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HFrEF







HFpEF

74 year-old lady with chronic Afib

RVSP=38mmHg

62 year-old lady with chronic Afib

RVSP=78mmHg

Negative V/Q scan

Normal lung function





Emerging concepts in PH HFpEF. Prevalence by 
RHC

Leung CC et al. Am J Cardiol 2010



















Genetic similarities

Assad et al. J Am Coll Cardiol 2016 



Vachiéry JL et al. Eur Respir J. 2018







Opitz et al. J Am Coll Cardiol 2016 
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Opitz et al. J Am Coll Cardiol 2016 





VALVULAR HEART DISEASE



Early mortality after TAVI



Late cardiac mortality after TAVI

Kokkinidis et al. Cardiovasc Revasc Med 2018



Late overall mortality after TAVI

Kokkinidis et al. Cardiovasc Revasc Med 2018
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PH diagnosis by exercise hemodynamics in HFpEF
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TPG versus DPG



Survival of patients with “out-

of-proportion” PH and a DPG 

>7 mm Hg was similar to that 

of precapillary PH



J Am Coll Cardiol HF 2015



PH due to left heart disease (group 2)



Spectrum of group 2 PH. ASPIRE registry

Hurdman J et al. Eur Resp J 2012
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hypertension riociguat trial (LEPHT)

Dr Diana Bonderman (Medical University of Vienna), Dr Stefano Ghio (University Hospital, 
Pavia), Prof. Stephan B. Felix (Ernst-Moritz-Arndt-University of Greifswald), Prof. Hossein A. 

Ghofrani (Justus Liebig University Giessen), Prof. Evangelos D. Michelakis (University of Alberta), 
Prof. Veselin Mitrovic (Kerckhoff-Klinik Forschungsgesellschaft mbH), Prof. Ronald J. Oudiz (Los 

Angeles Biomedical Research Institute at Harbor-UCLA Medical Center), Dr Francis Boateng 
(Bayer Healthcare Pharmaceuticals), Dr Andrea-Viviana Scalise (Bayer Hispania), Dr Lothar 

Roessig (Bayer Pharma AG), Dr Marc J. Semigran (Massachusetts General Hospital and Harvard 
Medical School)

RIOCIGUAT PHASE 2 STUDIES: LEPHT



Acute hemodynamic effects of riociguat in 
patients with pulmonary hypertension 
associated with diastolic heart failure 

(DILATE-1): A randomized, double-blind, 
placebo-controlled, single-dose study

D. Bonderman1, I. Pretsch2, R. Steringer-Mascherbauer3, S. Rosenkranz4, C. Tufaro1, R. Frey5, 
M. Ochan Kilama6, S. Unger7, L. Roessig8, I. M. Lang1



Study design

Confidential6

Primary variable – peak decrease in mPAP

from baseline in riociguat 2 mg arm vs. placebo

Other hemodynamic and echocardiographic 

parameters

Treatment phase

Cohort 2

Cohort 3

0.5 mg riociguat (n=8)

Placebo (n=4)

Randomization

1.0 mg riociguat (n=8)

Placebo (n=5)

Randomization

2.0 mg riociguat (n=10)

Placebo (n=4)

Randomization

Safety assessment (unblinded data review by 

independent DMC)

Cohort 1

0 6 hours31 2 4 50.5

30-day 

safety 

follow-up

Evaluation schedule
Pre-dose 

(baseline)

Change from baseline was recorded at each step of the evaluation schedule. The peak 

decrease from baseline was calculated as the strongest PAPmean changes from 

baseline up to 6 hours after dose at Visit 2.

Changes from baseline were recorded at each step of the evaluation schedule. The 

mean change from baseline of all evaluations up to 6 hours after dose was calculated.

Safety assessment (unblinded data review by 

independent DMC)

DILATE: Study design

Study design of the DILATE-1 study. Study medication was 

administered orally as a single dose of a film-coated tablet of riociguat 

(0.5 mg, 1 mg, or 2 mg) or matching placebo.

Bonderman D et al. Chest 2014;146(5):1274–85. 



DILATE: Peak decrease in mPAP

Peak decrease in mean pulmonary artery pressure (mPAP) from baseline up to 6 h after 

administration of study drug in the riociguat 2 mg group vs. placebo (primary endpoint). 

The difference between treatment groups was analyzed by a two-group, two-sided t-test. The 

treatment difference (95% confidence interval) and p-value are also shown

Bonderman D et al. Chest 2014;146(5):1274–85. 



DILATE: Hemodynamics

Mean change from baseline in selected hemodynamic parameters in the 6 h following 

administration of study drug. (A) cardiac index (CI); (B) pulmonary arterial wedge pressure 

(PAWP); (C) systemic vascular resistance (SVR); and (D) mean arterial pressure (MAP)

Bonderman D et al. Chest 2014;146(5):1274–85. 



Echocardiography

•Compared with placebo, riociguat 2 mg 
decreased left atrial area, with a trend 
towards statistical significance (P=0.06), and 
significantly decreased right ventricular end-
diastolic (RVED) area (P=0.04) .

Exploratory biomarkers

•Plasma levels of NT-proBNP, asymmetric 
dimethylarginine, ST2, and Galectin-3 
revealed significant variability and no 
significant changes vs. placebo.

DILATE: Results III

Bonderman D et al. Chest 2014;146(5):1274–85. 



DILATE: Conclusions

• Single doses of riociguat were well-tolerated and showed favorable hemodynamic 
and echocardiographic effects in patients with HFpEF and PH.

• The ventricular filling required to establish an increased SV was not accompanied by 
increased PAWP, indicating that riociguat might improve diastolic function via a 
change in relaxation and/or distensibility of the LV.

• Chronic, large-scale, placebo-controlled studies are required to further assess the 
long-term clinical safety and efficacy of riociguat started at lower doses and carefully 
up-titrated in this population.

Bonderman D et al. Chest 2014;146(5):1274–85. 


