to follow-up (table 2). At 1, 2 and 3 years, the survival rates were 93.8%, 92.9% and 85.7%, respectively.

DISCUSSION
This study reports data on 18 HIV-infected patients diagnosed with PAH. HIV-infected patients are at a higher risk of developing PAH compared with the general population. Nevertheless, the global prevalence of this disease is low, and HIV-infected patients are rarely included in clinical trials because of the risk of interaction between PAH therapies and anti-retrovirals and the presence of multiple comorbidities in HIV-infected patients. Therefore, case reports and case series have become crucial to determine the characteristics of the disease and the efficacy of therapy. Despite our small number of patients, a major contribution with regard to survival rates and specific therapy can be made. In our study group, male gender was predominant, which is concordant with other authors and may reflect the high prevalence of men in the HIV population[10-12]. However, in a recent cross-sectional study of 802 HIV-infected patients, 14 patients had symptomatic PAH, and women were more affected, with a male: female ratio of 1:1.4[8]. Age at diagnosis did not differ from other studies that have reported a mean age ranging from 32 to 43 years[6,10-14].

Intravenous drug use was the most prevalent risk factor among HIV-infected patients with PAH (77.8% of the patients). This high prevalence was also described in other studies[10,12,13,15]. Nonetheless, patients with PAH related to HIV infection acquired via intravenous drug abuse have no clinical, functional or hemodynamic specificities, compared with patients with PAH related to HIV infection from any other route of transmission[15].

The mean CD4 count at the time of PAH diagnosis was somewhat higher than those observed in other studies, with only one patient (5.8%) having a CD4 cell count < 200 cells/mL; the viral load was undetectable in the majority of patients. A CD4 cell count < 200 cells/mL was observed in 59.6% and 52% of patients in the studies of Zuber et al[12] and Nunes et al[15], respectively. This difference may reflect the efficacy of the actual antiretroviral therapy. Hence, HIV-related PAH occurs in the early and late stages of HIV infection and may not be related to viral load or immune status, partially demonstrating that HAART does not prevent PAH[6,8,15].

The median time interval between the diagnoses of HIV disease and PAH, as described in literature, has ranged from 2.8 to 7.7 years[6,10-12,15], which is much shorter than the time interval determined in our study (11.5 years). Degano et al[13] also described a more prolonged time interval (11 years), suggesting that HAART does not prevent but may delay the development of PAH in HIV-infected patients. However, in our study, HAART was found to accelerate the onset of PAH, and this finding has been corroborated by Reinsch et al[8] and Pellicelli et al[16]. This may be due to a closer monitoring of patients on HAART, enabling an earlier PAH diagnosis.

In our population, 55.5% of the patients had another PAH risk factor other than HIV infection, including atrial septal defect, splenectomy and portal hypertension, which differs from the results of other papers. In the study by Humbert et al[17], approximately 4% of PAH patients presented with two co-existing risk factors, mainly HIV infection with portal hypertension. Mesa et al[18] reported that 13% of the HIV-related PAH patients had coexistent liver disease. Other causes of PAH and chronic thromboembolic pulmonary hypertension were not reported in our patients and have been rarely reported in HIV-infected patients[19].

The majority of the patients in our study were in a high NYHA functional class, which is consistent with other authors who have reported 71%-81% of patients in the NYHA classes Ⅲ-Ⅳ at diagnosis[15,17].

The survival rates were far better than those described in the literature. During the follow-up period of 5.8 ± 4.2 years, 12.5% patients died, and the survival rates at one, two and three years was 93.8%, 92.9% and 85.7%, respectively. In the study by Degano et al[13], the survival rates were closely related to our findings: 88%, 84%, 72% and 63% at one, two, three and five years, respectively, but others have reported lower survival rates[14,15,20]. Mortality in patients with HIV-related PAH is usually due to right heart failure, rather than other complications of HIV infection, and PAH is considered an independent predictor of death in HIV-infected patients[10,15]. This finding may relate to the fact that most of these individuals present in the later stages of PAH. In our study, the patient who died due to right heart failure had the worst NYHA functional class and showed no functional or hemodynamic improvement despite aggressive therapy.

Apart from the effect on PAH development, HAART has been described to influence prognosis. In our population, the improvement in NYHA functional class did not differ between the groups, nor did exercise capacity, as measured by 6MWD. Concerning mortality, the patient who died due to right heart failure was not on HAART; the other patient who died was on HAART, but the cause of death was liver failure. HAART has been associated with an improvement in exercise capacity, NYHA functional class, right ventricular systolic pressure over right atrial pressure gradient and overall survival[11-14,21,22]. However, there is also contradictory data stating that patients without HAART have no reduction in survival[23]. No current trial has been designed to evaluate the effect of HAART on the progression of HIV-PAH, but due to the weight of scientific information favouring HAART, patients with HIV-related PAH should be treated with HAART, irrespective of their CD4 cell counts[14]. This suggestion is also supported by our study.

An analysis of the cases of HIV-related PAH reported in the literature (from January 1987 to January 2009) showed a better outcome in patients treated with PAH-specific therapy than in those treated with just antiretroviral therapy[24]. Regardless of the substantial progress in therapy over the last few years, no randomised study has established a drug of choice for the treatment of HIV-related PAH. The evidence for the use of bosentan and prostaglandin therapies comes from cohort studies, case-control studies or case series. Therefore, the treatment of HIV-related PAH relies on PAH-specific therapy and includes supportive treatments and disease-specific treatments.

In our population, six of the 18 patients were started on prostacyclin analogues. These were patients with worse functional status who were diagnosed between 1998 and 2003, when prostacyclin analogues were the only recommended specific therapy for PAH. Only one of these patients was on epoprostenol due to advanced disease. The other patients were started on either iloprost or treprostinil. The beneficial effects of this drug class have been demonstrated in patients with HIV-related PAH. Our patients on iloprost and treprostinil have shown an improvement in NYHA functional class, and treatment was de-escalated to oral drugs. De-escalation to specific oral therapy can be attempted in stable patients with good long-term progress. Favourable results have been noted when switching from prostacyclin and its analogues to bosentan, with the clinical stability and pulmonary pressure measurements being maintained[25]. Similarly, transitioning from subcutaneous treprostinil to sildenafil was safely demonstrated in patients with PAH of varied aetiologies[26].

Sildenafil was the most commonly used drug among our patients (61.1%), though tadalafil was also used (16.6%). In the majority of patients, the clinical results were satisfactory. However, the experience with phosphodiesterase-5 inhibitors in HIV-related PAH is preliminary, and no controlled studies exist. Beneficial effects derived from case studies have been reported, including improvements in dyspnoea, NYHA functional class, exercise capacity and mPAP[27-29]. However, because sildenafil is largely metabolised by cytochrome P450 3A4, there is a potential for drug interactions when it is co-administered with several antiretroviral therapies, particularly protease inhibitors. Therefore, sildenafil is rarely used. In a review of 154 case reports by Janda et al[11], phosphodiesterase-5 inhibitors were the least commonly used therapy and were only an option for patients who did not tolerate bosentan. Our study reinforces the benefits of sildenafil HIV-related PAH therapy, and few adverse events were reported.

This study has some limitations. This is a retrospective study conducted in a single centre, with possible biases. However, it would be ethically impossible to perform a prospective study designed to compare novel therapies such as prostacyclin analogues with less active treatments in a cohort of patients with HIV-related PAH. Because HIV-related PAH is a rare disease, few patients were included in this study, thus any analyses should be considered cautiously.

To summarise, this study adds important information to what has been reported in the literature. Survival rates of HIV-related PAH patients tend to be higher, which may be due to new aggressive specific therapies, such as prostanoids, but not to HAART. The majority of the patients were treated with specific oral therapy, even those primarily treated with prostacyclin analogues. 

The onset and rapid progression of shortness of breath and other cardiopulmonary symptoms in HIV-infected individuals should suggest HIV-related PAH. A systematic cardiopulmonary evaluation and follow-up in specialised centres should be incorporated into the clinical management of HIV-infected patients to enhance quality of life, exercise capacity and survival through the delivery of HAART and specific therapy.

COMMENTS

Background
Pulmonary arterial hypertension (PAH) is a progressive disease that is caused by the chronic obstruction of small pulmonary arteries, leading to right ventricular failure and potential death. Idiopathic and inherited forms have been described.

Research frontiers

After the introduction of this novel antiretroviral therapy scheme, long-term cardiovascular complications, such as PAH, have emerged. The first case of human immunodeficiency virus (HIV)-related PAH was described in 1987 in an HIV-infected subject with haemophilia and membranoproliferative glomerulonephritis. Subsequently, several other cases have been reported. Nonetheless, HIV-related PAH is a rare disease: in 1991, prior to the introduction of highly active antiretroviral therapy (HAART), the prevalence of HIV-related PAH was estimated to be 0.5% in developed countries. This rate is 25-fold higher than the prevalence of PAH in the general population.

Innovations and breakthroughs

Recent studies have shown that prevalence has not changed in recent years. this study was designed to present 18 new cases of HIV-related PAH with presenting features, treatment options and follow-up data.
Applications

In this series, the survival rates of HIV-related PAH patients tended to be higher, but this difference was not related to HAART. The majority of patients were treated with specific oral therapy, even in those who were primarily treated with prostacyclin analogues. The onset and rapid progression of shortness of breath and other cardiopulmonary symptoms in HIV-infected individuals can suggest HIV-related PAH, and its prompt identification and treatment can improve quality of life, exercise capacity and survival.
Term explanation
HAART: the use of multiple drugs that act on different viral targets to decrease the patient’s total burden of HIV, to maintain the immune system’s function and to prevent opportunistic infections. Prostacyclin analogues (epoprostenol, iloprost and treprostinil): drugs used in pulmonary arterial hypertension that reduce pulmonary pressure and improve right ventricular stroke work.
Peer review

This is an excellent review of 18 cases about PAH related to HIV infection. The authors have stated the differences with previous studies, including the time interval between the HIV and PAH diagnoses, PAH risk factors other than HIV infection, HAART, specific therapy and survival rates.
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Table 1  Patients’ demographic and clinical characteristics at pulmonary hypertension diagnosis


Case No.


�
Age, yr


�
Gender


�
HIV risk factor


�
Duration of HIV infection previous to PAH, yr


�
CD4 count, cells/mL


�
HIV viral load, copies/mL


�
CDC stage


�
HAART


�
History of viral hepatitis


�
Other PAH risk factors


�
NYHA FC�
�
1


�
25


�
F


�
IVDU


�
12


�
  339


�
< 50


�
B3


�
No


�
Hep C


�
None


�
 Ⅳ


�
�
2


�
39


�
F


�
IVDU


�
  4


�
  700


�
< 50


�
A1


�
No


�
Hep B + C


�
None


�
Ⅱ


�
�
3


�
39


�
M


�
IVDU


�
11


�
  460


�
< 50


�
B3


�
Yes


�
No


�
ASD


�
 Ⅲ


�
�
4


�
32


�
M


�
IVDU


�
12


�
  500


�
< 50


�
B2


�
No


�
Hep C


�
ASD


�
 Ⅲ


�
�
5


�
43


�
M


�
UK


�
  7


�
  397


�
< 50


�
B3


�
Yes


�
No


�
Splenectomy without CTEPH


�
 Ⅲ


�
�
6


�
45


�
M


�
IVDU


�
  8


�
  332


�
< 50


�
B3


�
Yes


�
Hep B+C


�
Portal Hypertension


�
Ⅱ


�
�
7


�
40


�
F


�
IVDU


�
22


�
  517


�
< 50


�
C3


�
UK


�
Hep C


�
None


�
Ⅱ


�
�
8


�
31


�
F


�
Hetero-sexual


�
  1


�
  444


�
< 50


�
A2


�
Yes


�
No


�
None


�
 Ⅲ


�
�
9


�
40


�
M


�
IVDU


�
22


�
  900


�
    3000


�
A1


�
No


�
Hep C


�
None


�
Ⅱ


�
�
10


�
41


�
M


�
IVDU


�
21


�
  772


�
      308


�
A2


�
No


�
Hep C


�
None


�
Ⅱ


�
�
11


�
40


�
M


�
IVDU


�
10


�
  460


�
359810


�
A1


�
Yes


�
Hep C


�
Portal Hypertension


�
 Ⅲ


�
�
12


�
40


�
F


�
UK


�
  5


�
    46


�
      114


�
C3


�
No


�
Hep C


�
Portal Hypertension


�
 Ⅲ


�
�
13


�
39


�
M


�
IVDU


�
10


�
1234


�
< 50


�
B1


�
Yes


�
Hep C


�
None


�
 Ⅲ


�
�
14


�
46


�
M


�
IVDU


�
14


�
  411


�
< 50


�
A2


�
Yes


�
Hep C


�
Portal Hypertension


�
Ⅱ


�
�
15


�
47


�
F


�
IVDU


�
14


�
  800


�
< 50


�
A1


�
No


�
Hep C


�
ASD


�
 Ⅲ


�
�
16


�
47


�
M


�
IVDU


�
  4


�
  450


�
< 20


�
A2


�
Yes


�
Hep C


�
None


�
Ⅱ


�
�
17


�
47


�
F


�
IVDU


�
23


�
  760


�
< 20


�
C2


�
No


�
Hep B + C


�
Portal Hypertension


�
Ⅱ


�
�
18


�
43


�
M


�
UK


�
19


�
NA


�
NA


�
A2


�
No


�
No


�
Portal Hypertension


�
 Ⅲ


�
�
ASD: Atrial septal defect; CDC: Centers for disease control; CTEPH: Chronic thromboembolic pulmonary hypertension; F: Female; M: Male; HAART: Highly active anti-retroviral therapy; HIV: Human immunodeficiency virus; IVDU: Intravenous drug use; NA: Not accessible; NYHA FC: New York heart association functional class; PAH: Pulmonary arterial hypertension; UK: Unknown.








Table 2  Patients’ follow-up data


Case No.


�
Actual status


�
Period of follow-up, yr


�
Year of PAH diagnosis


�
Initial specific therapy


�
Last visit specific therapy


�
Initial 6MWT (m)


�
Final 6MWT (m)


�
Variation on NYHA FC


�
�
1


�
Dead (cause: heart failure)


�
  2.8


�
1998


�
Epoprostenol


�
Epoprostenol


�
211


�
463


�
 0


�
�
2


�
Alive


�
11.3


�
2001


�
Treprostinil


�
Sildenafil


�
NA


�
669


�
-1


�
�
3


�
Alive


�
10.8


�
2001


�
Sildenafil


�
Sildenafil + Ambrisentan


�
512


�
630


�
-1


�
�
4


�
Alive


�
  9.9


�
2002


�
Sildenafil


�
Sildenafil + Ambrisentan + Iloprost 


�
516


�
570


�
-2


�
�
5


�
Alive


�
11.3


�
2001


�
Treprostinil


�
Sildenafil


�
313


�
414


�
 0


�
�
6


�
Dead (cause: liver disease)


�
  0.3


�
2005


�
Sildenafil


�
Sildenafil


�
400


�
NA


�
NA


�
�
7


�
Alive


�
  7.0


�
2005


�
Ambrisentan


�
Ambrisentan + Sildenafil


�
435


�
473


�
 0


�
�
8


�
Missing


�
  3.9


�
2006


�
Sildenafil


�
Sildenafil


�
300


�
511


�
-2


�
�
9


�
Alive


�
  5.3


�
2006


�
Sildenafil


�
Sildenafil


�
455


�
546


�
 0


�
�
10


�
Alive


�
  4.5


�
2007


�
Sildenafil


�
Tadalafil


�
650


�
703


�
 0


�
�
11


�
Alive


�
  8.5


�
2003


�
Treprostinil


�
Tadalafil


�
510


�
570


�
-2


�
�
12


�
Alive


�
  8.8


�
2003


�
Iloprost


�
Ambrisentan


�
NA


�
450


�
-1


�
�
13


�
Alive


�
11.8


�
2000


�
Treprostinil


�
Bosentan


�
327


�
489


�
-1


�
�
14


�
Missing


�
  0.4


�
2005


�
Sildenafil


�
Sildenafil


�
500


�
NA


�
 0


�
�
15


�
Alive


�
  3.5


�
2008


�
Sildenafil + Bosentan


�
Sildenafil + Bosentan + Iloprost


�
350


�
420


�
 0


�
�
16


�
Alive


�
  1.6


�
2010


�
Tadalafil


�
Tadalafil


�
525


�
570


�
 0


�
�
17


�
Alive


�
  1.4


�
2011


�
Ambrisentan


�
Ambrisentan


�
439


�
423


�
 0


�
�
18


�
Alive


�
  0.5


�
2011


�
Sildenafil


�
Sildenafil


�
537


�
600


�
 0


�
�
6MWT: 6 min walk test; NYHA FC: New York heart association functional class; NA: Not accessible; PAH: Pulmonary arterial hypertension.











