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VT

• 78 yo female patient

• DoB: 02/03/1938



Background 

• 2000
– COPD

• 2006
– Pulmonary embolism (provoked- total hip replacement)

• 2010
– Atrial fibrillation 
– Arterial hypertension 
– Diabetes mellitus
– Hypothyreoidism

• 2012
– Breast Ca (resected – considered cured)

• 2016
– Heart failure with preserved ejection fraction



Background 
Treatment

• Quinapril 10mg od

• Furosemide 120mg od

• Diltiazem 90 bid

• Apixaban 5  bid

• Spironolactone 25mg  od

• Letrozole 2,5mg  od

• Vildagliptin 50mg  od

• Levothyroxine 50  od

• Inh Budesonide + Formeterol



Current condition

• Dyspnea in mild exertion since 1y

• WHO III 

• 6MWT: 216m

• BMI 38kg/cm2

• BP 140/80mmHg

• HR 72 bpm, irregular heart sounds

• SpO2  95% (room air)

• Lower leg edema

• Increased JVP

• Pansystolic murmur, 2/6 apical sternum

• Lung auscultation: crackles in bases



Chest X-ray



Echo



• E= 1.25 m/s

• E septal= 0.05 m/s

• E lateral= 0.14m/s



Diagnostic workup 

• Normal thyroid function

• Normal immunologic blood 
tests 

• NT pro-BNP  1346 pg/ml

• CT

• No pulmonary thrombus

• No interstitial lung disease

• No tumors

• Main pulmonary artery 
dilatation (35 mm)

• SPECT 

• No CTEPH

• LFT

– FVC 64,9%

– FEV1  67,2%

– TLC   69%

– DLCO 68,3%



RHC

BSA: 1.9, Hb: 10.2mg/dl, HR 80bpm, SpO2 98%

Pressure (mmHg) SAT (%)

RA 9

RV 66/1

PAP 70/23/m42 61.9

PAWP 13

PVR (Wood) 4.2

PVRi (W*m2) 8.0

CO (l/min) 5.5

CI (l/min/m2) 2.9



Challenge N# 1 - Diagnosis



• precapillary PH?  idiopathic

 due to COPD

Galie et al, Eur Heart J 2015

What about left heart?





RHC
BSA: 1.9, Hb: 10.2mg/dl, HR 80bpm, SpO2 98%

Pressure 
(mmHg)

SAT (%) Fluid challenge
(500ml NaCl 0.9% in 30’)

RA 9

RV 66/1

PAP 70/23/m42 61.9

PAWP 13 19

DPG 10 4

TPG 29 23

PVR (Wood) 4.2

PVRi (W*m2) 8.0

CO (l/min) 5.5

CI (l/min/m2) 2.9



Diagnosis

• HFpEF

• Post-capillary PH



Definition – Classification

Galie et al. Eur Heart J 2015



Palazzini et al, Eur Heart J Heart Fail 

2017

Gerges M, Gerges C, Lang I

Gerges M,et al, Chest 2016

Tampakakis et al, JACC heart failure 2015

DPG or PVR? 

Here is the question







Challenge N# 2 - Treatment





Farber HW, Gibbs S, Eur Reapir Rev 2015



Opitz et al. J Am Coll Cardiol 2016 



Opitz et al. J Am Coll Cardiol 2016 



Treatment 

• Apixaban 5mg BiD

• Furocemide 80mg BiD

• Metoprolol 50mg BiD

• Ramipril 5mg OD

• Sildenafil 20mg TiD



• Clinical?

• Hemodynamic?

• Natriuretic peptides?

• Morbidity/mortality?

Challenge N# 3 – Treatment 
evaluation



Opitz et al. J Am Coll Cardiol 2016 



Follow-up

Baseline 6 month FU
WHO FC III III

6MWD (m) 216 264

NT pro – BNP (pg/ml) 1346 960

RHC
RA
PAP (mmHg)
TPG (mmHg)
DPG (mmHg)
PVR (Woods)
CO/CI
SVO2

9
70/23/m42
29
10
4.2
5.5/2.9
61.9

8
61/20/m35
15
0
2.5
5.1/2.5
64.7

Minimum leg edema



Future challenges in LHD - PH therapy

• Implementation of a proper primary endpoint in RCTs

• Patient selection based on careful phenotyping plays an 
important role in determining which patients may respond to 
PH-targeted therapies

• Generalised optimization of volume status is important

• Search for the right dose of drugs 
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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



Spectrum of group 2 PH. ASPIRE registry

Hurdman J et al. Eur Resp J 2012









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. 



Challenges in performing a RHC

• Catheter motion artifacts 

• Inaccurate wedging (overestimation of PAWP)

• Recording of averaged PAWP pressures throughout the respiratory cycle, 
rather than those measured at end-expiration (underestimation of PAWP)

• Recording of end-expiration PAWP pressures, rather than average measured 
throughout the respiratory cycle in COPD (overestimation of PAWP)

• DPG has been shown to increase with heart rate in a linear fashion 

• HFpEF patients may have a normal PAWP after diuresis or overnight fast 
(fluid challenge is mandatory)

Ramu et al. Curr Heart Fail Rep 2016





PH diagnosis by exercise hemodynamics in HFpEF

Borlaug B et al. Circ Heart Fail 2010



ECG





Palazzini et al, Eur Heart J Heart Fail 2017


