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Assessments in Diastolic Heart Failure

Loek van Heerebeek, Cardiologist, MD, PhD, FESC 



ESC guidelines Heart Failure Eur Heart J 2016;37:2129

HF with reduced EF (HFrEF) vs HF with preserved EF (HFpEF)



LV EDV – LV ESV/LV EDV * 100

HF terminology – based on LV ejection fraction (LVEF)

LV ejection fraction =

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiV5YDRu8vRAhVBWRoKHbfvAW0QjRwIBw&url=https://www.pinterest.com/pin/168885054756167238/&psig=AFQjCNHxPbPybLsFk8fPGHhKl3CT4ST8rg&ust=1484821018825549


McMurray JJ et al. Eur Heart J. 2012;33:1787

Diagnosis of HF
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LV filling:
“Suction”

LV filling:
“Pushing”

Diastolic dysfunctionNormal diastolic function

Diastolic LV (dys)function

Nagueh SF et al. Eur J Echocardiogr 2009:10:165; Oh. Circulation 2009;120:802



HFpEF: High diastolic LV stiffness

Myocardial stiffness

ECM - Collagen Impaired relaxation

Normal HFpEF

 CM stiffness

Titin



HFpEF: Demographics and comorbidities

Older age Hypertension (75%)

Female gender Renal insufficiency (26-53%)

Overweight/obesity (80%) COPD (30%)

Metabolic syndrome (85%) Anemia (35%)

Diabetes mellitus type II (30-40%) OSAS (40%)

“The typical HFpEF patient”

Systemic inflammation



Van Heerebeek Circulation 2012;126:830; Franssen JACC HF 2016;4:312-324

E-selectin ICAM-1

HFpEF: coronary microvascular endothelial inflammation



Shah S…van Heerebeek L, Paulus WJ. Circulation 2016;134:73

The new HFpEF paradigm



Diagnosis



Evidence of abnormal LV relaxation, filling,

diastolic distensibility and stiffness 

Symptoms and signs of heart failure

Normal or mildly reduced LV systolic function

LVEF >50% and LVEDVI  97 ml/m2

HFpEF: Diagnosis

Paulus WJ et 

al. Eur Heart J 

2007; 28:2539

Invasive hemodynamic

measurements
Echocardiography

Biomarkers

(NT-proBNP >220 pg/ml)

HFpEF

mPCWP > 12 mmHg

Or

LVEDP > 16 mmHg

E/E’ >8

E/E’ >15

NT-proBNP

>220 pg/ml

15>E/E’ >8

*E/A ratio <0.5; DT >280 ms

*LA volume index (>40 ml/m2)

*LV mass index >122 or 149 g/m2

*Atrial fibrillation



HFpEF: Diagnosis - Echo

Nagueh SF Eur J Heart Fail 2018;20:38

E

A

e’
a’

Control HFpEF

E/e’ 80/12=6.67 E/e’ 80/4=20



Nagueh SF Eur J Heart Fail 2018;20:38

Algorithm for estimating LV filling pressure

*Peak TR ≥ 2.8 m/s

*E/E’ >14

*LAVI >34 ml/m2



Hx: Hypertension, mild astma, peripheral vascular disease

Rx: Ascal, candesartan, metoprolol, simvastatin

Exertional tiredness and shortness of breath; 150/80 mmHg, Height 160 cm, Weight

55 kg, BMI 21.5 kg/m2, waist circumference 90 cm.

ECG: SR 70 bpm, no abnormalities; Chest X-ray: no abnormalities

Pulmonary function test: mild obstruction; COPD GOLD I

Lab: Hb 7.6 mmol/l (12.2 g/dl), eGFR 68 ml/min, NT-proBNP 10 pmol/l (84 pg/ml)

SPECT: no ischemia

LVEF 64%

Case – Female 77 yrs

COPD? Deconditioning? Heart failure (HFpEF)?



E 0.9 m/s

E/A 1.3

DT 179 ms

E’ sept 7.0

E/E’ sept 12.8
E’ lat 6,7

E/E’ lat 13.4

E/E’ mean 13.1

Case – Female 77 yrs



PASP 43 mmHg

LAVI 38 ml/m2

Case – Female 77 yrs



Nagueh SF Eur J Heart Fail 2018;20:38

Algorithm for estimating LV filling pressure

*Peak TR ≥ 2.8 m/s

*E/E’ >14

*LAVI >34 ml/m2



RvK: Exertional Dyspnea, NYHA III

VG: 

2001: T2DM, hypertension, dyslipidemia

2016: OSAS, CPAP

Rx: Losartan 1 dd 50 mg, amlodipine 1 dd 5 mg, simvastatine 1 dd 40 mg, gliclazide

3 dd 80 mg, metformine 2 dd 850 mg, insuline lantus, omeprazol

A: Progressive exertional dyspnea, NYHA III; ↓ exercise tolerance. Intermittent minor 

edema. Nycturia 0-2x. During exercise training saturation drop to 89-90%. After

training session completely exhausted. 

LO: RR 150/70 mmHg; Length 167 cm Weight 93 kg, BMI 33.3 kg/m2; waist 104 cm.

CVD: normal; Cor: S1S2 cresc/decresc systol murmur; 2/6 ao trajectory

Pulm: VAG; extrem: normal

ECG: SR, normal axis/conduction, no ST deviations

Case – Female 68 yrs



Laboratory: Hemoglobine 7.2 mmol/l*; Leukocytes 7.6 x10^9/l; M.C.V. 97.3 fl; 

Trombocytes 304 x10^9/l; Sodium 138 mmol/l; Potassium 4.4 mmol/l; Creatinin 73 

umol/l; eGFR (MDRD formule) 70 kl/1,73m2; nt-proBNP 4 pmol/l; ASAT 26 IU/l; 

ALAT 34 IU/l*; gamma-GT 25 IU/l; TSH 1.5 mIU/l

Ergo: HF max 160/min (101%). No ST deviations. Stopped because of dyspnea; RR 

rest 140/60 to 220/60 mmHg.Ergo: Hartfrequentie stijgt naar 160/min bij max 

inspanning (101% van max hartfrequentie); 150 Watt gefietst; voorspeld = 127 Wdi

CT hart: Agatston 16.6 (16%). RCA: C/NS prox; LCA: n.a. No additional pathology.

Longfunctie: 

Case – Female 68 yrs

Echo: Good systolic LV function. Normal dimensions. E 67 cm/s; E/A ratio 0.8; E’ 8.9 

cm/s, DecT 207 ms, E/E’ 7.51. TR veloc 2.55 m/s; SPAP 26+3 mmHg.

Normal RV. Dilated LA. LAVI 42 ml/m2. AoV: minor calcification. Normal VCI.



Nagueh SF Eur J Heart Fail 2018;20:38

Algorithm for estimating LV filling pressure

*Peak TR ≥ 2.8 m/s

*E/E’ >14

*LAVI >34 ml/m2



Diagnosis of HFpEF is challenging!!

NYHA IV NYHA II-III



Singh JS et al. Heart 2017;103:1569

Natriuretic peptides



HFpEF: frequently low NT-proBNP

Nelson AJ et al. J Cardiovasc Magn Res 2009;11:15

Epicardial fat raises intrapericardial pressure, 

dampening transmural LVP and lowering LV 

distending pressure

Packer M. JACC 2018;71:2360; Khan AM et al. J Clin

Endocrinol Metab 2011;96:3242; Gruden G et al. Diab

Care 2014;37:2899

Androgens/adipokines

Insulin resistance

Epicardial fat induced inflammation



HFpEF: exertional dyspnea

Diagnostic tests: 

Laboratory/ 

Echocardiography/Catheterization

→ predominantly performed at rest, 

when patient is asymptomatic

Patient with NYHA II-III dyspnea?

→Perform diagnostic tests at exercise!  

Normal NT-proBNP in 20-30% 

of invasively proven NYHA II-III 

HFpEF patients!! 



Nagueh SF et al. Eur Heart J Cardiovasc Img 2016

Rest

E/E’ 10

Exercise

E/E’ 19

Exercise echo: 

Diagnostic of diastolic LV 

dysfunction when E/E’ >14  

Exercise echocardiography



Borlaug BA, Circ J 2014;78:20

Right heart catheterization: Rest/exercise

https://www.cvphysiology.com/uploads/images/swan-ganz-pressures.png


Conclusion:

1)Exertional dyspnea, NYHA III/IV, normal ntproBNP; 

2)No obstructive coronary disease.

3)Good LV/RV function, no sign valve disease

4)Increased cardiovascular risk profile

5)Restrictive spirometry; DD/obesity

DD? “Early stage” HFpEF; pulm; deconditioning/obesity

RHC rest/exercise: 

PCWP rest: 16 mmHg; exercise: 30 mmHg.

Case – Female 68 yrs

HFpEF !



Obokata M et al, Circulation 2017;135:825

Potential diagnostic approach of HFpEF



Reddy YN et al. Circulation 2018;138:861

H2FPEF score for probability of HFpEF



Treatment of HFpEF



Obese (BMI 39 kg/m2) HFpEF pts(n=100) 

randomized to aerobic exerc training (AT)

caloric restriction (CR) or both 

for 20 weeks; 

prim EP: peak VO2 and quality of life 

Kitzman JAMA 2016;315:36Edelmann JACC 2011;58:1780

HFpEF: Exercise training and caloric restriction



Pitt B et al, NEJM 2014;370:1383

Spironolactone in HFpEF: TOPCAT

Phase III; Randomised; double blind; placebo-controlled; multicenter trial; 2006-2012 

HFpEF (n=3445); 50 yrs;NYHA II-III; EF45%; prior HF hosp/ntproBNP

Randomisation 1:1 to spironolacton (15-45 mg od) vs placebo;mean FUP 3.3 yrs

Prim Endp: composite of CV death/cardiac arrest or HF hospitalization

Sec Endp: all cause death, hospitalization



Pfeffer MA et al, Circulation 2015;131:34

TOPCAT: 3445 HFpEF patients; 

Entry through either prior HF hosp. or nt-proBNP

North/South America: 1767 (51%); Russia/Georgia: 1678 (49%)

Americas: 55% prior HF hosp. and 45% elevated BNP

Russia/Georgia: 89% prior HF hosp. and 11% elevated BNP

TOPCAT: Regional variation



Solomon SD et al. J Am Coll Cardiol HF 2017;5:471

Sacubitril/valsartan



Phase II RCT 2009-2011; HFpEF (n=266 pts); NYHA II-III; EF45%; ntproBNP 400pg/ml

1:1 to LCZ696 (200 mg bid) vs valsartan (160 mg bid) for 36 wks.

Solomon S et al. Lancet 2012;380:1387

ARNI: LCZ696 (Entresto): PARAMOUNT

LCZ
baseline

LCZ ∆ 
from
baseline

Valsart
baseline

Valsart ∆ 
from
baseline

P-
value

LAVI 35 ± 11.7 -2.6 ± 7.3 36.8 ±
14.8

0.31 ± 9.3 0.007

Primary endpoint: Δ in ntproBNP

baseline to 12 wks

Secondary endpoint: Δ in Echo parameters 

and functional class



EMPAREG trial– empagliflozin in DM

T2DM pts (n=7020) at high risk for CV outcomes, FUP 3.1 yrs

Prim EP: composite of CV death, non-fatal MI or stroke (Zinman et al. NEJM 2015;373:2117)

Sodium glucose co-transporter 2 (SGLT2)-inhibitors



Van Bommel EJ et al. Clin J Am Soc Nephrol 2017;12:700

SGLT2-inhibitors



SGLT2-inhibitors

Verma S et al. 

Diabetologia

2018;61:2108

DiureticSGLT2-I



Treatment of HFpEF



Abraham WT et al JACC 2017;70:389

Increasing filling pressures prior to HF symptoms



HFpEF – HD monitoring devices

CardioMEMS HD guided HF management improves HF hosp in HFpEF

*Hosp rate >6 mths: 46% lower; hosp rate at 18 mths: 50% lower

*More therapeutic changes in vasodilators/diuretics in HD guided group 

Adamson Circ Heart Fail 2014;7:935



Sondergaard et al. Eur J Heart Fail 2014;16:796

Interatrial shunt device to lower LA pressures



Feldman T et al. Circulation 2018;137:364

REDUCE LAP-HF I

Phase 2, multicenter RCT; HF pts(n=44; EF ≥40%), NYHA III-IV, exercise PCWP ≥25 mmHg

1:1 to IASD vs sham procedure. 

Prim EP: exercise PCWP 1 mth

Results: IASD resulted in greater reduction in exercise PCWP (p=0.028)

No peri-procedural or 1-mth MACE 



Enhance pathophysiological insight



 Age
Female

predominance

Systolic LV dysfunction

Chronotropic incompetence

Ventricular-vascular 
stiffening

Impaired systemic 
Vasodilatory reserve

RV dysfunction

Overweight/

Obesity

Diabetes mellitus

Metabolic syndrome

Anemia

Hypertension

Renal dysfunction

Pulmonary hypertensionCOPD

HFpEF

Atrial fibrillation

HFpEF – a heterogeneous disease



10 μm 10 μm 10 μm

A B C

*Neutral results HFpEF RCTs: Lack of patient stratification

→ “Improve phenotyping” and “personalized treatment”

“Early HFpEF”

“Advanced HFpEF”

“Early HFpEF” “Advanced HFpEF”

HFpEF:  Phenotypic stratification



ECV 36%

cMRI with T1 mapping and LV PV loops in HFpEF (n=24) and C (n=12)  

Rommel KP et al. JACC 2016;67:1815

T1 mapping Interstitial fibrosis

Cardiac MRI – Characterization of myocardial tissue



Duca F et al, Circ Cardiovasc Imaging 2016;e:e005277

Total HFpEF (n=117) HFpEF ECV <28.9% 
(n=58)

HFpEF ECV >28.9% 
(n=59)

P-value

Age 73.6 ± 7.8 73.6 ± 7.8 73.6 ± 7.8 0.402

Cardiac event, n (%) 34 (29.1) 11 (19.0) 23 (39.0) 0.017

ntproBNP (pg/ml) 833 (396-1892) 616 (308-1349) 1362 (582-2240) 0.001

MOLLI ECV (%) 29.3 ± 3.9 26.4 ± 1.7 32.1 ± 3.4 <0.001

HFpEF: NT-proBNP: marker of disease progression



(NT-pro)BNP correlates with worse outcome in HFpEF

I-Preserve (Zile MR et al. Cardiovasc Trans Res 2013;6:501)

TOPCAT (Anand IS et al. JACC Heart Fail 2017;5:241)

Coach (van Veldhuisen DJ et al. JACC 2013;61:1498)



Massie BM et al, NEJM 2008;359:2456

I-Preserve: Neutral prim EP (composite

all-cause mortality and CV hospitalization…

Anand et al, Circ Heart Failure 2011;4:569

…but positive in HFpEF pts

with ntproBNP < median

HFpEF: Therapeutic diversity



Pitt B et al, NEJM 2014;370:1383

Anand IS et al, JACC Heart Fail 2017;5:241

HFpEF: Therapeutic diversity - TOPCAT



HFpEF pts (n=83), without Afib or CAD, 

NYHA II-III, age 70 ± 9, BMI 31.6 ± 6.2; 

median NT-proBNP 161pg/ml

HFpEF: NT-proBNP

NT-proBNP trial entry criteria NT-proBNP (pg/ml)

RELAX > 400 pg/ml 700 (283-1553)

PARAMOUNT > 400 pg/ml 884 (521-1416)

TOPCAT >360 pg/ml 900 (557-1920)

SOCRATES-PRESERVED >300 pg/ml 1174 (433-2576)

EMPEROR-PRESERVED >300 pg/ml recruiting

PARAGON >300 pg/ml pending



Capillary rarefaction

Therapeutic stratification according to

cardiac struct/funct remodeling

Pathophysiological diversity

sGC

NO

NPR

pGC

cGMP

NPs

PKG

CM stiffness MVD and inflammation

Hypertrophy Fibrosis Impaired signaling

Therapeutic

stratification acc to

ancillary mechanisms

Clinical phenotypic diversity

Therapeutic

stratification acc to

comorbidities

Pathophysiological and phenotypic stratification



Suspicion heart failure: symptoms/signs + risk factors (age, DM, HT, obesity, sedentary lifestyle) 

Dyspnea outpt clinic; 1st consult

TTE, Ergometry, Lab, Urine , Pulmonary function, Chest X-ray

LVEF ≤ 45%? Valve dis? Regular outpatient clinic

eGFR < 60 ml/min? Nephrologist

DM de novo? Internist

Pulmonologist

LV/RV dimensions

LV/RV systolic + diastolic fx

LV strain

LV twist/untwist/torsion

LA/RA volume + fx

LV/RV 3D volumes/EF

Nt-proBNP/BNP

Pulmonary dysfx? osas? 

Elderly? Frail? Multi Rx Geriatrician

HFpEF possible

2nd consult No HFpEF Exit or regular outpt clinic Entry from 2nd line

HFpEF confirmed 

2nd outp clinic consult

Congestion/HT: diuret, RAAS-I, CCB

Metabolic abnormalities: statin

Obesity: Calory restriction

Endurance training

Comorbidity treatment

*Stratification strategy 

MRI, RHC, TTE, biomarkers 
(CV stress, inflamm, fibrosis, ED, 

neurohum, adipose)

*Grants; Reconnect, etc.

Clinical 

program 

Research 

program 

Ischemia?

yes

CPET

T1 mapping

Perfusion

CFR

LV/RV vol/fx

LA/RA vol/fx

PA:Ao ratio

Diastology

VO2

VE/CO2

3) RHC (+ exerc) 

PCWP

PAP (S,M,D)

RAP, RVP

PVR/SVR

PAC

CO

AVO2 diff

CV stress

Inflamm.

Fibrosis

Endoth dysfx

Neurohum

Adiposeno yesCAD?

no

2) Pulm 1) Stress-MRI 

CAG

+RHC Revascularize

Biomarkers 
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Trial EF (%) Sample size Drug Result

CHARM-Preserved >40 3023 Candesartan Neutral

PEP-CHF >40 850 Perindopril Neutral

DIG-PEF >45 988 Digoxin Neutral

SENIORS >35 752 Nebivolol Neutral

I-PRESERVE ≥45 4133 Irbesartan Neutral

ELANDD >45 116 Nebivolol Neutral

J-DHF >40 245 Carvedilol Neutral

ALDO-DHF ≥50 422 Spironolacton Neutral

Ex-DHF ≥50 64 Exercise Peak VO2 ↑

PARAMOUNT ≥45 300 Valsartan/sacubitril ntproBNP 

RELAX ≥50 216 Sildenafil Neutral

RELAX-AHF ≥50 300 Serelaxin Neutral

RAAM-PEF ≥50 44 Eplerenon Neutral

EDIFY ≥45 179 Ivabradine Neutral

TOPCAT ≥45 3445 Spironolactone Neutral

PARAGON-HF ≥45 4600 Valsartan/sacubitril Pending

SOCRATES-PRESERVED ≥45 477 Vericiguat Neutral

ADHERE ≥40 >50000 Registry

OPTIMIZE-HF ≥40; >50 21150 Registry

MAGGIC ≥50 10347 Registry

GWTG-HF ≥50; 40-49 40354 Registry

HFpEF pathophysiology?



Septal e’ <7,

Lateral e’ <10

Or

E/e’ (Avg) ≥ 15

LAVI > 34

Or

LVMI > 149/122 (M/F)

And

RWT > 0.42

NTproBNP >220/660 (SR/AF)

Or

BNP >80/240 (SR/PAF)

E/e’ (Avg) 9-14

Or

TR vel > 2.8 m/s

Or

GLS < 16%

LAVI > 29-34

Or

LVMI > 115/95 (M/F) 

Or RWT > 0.42

Or LVWT > 12 mm

NTproBNP >115-220 or

BNP >35-80 (SR)

Or

NTproBNP >365-660 or

BNP 105-240 (AF) 

Functional Morphological Biomarker

M
A

JO
R

M
IN

O
R

R
The new ESC HFA PEFF score (0-6)

MAJOR CRITERIA: 2 points; MINOR CRITERIA: 1 point

HFA-PEFF score:

≥ 5 points: HFpEF

2-4 points: Diastolic stress test or invasive hemodynamics

< 2 points: no HFpEF



EMPAREG trial– empagliflozin in DM

T2DM pts (n=7020) at high risk for CV outcomes, FUP 3.1 yrs

Prim EP: composite of CV death, non-fatal MI or stroke (Zinman et al. NEJM 2015;373:2117)

SGLT2-inhibitors



Immunolabeling electron microscopy

Van Heerebeek Circulation 2012;126:830; 

Franssen JACC HF 2016;4:312-324

HFpEF: Coronary microvascular endothelial oxidative stress

cMRI/adenosine: coronary flow reserve in

HFpEF (n=25; 2.21 ±0.55 ) vs HHD (n=13;

3.05±0.74 ) and C (n=18; 3.83±0.73;p<0.001)

Kato, J Am Heart Assoc 2016;5:e002649



HFpEF: Exercise induced increase in LV filling pressures

Andersen MJ, Circ Heart Fail 2015;8:41 Obokata M et al, Circulation 2017;135:825



Exercise training in HFpEF

Pearson MJ et al. Heart Fail Rev 2017;feb 23



Abraham WT et al. Lancet 2011;377:658

HFpEF – HD monitoring devices - CardioMems


