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ABSTRACT
Objective We compared the haemodynamic effects of
riociguat in patients with inoperable chronic
thromboembolic pulmonary hypertension (CTEPH) or
persistent/recurrent CTEPH after pulmonary
endarterectomy in the Chronic Thromboembolic
Pulmonary Hypertension Soluble Guanylate Cyclase–
Stimulator Trial 1 study.
Methods Patients with inoperable or persistent/
recurrent CTEPH (n=261; mean± SD age 59±14 years;
66% women) were randomised to riociguat (up to
2.5 mg three times daily) or placebo. Haemodynamic
parameters were assessed at baseline and week 16.
Results Riociguat decreased pulmonary vascular
resistance (PVR) in inoperable (n=189; least-squares
mean difference: −285 dyn s/cm5 (95% CI −357 to
−213); p<0.0001) and persistent/recurrent (n=72;
−131 dyn s/cm5 (95% CI −214 to −48); p=0.0025)
patients. Cardiac index improved in inoperable patients
by a least-squares mean difference of +0.6 L/min/m2

(95% CI 0.4 to 0.7; p<0.0001), while in persistent/
recurrent patients the change was +0.2 L/min/m2 (95%
CI −0.1 to 0.5; p=0.17). Mean pulmonary artery
pressure decreased in inoperable and persistent/recurrent
patients(−4.7 mm Hg (95% CI −6.9 to −2.6; p<0.0001
and −4.8 mm Hg (–8.2 to −1.5; p=0.0055),
respectively). For all patients, changes in 6 min walk
distance correlated with changes in PVR (r=−0.29 (95%
CI −0.41 to −0.17); p<0.0001) and cardiac index
(r=0.23 (95% CI 0.10 to 0.35); p=0.0004).
Conclusions Riociguat improved haemodynamics in
patients with inoperable CTEPH or persistent/recurrent
CTEPH.
Trial registration number NCT00855465.

INTRODUCTION
Chronic thromboembolic pulmonary hypertension
(CTEPH) is a chronic, life-threatening disease asso-
ciated with significant morbidity and mortality.1

The disease is characterised by the obstruction of
pulmonary vasculature by residual organised
thrombi,2 which if left untreated, leads to the
development of pulmonary hypertension (PH),
progressive right ventricular (RV) dysfunction and
ultimately death.3 4

Pulmonary endarterectomy (PEA) is the gold
standard treatment for CTEPH and the only

available therapy that has the potential to cure the
disease.5–7 However, some patients may be deemed
inoperable due to the occlusion of distal vessels,
existing comorbidities that increase the risks of
surgery, lack of access to expert surgical centres or
patient refusal for surgery.5 8–10 Furthermore,
approximately 5%–35% of patients have persistent/
recurrent PH after PEA.11–14 Until recently there
were no approved pharmacotherapies to treat some
of these patients,6 specifically those deemed tech-
nically inoperable due to distal disease and patients
with persistent PH following PEA. Previous rando-
mised controlled studies of pulmonary arterial
hypertension (PAH)-targeted medications in
patients with inoperable CTEPH have shown
variable clinical efficacy.15 16

Riociguat is the first member of the soluble
guanylate cyclase (sGC) stimulator class of thera-
peutic agents.17–20 It has a dual mode of action:
sensitising sGC to endogenous nitric oxide (NO)
by stabilising NO-sGC binding and directly stimu-
lating sGC independently of NO via a different
binding site.19 20 In the phase III Chronic
Thromboembolic Pulmonary Hypertension Soluble
Guanylate Cyclase–Stimulator Trial 1 (CHEST-1)
study, riociguat improved 6 min walk distance
(6MWD) and a range of secondary end points,
including pulmonary vascular resistance (PVR),
N-terminal prohormone of brain natriuretic
peptide (NT-proBNP) levels and WHO functional
class in patients with CTEPH.21 Based on these
results, riociguat is, to date, the only pharmacother-
apy approved for the treatment of inoperable or
persistent/recurrent CTEPH.6 7 22

Here we present a detailed analysis of the
haemodynamic data from the CHEST-1 study in
subgroups of patients with inoperable CTEPH or
persistent/recurrent PH after PEA.

METHODS
Study population
The CHEST-1 study methodology has been pub-
lished previously.21 Patients with CTEPH who were
adjudicated to be technically inoperable or had per-
sistent/recurrent PH after PEA were eligible if they
had a 6MWD of 150–450 m, PVR >300 dyn s/cm5

and mean pulmonary artery pressure (mPAP)
≥25 mm Hg. Patients who received an endothelin
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receptor antagonist, prostacyclin analogue, phosphodiesterase
type 5 inhibitor or NO donor within the 3 months before study
entry were not eligible for the study.

Patients with CTEPH who were considered inoperable by
study investigators underwent prospective adjudication by an
adjudication committee (nominated by the sponsor) composed
of six experienced PEA surgeons. A local decision was permitted
in cases where an experienced surgeon collaborated with the
study centre in the context of the patient’s regular diagnostic
workup. Technical inoperability, based on previously published
criteria,6 23 was determined using at least a pulmonary angio-
gram supplemented by a ventilation-perfusion (VQ) scan (as the
preferred method) or alternatively a CT pulmonary angiogram
(minimum 64-slice spiral CTwith contrast medium) supplemen-
ted by a VQ scan. Medical history and haemodynamic data
(at least mean right atrial pressure (RAP), mPAP, PVR, cardiac
output and pulmonary artery wedge pressure (PAWP)) were also
provided.

The research protocol was approved by local ethics commit-
tees and written informed consent was obtained from patients
in accordance with the Declaration of Helsinki. The study is
registered at ClinicalTrials.gov (identifier NCT00855465).

Study design
CHEST-1 was a 16-week, double-blind, randomised, placebo-
controlled, multicentre study conducted in 89 centres across 26
countries between February 2009 and June 2012. An interactive
voice-response system and a computer-generated random code
(provided by Bayer Randomisation Management) were used to
randomly assign patients in a 1:2 ratio to placebo or oral rioci-
guat administered at doses that were individually adjusted for
each patient up to 2.5 mg three times daily. During the initial
8 weeks of the study, the dose of riociguat was adjusted every
2 weeks according to an individual plan based on the patient’s
systolic blood pressure (SBP) and signs or symptoms of hypoten-
sion. From a starting dose of 1 mg three times daily, the dose of
riociguat was increased (by 0.5 mg three times daily) if trough
SBP was ≥95 mm Hg; maintained if SBP was 90–94 mm Hg

and decreased (by 0.5 mg three times daily) if SBP was
<90 mm Hg without symptomatic hypotension. The dose
reached at the end of the 8-week adjustment phase was consid-
ered to be the optimal dose for the individual patient and was
continued for a further 8 weeks.

Randomised patients were seen at baseline and at weeks 2, 4,
6, 8, 12 and 16. Haemodynamic parameters were assessed by
right heart catheterisation (RHC) (Swan Ganz catheterisation
and thermodilution methodology) at baseline and week 16.

Outcome measures
The primary outcome of CHEST-1 was the change in 6MWD
from baseline to week 16.21 Secondary outcomes included the
changes from baseline to week 16 in PVR, NT-proBNP and
WHO functional class and time to clinical worsening.
Exploratory outcomes included the change from baseline to
week 16 in a range of additional haemodynamic parameters,
including RAP, PAWP, cardiac output and mixed venous oxygen
saturation (SvO2). Calculated haemodynamic parameters, deter-
mined using standard formulas, included mean arterial pressure
(MAP), mPAP, PVR, systemic vascular resistance (SVR), pulmon-
ary diastolic pressure gradient (DPG) and cardiac index.
Adverse events (AEs) and laboratory variables were assessed
throughout the study and during the safety follow-up period.

Statistical analysis
The statistical analysis plan for CHEST-1 has been published
previously.21 The changes from baseline to week 16 in haemo-
dynamic parameters, 6MWD and NT-proBNP were analysed by
analysis of covariance, followed by a test of normality of the
residuals and a non-parametric-stratified Wilcoxon test on rejec-
tion. Predefined analysis of the changes in 6MWD and post hoc
analysis of the changes in haemodynamic parameters in the
inoperable and post-PEA subgroups was undertaken using the
same methods. The interaction between change from baseline to
week 16 in the inoperable and persistent/recurrent subgroups
was assessed using analysis of covariance. A Spearman’s ranked
correlation was used to determine the correlation between

Table 1 Baseline demographics for the overall group and the inoperable and persistent/recurrent PH following PEA subgroups

Inoperable CTEPH Persistent/recurrent PH following PEA All patients

Characteristic Riociguat (n=121) Placebo (n=68) Riociguat (n=52) Placebo (n=20) Riociguat (n=173) Placebo (n=88)

Female sex, n (%) 86 (71) 45 (66) 32 (62) 9 (45) 118 (68) 54 (61)
Race, n (%)
White 76 (63) 49 (72) 44 (85) 16 (80) 120 (69) 65 (74)
Black 5 (4) 0 2 (4) 1 (5) 7 (4) 1 (1)
Asian 32 (26) 17 (25) 5 (10) 3 (15) 37 (21) 20 (23)

Multiple 1 (1) 0 0 0 1 (1) 0
Not reported 7 (6) 2 (3) 1 (2) 0 8 (5) 2 (2)

Mean age (SD), years 59 (14) 60 (12) 60 (14) 57 (15) 59 (14) 59 (13)
Mean BMI (SD), kg/m2 27 (5) 28 (5) 28 (7) 28 (6) 27 (6) 28 (5)
WHO FC, n (%)*
I 2 (2) 0 1 (2) 0 3 (2) 0
II 38 (31) 18 (26) 17 (33) 7 (35) 55 (32) 25 (28)
III 75 (62) 49 (72) 32 (62) 11 (55) 107 (62) 60 (68)
IV 6 (5) 1 (1) 2 (4) 1 (5) 8 (5) 2 (2)
Missing 0 0 0 1 (5) 0 1 (1)

Mean 6MWD (SD), m 335 (83) 351 (75) 360 (78) 374 (72) 342 (82) 356 (75)

*Data may not add up to 100% due to rounding.
6MWD, 6 min walk distance; BMI, body mass index; CTEPH, chronic thromboembolic pulmonary hypertension; PEA, pulmonary endarterectomy; PH, pulmonary hypertension; WHO FC,
WHO functional class.
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Table 2 BL and change from BL in haemodynamic parameters in the inoperable and persistent/recurrent PH following PEA subgroups

Parameter

Inoperable CTEPH Persistent/recurrent PH after PEA Interaction p value
for difference
between
inoperable and
persistent/
recurrent
subgroups

Riociguat Placebo

LS mean difference
(95% CI)

Riociguat
vs
placebo
p-value

Riociguat Placebo

LS mean difference
(95% CI)

Riociguat
vs
placebo
p valuen BL*

Change
from BL at
week 16* n BL*

Change
from BL at
week 16* n BL*

Change
from BL at
week 16* n BL*

Change
from BL at
week 16*

PVR,
dyn s/cm5

105 867 (471) −257 (279) 63 851 (423) +33 (292) −285 (−357 to −213) <0.0001 46 618 (252) −154 (127) 19 540 (172) −11 (205) −131 (−214 to −48) 0.0025 0.0089

SVR,
dyn s/cm5

106 1926 (692) −537 (559) 60 1887 (675) +56 (615) −570 (−711 to −430) <0.0001 47 1688 (451) −272 (484) 17 1767 (529) −121 (551) −183 (−449 to 83) 0.17 0.0080

mPAP,
mm Hg

109 47 (13) −4 (7) 65 47 (9) +1 (7) −4.7 (−6.9 to −2.6) <0.0001 47 40 (10) −5 (6) 19 37 (8) +1 (7) −4.8 (−8.2 to −1.5) 0.0055 0.8290

MAP,
mm Hg

108 96 (12) −10 (13) 61 96 (11) −0.4 (11) −9.5 (−12.7 to −6.3) <0.0001 47 93 (12) −7 (10) 17 94 (10) 0.1 (16) −8.2 (−14.1 to −2.3) 0.0076 0.7941

RAP, mm Hg 110 8.3 (5.3) −0.8 (5.4) 65 9.2 (6.1) −0.7 (5.6) −0.6 (−2.1 to 0.9) 0.45 47 9.3 (5.0) −1.6 (4.5) 19 6.6 (3.4) +0.1 (3.3) −0.2 (−2.1 to 1.7) 0.85 0.8652
Cardiac
output,
L/min

108 4.1 (1.4) +0.8 (1.1) 64 4.0 (1.4) −0.1 (1.1) +1.0 (0.7 to 1.3) <0.0001 47 4.2 (0.9) +0.7 (1.1) 19 4.2 (1.1) +0.3 (0.9) +0.4 (−0.2 to 1.0) 0.14 0.0515

Cardiac
index,
L/min/m2

108 2.3 (0.7) +0.5 (0.6) 64 2.2 (0.7) −0.1 (0.6) +0.6 (0.4 to 0.7) <0.0001 47 2.3 (0.5) +0.4 (0.5) 19 2.2 (0.5) +0.2 (0.5) +0.2 (−0.1 to 0.5) 0.17 0.0408

SvO2, % 102 62 (10) +4 (10) 59 61 (9) −1 (11) +4.9 (1.9 to 7.9) 0.0014 43 63 (9) +1 (7) 18 64 (10) −0.1 (12) +1.0 (−3.1 to 5.0) 0.63 0.1336
PAWP,
mm Hg

105 9.0 (3.2) +0.8 (3.6) 64 8.8 (3.6) −0.1 (3.6) +0.9 (−0.1 to 1.9) 0.082 46 9.8 (3.3) +0.2 (4.0) 19 9.5 (3.3) +1.0 (6.3) −0.6 (−2.9 to 1.7) 0.61 0.1162

dPAP,
mm Hg

109 29.8 (11.0) −3.1 (6.1) 65 29.0 (7.4) +0.9 (7.6) – – 47 25.2 (7.0) −3.0 (6.1) 19 23.1 (4.9) −0.2 (6.6) – – –

DPG, mm Hg 105 20.7 (10.6) −4.0 (6.4) 64 20.0 (7.5) +0.9 (7.8) −4.8 (−6.9 to −2.7) <0.0001 46 15.5 (6.8) −3.3 (6.2) 19 13.6 (5.6) −1.2 (7.7) −1.3 (−4.7 to 2.1) 0.45 0.1139

*Data shown are mean (SD).
BL, baseline; CTEPH, chronic thromboembolic pulmonary hypertension; dPAP, diastolic pulmonary artery pressure; DPG, diastolic pressure gradient; LS, least-squares; MAP, mean arterial pressure; mPAP, mean pulmonary artery pressure; PAWP, pulmonary
artery wedge pressure; PEA, pulmonary endarterectomy; PH, pulmonary hypertension; PVR, pulmonary vascular resistance; RAP, right atrial pressure; SvO2, mixed venous oxygen saturation; SVR, systemic vascular resistance.
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change in 6MWD and change in PVR and cardiac index at
week 16.

Missing values for haemodynamic parameters and
NT-proBNP, where the patient died or withdrew from the study,
were imputed according to the last post-baseline measurement.
In the case of withdrawal with no post-baseline measurements,
the baseline value was used. In the case of 6MWD, the last
observed value was taken, except in cases of death or clinical
worsening without a termination visit, where worst values (0 m)
were imputed.

AEs during the study period included all AEs that started or
worsened from the time of administration of the first dose of
the study drug until 2 days after the administration of the last
dose.

RESULTS
Baseline demographics and haemodynamics
Patient characteristics were well balanced between the groups at
baseline and the majority of patients had WHO functional class
II or class III symptoms (table 1). There were more patients in
the inoperable CTEPH subgroup (n=189) compared with the
persistent/recurrent PH following PEA subgroup (n=72). The
6MWD was marginally higher at baseline in patients with

persistent/recurrent PH following PEA than in those patients
with inoperable CTEPH (table 1). Baseline haemodynamic
values in the overall study population were characteristic of a
general CTEPH population and included elevated PVR and
mPAP (table 2).8 However, haemodynamic impairments were
slightly less severe in the persistent/recurrent PH after PEA sub-
group at baseline compared with the inoperable CTEPH sub-
group (table 2). Patient disposition in CHEST-1 has been
published previously.21

Dosing
In the riociguat treatment group, 77% of patients were receiving
the maximum dose of riociguat (2.5 mg three times daily) at
week 16, 12% of patients were receiving 2.0 mg three times
daily, 6% of patients were receiving 1.5 mg three times daily,
4% of patients were receiving 1.0 mg three times daily and 1%
of patients were receiving 0.5 mg three times daily.

Haemodynamic parameters
In the overall population, riociguat significantly improved a
range of haemodynamic parameters at week 16 compared with
placebo. PVR significantly decreased in the riociguat group
(−29%) compared with placebo (+3%) by a least-squares (LS)

Figure 1 Boxplots for pulmonary vascular resistance (PVR) at baseline (BL) and CHEST-1 week 16 in the overall population and the inoperable
CTEPH and persistent/recurrent PH after PEA subgroups. LS mean treatment effect (95% CI) was determined using ANCOVA. Box: 25th to 75th
percentile; horizontal line: median; cross: arithmetic mean; vertical lines extend from the box to a distance of at most 1.5 IQRs; percentages refer to
change from baseline in arithmetic mean. Outliers are plotted separately. ANCOVA, analysis of covariance; CHEST-1, Chronic Thromboembolic
Pulmonary Hypertension Soluble Guanylate Cyclase–Stimulator Trial 1;CTEPH, chronic thromboembolic pulmonary hypertension; LS, least-squares;
PEA, pulmonary endarterectomy; PH, pulmonary hypertension.
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mean difference of 246 dyn s/cm5 (95% CI −303 to −190;
p<0.0001) (figure 1). Cardiac index significantly increased in
the riociguat group (+20%) versus placebo (−<1%) by an LS
mean difference of 0.5 L/min/m2 (95% CI 0.3 to 0.6;
p<0.0001) (figure 2). Significant changes were also observed in
SVR (p<0.0001), mPAP (p<0.0001), cardiac output
(p<0.0001), SvO2 (p=0.001), MAP (p<0.0001), dPAP
(p=0.0002) and DPG (p<0.0001). RAP and PAWP did not
show relevant elevations at baseline and were unchanged at
week 16. Mean±SD SBP decreased in the riociguat arm by −10
±14 mm Hg (from 119±15 mm Hg; n=173), whereas in the
placebo group mean±SD SBP decreased by −5±15 mm Hg
(from 123±16 mm Hg at baseline; n=88). No clinically rele-
vant changes in heart rate were observed during the study; in
the riociguat group, mean±SD heart rate was 78±12 bpm at
baseline and 79±11 bpm at week 16; in the placebo group,
mean±SD heart rate was 76±12 bpm and 78±13 bpm at base-
line and week 16, respectively. Mean±SD arterial oxygen satur-
ation decreased from baseline to week 16 by 1.5±4.4% in the
riociguat group (n=152) and by 3.1±8% in the placebo group
(n=80).

The haemodynamic improvements with riociguat in the inop-
erable CTEPH and persistent/recurrent PH after PEA subgroups
were largely consistent with the results from the overall popula-
tion (table 2; figures 1 and 2). There were significant changes in
PVR, SVR, mPAP, cardiac output, cardiac index, SvO2 and MAP
in the inoperable CTEPH subgroup, while in the persistent/
recurrent PH after PEA subgroup, there were significant changes
in PVR, mPAP and MAP. Diastolic pulmonary artery pressure
also improved at week 16 in both subgroups with riociguat com-
pared with placebo (table 2). Improvements in PVR, cardiac
output, cardiac index, mPAP and DPG were generally greater in
the inoperable CTEPH subgroup than the persistent/recurrent
PH after PEA subgroup (table 2; figures 1 and 2); however, the
relative changes in these parameters in riociguat-treated patients
were similar between the inoperable CTEPH subgroup and per-
sistent/recurrent PH after PEA subgroup: cardiac output (+21%
vs +18%, respectively), cardiac index (+21% vs +17%,
respectively), mPAP (−9% vs −12%, respectively) and DPG
(−19% vs −21%, respectively). An analysis of covariance for the
interaction between change from baseline to week 16 in inoper-
able and persistent/recurrent subgroups showed significant

Figure 2 Boxplots for cardiac index at baseline (BL) and CHEST-1 week 16 in the overall population and the inoperable CTEPH and persistent/
recurrent PH after PEA subgroups. LS mean treatment effect (95% CI) was determined using ANCOVA. Box: 25th to 75th percentile; horizontal line:
median; cross: arithmetic mean; vertical lines extend from the box to a distance of at most 1.5 IQRs; percentages refer to change from baseline in
arithmetic mean. Outliers are plotted separately. ANCOVA, analysis of covariance; CHEST-1, Chronic Thromboembolic Pulmonary Hypertension
Soluble Guanylate Cyclase–Stimulator Trial 1; CTEPH, chronic thromboembolic pulmonary hypertension; LS, least-squares; PEA, pulmonary
endarterectomy; PH, pulmonary hypertension.
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differences in PVR, SVR and cardiac index (p=0.0089, 0.0080
and 0.0408, respectively; table 2).

Effect on other end points
Riociguat significantly improved the primary end point, change
from baseline in 6MWD at week 16, in the overall population
by an LS mean difference versus placebo of +46 m (95% CI 25
to 67 m; p<0.0001) (figure 2). The changes in 6MWD at week
16 were +54 m (95% CI 29 to 78 m) in the inoperable CTEPH
subgroup and +26 m (95% CI −16 to 68 m) in the persistent/
recurrent PH after PEA subgroup.

In the overall population, changes in 6MWD correlated
weakly with changes in PVR (r=−0.29; 95% CI −0.41 to
−0.17; p<0.0001) and cardiac index (r=0.23; 95% CI 0.10 to
0.35; p=0.0004) (figure 3). The correlation coefficient between
6MWD and PVR was −0.11 (95% CI −0.23 to 0.01;
p=0.0795) at baseline and, for 6MWD versus cardiac index at
baseline, it was 0.14 (95% CI 0.02 to 0.26; p=0.0226). The
correlation coefficient between 6MWD and PVR was −0.20
(95% CI −0.32 to −0.07; p=0.0021) at week 16 and, for
6MWD versus cardiac index at week 16, it was 0.20 (95% CI
0.07 to 0.32; p=0.0020).

Safety
Detailed safety data from the CHEST-1 study have been pub-
lished previously.21 There were no differences in AEs between
the inoperable and persistent/recurrent subgroups (table 3). AEs
specific to the RHC procedure were infrequent; in the overall
population, two patients (1%) in the riociguat group experi-
enced an AE of catheter-site haemorrhage compared with no
such events in the placebo group.

DISCUSSION
In the Phase III CHEST-1 study, riociguat significantly improved
a range of haemodynamic variables in patients with CTEPH,
including PVR, mPAP, cardiac index and SvO2. These haemo-
dynamic improvements were generally observed in both patients
with inoperable CTEPH and those with persistent/recurrent PH
after PEA. In the overall study population, a small yet significant
correlation was observed between the change in 6MWD and the
change in haemodynamic variables (PVR and cardiac index).
These results complement the primary end point of

Figure 3 Correlation scatter plots showing change from baseline to
week 16 in (A) 6MWD and PVR and (B) 6MWD and cardiac index.
Correlation was assessed using a Spearman’s rank analysis. The line of
best fit was determined using a linear regression analysis. 6MWD,
6 min walk distance; PVR, pulmonary vascular resistance.

Table 3 Adverse events occurring in more than 5% of patients in
any group

Adverse event, n (%)

Inoperable
Persistent/recurrent
PH following PEA

Riociguat
(n=121)

Placebo
(n=68)

Riociguat
(n=52)

Placebo
(n=20)

Any 108 (89) 61 (90) 51 (98) 15 (75)
Dizziness 27 (22) 8 (12) 12 (23) 3 (15)
Headache 26 (21) 8 (12) 17 (33) 4 (20)
Dyspepsia 20 (17) 6 (9) 11 (21) 1 (5)
Peripheral oedema 17 (14) 15 (22) 10 (19) 3 (15)
Nasopharyngitis 14 (12) 6 (9) 12 (23) 2 (10)
Hypotension 13 (11) 3 (4) 3 (6) 0
Diarrhoea 11 (9) 3 (4) 6 (12) 1 (5)
Nausea 9 (7) 6 (9) 10 (19) 1 (5)
Upper respiratory tract
infection

9 (7) 3 (4) 1 (2) 1 (5)

Vomiting 8 (7) 2 (3) 9 (17) 1 (5)
Increased INR 8 (7) 4 (6) 2 (4) 0
Prolonged aPTT 7 (6) 2 (3) 1 (2) 0
Cough 6 (5) 11 (16) 3 (6) 5 (25)
Dyspnoea 6 (5) 9 (13) 2 (4) 3 (15)
Urinary tract infection 6 (5) 0 1 (2) 2 (10)
Abdominal discomfort 6 (5) 0 0 2 (10)
Back pain 5 (4) 5 (7) 2 (4) 0
Chest pain 5 (4) 4 (6) 2 (4) 0
Flushing 4 (3) 2 (3) 3 (6) 0
Gastro-oesophageal reflux
disease

4 (3) 0 3 (6) 0

Hypokalaemia 3 (2) 2 (3) 4 (8) 0
Extremity pain 3 (2) 5 (7) 0 0
Hyperkalaemia 3 (2) 0 0 2 (10)
Palpitations 2 (2) 2 (3) 4 (8) 2 (10)
Insomnia 2 (2) 5 (7) 2 (4) 1 (5)
Muscle spasms 1 (1) 2 (3) 3 (6) 0
Respiratory tract infection 1 (1) 0 3 (6) 1 (5)
Hyperhidrosis 1 (1) 2 (3) 0 2 (10)
Increased blood creatinine 0 4 (6) 3 (6) 1 (5)
Oropharyngeal pain 0 0 3 (6) 0

aPTT, activated partial thromboplastin time; INR, international normalised ratio; PEA,
pulmonary endarterectomy; PH, pulmonary hypertension.
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improvements in exercise capacity with riociguat in the
CHEST-1 study, together with improvements in a range of sec-
ondary end points including NT-proBNP and WHO functional
class.21

To date, the CHEST-1 study represents the largest and most
detailed haemodynamic characterisation of patients with inoper-
able CTEPH or persistent/recurrent PH after PEA at baseline
and after targeted therapy. The improvements in PVR, mPAP,
cardiac index and SvO2 in the overall population were observed
without relevant changes in heart rate and were largely consist-
ent in patients with inoperable CTEPH and those with persist-
ent/recurrent PH after PEA. Patients in the persistent/recurrent
PH after PEA subgroup of CHEST-1 showed numerically lower
improvements from baseline to week 16; however, they had a
lower PVR and higher 6MWD at baseline compared with
patients in the inoperable subgroup. Nevertheless, the relative
changes in PVR, mPAP, cardiac index and SvO2 were compar-
able between the two subgroups and 6MWD increased to
similar levels between the two subgroups (379 m and 387 m in
patients with inoperable and persistent/recurrent PH after PEA,
respectively).

Haemodynamic parameters are objective indicators of the
status of the pulmonary circulation, with reports indicating that
PVR, mPAP, RAP and cardiac index are predictive of outcome in
patients with CTEPH.11 24 25 Whether the acute effects of rioci-
guat on haemodynamics translate into long-term benefits for
patients with inoperable CTEPH or persistent/recurrent PH fol-
lowing PEA is unknown. Currently, the long-term extension
study CHEST-2 is actively monitoring safety and durability of
clinical parameters over an extended period beyond the original
16 weeks of the CHEST-1 study.26

The broader impact of haemodynamic improvements with
riociguat requires further characterisation. In the primary ana-
lysis of the CHEST-1 study, the changes in PVR, mPAP, SvO2

and cardiac index were accompanied by a significant decrease in
NT-proBNP,21 which has been shown to be a biomarker of RV
function and an indicator of prognosis.8 Furthermore, haemo-
dynamic improvements correlated with improvements in
6MWD in the present analysis. These complementary data dem-
onstrate the value of measuring improvements across multiple
parameters in order to more fully evaluate disease severity and
better understand the effect of a given treatment.

Riociguat demonstrated efficacy in both 6MWD and PVR in
patients with CTEPH. Previous trials of PAH-targeted therapies
for the treatment of patients with CTEPH have had variable
results.15 16 PEA is still the recommended therapy for patients
with operable CTEPH as it represents the only potentially cura-
tive option.6 7 Therefore, all patients with suspected CTEPH
should always be referred to an expert centre for confirmation
of diagnosis, assessment of operability and surgical treatment if
deemed eligible.6 7 However, 20%–40% of patients with
CTEPH may be considered inoperable or have persistent/recur-
rent CTEPH after PEA and are candidates for medical
treatment.6 7 27

Limitations
There were several limitations in the CHEST-1 study. Although
the analyses of the inoperable CTEPH and persistent/recurrent
PH after PEA subgroups were pre-specified, statistical testing of
the haemodynamic data in these subgroups was performed post
hoc, although using the same statistical methods as the pre-
specified subgroup analyses for 6MWD. Moreover, the
CHEST-1 study was not powered to detect statistically signifi-
cant differences in subgroups. The data presented are for

16 weeks of riociguat therapy and long-term haemodynamic
measurements were not planned. Therefore, future studies will
need to determine if the haemodynamic changes at week 16
correlate with long-term clinical outcome.

CONCLUSION
In summary, riociguat improved a range of haemodynamic vari-
ables in both patients with inoperable CTEPH and patients with
persistent/recurrent PH after PEA in CHEST-1 and improve-
ments were comparable between the subgroups. In the overall
population, improvements in PVR and cardiac index correlated
with increases in 6MWD. These results emphasise the efficacy
of riociguat in the CHEST-1 study, adding to the previously
reported improvements in exercise capacity and other clinically
relevant parameters.

Key messages

What is already known on this subject?
In the Chronic Thromboembolic Pulmonary Hypertension Soluble
Guanylate Cyclase–Stimulator Trial 1 (CHEST-1) study, treatment
with riociguat significantly improved exercise capacity and a
range of clinically relevant end points in patients with chronic
thromboembolic pulmonary hypertension (CTEPH).

What might this study add?
This study adds a detailed comparison of the haemodynamic
data from the inoperable and persistent/recurrent CTEPH
subgroups in CHEST-1. Riociguat decreased pulmonary vascular
resistance (PVR) in inoperable (least-squares mean difference:
−285 dyn s/cm5; p<0.0001) and persistent/recurrent
(−131 dyn s/cm5; p=0.0025) patients and improved several
other haemodynamic parameters. Overall, changes in 6 min
walk distance correlated with changes in PVR and cardiac
index.

How might this impact on clinical practice?
Taken together with the results of the CHEST-1 study, these
data confirm the beneficial haemodynamic effects of riociguat in
patients with inoperable and persistent/recurrent CTEPH and
demonstrate the value of measuring improvements across
multiple parameters to better understand the effects of
treatment.
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