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Dynamics of the clinical functional
and hemodynamic profile of patients
with pulmonary arterial hypertension
with initial monotherapy with endothelin
receptor antagonists: bosentan vs. macitentan
Aim

To compare results of 24‑h treatments with bosentan and macitentan by the clinical functional status
and indexes of pulmonary hemodynamics in patients with pulmonary arterial hypertension (PAH).

Materials and methods

Based on the Russian National Registry (NCT03707561), 44 patients older than 18 years with PAH
(34 patients with idiopathic pulmonary hypertension (IPH) and 10 patients with Eisenmenger
syndrome) were retrospectively included into this study. Based on the statistical method of pairwise
comparison, two groups were formed and matched by age, gender, WHO functional class (FC),
and 6‑min walk distance (6MWD). 22 patients of group 1 (17 with IPH and 5 with Eisenmenger
syndrome) were treated with macitentan 10 mg / day, and 22 patients of group 2 (17 with IPH and
5 with Eisenmenger syndrome) were treated with bosentan 250 mg / day. Clinical instrumental data
(6MWD, Borg dyspnea score, chest X-ray, transthoracic echocardiography (EchoCG), and right heart
catheterization (RHC)) were evaluated at baseline and after 24 weeks of therapy.

Results

By week 24 of the treatment, FC and 6MWD improved in both groups. The macitentan treatment
was associated with a significant decrease in Borg score. Significant intergroup differences in EchoCG
data were not observed. The bosentan treatment was associated with a decrease in right ventricular
(RV) dimension and a tendency towards a decrease in calculated pulmonary artery systolic pressure
(PASP). By week 24, the macitentan treatment as compared to the bosentan treatment, was associated
with a decrease in cardiothoracic ratio (CTR). In both groups, RHC showed decreases in PASP, mean
pulmonary artery pressure and pulmonary vascular resistance, and improvements in cardiac output
(CO), cardiac index, and stroke volume (SV) values. By week 24, the increase in SV was greater in the
macitentan treatment group than in the bosentan treatment group (р=0.05).

Conclusion

The 24‑week treatment with bosentan or macitentan provided significant and comparable improvement
of the functional profile in PAH patients with FC II (WHO) at baseline. The decrease in CTR was
significantly more pronounced in the macitental treatment group compared to the bosentan treatment
group. The 24‑week bosentan treatment resulted in a decrease in RV anterior-posterior dimension,
a tendency towards a decrease in PASP according to EchoCG data. Macitentan provided more
pronounced dynamics of dyspnea than bosentan according to the results of 6MWD test and the
increase in SV according to RHC data.
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Introduction

Pulmonary arterial hypertension (PAH) is a severe
progressive disease which leads to right-sided heart
failure [1, 2]. The possibilities of drug therapy for this
category of patients for a long time were significantly
limited prior to the introduction of PAH-specific drugs

into clinical practice. Modern specific therapy has an
impact on the pathogenesis of PAH, including the
activation of the endothelin-1 system involved in the
remodeling of small pulmonary arteries and arterioles
leading to vasoconstriction of the distal pulmonary
arterial bed [1–3].
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Activation of the endothelin system in patients with oxide or iloprost during right heart catheterization
PAH serves as a rationale for the active clinical use of (RHC); standard drug therapy (diuretics, glycosides,
the endothelin receptor antagonists (ERAs) [1, 4–6]. anticoagulants, or antiplatelet agents) within the past
Bosentan is the first non-selective ERA approved by the 3 months; stable course of the disease during specific
Pharmacological Committee of the Russian Federation therapy. The exclusion criteria were age <18 years; PAH
to treat patients with idiopathic pulmonary arterial of other etiology; pulmonary hypertension (PH) due
hypertension (IPAH), scleroderma-related PAH with to left heart disease or lung diseases and / or hypoxia;
out severe pulmonary fibrosis and Eisenmenger syn chronic thromboembolic PH; non-compliance with
drome aimed at improving exercise tolerance and slow contraception by female patients of childbearing
age; pregnancy, lactation; hypertension; persistent
disease progression.
Macitentan is a new potent ERA designed to hypotension, systolic blood pressure <90 mm Hg;
increase the efficacy and safety of therapy due to its musculoskeletal diseases interfering with the 6‑minute
high tissue specificity. The increased proportion of non- walk test; increased levels of aspartate aminotransferase
ionized forms of the molecule improves the physical and / or alanine aminotransferase of more than 3 times;
and chemical properties of the drug thus contributing anemia (hemoglobin <100 g / L).
The clinical, laboratory, instrumental, and hemo
to higher penetration of the drug through lipophilic
cell membranes and increases the tissue penetration dynamic parameters and survival rates were assessed
of the drug [7–9]. The landmark randomized trial in this study. Patients underwent such studies as
SERAPHIN was conducted to assess the effect of maci 6MWT with the Borg dyspnea score, chest x-ray,
tentan on morbidity and mortality and included 742 echocardigraphy, RHC.
The statistical analysis of findings was carried
patients with PAH. The use of macitentan at a daily
dose of 10 mg compared to a placebo resulted in a 45 % out using Statistica 10.0 (StatSoft, USA). The level
of statistical significance was p<0.05. The Student’s
reduction in the risk of disease progression [4, 10].
Both bosentan and macitentan are currently com t-test was used to compare the normally distributed
monly used in clinical practice for the treatment of quantitative variables between the patient groups.
patients with PAH. However, there is an apparent lack Non-parametric statistical tests (Mann–Whitney and
Wilcoxon) were used for non-normal distributions.
of direct comparative studies.
The objective of our study was to conduct a The quantitative variables are expressed as the median
comparative analysis of the clinical, functional, and and the interquartile range (25th and 75th percentiles).
hemodynamic profiles of patients with PAH treated The categorical variables are presented by the
with various ERAs (bosentan or macitentan) for 24 distribution frequencies. Pearson’s χ2 test was used
weeks.
to compare the categorical variables.

Materials and Methods

The local ethics committee of Myasnikov Institute
of Clinical Cardiology approved the study. It was
concluded that the study was conducted pursuant to
the principles of the Declaration of Helsinki. In this
study, two groups were formed retrospectively based on
the pairwise comparison within the Russian national
register (NCT03707561). The groups were comparable
in age, sex, World Health Organization (WHO)
functional class (FC), and 6‑minute walk test (6MWT).
In Group 1, 22 patients (17 – IPAH, 5 – Eisenmenger
syndrome) received macitentan 10 mg / day. In Group
2, 22 patients (17 – IPAH, 5 – Eisenmenger syndrome)
received bosentan 250 mg / day. The duration of
treatment was 24 weeks in both groups. A total of 44
patients were included, if they met the following
inclusion criteria: age >18 years; verified diagnosis
of IPAH or Eisenmenger syndrome; FC (WHO) II–
III; negative vasoreactivity test with inhaled nitric
ISSN 0022-9040. Kardiologiia. 2020;60(7). DOI: 10.18087/cardio.2020.7.n1136

Results

The groups of patients were comparable by sex (91 %
of female patients), mean age (39.7±11.9 and 40.0±12.6
years old in Groups 1 and 2, respectively), FC (WHO),
and 6MWT (402.4±53.6 and 405.2±56.4 m in Groups
1 and 2, respectively) at the time of inclusion.
The period from the onset of the disease to the
verification of the diagnosis of PH (13 [7; 37] and
14.5 [5; 48] months (p=0.93) in Groups 1 and 2,
respectively), and the time from the first symptoms to
the start of macitentan / bosentan therapy (58 [5; 48]
and 84 [17; 213] months (p=0.68) in Groups 1 and 2,
respectively) did not differ between the groups.
The most common complaint was shortness of breath
(100 % in Group 1 and 95 % in Group 2). Patients also
complained of chest pain, palpitations, dizziness, and
asthenia. Upon inclusion in the study, 27 % of patients
in the bosentan group and 45 % in the macitentan group
had edema of the lower extremities (Figure 1).
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Figure 1. Patient’s complaints upon inclusion
95

Dyspnea
Asthenia

87

68

Palpitation

82

59

Dizziness

64

32

Chest pain

63

45

Edema
of the lower extremities

45

27
0

20

100

40

60

80

100
%

Group 1 (macitentan 10 mg/day)
Group 2 (bosentan 250 mg/day)

Figure 2. Changes in the 6MWT
performance in patients treated with
bosentan/macitentan at baseline and week 24
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When the patient’s functional class was assessed on
Week 24, 6MWT increased by 41.45 m (p=0.00009)
and 23.86 m (p=0.034) in the macitentan and bosentan
groups, respectively (Figure 2). The groups did not

differ in changes in the 6MWT performance (p=0.42).
On Week 24, the Borg dyspnea score was significantly
lower in the macitentan group (2.95±1.40 and
3.95±1.96 (p=0.048) in Groups 1 and 2, respectively).
An improvement in FC (WHO) was noted in the
macitentan group by Week 24 of the follow-up: 23 % of
patients reached FC I (WHO), the number of patients
with FC III (WHO) decreased by 67 % (FC I / II / III / IV
(WHO) 0 / 10 / 12 / 0 at baseline, 5 / 13 / 4 / 0 on Week 24)
fewer patients reached FC I (WHO) in the bosentan
group (FC I / II / III / IV (WHO) 0 / 11 / 11 / 0 at baseline,
3 / 13 / 6 / 0 on Week 24).
No significant differences were found in the chest
x-ray findings between the groups on Week 24 of
follow-up (Table 1). On Week 24, a decrease in the
cardiothoracic ratio (CTR) was more significant in
the macitentan group than in the bosentan group
(p=0.04).
Baseline echocardiography detected signs of an
increase in the right heart dimensions, right ventricular
(RV) hypertrophy, and increased pulmonary artery
systolic pressure (PASP) in both groups. The RV
dimensions decreased (p=0.03) by Week 24th in the
bosentan group, although there were differences in the
changes of the RV dimensions between the bosentan and
macitentan groups (p=0.56). Other echocardiographic
parameters did not differ significantly either at baseline
or after 24 weeks of treatment (Table 2).
Such pulmonary hemodynamic parameters as PASP,
mean pulmonary artery pressure (mPAP), cardiac out
put (CO), cardiac index (CI), and pulmonary vascular
resistance (PVR) improved by Week 24, as shown by
RHC (Table 3).
Changes in the hemodynamic profiles (RHC) were
compared, and it was noted that 24‑week treatment
with macitentan resulted in a more significant increase
in stroke volume (SV) versus the bosentan treatment
(p=0.05) (Figures 3, 4).

Table 1. Changes in the chest x-ray findings in patients treated with bosentan/macitentan at baseline and week 24
Parameter

Group 1
(macitentan 10 mg/day)
Baseline

24 weeks

Right descending PA diameter, mm

19.15±6.67

19.23±6.35

Moore, %

39.18±8.80

Lupi,%
CTI,%

р

Group 2
(bosentan 250 mg/day)

р

Baseline

24 weeks

0.84

19.45±5.16

19.57±4.72

0.79

38.36±9.60

0.25

35.86±6.31

37.31±8.01

0.07

36.22±4.42

36.05±3.95

0.62

36.45±3.17

35.41±4.47

0.23

52.14±6.77

51.73±6.36

0.44

49.36±4.32

49.22±4.66

0.83

PA, pulmonary artery; CTR, cardiothoracic ratio.
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Figure 3. Changes in PASP, mPAP, PVR according to RHC in patients treated with bosentan/macitentan at baseline and week 24
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Table 2. Changes in the transthoracic echocardiogram in patients treated with bosentan/macitentan at baseline and week 24
Parameter

Group 1 (macitentan 10 mg/day)
Baseline

24 weeks

LA, cm

3.32±0.65

3.34±0.56

LVEDD, cm

3.81±0.55

3.91±0.61

Group 2 (bosentan 250 mg/day)

р

р

Baseline

24 weeks

0.61

3.28±0.56

3.27±0.60

0.87

0.09

3.92±0.53

4.00±0.48

0.52

RA area, cm2

21.10±7.03

21.48±7.25

0.42

21.05±7.74

20.80±9.00

0.58

RV APD, cm

3.50±0.60

3.50±0.80

0.96

3.88±0.78

3.63±0.80

0.03*

RV AWT, cm

0.82±0.23

0.81±0.24

0.70

0.75±0.23

0.76±0.19

0.68

PA diameter, cm

3.30±0.78

3.25±0.85

0.40

3.39±0.73

3.45±0.68

0.39

98.40±26.13

93.64±27.12

0.29

92.22±22.34

86.59±19.28

0.06

2.05±0.40

2.05±0.40

1.00

2.10±0.42

2.00±0.39

0.09

SPAP, mm Hg
IVC, cm

*, p <0.05, the significance of intragroup differences at baseline and on week 24. LA, left atrium, RV, right atrium, LV EDD, left ventricular enddiastolic dimension, RV APD, right ventricular anterior-posterior dimension, RV AWT, right ventricular anterior wall thickness, PA, pulmonary
artery, IVC, inferior vena cava, PASP, pulmonary artery systolic pressure.

Table 3. Changes in the right heart catheterization in patients treated with bosentan/macitentan at baseline and week 24
Parameter

Group 1 (macitentan 10 mg/day)
Baseline

24 weeks

PASP, mm Hg

103.77±27.90

95.32±27.80

mPAP, mm Hg

69.14±20.33

PAOP, mmHg

6.27±2.16

SaO2, %

Group 2 (bosentan 250 mg/day)

р

р

Baseline

24 weeks

0.0225*

98.36±25.93

91.68±22.25

0.0074*

63.32±18.27

0.0083*

62.86±17.62

57.09±15.93

0.0001*

6.22±3.24

0.9539

7.09±4.30

7.89±4.01

0.4979

95.18±3.59

94.00±4.72

0.0542

93.73±5.49

92.06±7.99

0.2938

SvO2, %

63.36±5.82

67.14±5.86

0.0008*

62.77±6.99

66.05±7.50

0.0032*

CO, L/min

3.43±0.95

4.40±0.99

0.0002*

3.65±0.87

4.12±1.02

0.0031*

CI
SV, L/min/m2
PVR, dyn*s*cm-5

1.97±0.43

2.57±0.57

0.00003*

2.16±0.43

2.55±0.90

0.0076*

43.21±11.59

58.11±16.34

0.0002*

48.65±16.27

55.82±18.48

0.0004*

1544.5±583.96

1143.0±646.42

0.00001*

1226±511.64

1041.30±489.64

0.0107*

*, p <0.05 – the significance of intragroup differences at baseline and on week 24; mPAP – mean pulmonary artery pressure;
PAOP, pulmonary artery occlusion pressure; SaO2, arterial oxygen saturation; SvO2, venous oxygen saturation;
CO, cardiac output; CI, cardiac index; SV, stroke volume; PVR, pulmonary vascular resistance.
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Figure 4. Changes in CI, CO, SV according to RHC in patients treated with bosentan/macitentan at baseline and week 24
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dyn×s×cm–5), an increase in CI (+0.39 L / min×m2),
CO (+0.47 L / min), SV (+7.17 L / min / m2), and
venous blood saturation (+3.28 %).
A pilot study previously performed at Myasnikov
Institute of Clinical Cardiology to assess the efficacy
of 12‑week bosentan therapy in patients with PAH and
baseline FC II (35.3 %), III (47.1 %), and IV (17.6 %)
also showed a statistically significant decrease in
FC (WHO) both in the group of patients receiving
bosentan 125 mg / day and those receiving bosentan
Discussion
The efficacy and safety of both bosentan and 250 mg / day. Moreover, a statistically significant
macitentan therapy in patients with PAH have been decrease in PASP (–5.4 mmHg) was observed in
studied in several pilot studies and large randomized patients who received bosentan 125 mg / day [11, 12].
clinical trials [1, 4, 11–14]. However, there is currently There were no statistically significant differences among
an apparent lack of studies directly comparing the patients taking the recommended dose of 250 mg / day.
efficacy of bosentan and macitentan in patients with The mean decrease in mPAP in the BREATHE-1
PAH, leading to a need to conduct such studies. In study (–6.7 mm Hg) is comparable to the previous
this study, the efficacy of 24‑week initial therapy with findings [11, 12]. The delta of PVR reduction in this
macitentan and bosentan in patients with PAH (IPAH, study was slightly lower, and the absolute value of
the PVR achieved was slightly higher (936.9±400.2
Eisenmenger syndrome) was compared.
The 24‑week treatment with bosentan and dyn×sec / cm-5) than in the first study performed at the
macitentan improved functional status and findings Myasnikov Institute of Clinical Cardiology [2, 12].
from clinical examination.
The 24‑week bosentan therapy improved FC (WHO)
The 6MWT performance significantly increased by similar to the other studies: 16 % of patients achieved
23.86 m, and FC (WHO) improved in the bosentan FC I, and the number of patients with FC III fell 2.1
group. There was a significant decrease in the RV times. In our study, the 6MWT distance increased by
anterior-posterior size (–0.25 cm) and a tendency 23.86 m, slightly less than in the BREATHE-1 study
towards a decrease in the estimated PASP (–5.63 mm (44 m) and the Russian pilot study (46.4 m) [11, 12].
Hg, p=0.06) according to echocardiography data.
The 24‑week treatment with both bosentan and
RHC showed an improvement in the pulmonary macitentan resulted in a reduction of the cardiometric
hemodynamic profile resulting in a decrease in PASP values. The changes in CTR were more significant in
(–6.68 mmHg), mPAP (–5.77 mmHg), PVR (–184.7 the macitentan group. In previous studies, the changes

On Week 24, three patients in the bosentan group
and two patients in the macitentan group required an
escalation of the PAH-specific therapy.
Treatment with both bosentan and macitentan
was not accompanied by adverse reactions. Monthly
monitoring of hepatic transaminases showed no clini
cally significant changes. The 24‑week survival rate was
100 % in both groups.
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in cardiometric parameters based on the results of chest Limitations
x-ray were not analyzed.
The study was limited by the absence of randomi
In the macitentan group (10 mg / day for 24 weeks), zation, small sample, and the retrospective analysis.
FC (WHO) and the 6MWT performance (+41.45 m)
improved, as well as hemodynamic profiles according Conclusion
to RHC: a decrease in PASP (–8.45 mm Hg), mPAP
Thus, the 24‑week therapy with ERAs, such as
–5
(–5.82 mm Hg), PVR (–401.5 dyn×s×cm ), an bosentan and macitentan, can improve the functional
increase in CI (+0.6 L / min×m2), CO (+0.97 l / min), SV status of patients with IPAH and FC II–III (WHO)
(+14.9 L / min / m2), and venous blood saturation (+3.78 %). PAH with Eisenmenger syndrome. Macitentan reduces
Hemodynamic subanalysis in the first randomized the severity of dyspnea significantly more than bosentan
clinical trial SERAPHIN (Study with an Endothelin in this group of patients. After 24 weeks of therapy, 23 %
Receptor Antagonist in Pulmonary Arterial Hyperten of patients achieved FC I (WHO), and the proportion
sion to Improve Clinical Outcome) showed a significant of patients with FC III (WHO) decreased by 67 % in
decrease in mPAP (–6.4 mm Hg) and an increase in CI the macitentan group.
Macitentan improves cardiometric parameters, un
(+0.63 L / min / m2), consistent with our findings [13].
However, there was a more significant decrease in PVR like bosentan; notably by Week 24 the CTR values
(401.5 dyn×s×cm-5) in our study. It would be interesting decreased in the macitentan group.
Patients who were treated with bosentan for 24
to compare our results to the findings of Tahara et al.
That study included patients with PAH mainly of FC II weeks showed recovery of RV remodeling and a tenden
(53.3 %) and III (43.3 %), who received initial therapy cy towards a decrease in the estimated PASP according
with macitentan 10 mg / day for 24 weeks, increasing to echocardiographic data.
Pulmonary hemodynamics significantly improved
CI by 0.41 L / min×m2 and reducing mPAP by 6.0 mm
-5
Hg and PVR by 250 dyn×s×cm . The 24‑week therapy by Week 24 of bosentan and macitentan therapy. More
increased the 6MWT performance by 67 m and the FC over, there is a more significant increase in SV during
the use of macitentan versus bosentan.
improvement in 46.4 % of patients [14].
Both bosentan and macitentan showed good tole
There was a more significant decrease in the Borg
dyspnea score and significantly higher values of SV rability. The 24‑week survival rate in both groups was
among patients who received macitentan 10 mg / day 100 %.
for 24 weeks, shown by comparing the bosentan and
macitentan groups. Other comparable measures were Funding
similar across the groups.
The study was supported by the Janssen Company
The 24‑week survival rate was 100 % in both groups. of Johnson & Johnson Ltd.
Moreover, no adverse events were reported in both the
bozentan group and the macitentan group.
The article was received on 18 / 04 / 2020
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