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Abstract

Anticoagulants are widely used in patients with pulmonary arterial hypertension (PAH) to prolong survival. However, there is a lack

of robust evidence demonstrating the benefits of anticoagulants in PAH patients and very little is known about the complications of

their use in this population. The objective of this study is to compare the safety of routine administration of oral anticoagulants

between PAH patients who were and were not treated with oral anticoagulants. This observational, retrospective cohort study

included consecutive patients with confirmed PAH from two centers: Brigham and Women’s Hospital in Boston and Hospital

Universitario La Paz in Madrid from January 2009 to August 2015. The study group comprised patients who received therapeutic

anticoagulation; patients who had never received anticoagulants were placed in the control group. Of the 201 included patients,

60.2% were treated with oral anticoagulants and 39.8% were not treated. The hazard ratio for major bleeding was 2.7 (95%

confidence interval [CI]¼ 1.1–6.8; P¼ 0.036). The incidence rate for the anticoagulation group was 4.7 per 100 patient-years (95%

CI¼ 2.5–8.0). The most frequent major hemorrhage was gastrointestinal bleeding with 24 cases (72.7%). Prior bleeding, poor

anticoagulation, HAS-BLED score �3, diabetes, and number of medications were factors that increased the risk of major bleeding

in patients using anticoagulants. The harmful effects of anticoagulants could outweigh the benefits in PAH patients. Therefore,

anticoagulants should be prescribed on a case-by-case basis and should not be systematically recommended.
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Introduction

Pulmonary hypertension (PH) is a spectrum of diseases
involving the pulmonary vasculature, defined as an elevation
in pulmonary arterial pressures (mean pulmonary artery
pressure [mPAP]� 25mmHg). Pulmonary arterial hyperten-
sion (PAH) is a relatively rare form of pulmonary hyperten-
sion that is characterized by symptoms of dyspnea, chest
pain, and syncope. If left untreated, it leads to right-side
heart failure and ultimately death.1 There is currently no
cure for PAH, though pharmacologic specific treatment
has been shown to improve morbidity and mortality.
Anticoagulants are typically administered as adjuvants,2

because previous studies demonstrated a high prevalence
of vascular thrombotic lesions in post-mortem evaluation
of idiopathic PAH patients.3,4 Abnormalities in the
coagulation cascade may contribute to a pro-thrombotic
state in idiopathic PAH (IPAH).5,6 These physiological
changes, along with concomitant conditions requiring antic-
oagulation such as cardiac valve replacement, atrial fibrilla-
tion, and risk factors for venous thromboembolism are the
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rationale for oral anticoagulants in PAH patients. However,
the efficacy of anticoagulation therapy for prolonging
survival has never been confirmed by randomized controlled
trials and the results from recent PAH registries studies are
controversial.7,8 With the exception of chronic thrombo-
embolic PH, regulatory agencies have not authorized the
use of anticoagulants in PH. The use of vitamin K antag-
onists (VKAs) requires special attention because of a narrow
therapeutic window and significant variability among
patients.9 Inadequate or excessive anticoagulation can lead
to thrombotic or hemorrhagic complications, respectively.10

Certain etiologies and medications may increase the risk of
bleeding in PAH patients, but only one study has been pub-
lished on this matter.11

Therefore, we compared anticoagulation-related
complications between PAH patients who were and were
not treated with oral anticoagulants. We also analyzed sev-
eral characteristics of PAH patients and their implications
regarding these complications.

Methods

Study design

This retrospective observational cohort study included PAH
patients from two centers: the Brigham and Women’s
Hospital in Boston and the Hospital Universitario La Paz
in Madrid. From January 2009 to August 2015, 201 con-
secutive patients were followed. We combined data from the
hospitals, specialized anticoagulation clinics, and primary
care institutions where patients were monitored. The study
was approved by the Hospital La Paz Ethics Committee and
underwent classification by the Spanish Medicines Agency.
Patients who fulfilled the meeting protocol selection criteria
were included. The Partners Healthcare institutional review
board waived the need for informed consent.

Patients

The diagnosis of PAH was confirmed by right heart
catheterization (RHC) based on a mPAP� 25mmHg and a
mean pulmonary arterial wedge pressure (PAWP)� 15mmHg.

Patients who received therapeutic anticoagulation before or
throughout the study period formed the anticoagulation
group. Patients who did not receive therapeutic anticoagula-
tion during the study period formed the control group.
Patients from the anticoagulation group whose treatment
was stopped during the study period were censored. Control
patients that experienced a thrombotic event during the study
period were started on anticoagulation therapy and switched
to the anticoagulation group. They were considered part of the
control cohort when assessing thrombotic-related events.

Most patients on anticoagulants were taking VKAs
(warfarin in Boston, acenocoumarol in Madrid) on an indi-
vidualized dosage regimen as per target international
normalized ratio (INR) recommendations. Direct oral

anticoagulants were also used, but to a lesser extent.
Pulmonary vasodilators (prostacyclin analogues, endothe-
lin-receptor antagonists, and phosphodiesterase-inhibitors)
were prescribed according to PAH guidelines.

Data collection

The following was obtained from the patients’ medical
records: demographics, clinical variables (PAH etiology,
disease duration, functional capacity), hemodynamics,
echocardiographic findings, specific PAH pharmacotherapy,
PAH combined treatment, concomitant medications,
morbidity, risk of bleeding, and death. To evaluate the
safety of anticoagulants, we collected major and minor
bleeding events: major hemorrhage (clinically overt and
associated with a fall in hemoglobin of at least 20 g�L�1

[�1.2mmol�L�1]); required transfusion of at least two units
of red cells; involved a critical site; or was fatal), minor hem-
orrhages, hematomas, and thrombotic events (related to the
formation or presence of a thrombus). The anticoagulation
follow-up and related events of Brigham and Women’s
Hospital’s patients were collected from both DAWN AC�

(anticoagulation management software used by the
Anticoagulation Clinic) and patients’ medical records. A
health intelligence platform incorporating the electronic
medical record search engine QPID� (Queriable Patient
Inference Dossier) was used to help identify events and
ensure no information was missing. Among the key words
used to identify possible anticoagulation events were: bled,
bleeding, bruising, hematoma, hemorrhage, blood, bloody,
bleed, hematuria, hemoptysis, epistaxis, melena, hemor-
rhagic and gastrointestinal bleeding. Events from Hospital
La Paz’s patients were collected from the hospital electronic
medical record. The primary care electronic medical record
(HORUS�) was also consulted to avoid missing any
anticoagulation related information or events that were not
registered during a patient’s visit with their specialist.

Among the anticoagulation group, we recorded
anticoagulant agents, target INRs, indications for anti-
coagulants, and time spent in therapeutic range (TTR).
To identify risk factors for major bleeding, we analyzed
age, sex, time from diagnosis of PAH, risk of bleeding, func-
tional capacity, co-morbidities, PAH treatment, and related
side effects.

Statistical analysis

Quantitative and ordinal variables were expressed as
average and median (interquartile range [IQR]) values,
respectively. Categorical variables were described through
absolute and relative frequencies using percentages. For
intergroup comparisons, we used the t-test for independent
samples in parametric distributions and the Mann–Whitney
U-test for non-parametric distributions. Categorical vari-
ables were compared using Pearson’s chi-square test.
P values< 0.05 were significant.
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To evaluate the association between the exposure (anti-
coagulants) and the outcome (anticoagulation-related event)
we calculated the odds ratios (OR) with the associated 95%
confidence intervals (CI) and P values. The hazard ratio
(HR) from the time-to-event analysis was also obtained
for major bleeding complications. The frequency of new
anticoagulation-related events per population at risk was
calculated using the incidence rate (IR) and first major
bleeding IR (counting major bleeding events only once for
each patient). The incidence rate ratio (IRR) was used to
compare the IR between groups. Event-free survival (major
bleeding/thrombotic events) time and cumulative incidence
were analyzed with Kaplan–Meier survival curves.

These analyses were performed on all the anticoagulation
patients and performed again after excluding patients with
approved indications for anticoagulants other than PAH, to
account for the effects of anticoagulants in patients with
approved indications.

We performed a univariate analysis to discern the factors
influencing the incidence of major bleeding in patients taking
oral anticoagulants. This analysis included: a t-test for inde-
pendent samples and analysis of variance for parametric distri-
butions, and theChi-square test andMann–WhitneyU-test for
non-parametric distributions. Multivariate analysis was then
performedwith theCoxproportional hazards analysis of those
factors that were either found to be significant, approached
significance (P< 0.10), or had a clinical justification.

The following potential risk factors for major bleeding
were evaluated: age, sex, six-minute walking test (6MWT)
<300m, World Health Organization functional class (WHO
FC), three or more poor prognostic factors for PAH survival
(the following determinants were considered: WHO FC IV,
6MWT <300m, evidence of pericardial effusion, right atrial
pressure >15mmHg, and CI �2.0L/min/m2), co-morbidities
with increased risk of bleeding (atrial fibrillation, peripheral
vascular disease, diabetes, and obesity), Charlson co-morbid-
ity index, HAS-BLED score �3, history of bleeding or pre-
disposition to bleed, combined PAH treatment, prostacyclin
analogs, years since PAH diagnosis, number of medications,
target INR >2.5, poor anticoagulation (TTR< 60%), and
VKA interaction (moderate or major) with a medication
from the patient’s medication list.

The statistical analysis utilized SPSS for Windows (ver-
sion 15.0: SPSS Inc., Chicago, IL, USA) and MedCalc for
Windows (version 16.4: MedCalc Software, Ostend,
Belgium).

Results

Characteristics of participants

We included 201 patients in this study (Fig. 1): 100 (49.8%)
diagnosed with PAH before the beginning of the follow-up
(January 2009) and 101 diagnosed after (50.2%). Of these,
121 (60.2%) were treated with oral anticoagulants and 80
(39.8%) were not. The average age at diagnosis was 53� 17

years, the median WHO FC was III (IQR¼ II–III), and the
average 6MWT was 353� 119m (Table 1).

The median number of prescribed medications per
patient was 10 (IQR¼ 7–13). PAH-specific therapy was
administered to 192 (95.5%) patients. The most prevalent
co-morbidities were high blood pressure, obesity, and hyper-
lipidemia with 89 (44.3%), 76 (37.8%), and 59 (29.4%)
patients, respectively. The median Charlson index score at
diagnosis was 4.0 (IQR¼ 2–6). Thirty patients (14.9%) died
during the follow-up, of which 16 belonged to the anticoa-
gulation group (13.2%) and 14 to the non-anticoagulation
group (17.5%), a non-significant difference. The overall
median HAS-BLED score was 2 (IQR¼ 1–3) at the begin-
ning of the follow-up, with 39% patients scoring �3.

In addition to PAH, patients had other conditions with
indication for anticoagulation. Sixty-four patients (52.9%)
were on anticoagulants to treat PAH, 28 patients presented
with PAH and atrial fibrillation (23.1%), 27 patients had
PAH along with venous thromboembolism (22.3%), and
one patient had all three conditions (0.8%). Furthermore,
16 patients (13.2%) were on anticoagulation due to central
venous catheter drug administration system.

The median (IQR) time on anticoagulants was 6.1 years
(IQR¼ 2.6–10.5) with 92 patients (76.0%) receiving anti-
coagulants for the entire period. The TTR was 57%.

Safety analysis

A total of 155 events were documented in 93 patients
(46.3%) during the study period. The event OR for the
anticoagulation versus the non-anticoagulation group was
2.0 (95% CI¼ 1.1–3.5; P¼ 0.021). Of those 155 events, 141
were non-thrombotic events (91%) and occurred in 85
patients (42.3% of the entire population; Fig. 2). Table 2
shows the list of non-thrombotic events.

A total of 26 patients (12.9%) suffered 33 major bleeding
events. Of these, 20 belonged to the treated group (16.5%)
and six to the non-treated group (7.5%). In patients taking
oral anticoagulants exclusively for PAH (n¼ 65), the OR for
major bleeding in the anticoagulation versus non-anticoagu-
lation group was 2.8 (95% CI¼ 1.0–7.9; P¼ 0.047). The
most frequent major hemorrhage was gastrointestinal bleed-
ing, with 24 cases (72.7%). The gastrointestinal bleeding OR
was 3.9 (95% CI¼ 1.2–12.8; P¼ 0.019). There were two
cases of subdural hemorrhage (6.1%) and one case of
brain hemorrhage (3.0%). The median (IQR) time to
first major bleeding was 2.2 years (IQR¼ 1.5–3.8), with a
median FC of II (IQR¼ II–III) and 6MWT of 339m
(IQR¼ 242–401). Patients who experienced major bleeding
had a group TTR of 55.0% and time above range of 14.5%
at the time of the event. The INRs at the event were out of
range in 14 cases (11 above and three below), with two
within range and four with no documented INRs.

The IR for the treatment group was 4.7 per 100 patient-
years (95% CI¼ 2.5–8.0), compared to 2.6 per 100 patient-
years (95% CI¼ 1.1–5.1) in the controls. The IRR was 1.8
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(95% CI¼ 0.8–4.3; P¼ 0.110). When accounting for only
the first major hemorrhage, the IRs were 3.9 (95%
CI¼ 2.4–6.0) and 1.9 (95% CI¼ 0.7–4.2) events per 100
patient-years in the treated and non-treated groups,
respectively.

The IR of gastrointestinal bleeding in the anticoagulation
group was 4.0 per 100 patient-years (95% CI¼ 2.0–7.1),
compared to 1.3 per 100 patient-years (95% CI¼ 0.4–3.3)
in the controls, with an IRR of 3.1 (95% CI¼ 0.9–13.4;
P¼ 0.041). We found no significant difference between the
groups regarding the association between gastrointestinal
side effects from PAH-specific treatment and major gastro-
intestinal bleeding.

Among the different PAH etiologies, portal PAH had the
highest major hemorrhage IR, with 7.0 events per 100
patient-years (95% CI¼ 0.2–38.7) in the anticoagulation
group, followed by connective tissue disease-associated
PAH with 6.3 (95% CI¼ 2.3–13.7), IPAH with 5.0 (95%
CI¼ 2.6–8.5), and congenital heart disease-associated PAH
with 2.1 events per 100 patient-years (95% CI¼ 0.3–7.5).

Anticoagulation patients with only PAH as an indication
(n¼ 65) had a higher six-year cumulative major bleeding IR
than the control patients, although not significantly so (log
rank¼ 3.05; P¼ 0.081). The cumulative six-year gastrointes-
tinal bleeding IR was also higher in this subgroup, com-
pared with the controls (log rank¼ 4.49; P¼ 0.034).

After adjusting for follow-up time and prior bleeding/
predisposition to bleed, the Cox proportional hazards ana-
lysis showed that the major bleeding HR for patients taking
anticoagulants was 2.7 (95% CI¼ 1.1–6.8; P¼ 0.036).

Regarding direct oral anticoagulants, there were seven
patients (5.8%) treated with theses agents (three dabigatran,
three rivaroxaban, and one apixaban). A total of six non-
thrombotic events were registered in five patients (two dabi-
gatran, two rivaroxaban, and one apixaban). None were
categorized as major bleeding. Dabigatran registered three
episodes (rectal, vaginal, and non-specified minor bleeding),
rivaroxaban two (nose bleeding and hemoptysis), and apix-
aban one (headache).

There were 14 thrombotic events in 14 patients, six from
the anticoagulation group (5.3%) and eight from the non-
anticoagulation group (9.2%). The thrombotic event OR in
anticoagulation patients with PAH as the only indication
(n¼ 58) was 0.7 (95% CI¼ 0.2–2.6; P¼ 0.624). There were
two central line occlusions, one internal jugular vein throm-
bosis and one pulmonary embolism. Of the two patients
with PAH and atrial fibrillation who had a thrombotic
event, one experienced myocardial infarction, the other car-
dioembolic stroke. In the control group, there were four
cases of pulmonary embolism, two of deep venous throm-
bosis, one of atherothrombotic stroke, and one of vena-cava
syndrome. The venous thromboembolism OR in patients
with only PAH as an indication for the anticoagulation
versus non-anticoagulation group was 0.2 (95% CI¼ 0.03–
2.02; P¼ 0.188).

The IR of thrombotic events was 1.4 (95% CI¼ 0.4–3.7)
and 2.4 (95% CI¼ 1.0–4.8) per 100 patient-years for the
anticoagulation and non-anticoagulation groups, respect-
ively. The thrombotic event IRR was 0.6 (95% CI¼ 0.1–
2.2; P¼ 0.362). The IR of venous thromboembolism in the

Fig. 1. Creation of the study population. The present study was a retrospective observational cohort study of patients with PAH from two

centers. Diagnosis of PAH confirmed by right heart catheterization based on a mPAP� 25 mmHg, and a mean PAWP� 15 mmHg. BWH, Brigham

and Women’s Hospital; HULP, Hospital Universitario La Paz; PAH, pulmonary arterial hypertension; PH, pulmonary hypertension.
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Table 1. Patients’ characteristics at the time of PAH diagnosis.

Entire population

(n¼ 201)

(average� SD/

frequency, %)

Anticoagulation

group (n¼ 121)

(average� SD/

frequency, %)

Control group

(n¼ 80)

(average� SD/

frequency, %) P

Gender 1.00

Male 51 (25.4) 31 (25.6) 20 (25.0)

Female 150 (74.6) 90 (74.4) 60 (75.0)

Age (years) 0.745

<50 76 (38.8) 49 (40.8) 27 (35.5)

50–70 92 (46.9) 54 (45.0) 38 (50.0)

>70 28 (14.3) 17 (14.2) 11 (14.5)

Race 0.412

White 170 (84.6) 100 (82.7) 70 (87.5)

Black 14 (7.0) 11 (9.1) 3 (3.8)

Hispanic 16 (8) 9 (7.4) 7 (8.8)

Asian 1 (0.5) 1 (0.8) 0

Center 0.276

BWH 169 (84.1) 105 (86.8) 64 (80.0)

HULP 32 (15.9) 16 (13.2) 16 (20.0)

Weight 0.023

Pounds 170.6� 48.6 176.7� 49.4 161.5� 41.3

Kilograms 77.4� 22.1 80.2� 22.4 73.3� 18.7

Height 0.089

Inches 64.3� 4.0 64.7� 4.1 63.7� 3.8

Centimeters 163.3� 10.2 164.3� 10.4 161.8� 9.7

BMI 29.0� 7.6 29.6� 7.8 28.1� 7.2

PAH etiologies 0.164

Idiopathic 86 (43) 58 (48) 28 (35)

CTD 49 (25) 28 (23) 21 (26)

CHD 31 (16) 19 (16) 12 (15)

PoPH 12 (6) 4 (3) 8 (10)

HPAH 8 (4) 4 (3) 4 (5)

HIV 8 (4) 3 (2) 5 (6)

Others 4 (2) 3 (3) 1 (1)

Hemodynamics

mPAP (mmHg) (n¼ 179) 48.4� 17.0 49.0� 16.6 47.3� 17.6 0.516

PAWP (mmHg) (n¼ 177) 10.1� 4.9 10.4� 4.9 9.8� 5.0 0.359

Cardiac Index (L/min/m2) 2.57� 0.80 2.52� 0.77 2.64� 0.84 0.333

PVR (dyn*s*cm�5) 750� 466 748� 451 753� 490 0.944

Vasoreactive patients (%) 30 (16.8) 20 (30.3) 10 (9.2) 0.614

Echocardiography

Estimated systolic PAP (n¼ 171) 67.9� 24.0 68.3� 25.4 67.4� 21.8 0.811

RV dysfunction (n¼ 197) 107 (54.3) 70 (58.8) 37 (47.4) 0.117

WHO FC

Median (IQR) III (II–III) III (II–III) III (II–III) 0.759

6MWT (m) 353� 119 360� 119 341� 120 0.318

6MWT, six-minute walking test; BMI, body mass index; BWH, Brigham and Women’s Hospital; CHD, congenital heart disease; CTD, connective-tissue disease;

HAPA, heritable pulmonary arterial hypertension; HIV, human immunodeficiency virus; HULP, Hospital Universitario La Paz; mPAP, mean pulmonary arterial

pressure; PAP, pulmonary arterial pressure; PAWP, pulmonary artery wedge pressure; PoPH, portal pulmonary hypertension; RV, right ventricle; SD, standard

deviation; WHO, World Health Organization.
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treated group was 2.0 (95% CI¼ 0.1–11.2) events per 1000
patient-years and 18.4 (95% CI¼ 6.8–40.6) events per 1000
patient-years in the non-treated group. The IRR was 0.11
(95% CI¼ 0.002–0.891; P¼ 0.012).

The Kaplan–Meier analysis showed that non-anticoagu-
lant users had worse thrombosis-free survival (log
rank¼ 1.65; P¼ 0.199) and venous thromboembolism-free
survival (log rank¼ 5.82; P¼ 0.016) than patients treated
with anticoagulants.

Analysis of major bleeding risk factors

Table 3 lists the risk factors for major bleeding within
the anticoagulation population that either showed or

approached statistical significance. Table 4 lists the major
bleeding HRs, according to the Cox proportional hazards
analysis, adjusted by follow-up time and prior bleeding/pre-
disposition to bleed.

Discussion

PAH patients on anticoagulants had a threefold greater risk of
major bleeding than control patients. PAH patients had a
greater incidence of major bleeding when compared with
other cases where anticoagulation was clearly indicated.
Gastrointestinal bleeding was the most frequent form of
major bleeding. While patients not receiving anticoagulants
had a greater risk of venous thromboembolism, the difference
was not significant. Portal PAH, connective tissue disease-
associated PAH, and IPAH were the group 1 etiologies
(WHO clinical classification system) with the highest rates of
major bleeding.

Thus far, no study has provided robust evidence of the
efficacy and safety of oral anticoagulants in patients with
PAH. Because a randomized clinical trial is unlikely to be
viable, the present study offers new insights into the debate.
The strength of the current study is that it included a sub-
stantial sample of a low-prevalence disease across two dif-
ferent centers, in the United States and Europe.

Table 2. Frequency of non-thrombotic events.

Anticoagulation-related

complication Frequency (%)

Minor* n¼ 97) Major (n¼ 33)

Epistaxis 29 (30) 4 (12)

GI bleeding 21 (22) 24 (73)

Hemoptysis 14 (14) �

Hematuria 8 (8) �

Vaginal bleeding 6 (6) 2 (6)

Ophthalmic bleeding 5 (5) �

Mouth bleeding 4 (4) �

Skin tear bleeding 4 (4) �

Bleeding after procedure 3 (3) �

Not specified 3 (3) �

Subdural hemorrhage � 2 (6)

Brain hemorrhage � 1 (3)

Hematoma 11

*Minor bleeding was the most frequent type of event with 97 documented

episodes (68.8%).

GI, gastrointestinal.

Fig. 2. Non-thrombotic events in patients with PAH. We recorded

141 non-thrombotic events, which occurred in 85 patients (42.3% of

the entire population).

Table 3. Potential factors that increased the risk of major bleeding.

Potential modifying factor OR 95% CI P

6MWT <300 m 2.80 0.94–8.32 0.057

HAS-BLED score �3 11.17 3.06–40.77 <0.001

Prior bleeding/predisposition

to bleed

27.36 5.93–126.25 <0.001

Poor anticoagulation 2.72 1.00–7.40 0.045

Diabetes 2.66 0.93–7.65 0.063

Target INR >2.5 3.87 0.97–15.35 0.064

6MWT, six-minute walking test; CI, confidence interval; INR, international nor-

malized ratio; OR, odds ratio.

Table 4. COX regression analysis with hazard ratios for specific

variables of potential influence on major bleeding.

Variables HR 95% CI Sig.

Diabetes 4.36 1.69–11.24 0.002

6MWT< 300 m at diagnosis 1.98 0.72–5.41 0.085

Poor anticoagulation

(HAS-BLED item 5)

2.38 0.94–6.01 0.066

Number of medications 1.11 1.00–1.24 0.049

6MWT, six-minute walking test; CI, confidence interval; HR, hazard ratio; INR,

international normalized ratio.
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Characteristics of participants

In the anticoagulation group, approximately half of the
patients were prescribed an anticoagulant because of PAH
alone. The remainder had co-morbidities that were indica-
tions for anticoagulation such as atrial fibrillation and
venous thromboembolism in most instances. The number
of patients with dual indications for anticoagulation in our
study may have been elevated because of the presence of
right heart dysfunction and failure, and co-morbid atrial
fibrillation or flutter. In other cases, atrial fibrillation or
venous thromboembolism may have developed along with
PAH due to the patients’ advanced age, and the presence of
pro-thrombotic risk factors such as immobility, obesity,
chronic heart failure, antiphospholipid syndrome, chronic
obstructive pulmonary disease, steroid therapy, and use of
central lines.

Complications due to supratherapeutic anticoagulation

Nearly half the study patients suffered an event of some
kind. The anticoagulation group had considerably more
events than the non-treatment group.

The vast majority of the events were clinically mild,
including minor bleeding and hematoma. However, under-
reporting of minor bleeding events is common in patients
taking oral anticoagulants. The most frequent minor bleed-
ing reported was epistaxis, followed by gastrointestinal
bleeding, and hemoptysis. The latter is a severe uncommon
complication in PAH, likely due to bronchial artery hyper-
trophy and/or rupture. The incidence of hemoptysis in PAH
patients is unknown and is likely under-reported in scientific
literature (12). All hemoptysis episodes in this study were
minor and without further complications. Because anticoa-
gulation may aggravate hemoptysis, patients on anticoagu-
lants should be carefully monitored for this symptom.

One-fourth of non-thrombotic events involved major
hemorrhage. The significantly higher odds and hazard of
major bleeding in the anticoagulation group underscores
the risk of major bleeding in such patients. The median
PAH functional parameters of patients who experienced
any event were consistent with moderate disease stage (FC
II, 6MWT> 300m). Prior to a major bleeding event, the
group TTR for anticoagulation patients was low, with
approximately half of the time spent in therapeutic range,
reflecting a poor control of anticoagulation. Poor anticoa-
gulation/low TTRs in atrial fibrillation patients has been
linked to an increased risk of thrombosis and/or bleed-
ing.13,14 Moreover, most of the INRs at the time of the
event were above therapeutic range.

The incidence of major bleeding in the anticoagulation
group was almost twice as high as that of the control group,
although the difference was not significant. The first major
hemorrhage IR in our study (3.9 events per 100 patient-
years) was lower than that of a Netherlands cohort with
8.1 events (5.4 for idiopathic PAH and 19.0 for connective
tissue disease-associated PAH) per 100 patient-years,11

which might be due to their overall higher target INR.
The Netherlands cohort had 79% IPAH patients and 91%
connective tissue disease-associated PAH patients with
target ranges over 2.0–3.0. These ranges were rarely seen
in our study. Conversely, our major bleeding rate was
higher than the rates reported in recent direct oral anti-
coagulants clinical trials (Table 5), where the major bleeding
rate on warfarin was consistently 3.4 events per 100 patient-
years. The IR obtained in our study was also higher than
that from retrospective community registries (two events per
100 patient-years),15 i.e. the two PAH works (Netherlands
and our study) had the highest major bleeding rates per
year, suggesting that PAH patients may be at a higher risk
of major bleeding than populations with other indications
for anticoagulants.

Henkes et al. (Netherlands cohort) concluded that the
major bleeding risk during VKA therapy differed among
PAH etiologies.11 They observed higher rates in connective
tissue disease-associated PAH than in IPAH. Three groups
of PAH patients have been found to have an increased risk
of bleeding:15 patients with connective tissue diseases such
as systemic sclerosis, who often experience microvasculature
lesions;25 those with low platelet counts and varices, who
may experience gastrointestinal bleeding in portal PAH;
and PAH patients with congenital heart disease, who have
an increased risk of hemoptysis.15 In our cohort, however,
the major bleeding IR for congenital heart disease was lower
than that of the other etiologies. The PAH etiologies with
the highest IR were portal PAH and connective tissue dis-
ease-associated PAH. Portal PAH also had the highest IR of
major bleeding in non-anticoagulation patients (three events
per 100 patient-years) compared with IPAH (one event
per 100 patient-years) and congenital heart/connective
tissue disease-associated PAH (none), similar to other
publications.15,26

The most frequent major hemorrhage was gastrointes-
tinal bleeding with an incidence of 13% in the anticoagula-
tion group, similar to the 15% in the study by Henkes et al.
Oral anticoagulants increased the odds of major gastrointes-
tinal bleeding by nearly four times. PAH patients on anti-
coagulants had three times the IR of gastrointestinal
bleeding than the control group. The IR of major gastro-
intestinal bleeding in studies comparing warfarin to direct
oral anticoagulants was consistently around one event per
100 patient-years (Table 5). Data from a large population-
based cohort study showed slightly higher rates,23 which
may be more representative of a clinical setting without
inclusion/exclusion criteria. In both situations, the IR for
gastrointestinal bleeding was lower than that found in our
study (4.0 events per 100 patient-years), indicating that the
PAH cohort might have a higher risk of gastrointestinal
bleeding than other groups. As mentioned above, there are
two PAH etiologies with an increased risk of gastrointestinal
bleeding, connective tissue disease-associated PAH and
portal PAH, likely due to the presence of angiodysplasia
and varices, respectively. Twenty-five percent of the patients
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with a major gastrointestinal bleeding event had CTD or
portal PAH, which may have caused the higher gastrointes-
tinal bleeding rate. However, other factors might also con-
tribute to the overall risk of gastrointestinal bleeding. We
assessed gastrointestinal-related adverse events from the use
of PAH-specific pharmacotherapy as a possible factor for
major gastrointestinal bleeding. However, those patients
who experienced gastrointestinal-related adverse events did
not suffer further major gastrointestinal bleeding.

In line with the findings of Gabriel et al., there were only
a few patients using direct oral anticoagulants in our study.
This was anticipated given that direct oral anticoagulants
are not approved for use in PAH patients. Furthermore,
recent findings from the aforementioned study, showed
that PAH patients are at a higher risk of bioaccumulating
these newer agents, therefore therapy should be individua-
lized.27 While none of the seven patients taking direct oral
anticoagulants had a major bleeding episode, because of the
small number of patients, we cannot make any conclusions
as to the safety of these medications over any other oral
anticoagulant.

Complications due to infratherapeutic anticoagulation

The goal of anticoagulants in PAH patients is prolonging
survival by preventing in-situ micro thrombosis in pulmon-
ary arteries, which was observed in several autopsies of

deceased IPAH patients.28 In our study, we detected a rela-
tively high number of thrombotic events, especially in the
non-anticoagulation group (9% incidence). Most of the
thrombotic events reported in the anticoagulation cohort
were related to underlying causes. In patients with PAH
as the only anticoagulation indication using intravenous
prostanoids, the thrombotic events were related to central
catheter administration (line occlusion and jugular
thrombosis), and in patients with atrial fibrillation the two
episodes were related to atrial thrombus formation and
co-existing atherosclerotic risk factors. In the control
group, there were six venous thromboembolisms (mostly
pulmonary embolism), an atherothrombotic stroke, and
vena-cava syndrome in a patient using a central system
administration device.

Venous thromboembolism was the most common throm-
botic complication in the study. The annual IR of venous
thromboembolism was 18 per 1000 patients for the non-
anticoagulation group. Other studies reported an incidence
of venous thromboembolism 1–2 per 1000 people in the
US29 and 0.9 per 1000 person-years in Canada.30 These
are similar to the venous thromboembolism IR for the antic-
oagulation group, but notably lower than that of the control
group in our study. Therefore, PAH may predispose to
venous thromboembolism, but age, congestive heart failure,
high blood pressure, inactivity, and obesity might also play
a part.31

Table 5. Summary of major bleeding rates in recent clinical trials of oral anticoagulants.

Author Type of study Year Indication INR

Major bleeding

IR (%-year)

GI IR

(%-year)

Current study Retrospective

(n¼ 121)

2015 PAH 94%� 2.0–3.0

6%> 2.0–3.0

4.8/3.9* 4.0

Hokusai-VTE et al.16 RCT (n¼ 4122) 2013 VTE 2.0–3.0 1.6 NA

Giugliano et al. (ENGAGE)17 RCT (n¼ 7036) 2013 AF 2.0–3.0 3.4 1.2

Graner et al. (ARISTOTLE)18 RCT (n¼ 9081) 2011 AF 2.0–3.0 3.1 0.9

Patel et al. (ROCKET)19 RCT (n¼ 7125) 2011 AF 2.0–3.0 3.4 NA

Connolly et al. (RE-LY)20 RCT (n¼ 6022) 2009 AF 2.0–3.0 3.4 1.0

Henkes et al.11 Retrospective

(n¼ 138)

2013 IHAP

CTD-PAH

2.0–3.0

2.5–3.5

3.0–4.0

8.1* NA

Wieloch et al.21 Retrospective registry

(n¼ 18,391)

2011 AF 2.0–3.0 2.6 NA

Friberg et al.22 Retrospective registry

(n¼ 68,306)

2012 AF NA 1.9 NA

Abraham et al.23 Retrospective

(n¼ 7749)

(n¼ 732)

2015 AF

Non-AF

NA – 3.1

1.6

Kearon et al.24 RCT (n¼ 369) 2003 VTE 2.0–3.0 0.9 NA

*First major bleeding incidence.

AF, atrial fibrillation; CTD-PAH, connective tissue disease-associated PAH; GI, gastrointestinal; INR, international normalized ratio; IPAH, idiopathic PAH; IR,

incidence ratio; NA, not available; PAH, pulmonary arterial hypertension; RCT, randomized clinical trial; VTE, venous thromboembolism.
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Risk factors for bleeding

There were several factors found to increase the risk of
major bleeding in the anticoagulation group.

HAS-BLED score. This risk stratification tool helps distinguish
patients with a low/high risk of bleeding in atrial fibrilla-
tion.32 In our study, patients who experienced any hemor-
rhage had a significantly higher median risk score (3; high
risk) compared with those who did not (2; moderate risk).
The HAS-BLED system recommends alternatives to antic-
oagulation in patients with a risk score �3, although it has
not been validated for patients with PAH. A large percent-
age of patients whose HAS-BLED scores reflected prior
bleeding/predisposition to bleed experienced actual bleed-
ing/hematoma during the observation period. Numerous
studies have demonstrated the highly predictive association
between prior bleeding (especially in the gastrointestinal
tract) and future major bleeding.32–35 Therefore, we recom-
mend that PAH patients with a history of bleeding avoid
anticoagulation therapy. If therapy must be initiated, a low-
intensity regimen (target INR¼ 1.5–2.5 or 2.0–2.5) could be
suitable for patients with a high risk of bleeding. Poor antic-
oagulation at the beginning of the follow-up also showed a
significant association with major bleeding, a finding that
has been supported by several studies.13,14,36 This associ-
ation was almost significant in the multivariate analysis.

Number of medications. Patients with PAH have many home
medications. The median was ten, with 90% of the partici-
pants using more than five (polypharmacy). These results
are in accordance with those presented in Gabriel et al.’s
study with a mean of nine different drugs per patient.27

The risk of having a major bleeding event increased by
10% per medication. Increasing therapy complexity in mul-
timorbid patients raises the risk of drug-related problems
(interactions, poor adherence, etc.). High-risk conditions
for drug-related problems include polypharmacy, significant
changes in drug therapy or existing diseases, insufficient
responses to therapy, suspected lack of therapy, side effects,
and hospital discharges.37 These circumstances are common
in PAH patients. To mitigate this, patients’ medication
profiles should be thoroughly reviewed to optimize the treat-
ment, find possible interactions, predict potential non-
compliance, and provide patient counseling.

Limitations

The retrospective design and lack of randomization between
the study and control groups might have resulted in selec-
tion biases. Despite the small sample size, the US and
Spanish groups are representative of the general populations
of interest. The exposure to the anticoagulant and subse-
quent event might have occurred before the start of the
study for some patients; the initial anticoagulant effects
(when INRs are more unstable) might not have been
accounted for these patients. Lastly, under-reporting of

minor bleeding events is common, but this is unlikely to
affect major bleeding events since any such episode is
likely to be reported.

Conclusions

PAH patients who were treated with anticoagulants had a
higher risk of major bleeding compared to the control group
and had a higher IR than populations requiring anticoagu-
lants for other conditions. The number of venous thrombo-
embolism episodes observed in our control cohort suggests
that patients with a risk of thrombosis could benefit from
these agents, but the association between PAH and venous
thromboembolism is unclear. Our findings suggest that the
harmful effects of anticoagulation therapy outweigh the
benefits in PAH patients with a non-validated indication
for anticoagulation. Therefore, anticoagulants should only
be prescribed on a case-by-case basis and not systematically
recommended, especially in patients with diabetes, a HAS-
BLED score �3, prior history of bleeding, poor anticoagu-
lation control, or polypharmacy.
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