
Treatment of PH-HFpEF: 
Potential Role for Levosimendan

Sanjiv J. Shah, MD
Stone Professor of Medicine

Director of Research, Bluhm Cardiovascular Institute

Division of Cardiology, Department of Medicine

Director, Center for Deep Phenotyping and Precision Therapeutics, 

Institute for Augmented Intelligence in Medicine

Northwestern University Feinberg School of Medicine

sanjiv.shah@northwestern.edu  http://www.hfpef.org  Twitter: @HFpEF



I, Sanjiv Shah do have any financial relationships to disclose.

PI of the Tenax Therapeutics LEVEL Trial

Research funding:

• NIH U54 HL160273, R01 HL107577, R01 HL127028, R01 HL140731

• AHA #16SFRN28780016, #15CVGPSD27260148 

• AstraZeneca, Corvia, Pfizer

Consulting / advisory board / steering committee:

• Abbott, Alleviant, AstraZeneca, Amgen, Aria CV, Axon Therapies, BaroPace, Bayer, Boehringer-

Ingelheim, Boston Scientific, Bristol-Myers Squibb, CentrusDx, Corvia, Cytokinetics, Edwards 

Lifesciences, Eidos, Eon, Gordian, Imara, Impulse Dynamics, Intellia, Ionis, Lilly, Merck, 

Metabolic Flux, Novartis, Novo Nordisk, Pfizer, Prothena, Regeneron, Rivus, Sardocor, Shifamed, 

Secretome, Shifamed, Tenax, Tenaya, and Ultromics

Faculty disclosure information can be found on the appFaculty disclosure information can be found on the app

Disclosure of Relevant Financial Relationships



The Underlying Pathophysiology                                
of PH-HFpEF Can Be Attributed to:

1. Chronic elevation of the PCWP associated with:
• Reduced compliance of the ventricles

• Increased stressed blood volume

2. Which results in a pulmonary vasculopathy

• Affecting pulmonary arteries and veins

3. That is driven by abnormalities in                            
K+ channel signaling
• Promotes systemic and pulmonary vasoconstriction, and 

pulmonary vascular proliferation



Levosimendan Background

• Consistent evidence of biventricular hemodynamic effects in HFrEF
• Reduces PCWP

• Reduces CVP

• Reduces PAP

• Does not impair diastolic function

• Not previously studied in HFpEF
• Hemodynamic effects may have application in HFpEF and PH-HFpEF

• HELP Study designed as proof-of-concept study



Levosimendan MOA 

Slawsky…Smith Circulation 2000

• Combined Ca sensitizer and  KATP channel activator

• t1/2 for LEVO is ~1 hour, but its active metabolite (OR-1896) 

has t1/2 ~75 hours enabling once weekly dosing



HELP Study population: HFpEF with PH

• Group 2 PH due to HF with EF≥40%

• NYHA class II-III symptoms

• PCWP≥20 and mPAP≥35 mmHg

• Key exclusion criteria
• Coronary disease unless negative perfusion scan

• Significant mitral and aortic valve disease

• SBP<100 mmHg 

• Other causes of PH (lung, congenital)

• Planned transplant or cardiac surgery



Randomization
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HELP Study Design: 
Randomized, double-blind, placebo controlled trial

IV Placebo once weekly x 5 weeks
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HELP Study Trial Endpoints

Primary 

Change in PCWP at 25 W exercise at 6 weeks

Secondary

Change in 6 minute walk distance

Change in PCWP incorporating rest, PLR and exercise 
using a mixed effect model with repeated measures (post 
hoc)



Baseline Characteristics

Characteristic Placebo
(n=19)

Levo
(N = 18)

Age (years) 67 (11) 69 (8)
Women (%) 68 56
White (%) 84 89
BMI (kg/m2) 33.0 (7.2) 35.6 (9.2)
Atrial fibrillation (%) 63 89



Baseline Characteristics

Characteristic Placebo
(n=19)

Levo
(N = 18)

NYHA class II/III (%) 16/84 11/89
6 minute walk distance (m) 280 (85) 290 (127)
Ejection fraction (%) 59 (8) 58 (7)



Hemodynamics at Baseline

Characteristic Placebo
(n=19)

Levo
(N = 18)

Right atrial pressure (mmHg) 17 (5) 15 (5)
Mean PA pressure (mmHg) 42 (11) 41 (9)
PCWP (mmHg) 25 (7) 26 (5)
Cardiac index (l/min/m2) 2.3 (0.6) 2.7 (1.0)
PVR (WU) 4.1 (3.6) 2.7 (1.5)
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Mixed-effect repeated measure regression analysis: -3.9±2.0 mmHg 

as compared to placebo (p=0.047)
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* p < 0.001 vs baseline



-30

-20

-10

0

10

20

30

Placebo

Δ
6

 M
in

u
te

 W
a

lk
 D

is
ta

n
c

e
 (

m
)

p=0.033

Levosimendan

Effects on 6 minute walk distance



Effects on 6 minute walk distance



Effect on estimated stressed blood volume



Placebo Levosimendan

Changes in key hemodynamic parameters between treatment and placebo groups

Brener, Michael I., et al 2021
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Safety

Characteristic Placebo
(n=18)

LEVO
(n=19)

Discontinued study drug 2 0
PICC Line Infection 0 2
Arrhythmia 0 0
Worsening HF 1 2
Stroke 0 0
Syncope 0 0
SAE - Death 0 0

All p > 0.05



In patients with PH-HFpEF who had been receiving IV levosimendan for more 

than 18 months, oral levosimendan was also associated with 

further improvements in 6MWD, BNP/NT-ProBNP, and KCCQ scores. 

Secondary Endpoints:  Oral Levosimendan Transition Study 



A Phase 3, Double-Blind, Randomized, Placebo-Controlled
Study of Levosimendan in Pulmonary Hypertension Patients

With Heart Failure With Preserved Left Ventricular Ejection Fraction (PH-HFpEF); 

LEVosimendan to Improve Exercise Limitation in Patients With PH-HFpEF



LEVEL Study Objectives/Endpoints

• N=152 randomized patients

• Primary Study Objective:
• To evaluate the efficacy of levosimendan (TNX-103) compared with placebo in subjects 

with PH-HFpEF as measured by the change in 6-MWD (Day 1 to Week 12) 

• Secondary Study Objective:
• Change in KCCQ - Total Symptom Score (KCCQ-TSS) (Day 1 to Week 12)

• Number of Clinical Worsening Events (Day 1 to Week 12) 

• Change in NT-proBNP (Day 1 to Week 12)

• Improvement in NYHA Functional Class (Day 1 to Week 12)
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Conclusions

• Levosimendan is a novel potential therapy for 
PH-HFpEF

• Oral formulation now available
• Potential mechanism of action: Lowers stress 

blood volume while maintaining RV 
contractility
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