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Abstract: Chronic thromboembolic pulmonary hypertension (CTEPH) is classified as 
group-4 pulmonary hypertension caused by organized thrombi in pulmonary arteries and 
vasculopathy in nonoccluded areas leading to right heart failure and death. In addition to 
chronic anticoagulation therapy, each patient with CTEPH should receive treatment assess
ment starting with evaluation for pulmonary endarterectomy (PEA), which is the guideline 
recommended treatment. There is increasing experience with balloon pulmonary angioplasty 
(BPA) for inoperable patients; this option, like PEA, is reserved for specialized centers with 
expertise in this treatment method. Inoperable patients are candidates for targeted drug 
therapy. Riociguat remains the only approved medical therapy for CTEPH patients deemed 
inoperable or with persistent pulmonary hypertension after PEA. The role of riociguat 
therapy preoperatively or in tandem with BPA is currently under investigation. The purpose 
of this review is to evaluate the safety and efficacy of riociguat in the treatment of CTEPH. 
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Core Evidence Clinical Impact Summary for Riociguat

Outcome Measure Evidence Implications

Disease-oriented Evidence Clinical trials ● Riociguat has been shown to be safe 
and effective in improving hemody

namics, exercise capacity, functional 

class, and dyspnea scores
● Improved clinical outcomes have been 

consistently demonstrated over an 

extended period of time

Patient-oriented Evidence Clinical trials ● Riociguat has demonstrated improved 
quality-of-life

● Has been shown to be well tolerated
● Patients should be monitored for hypo

tension during dose titration.

Economic Evidence Prospective cohort, Cost- 

utility analysis, and 
Budget-impact analysis

● Drug-related cost is insignificant
● Riociguat is less costly and more cost- 

effective when compared to Bosentan
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Introduction
Chronic thromboembolic pulmonary hypertension 
(CTEPH) is a rare, progressive pulmonary vascular disease 
that is usually a consequence of prior acute pulmonary 
embolism (PE). CTEPH is characterized by the nonresolu
tion of organized thrombi in proximal or distal pulmonary 
arteries and micro vasculopathy in nonoccluded areas, 
leading to elevated pulmonary vascular resistance (PVR), 
progressive pulmonary hypertension (PH), and right heart 
failure, which can lead to death if left untreated.1,2

The pooled incidence of CTEPH following symptomatic 
acute PE was 3.4% (95% CI=2.1–4.4%).2,3 However, despite 
this association, 25% of CTEPH patients have no history of 
symptomatic PE.4,5 Several other thrombosis risk factors 
including circulating antiphospholipids, increased factor 
VIII, non-O blood groups, chronic inflammatory diseases, 
splenectomy, infections, and cancer are implicated.4,6,7

A diagnosis of CTEPH is based on the presence of 
precapillary PH measured by right heart catheterization, in 
combination with chronic flow-limiting thrombi within 
pulmonary arteries (with at least one segmental perfusion 
defect at scintigraphy and typical findings at conventional 
or computer tomography (CT) pulmonary angiography), 
after at least 3 months of effective anticoagulation.2,4 Pre- 
capillary PH is best defined by the concomitant presence 
of mPAP >20 mmHg, PAWP ≤15 mmHg, and PVR ≥3  
WU by right heart catheterization at rest.8

CTEPH is classified as group 4 PH, the only subtype of 
PH that is potentially curable with pulmonary endarterect
omy (PEA).9 The majority of operated on patients experi
ence almost complete normalization of hemodynamics and 
improvements in symptoms. However, up to 40% of 
CTEPH patients are ineligible for PEA for various rea
sons, such as distal lesions, severe comorbidities, and 
surgeon expertise.2,9,10 Furthermore, 17–31% of operated 
on patients will develop persistent or recurrent PH.10

For such inoperable patients, refined balloon pulmonary 
angioplasty (BPA) is a new alternative option, and it may be 
another curative treatment in the future, particularly in com
bination with prior PEA.2 Recent studies have demonstrated 
that BPA can improve exercise capacity, heart function, and 
hemodynamics.11,12 Nevertheless, 23% of patients still suffer 
from persistent PH after BPA.13 Inoperable patients are can
didates for targeted medical therapy. Riociguat is a Food and 
Drug Administration (FDA) approved medical therapy for 
patients with inoperable or persistent CTEPH despite 
surgery.14

Riociguat
Pulmonary vascular endothelial cells secrete nitric oxide 
(NO), an important vasoprotective factor, which diffuses 
into surrounding vascular smooth muscle cells (SMC). It 
then activates soluble guanylate cyclase (sGC) and thereby 
increases the intracellular concentration of cyclic guanosine 
monophosphate (cGMP). cGMP is an important 
intracellular second messenger, regulating vascular tone, 
proliferation, fibrosis and inflammation. cGMP leads to 
relaxation of vascular SMCs, thereby leading to vasodilation 
and increased blood flow.15 Furthermore, endothelial cell- 
derived NO inhibits vascular SMC proliferation and hyper
trophy, and inhibits platelet aggregation and adhesion.16 

A deficient NO-sGC-cGMP signaling seems to be involved 
in the development of PH and therefore strategies to increase 
NO in the pulmonary vasculature have been developed. 
Riociguat, a first-in-class stimulator of sGC, has a dual 
mode of action. Firstly, it sensitizes sGC to endogenous NO 
as well as it directly stimulates sGC independently of NO, 
this results in the activation of the enzyme converting gua
nosine triphosphate (GTP) to cGMP.17,18 cGMP then results 
in cellular influx of calcium by activation of the ligand-gated 
calcium channel, resulting in vasodilation and inhibition of 
smooth-muscle remodeling.17 Riociguat induces vasodila
tion and has antiproliferative, antifibrotic, and anti- 
inflammatory effects.19

Riociguat is available as an oral tablet, which may be 
safely stored at 77°F. There are five strengths: 0.5, 1, 1.5, 
2, and 2.5 milligrams (mg), which allows for dosing 
flexibility.20 Dosing is individualized to avoid hypoten
sion, with a usual starting dose of 1 mg orally three 
times daily (TID) for 2 weeks, with up titration by 
0.5 mg every 2 weeks to a maximum dose of 2.5 mg 
TID if tolerated. It is 95% bound to plasma proteins, 
namely albumin and alpha-1-acidic glycoprotein.20

Riociguat’s bioavailability is approximately 94%, with 
peak plasma concentrations within 1.5 hours after oral intake. 
It’s half-life is approximately 12 hours.21 Pharmacokinetics 
is not affected by food intake, however antacids should not be 
taken within 1 hour after administration of riociguat.22 There 
is no evidence of time- or dose-dependent alterations of 
riociguat or its main active metabolite, M123 and it is elimi
nated via urine (40%) and feces (53%), mostly as metabo
lites. Smokers and patients taking bosentan showed higher 
clearance of riociguat necessitating dose adjustments.20,23 

Riociguat was not studied in end-stage renal disease 
(ESRD) or severe hepatic impairment (Child Pugh C).20 
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There are no recommended dosing adjustments for creatinine 
clearance greater than 15 mL/min or Child-Pugh class 
A and B.

Riociguat can only be accessed via speciality pharmacies 
and females must comply with the Risk Evaluation and 
Mitigation Strategy (REMS) Program. It is known to be 
embryotoxic in rats and was also present in their lactation; 
as such it is currently not recommended while breastfeeding. 
It should not be used in pulmonary veno-occlusive disease 
(PVOD) or concomitantly with phosphodiesterase inhibitors 
due to cumulative hypotension. It is a strong CYP inhibitor, 
however no interaction was noted with warfarin or aspirin.20

Riociguat for the Treatment of 
CTEPH
CHEST-1 (The Chronic Thromboembolic Pulmonary 
Hypertension Soluble Guanylate Cyclase-Stimulator Trial- 
1) and PATENT-1 (The Pulmonary Arterial Hypertension 
sGC Stimulator Trial-1) were two randomized, double 
blind, multi-national, placebo-controlled Phase III studies, 
which lead to the approval of riociguat for the treatment of 
adult patients with WHO functional class II to III PAH, 
inoperable CTEPH and persistent/recurrent CTEPH after 
surgical treatment.14

The landmark CHEST-1 trial was a Phase 3 multicenter 
randomized control double-blinded trial that compared 
riociguat with placebo in 261 patients aged 18–80 years 
with inoperable or persistent/recurrent CTEPH post-PEA 
with WHO functional class I–IV.14 In the CHEST-1 study, 
riociguat significantly improved 6-minute walking dis
tance (6MWD) (primary end-point) with a least-squares 
mean difference of +46 meters (95% CI=25–67 m; 
P<0.0001) compared with placebo at week 16. A number 
of secondary end-points were also significantly improved 
compared with placebo, including mean pulmonary vascu
lar resistance (PVR) by −226 dyn/s/cm-5 (P<0.0001), 
a significant reduction of N-terminal prohormone of 
brain natriuretic peptide (NT-proBNP) levels (−291 ng/ 
mL) (P<0.0001), and improvement in World Health 
Organization (WHO) functional class (FC) (P=0.003). 
There was a higher number of clinical worsening events 
in the placebo group vs the riociguat group (6% vs 2%, 
respectively), although this was not statistically significant. 
Riociguat showed a favorable benefit–risk profile, with the 
most frequently occurring serious adverse events (SAEs) 
in CHEST-1 being right ventricular failure (3% of patients 
in each group), syncope (2% in the riociguat group, and 

3% in the placebo group) and hemoptysis (2% of the 
riociguat group).

The CHEST-2, open label extension study of CHEST- 
1, evaluated the long-term safety and tolerability of 
riociguat.10 This study included 155 riociguat-treated and 
82 placebo-treated participants. All participants were 
18–80 years with inoperable or persistent/recurrent 
CTEPH post-PEA with WHO functional class I–IV. 
Participants were enrolled for 2–232 weeks with median 
enrollment of 116 weeks. The median treatment duration 
was 75 weeks. At 1 year, 90% of participants were still 
receiving riociguat at 7.5 mg a day, supporting the long- 
term tolerability of riociguat. Only 3% of participants 
discontinued riociguat treatment due to adverse events 
(AEs). Serious AEs were reported in 5% of participants; 
among these AEs, the most common were syncope and 
hypotension (2% and 1%, respectively), both of which 
were properly handled in all cases. Hemoptysis or pul
monary hemorrhage was found in 3% of participants, and 
the authors advised clinicians to regularly evaluate the 
patient’s risk of pulmonary bleeding during riociguat ther
apy. No riociguat-related deaths were reported. Moreover, 
the former riociguat group showed better improvements in 
the 6MWD and WHO FC than the former placebo group, 
which supports the early administration of riociguat.

Based on the CHEST-1 and CHEST-2 studies, a post 
hoc analysis was done to assess the impact of riociguat on 
the REVEAL risk score (RRS) in CHEST-1 as well as the 
predictive value of change in RRS over time for long-term 
outcomes in CHEST-2. Riociguat use was associated with 
improvement in RRS (P<0.0001) and risk stratum 
(P<0.0001) at CHEST-1 week 16 compared with placebo 
from baseline. At baseline, mean±standard deviation (SD) 
RRS was 7.3±2.0 for the riociguat group and 7.1±1.9 for 
the placebo group. At CHEST-1 week 16, the mean±SD 
RRS changes from baseline in the riociguat group was 
−1.1±1.6 and −0.1±1.4 in the placebo group. A 1-point 
difference in RRS at baseline or CHEST-1 week 16 was 
associated with an approximate reduction of 30% in the 
relative risk of death in CHEST-2. In the first 12 weeks of 
CHEST-2, this improvement continued in patients who 
received riociguat in CHEST-1 and former placebo 
patients who started receiving riociguat in CHEST-2 also 
demonstrated improvement similar to riociguat patients in 
CHEST-1.24 The RRS as well as change in the RRS was 
shown to be a significant predictor of survival and clinical 
worsening-free survival over 2-years in CHEST-2.24
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A Phase II long-term extension study sharing similar 
objectives with the CHEST-2 study included 41 inoperable 
CTEPH patients and 27 PAH patients.25 In contrast to 75 
weeks in the CHEST-2 study,10 the median treatment 
duration was 77 months in this study. At the final data 
cutoff point, 56% of the CTEPH patients and 48% of the 
PAH patients remained on the treatment regimen. In 18 
(44%) of CTEPH patients riociguat was discontinued 
because of adverse event in two (5%), death in six 
(15%), insufficient treatment response in one (2%), lost 
to follow-up in one (2%), noncompliance in one (2%), 
consent withdrawn in one (2%), and withdrawn by the 
investigator in six (15%) of the patients. In 14 (52%) of 
PAH patients riociguat was discontinued due to adverse 
event in four (15%), death in five (19%), consent with
drawn in three (11%), and withdrawn by the investigator 
in two (11%) patients. The safety profiles were similar to 
those in the CHEST studies.10,14 Improvements in the 
6MWD and WHO FC observed in the initial stage of 
this study (3 months) were maintained for up to 48 
months.

A phase IIIb CTEPH early access study also shared 
similar objectives with the CHEST-2 study which included 
300 adults with CTEPH patients.26 Two hundred and six
teen were treatment-naive and 84 were switched from 
other PAH therapies, who were deemed technically inop
erable or had persistent/recurrent PH after PEA. The pri
mary outcome was safety and tolerability of riociguat. 
Exploratory efficacy endpoints such as WHO FC and 
6MWD were assessed, however data collection for the 
latter was optional. The study reported that the safety, 
tolerability, and improvements in the 6MWD and WHO 
FC were comparable between switched and treatment- 
naïve patients. In 130 participants, 6MWD increased by 
33±42 meters and in 264 participants WHO FC improved 
in 58 (22%), stabilized in 193 (73%), and worsened in 13 
(5%) at week 12 in full analysis of both treatment-naive 
and switched subgroups.26 The safety profile was similar 
to that of the CHEST-1 and CHEST-2 studies.

In 2018, a prospective observational cohort study 
aimed to study the treatment of inoperable CTEPH with 
sequential treatment with riociguat and BPA.27 The pri
mary outcomes were improvement in pulmonary hemody
namic parameters and WHO FC. A total of 123 
participants were enrolled with inoperable CTEPH, and 
mean PAP of at least 25 mmHg with WHO FC ≥II that 
were considered BPA eligible. Only 69 participants com
pleted 6 months follow-up post-BPA treatment. Of these, 

36 patients were without targeted medication at the time of 
referral, which formed the study cohort and received tar
geted medical therapy, riociguat, before BPA. Of the 36 
participants that took riociguat, when compared with base
line; the WHO FC improved by at least one class in 13 
(36.1%) patients and remained unchanged in 23 (63.9%) 
patients (P=0.01) with increased 6MWD on an average of 
20 meters (P=0.88) and hemodynamic improvements 
including, mPAP (49±12 mmHg vs 43±12 mmHg; 
P=0.003) and PVR (956±501 dyn·s·cm–4 vs 517 ± 279  
dyn·s·cm–5; P=0.0001). NT-proBNP levels were signifi
cantly decreased compared to baseline (P=0.02). The med
ian interval from commencing riociguat to first BPA was 5 
months, with a median number of BPA sessions per patient 
of five. The median duration from first BPA to 6 month 
follow-up was 14 months. Combination therapy, riociguat 
and BPA, compared to riociguat alone after 3 months 
showed improvement in WHO FC in 34 (94.4%) partici
pants. 6MWD improved on average 58 meters after com
bination therapy when compared to riociguat alone (after 
BPA=467±95 metersvs riociguat mean=409±102 meters, 
P=0.0001). Hemodynamic assessment showed significant 
improvement in mPAP (43±12 mmHg vs 34±14 mmHg; 
P=0.0001) and PVR (517±279 dyn·s·cm–5 vs 360±175  
dyn·s·cm–5; P=0.0001). NT-proBNP was significantly 
decreased 6 months after BPA.

Riociguat use was assessed in a small retrospective 
case series of patients with sickle cell disease (SCD) 
related CTEPH.28 Following initiation of standard of care 
for SCD-PH: hydroxyurea or blood transfusion, supple
mental oxygen to maintain oxygen saturation of 90% and 
diuretics, PH therapy with riociguat was commenced. 
Initial concerns about riociguat safety in view of 
a negative trial with sildenafil in Walk-PHaSST was dis
cussed with participants. However, riociguat does not rely 
on NO only and was considered a suitable vasodilator. An 
average increase of 56.8 meters in 6MWD was reported. 
Two participants had an increase in 6MWD of 68 and 162 
meters and three had increases of 7, 20, and 27 meters, 
with minimal increase attributed to preserved baseline in 
6MWD. In two patients riociguat was discontinued due to 
side-effects, intractable headaches in one and pain crisis, 
nausea, vomiting in one with dose titration to 1.5 mg. 
Overall, five of six patients had improvements in right 
ventricular systolic pressure (RVSP), functional class, 
and NT-proBNP similar to CHEST-1. One participant 
had a lack of efficacy.
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The impact of riociguat on hemodynamics, functional 
status from the above trials, and economic cost benefit 
analysis in CTEPH patients is further summarized in 
Table 1 for simplicity for readers.

Riociguat’s role as a bridge to PEA is controversial, as 
concerns of delaying timely surgical referral for PEA which 
is the definitive therapy. However, its role as a bridge to PEA 
is to be assessed in a randomized, double-blind, placebo- 
controlled, multicenter, multinational, prospective study in 
patients with operable chronic thromboembolic pulmonary 
hypertension (CTEPH) prior to pulmonary endarterectomy 
(PEA) with high preoperative pulmonary vascular resistance 
(PVR). Patients will be randomized in a 1:1 ratio to receive 
riociguat or matching placebo for 3 months before under
going PEA. The primary objective of this study is to assess 
the efficacy of riociguat on preoperative PVR compared to 
placebo in patients with operable CTEPH (ClinicalTrials.gov 
identifier NCT0327357).

Safety and Tolerability
Safety
Several studies have reported no new safety signals since 
riociguat’s FDA approval in 2013. Adverse events (AE) 
are reported in 93–96%. The most commonly reported 
AEs were nasopharyngitis (23–59%), peripheral edema 
(18–39%), dizziness (19–24%), diarrhea (14–17%) and 
cough (14–27%). The most commonly reported serious 
AEs (SAE) include syncope (2–17%), RV failure (3–15%), 
hypotension (9–24%), and hemoptysis/pulmonary hemor
rhage (2–4%).10,25,26

Hemoptysis or pulmonary hemorrhage may be 
a sequelae of CTEPH, however it most commonly occurs 
in CTEPH patients on anticoagulation.

In the CHEST-1, hypotension occurred in 16 (9%) and 
syncope in four (2%) participants in the riociguat arm. 
SAE were reported in four (2%) participants, which 
included right heart decompensation, vaginal bleeding, 
overdose (attempted suicide), and worsening of general 
condition. None of which were thought to be related to 
the study. However, drug-related SAEs such as syncope 
(n=3), gastritis (n=1), acute renal failure (n=1), and hypo
tension (n=1) occurred. Hemoptysis or pulmonary hemor
rhage was reported in 2% of the riociguat arm, with an 
exposure-adjusted rate of 5.9 cases per 100 patient-years.

In a phase II long-term extension (LTE) trial with both 
PAH and CTEPH patients (n=68) the long-term safety and 
tolerability of riociguat showed no new safety signals.25 

Adverse events were reported by 93% of patients, with the 
most common being nasopharyngitis (57%) and peripheral 
edema (37%). SAEs were reported in 76% of all partici
pants and the most common was RV failure, syncope, and 
worsening PH. Among CTEPH participants, RV failure, 
syncope, and worsening PH occurred in 15%, 17%, and 
29% respectively. Hemoptysis was reported in the study 
but only among participants with PAH. A total of six (9%) 
participants discontinued riociguat due to AEs as the pri
mary reason such as clinical worsening of PH (n=2), 
worsening PAH (n=1), pneumonia (n=1), hepatocellular 
carcinoma (n=1), and vascular event described as head
ache, flushing, and vertigo (n=1).

Following riociguat’s FDA approval in 2013, CHEST- 
2 followed 237 participants, of which 228 (96%) had an 
AE. However, serious adverse events occurred in only 100 
(42%), and subsequent discontinuation in seven (3%). 
Special interest adverse events include hypotension, 
which occurred in 15 (6%) and syncope in 17 (7%) parti
cipants. Hemoptysis or pulmonary hemorrhage were 
reported as eight (3%) AEs and four (2%) SAEs, with an 
exposure-adjusted rate of 1.1 cases per 100 patient-years, 
notably less than in CHEST-1 initial reports of exposure- 
adjusted rate of 5.9 cases per 100 patient-years. Drug- 
related AEs were reported in 109 (46%) participants, of 
which the most common were dizziness (10%), dyspepsia 
(8%), and hypotension (5%). The most common AEs were 
nasopharyngitis (23%), dizziness (19%), peripheral edema 
(18%), diarrhea (14%), and cough (14%).10 Thirteen- 
people died during CHEST-2, however none were consid
ered to be drug-related by investigators.

In a phase IIb open label, uncontrolled single arm long- 
term surveillance study that enrolled 300 CTEPH partici
pants, of which 216 were treatment-naive and 84 were 
switched from other pulmonary arterial hypertension 
therapies,26 the safety profile was consistent with CHEST- 
1 and CHEST-2 trials and no new safety signals were seen. 
In clinical practice, participants that switched from other 
PAH therapies to riociguat with a treatment-free washout 
period (median=4 days, range=3–74 days) had no variation 
in safety when compared with treatment naive patients.26

Tolerability
Riociguat has been relatively well tolerated when dosing is 
commenced at 1 mg po TID, uptitrated in an 8-week 
period. Despite commonly reported side-effects, it is tol
erated by 87–92%.10,14,26 In CHEST-1, 92% of partici
pants completed the study in the riociguat arm, compared 
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with 94% in the placebo arm. In the riociguat arm at week 
16, 77% of participants were taking the maximal riociguat 
dose of 2.5 mg po TID. Of the 13 (8%) participants in the 
riociguat arm that did not complete treatment, four (2%) 
had AE, two (1%) died, two (1%) had lack of efficacy, two 
(1%) withdrew, and three (2%) did not adhere to treatment 
or violated protocol.14 In CHEST-2, 26 (11%) of 237 
participants did not complete the study, seven (2.95%) 
participants withdrew due to AEs, three (1.3%) for lack 
of efficacy, four (1.7%) withdrew, and 13 (5.49%) died, 
although no deaths were thought to be drug-related.10 In 
the McLaughlin et al phase IIIb trial, 38 (13%) of 300 
participants did not complete treatment, of which five 
(2%) died, 14 (5%) had an AE, two (1%) lack of efficacy, 
seven (2%) withdrew consent, two (1%) were lost to 
follow-up, and eight (<9%) were physician withdrawn or 
had protocol deviations or screening failures.26

In a select group of SCD-related CTEPH, riociguat was 
well tolerated in four of six participants.28 Increased VOC 
was reported in one participant with riociguat doses of 
1.5 mg TID, however improved following down titration to 
1 mg TID. Notably, it ultimately lacked efficacy in the 
aforementioned participant and was discontinued. Another 
participant experienced intractable headaches resulting in 
termination of riociguat. One patient died after 3 years on 
riociguat; however, this was not thought to be due to the drug. 
In total, four participants tolerated riociguat well. Otherwise 
there were mild GI side-effects reported. In a retrospective 
multicenter study with 125 participants with PAH and inop
erable or recurrent/persistent CTEPH, the CAPTURE trial, 
most AEs were noted to occur during the 8-week dose- 
adjustment period of riociguat, with 77% of participants 
reaching a maximum dose during that time period.29

Pharmacoeconomics
Kirson et al30 assessed the direct cost of CTEPH and found 
that inpatient services accounted for 54% of the total direct 
healthcare costs per patient-month for privately insured 
patients in the US; compared to outpatient and other services 
(33%) and prescriptions (11%). A subsequent retrospective 
cohort study with 191 CTEPH patients matched with 955 
controls to assess the economic burden of CTEPH found that 
pharmacy costs were 3-times higher in CTEPH patients vs 
controls.31 However, in a cost-utility analysis, riociguat cost 
less and was more effective in treating persons with inoper
able CTEPH than bosentan.32

In 2015, the price of riociguat from the manufacturer was 
Canadian (CAD) $42.75 per tablet for all strengths, which 

was daily CAD$128.25 and annually CAD$46,811 per 
patient.33 However, a 30-day supply of riociguat 2.5 mg 
tablet three times a day may cost up to US $11,449.72 cash 
without insurance. In a budget impact analysis of adding 
riociguat to a hypothetical US health plan’s drug formulary 
with a model monthly wholesale cost of $7500 for 
a hypothetical population of 1 million, the economic impact 
on the health plan was minimal, with a per-member per-year 
cost of US$0.27.34 While CTEPH remains a relatively 
uncommon illness, the economic cost, both direct and indir
ect, may be reasonably averted with optimal outpatient care 
with a cost-effective drug, riociguat for persons with inoper
able or persistent/recurrent CTEPH.

Conclusion
PEA remains the treatment of choice for patients with 
operable CTEPH. Patients with persistent/recurrent sympto
matic PH following PEA should receive medical therapy 
and be considered for BPA. Riociguat is FDA approved 
medical therapy for patients with non-operable CTEPH and 
sustained CTEPH after pulmonary endarterectomy. Existing 
data have shown that riociguat was effective and well 
tolerated and has a favorable safety profile that was sus
tained over a long-term treatment period. Due to teratogenic 
effects, female patients can only receive riociguat through 
the Adempas Risk Evaluation and Mitigation Strategy 
(REMS) Program from a certified prescriber, certified phar
macy and must undergo baseline and monthly pregnancy 
testing during treatment, with defined contraception require
ments. Hypotension seems to be the most bothersome 
adverse effect, therefore a stepwise dose titration is impor
tant, especially in old and fragile patients with chronic renal 
disease. Riociguat should be avoided in patients with 
a creatinine clearance < 30 mL/min and should not be 
used together with NO donors, due to a high risk of 
hypotension.
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