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Abstract

Introduction—Anticoagulation is a common treatment modality in patients with pulmonary 

arterial hypertension (PAH). Further studies are needed to appropriately assess the risk / benefit 

ratio of anticoagulation, particularly in PAH patients receiving PAH-specific therapies.
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Aims—We use observational long-term data on PAH patients treated with subcutaneous (SQ) 

treprostinil from a large open-label study. Patients were followed for up to four years. The use of 

warfarin and bleeding events were recorded.

Results—At total of 860 patients (age [mean ± SD] 46 ± 15 years, 76% female, 83% Caucasian, 

49% idiopathic PAH, and 76% NYHA functional class III) were included. All patients received 

SQ treprostinil (15% also other PH-therapies) and 590 (69%) received warfarin during the study. 

The proportions of women, African-American and IPAH patients were higher in the group 

receiving warfarin. A higher proportion of patients with congenital heart disease and porto-

pulmonary hypertension did not receive warfarin. There were no differences in unadjusted long-

term survival between PAH patients receiving warfarin or not (log-rank test, p value=0.69), even 

when only considering idiopathic PAH (p=0.32). In addition, no difference was found in adjusted 

long-term survival both in PAH (p=0.84) and idiopathic PAH patients (p=0.44) based on the use of 

warfarin. Furthermore, no survival difference based on the use of warfarin were noted between 

propensity score matched PAH patients (p=0.37).

Conclusions—Long-term anticoagulation with warfarin was not associated with any significant 

effect on survival in PAH or idiopathic PAH patients treated with SQ treprostinil.
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Introduction

Pulmonary Arterial Hypertension (PAH) is a progressive pulmonary vascular condition that 

can lead to right ventricular failure and premature death (3). The characteristic increase in 

pulmonary vascular resistance (PVR) results from the combination of smooth muscle and 

endothelial cell proliferation, vasoconstriction, fibrosis, and in-situ thrombosis (4). Over the 

last three decades, 10 therapeutic agents have received Food and Drug Administration 

(FDA) approval for use in PAH (5, 6).

Supportive therapies such as oxygen, diuretics and anticoagulants are commonly used in 

patients with PAH. The rationale to use anticoagulants derives from post-mortem studies of 

patients with idiopathic PAH (IPAH) that demonstrated in-situ thrombosis (7–9). In addition, 

there is evidence of abnormalities of the platelet activation, coagulation and fibrinolytic 

pathways in IPAH patients (10–13)(14, 15). These findings, coupled with evidence from 

retrospective studies demonstrating a benefit of anticoagulation, have justified the use of oral 

anticoagulation in PAH patients.

There are no randomized controlled studies that evaluate the effectiveness and risks of oral 

anticoagulation in patients with PAH (16). Furthermore, limited information exists on the 

impact of oral anticoagulants in patients with PAH receiving disease-specific therapies. This 

is striking because some coagulation abnormalities in PAH patients can be improved with 

PAH-specific therapies (14, 17–20). Retrospective studies, mostly done before the 

availability of PAH-specific therapies, suggest that oral anticoagulants increase survival in 

PAH (8, 21, 22). More contemporary studies corroborated that warfarin use was associated 
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with improved survival (23), particularly at one year (24). Two systematic reviews (one with 

meta-analysis) revealed that anticoagulation decreases mortality risk in PAH patients (25, 

26). The Comparative Prospective Registry of Newly Initiated Therapies for pulmonary 

hypertension (COMPERA) registry reported that the use of oral anticoagulants was 

associated with a three-year survival benefit only in patients with IPAH (27). However, 

results from Johnson et al (28) and the REVEAL registry (29) have recently challenged 

these findings, questioning the effectiveness of anticoagulation in patients with PAH—even 

in patients with IPAH.

Studies have shown that chronic treatment of PAH with parenteral prostanoids produces a 

measurable and consistent anti-platelet effect (30, 31) and may normalize the coagulation/

fibrinolysis balance observed in PAH patients (17); factors which could weaken the 

beneficial effects and increase the bleeding risks of anticoagulation. Therefore, it remains 

unclear whether PAH patients treated with prostacyclin analogues experience any additional 

benefit from anticoagulation that outweighs the bleeding risks. Given than a randomized 

study assessing the risk and benefit of warfarin in PAH patients is unlikely to occur, 

retrospective studies using data from well-structured patient registries and modern statistical 

methodologies are the best next alternative. In the present study, our aim was two-fold: 1) 

whether warfarin reduces mortality and 2) if warfarin is associated with a higher risk of 

bleeding in a large cohort of PAH patients treated with subcutaneous treprostinil (32).

Methods

Patients and study design

We used the long-term data from an open-label extension study of PAH patients treated with 

subcutaneous treprostinil (32). Subjects were eligible de novo or rolled over from either a 

placebo-controlled pilot study or a large placebo-controlled randomized study (open label 

extension) (1, 2) (Figure 1). De novo patients were eligible if they had PAH (idiopathic, 

associated with connective tissue disease (CTD), congenital heart disease (CHD), portal 

hypertension, or human immunodeficiency virus (HIV)) and were in New York Heart 

Association (NYHA) functional class II, III and IV. Patients needed to be ≥ 8 year of age, 

walk 50–450 m in a six-minute walk test (6MWT) and have a mean PAP (mPAP) ≥ 25 

mmHg, pulmonary artery wedge pressure (PAWP) ≤ 15 mmHg and pulmonary vascular 

resistance (PVR) > 3 Wood units. Placebo-controlled studies (1, 2) had similar inclusion 

criteria but excluded patients with porto-pulmonary hypertension or HIV-associated PAH.

The objective of the open-label study was to assess the impact of subcutaneous treprostinil 

on long-term outcomes in PAH. Data were collected from 06/25/1998 to 12/1/2003. Patients 

were followed for up to four years. The end of the study was defined by death, 

transplantation, intolerable side effects, or the initiation of alternative prostacyclin 

analogues. A total of 354 (41 %) subjects remained on the study and 506 (59%) prematurely 

discontinued it for a variety of reasons (32). Subcutaneous treprostinil was administered for 

one, two, and three years to 538 (63%), 312 (36%) and 135 (16%) patients with a mean dose 

of 26, 36 and 42 ng/kg/min, respectively (32). All patients initially received subcutaneous 

treprostinil as monotherapy; however, other PAH-specific therapies could be added based on 

the criteria of the treating physician. In fact, bosentan was initiated in 105 (12%) and 
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sildenafil in 25 (3%) of the patients. Furthermore, 97 patients were transitioned off 

subcutaneous treprostinil to an alternative prostacyclin class drug and one patient had 

inhaled iloprost added for a few days (32). Importantly, warfarin as well as other background 

PAH therapies were administered at the discretion of the treating physician. Compliance 

with anticoagulation was recorded. The level of anticoagulation (international normalized 

ratio (INR)) was not routinely collected.

Statistical analysis

Baseline parameters were obtained at the start of treprostinil administration in the open label 

study. All PAH patients treated with treprostinil were included in the analysis. Continuous 

variables were summarized using mean ± standard deviation. We compared numerical 

variables using Wilcoxon Rank Sum Test and categorical variables with Chi-square test or 

Fisher’s exact test, when appropriate. Survival was assessed using Kaplan-Meier 

methodology, from the start of subcutaneous treprostinil (index date) to death or data cut-off. 

Patients were censored if they underwent transplantation, discontinued the study drug or 

were lost to follow-up. Survival distributions between groups were tested with Logrank 

statistics. Cox proportional-hazards regression was used to compare survival between 

groups, adjusted for variables of interest, i.e. age, NYHA functional class, PAH etiology, 

mPAP, PAWP and PVR. Results of Cox regression are given as hazard ratio with 95% 

confidence interval. Data imputation was performed when described using Markov chain 

Monte Carlo. We used propensity score to reduce bias due to the imbalance of measured 

variables associated with outcomes, between the groups of interest (those who received 

warfarin and those that did not) (33). Propensity score was generated using logistic 

regression and including the variables age, gender, race, PAH etiology, baseline height, 

weight, NYHA functional class, initiation of bosentan or sildenafil during follow-up, right 

atrial (RA) pressure, mPAP, PAWP, PVR and cardiac output. Analyses were performed for 

all the PAH groups and for the patients with IPAH. We also performed sensitivity analyses 

testing survival based on groups matched on newly generated propensity scores, including 3 

subgroups a) patients in whom the date of PAH diagnosis was available, b) subjects that 

receive warfarin throughout the course of the study (without stops) and c) individuals who 

were followed during the entire course of the study or died. Adverse events were recorded 

through the study. All p-values are two-tailed and a value of < 0.05 was considered 

statistically significant. The statistical analyses were performed using the Statistical Analysis 

System (SAS) 9.3, SAS Institute Inc., Cary, NC, USA.

Results

Patient characteristics

We included 860 patients of whom 425 (49%) had IPAH. The mean age was 46 ±15 years 

and 653 (76 %) patients were female. Most of the patients were in NYHA functional class II 

or III (n=782, 91%). Functional and hemodynamic characteristics are shown in table 1. A 

total of 590 (69%) patients received warfarin during the study and 270 (31%) did not. 

Baseline characteristics of these two groups are presented in table 1. The proportions of 

women, African-American race and IPAH patients were higher in those individuals 

receiving warfarin. A higher proportion of patients with congenital heart disease and porto-
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pulmonary hypertension did not receive warfarin. NYHA functional class and most of 

hemodynamic determinations were similar between the groups; however, the mPAP was 

higher in subjects who did not receive warfarin. When only considering patients with IPAH 

(n=425) we noted no significant demographic differences in the group that received warfarin 

(n=311, 73%) versus the group that did not (n=114, 27%) (Supplemental Table 1).

Warfarin treatment

Of the 590 patients in the warfarin group, 370 (63 %) were on warfarin for the full duration 

of the subject’s participation. Baseline characteristics of these subjects are presented in 

Supplemental Table 2. A total of 489 patients had no stops (complete cessation of warfarin 

treatment) recorded in their warfarin administration and received it for a mean ± SD (range) 

of 544 ± 405 (3 – 1,579) days. Of note, it is possible that patients began treatment with 

warfarin after being enrolled in the study. For example, a patient started warfarin one year 

after beginning treatment with treprostinil; therefore in this case the patient did not receive 

treatment for the full duration of the study but had no stops (once the medication was 

initiated) during the remainder of the study time. Eighty-five patients had one stop in 

warfarin administration and received it for 734 ± 495 (38 – 2,219) days. Twelve patients had 

two recorded stops in warfarin and received it for 988 ± 508 (221 – 1,956) days. Four 

patients had ≥ 3 stops. Supplemental Table 3 demonstrates PAH patients who remained 

throughout the study and in which treatment was not prematurely discontinued.

Impact of Warfarin treatment

Survival analysis—The Kaplan-Meier survival analysis for PAH patients receiving 

warfarin versus those not receiving warfarin is presented in Figure 2, panel A; with the start 

point being entry into the trial. No significant differences were noted between the groups 

(Logrank p=0.69). When the analysis was adjusted by age, NYHA functional class, PAH 

etiology, mPAP, PAWP and PVR, we noted no significant difference in survival based on the 

use or not of warfarin (n=621, HR: 0.96 (95% CI: 0.63–1.45), p=0.84). When missing data 

was imputed in the previous model, the use of warfarin had no significant impact on survival 

(n=860, p=0.45). A sensitivity analysis on PAH patients who received warfarin throughout 

the study without stops (n=370) demonstrated a similar survival (Supplemental Figure 1).

When solely considering the patients with IPAH (n=425), we found no significant difference 

in survival by log-rank test (Figure 2, panel B). When adjusted by age, NYHA functional 

class, mPAP, PAWP and PVR, the treatment with warfarin was not significantly associated 

with survival (n=324, HR: 1.26 (95%CI: 0.70–2.26), p=0.44). Similar results were observed 

when imputing missing variables in the last model (n=425, p=0.21). In the subgroup of 

patients with CTD-PAH, the use of warfarin did not significantly impact survival (Log-rank 

test (p=0.07) and Cox survival analysis adjusted for the same variables of interest (HR: 0.76 

(95%CI: 0.35–1.66), p=0.49)).

Propensity score matching—Due to missing values, 433 out of 590 PAH patients on 

warfarin had a propensity score. Based on the propensity score, we matched 433 PAH 

patients who received warfarin with patients drawn from the group who did not receive this 

treatment, using matching with replacement to balance the groups (i.e., a single control may 

Ascha et al. Page 5

Cardiovasc Ther. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



appear several times to match different cases). After propensity score matching, baseline 

characteristics were balanced except for RA pressure (Supplemental Table 4). The use of 

warfarin had no significant impact on survival (Logrank p=0.37, Figure 2, panel A). After 

imputing missing data, we generated propensity scores for all PAH patients who received 

warfarin (n=590). This group was then matched with patients drawn from the PAH group not 

on warfarin. After imputation and propensity score matching, baseline characteristics were 

balanced (Supplemental Table 5). Similarly, the use of warfarin had no significant impact on 

survival (Log rank p=0.72).

We performed three sensitivity analyses. The first analysis consisted of a propensity score 

matching including time from diagnosis as an additional variable in the model. This analysis 

matched 384 patients treated with warfarin since the date at diagnosis was missing in 127 

cases of the entire cohort. After matching, groups were well balanced, except for a 

significant difference in RA pressure (9 ± 5 and 10 ± 5 mmHg for the groups on no warfarin 

and warfarin, respectively (p=0.01)). The time from PAH diagnosis was also similar between 

the groups (34 ± 73 (median 11) versus 28 ± 48 (median 11) months for the groups on no 

warfarin and warfarin, respectively (p=0.56). Importantly, no significant survival differences 

were noted between the groups (Logrank test p=0.53, Supplemental Figure 2).

The second analysis involved a propensity score matching comprising patients who received 

warfarin through the course of the study (n=256 in each group). All variables were well 

balanced between the groups except of RA pressure (10 ± 6 and 11 ± 6 for the groups on no 

warfarin and warfarin, respectively). No survival differences were noted between the no 

warfarin and warfarin groups (Logrank p=0.66, Figure 2B). The last sensitivity analysis 

matched the propensity score in patients who stayed throughout the entire course of the 

study or died (we excluded patients that prematurely dropped out of the study). For this 

analysis, we included 233 patients in each group. The 2 groups were well balanced including 

RA pressure (p=0.16). Similarly, no survival differences were noted between the no warfarin 

and warfarin groups (Logrank p=0.34, Figure 2C).

Adverse effects of warfarin treatment

Hemorrhagic events that were not related to the infusion site were not ostensibly related to 

the dose of treprostinil (Table 2). Only two events were severe, leading to hospitalization: 

gastrointestinal hemorrhage and epistaxis. Thrombocytopenia was attributed to treprostinil 

treatment in six (0.7%) patients with one related hospitalization and two considered a severe 

event.

Discussion

The present study builds upon the growing body of literature that warfarin does not appear to 

provide a survival advantage in patients with PAH. Using long-term data from an open-label 

study on PAH patients treated with subcutaneous treprostinil (32), we found that patients 

receiving anticoagulation during the study had similar survival to those individuals who 

were not receiving this treatment. This observation held true even when we adjusted our 

analyses for different variables of interest or matched groups using propensity scores. In 

fact, the use of warfarin was not significantly associated with survival in the subgroup of 
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patients with IPAH, individuals that received warfarin during the entire course of the study 

or remained in the study without early discontinuation.

In our study, 590 (69%) patients with PAH received warfarin. The proportion of subjects 

receiving warfarin was higher in women and patients with IPAH. Warfarin use was less 

frequent in individuals with PAH associated with congenital heart disease or porto-

pulmonary hypertension. Anticoagulation in patients with PAH is largely driven by 

composite information from other large-scale retrospective analyses. The COMPERA 

registry (27) included 1,283 consecutive adult patients with newly diagnosed PAH between 

July 2007 and April 2013. A total of 738 (57.5%) patients received anticoagulation but only 

two percent of the patients received prostacyclin analogues. Three-year survival was better 

in IPAH patients that received anticoagulation versus those that never received it. 

Conversely, anticoagulants did not demonstrate a significant survival benefit in patients with 

other forms of PAH and potentially a trend towards increased mortality. In our analysis, we 

did not notice a survival difference based on the use of warfarin, both in the overall cohort or 

in the subjects with IPAH. It should be noted that our results are primarily based on patients 

with NYHA class II and III since limited patients were available in other groups to draw 

valid conclusions.

The benefit of anticoagulation in patients with PAH was recently examined in the Registry to 

Evaluate Early and Long-Term PAH Disease Management (REVEAL). Preston et al (29) 

assessed the effect of warfarin on survival of patients with IPAH and systemic sclerosis-

associated pulmonary arterial hypertension (SSc-PAH). A total of 187 patients receiving 

warfarin were matched 1:1 with patients never on warfarin. They found no significant 

survival advantage in any of these two groups of PAH patients when compared to matched 

controls, corroborating the results from our study. Furthermore, they found that long-term 

warfarin use in SSc-PAH patients was associated with poorer survival than patients not 

receiving warfarin, even after adjusting for confounders.

The available evidence shows that warfarin is not beneficial in patients with SSc-PAH (27–

29). In patients with IPAH who received parenteral prostacyclin analogues the use of 

warfarin is likely not beneficial. This is supported by our results and the fact that one of the 

reasons for the discordant findings between the COMPERA and REVEAL studies might be 

the higher use of parenteral prostacyclin analogues in the latter (46% versus 2%, 

respectively). The lack of effect of warfarin in patients on parenteral prostacyclin analogue 

therapy could be due to the fact that prostacyclin analogues have antiplatelet effects (34–36), 

decrease plasma levels of tissue plasminogen activator and plasminogen activator 

inhibitor-1(18) and normalize plasma markers of endothelial cell injury (14).

A systemic review of 12 non-randomized studies evaluating survival in patients with IPAH, 

anorexigen-induced PAH, and CTD-PAH treated with anticoagulation demonstrated a 

mortality benefit in IPAH in 6 of 12 studies. The authors noted that earlier studies tended to 

show a benefit, but many of these studies were limited by cohort heterogeneity, small sample 

size, and patient and treatment selection biases. More recent studies, concluded that 

anticoagulation may not be beneficial, particularly in patients with CTD-PAH, as noted in 

our study.
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Results of this study should not be extrapolated to anticoagulants other than warfarin. It is 

possible that direct coagulation factor inhibitors such as apixaban, rivaroxaban, edoxaban, 

and dabigatran may alter the risk/benefit ratio when used in PAH patients. Unlike warfarin, 

these drugs are fixed dose, have a predictable anticoagulant effect that eliminates the need 

for routine monitoring, and have few drug or dietary interactions. Limited research has been 

performed in PAH with these novel anticoagulants. Delbeck et al showed that the chronic 

use of rivaroxaban reduced systolic RV pressure increase and prevented RV hypertrophy in a 

monocrotaline pulmonary hypertension rat model (37).

Anticoagulation is also not without side effects, given reported bleeding rates of 5.4 and 19 

per 100 patient-years in IPAH and CTD associated-PAH, respectively (38); which is higher 

than the reported risk in as chronic thromboembolic PH (2.4 per 100 patient-years) (38). The 

risk of bleeding is increased in patients with systemic sclerosis (39); in fact one study found 

a 70% probability that warfarin provides no significant benefit or might be harmful in these 

patients (28). Ogawa et al reported frequent hemorrhagic complications in IPAH patients 

treated with anticoagulation and epoprostenol (40) suggesting that this combination of 

therapy may increase the bleeding risk. In the present study we did not observe a higher 

incidence of major bleeding complication in patients receiving warfarin; however, we did 

note a higher proportion of soft tissue bleeding at the injection site.

The European Respiratory Society/European Society of Cardiology Guidelines for the 

Diagnosis and Treatment of Pulmonary Hypertension (2015) (41) mention that 

anticoagulation may be considered in idiopathic, heritable or anorexigen-induced PAH (class 

of recommendation IIb and level of evidence C). Furthermore, they express that PAH 

patients on intravenous long-term prostacyclin analogues generally receive anticoagulation 

in the absence of contraindications due to the additional risk of catheter-associated 

thrombosis (41). In their 2009 expert consensus, the American College of Cardiology 

Foundation recommended warfarin anticoagulation in PAH patients on continuous 

intravenous therapy, in the absence of contraindications (42). The present study suggests that 

oral warfarin does not appear to provide a survival advantage in PAH patients receiving 

subcutaneous treprostinil therapy. This finding is important given that many practitioners 

commonly prescribe warfarin to these patients.

Limitations of the present study include a) the lack of randomization based on the use of 

anticoagulation, b) the time on target INR was not recorded, c) reasons for giving or 

withholding anticoagulation were not available, d) we only included PAH patients treated 

with treprostinil and e) the criteria used to decide not to anticoagulate patients was not stated 

and the target INR levels were not recorded. However, a systematic review and meta-

regression of 67 studies totaling 50,208 patients followed for 57,155 patient-years 

demonstrated that the INR is in the therapeutic range for an average of 64 % of the time 

(43). We believe that this percentage could be used as a reference point for our study. It 

remains unclear whether a more strict INR control, leading to longer times in the therapeutic 

INR range could have demonstrated a survival benefit; nevertheless, our results reflect the 

effect of warfarin as used in real-world clinical practice. Despite these limitations, our study 

is certainly important, since most PH centers continue to use anticoagulation for IPAH 

patients treated with prostacyclin analogues (44), an approach that might not be necessary. 
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In the absence of a randomized control trial, observational studies using propensity score 

matching to balance the study groups are the best contemporary alternative to fill this gap in 

knowledge.

Conclusion

Long-term use of warfarin was not associated with survival in PAH or idiopathic PAH 

patients treated with subcutaneous treprostinil.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

6WMD Six-minute walk distance

COMPERA Comparative, Prospective Registry of Newly Initiated Therapies for 

Pulmonary Hypertension

CTD Connective tissue disease

ERA Endothelin receptor antagonists

INR International Normalized Ratio

IPAH Idiopathic pulmonary hypertension

mPAP Mean pulmonary artery pressure

MID Minimal important difference

NIH National Institute of Health

NYHA New York Heart Association

PAH Pulmonary arterial hypertension

PAI-1 plasminogen activator inhibitor-1

PAWP Pulmonary artery wedge pressure

PH Pulmonary hypertension

PHIRST Pulmonary Arterial Hypertension and Response to Tadalafil

PVR Pulmonary vascular resistance
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PDE-5I Phosphodiesterase type 5 inhibitors

REVEAL Registry to Evaluate Early and Long-term PAH Disease Management

SSc-PAH Systemic sclerosis associated pulmonary arterial hypertension

t-PA Tissue Plasminogen Activator

WHO World Health Organization
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Figure 1. Flowchart of the study patients
Abbreviations: SC TRE: subcutaneous treprostinil study.
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Figure 2. Kaplan-Meier survival analysis for PAH patients who received and not received 
warfarin
Panel A includes all PAH patients (n=860), log-rank test p=0.69. Panel B includes only 

patients with IPAH (n=425), log-rank test p=0.32. Patients at risk for each time period are 

shown at the bottom of the figure.
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Figure 3. Kaplan-Meier survival analysis after propensity score matching for PAH patients who 
received and not received warfarin
Patients at risk for each period are shown at the bottom of the figures. Panel A includes 

patients after propensity score matching, panel B comprises patients in whom warfarin was 

given through the study and panel C omits individuals that prematurely dropped out of the 

study.

Ascha et al. Page 16

Cardiovasc Ther. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ascha et al. Page 17

Table 1

Baseline Characteristics of Entire Cohort

Overall
n (%) / mean ± SD

No warfarin
n (%) / mean ± SD

Warfarin
n (%) / mean ± SD p

n 860 270 (31) 590 (69)

Age (years) 45.8 ± 15.3 44.5 ± 14.0 46.3 ± 15.8 0.12

Female gender 653 (76) 189 (70) 464 (79) 0.01

Race

 -White 711 (83) 220 (82) 491 (83)

<0.01 (Ex) -African-American 48 (6) 8 (3) 40 (7)

 -Hispanic 63 (7) 32 (12) 31 (5)

Etiology of PAH

 -Idiopathic 425 (49) 114 (42) 311 (53)

<0.01

 -SCL associated 100 (12) 21 (8) 79 (13)

 -Other CTD 66 (8) 12 (5) 54 (9)

 -CHD associated 177 (21) 73 (27) 104 (18)

 -PoPH 43 (5) 34 (13) 9 (2)

 -Other 49 (6) 16 (6) 33 (6)

Time from PH diagnosis to enrollment (months)*
30.2 ± 55.6

Median: 10.9
37.8 ± 68.7

Median: 12.1
27.1 ± 48.9

Median: 10.2 0.17

Initiation of bosentan or sildenafil during follow-up 60 (7) 21 (8) 39 (7) 0.53

6-MWD (m) 335 ± 85 326 ± 79 336 ± 87 0.81

NYHA functional class

 -II 128 (15) 48 (18) 80 (14)

0.23 -III 654 (76) 196 (73) 458 (78)

 -IV 78 (9) 26 (10) 52 (9)

Baseline Hemodynamics

 -RA (mmHg) 10.0 ± 5.8 9.5 ± 5.7 10.2 ± 5.8 0.09

 -mPAP (mmHg) 59.3 ± 15.5 62.9 ± 17.9 57.9 ± 14.2 <0.01

 -PAWP (mmHg) 9.5 ± 3.6 9.1 ± 3.5 9.7 ± 3.6 0.06

 -CO (L/min) 4.1 ± 1.6 4.3 ± 1.6 4.1 ± 1.5 0.33

 -PVR (Wood U) 13.6 ± 6.6 13.9 ± 7.3 13.4 ± 6.4 0.68

Abbreviations: 6-MWD: six-minute walk distance, CHD: congenital heart disease, CO: cardiac output measured by thermodilution, CTD: 
connective tissue disease, Ex: Fisher exact test, mPAP: mean pulmonary artery pressure, NYHA: New York Heart Association, PAWP: pulmonary 
artery wedge pressure, PoPH: portopulmonary hypertension, PVR: pulmonary vascular resistance, RA: right atrium, SCL: scleroderma.

*
Data only available in 733 patients (215 patients for the group on no warfarin and 518 for the group on warfarin).
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