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CO JE VLASTNĚ HF-PEF?



Heart failure signs and symptoms

Shortness of breath
Orthopnea

Paroxysmal nocturnal dyspnea

Fatigue

Depression

Confusion

Palpitations
Syncopy

Lack of apetite

Leg oedema

Nycturia

Bendopnea

Abdominal distension

European Journal of Heart Failure (2016) doi:10.1002/ejhf.592



Left heart failure
All types = symptoms ± clinical signs of heart failure

HFmrEF
(heart failure with mid-range EF)

HF – REF 
(heart failure with reduced EF)

EF <40%

HF-PEF
(heart failure with preserved EF)

EF ≥ 50%
Elevation of BNP/NT-proBNP

Structural LV involvement

Signs of diastolic dysfunction

European Journal of Heart Failure (2016) doi:10.1002/ejhf.592



Zvyšující se incidence srdečního 

selhání se zachovalou EF 

(diastolického)

N Engl J Med 2006; 355; 251

• n=4596 hospitalizovaní pro srdeční selhání v jediné nemocnici v průběhu 15 let →

zvyšující se proporce nemocných se selháním a normální EF



Prevalence HF-PEF

13 komunitních studií

1997- 2006
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Medián = 52%  Průměr = 55%

Hogg K et al, 2004 and Owan T et al, 2005, Owan T, NEJM, 2006; Bursi F, JAMA, 2006





Threshold levels of BNP and NTproBNP

New-onset acute HF

NT-proBNP < 300 pg/ml

BNP < 100 pg/ml

Probability

< 2%

New-onset non-acute

NT-proBNP < 125 pg/ml

BNP  < 35 pg/ml

Probability

<10%

ESC guidelines 2012 European Heart Journal (2012) 33, 1787–1847

Valid for HF-rEF and HF-pEF
Thresholds are 

set at their best

negative 

predictive values

But used as a 

positive 

diagnostic

criterion



Predictive values of NT-pro BNP at specific cut-offs 

(Extract from NACB guidelines)

Cut-off, 

pg/mL

300 450 600 900 1000

Positive 

predictive 

value

62 % 68 % 73 % 86 % 78 %

Negative 

predictive 

value

99 % 99 % 97 % 94 % 91 %

Cut-off hodnota pro akutní SS

Januzzi JL, Richards AM, eds. An International Consensus

Statement Regarding Amino Terminal Pro-B-Type

Natriuretic Peptide Testing: The International NT-proBNP

Consensus Panel. Am J Cardiol. 2008; 101(3A).



Age dependence pf NT-pro BNP 

in acute heart failure

Age Cut-off Sensitivity, %

< 50 years < 450 pg/mL 97

50-75 years < 900 pg/mL 90

> 75 years < 1800 pg/mL 85

Januzzi JL, Richards AM, eds. An International Consensus

Statement Regarding Amino Terminal Pro-B-Type

Natriuretic Peptide Testing: The International NT-proBNP

Consensus Panel. Am J Cardiol. 2008; 101(3A).



HF-pEF + HF-mrEF Guidelines 2016 

• Structural abnormalities

– Left atrial volume index 

(LAVi) >34 mL/m2

– LV mass index (LVMi) 

• ≥115 g/m2 in men

• ≥95 g/m2 in women

• Functional abnormalities

– E/e′ ≥13 

– Septal and lateral e´<9 

cm/s

BNP >35 pg/mL and/orNT-proBNP >125 pg/mL

European Journal of Heart Failure (2016) doi:10.1002/ejhf.592





TDI - 5

Em/Am < 1 , Em < 0.08 m/sec

Normal Impaired relaxation Pseudonomal Restriction

LV filling pressures

Paleček and Linhart Cor Vasa 2009; 51(11–12):789–804.



Left atrial volume index (LAVi)

• 2 perpendicular planes

• Area length metoda

Source

General University Hospital

Prague, CZ



PASP                                                                                                      

peak TR gradient + RAP

Pulmonary pressure estimates

Limited to TRV > 2.8 m/s = PG max 31 mmHg

Nagueh et al. J Am Soc Echocardiogr 2016;29:277-314

Lancellotti et al. European Heart Journal - Cardiovascular Imaging 2017;18:961–968



How to make a diagnosis of HF-pEF /HF-mrEF

Nagueh et al. J Am Soc Echocardiogr 2016;29:277-314

Lancellotti et al. European Heart Journal - Cardiovascular Imaging 2017;18:961–968

Linhart A and Cecchi F. Int J Cardiol. 2018;257:344-350.

3)

4)



Current algorithms have a substantially better

yet not optimal performance

Euro-filling study

N = 159

sensitivity 75%, specificity 74%sensitivity 43%, specificity 75%

AUC 0.78AUC 0.68

Lancellotti et al. European Heart Journal - Cardiovascular Imaging (2017) 18, 961–968



Undetermined are really „undetermined“

Lancellotti et al. European Heart Journal - Cardiovascular Imaging (2017) 18, 961–968





European Heart Journal, Volume 40, Issue 40, 21 October 2019, Pages 3297–3317, https://doi.org/10.1093/eurheartj/ehz641

HFA-PEFF diagnostic algorithm 

https://doi.org/10.1093/eurheartj/ehz641


Why ECG ?

• Probability of HF in presence of normal ECG1

– New acute < 2%

– New non-acute <10-14%

1. Eur J Heart Fail. 2016 Aug;18(8):891-975.

2. European Heart Journal (2019) 40, 3297–3317

The most important

indication is to detect 

atrial fibrillation (AF), 

which is highly predictive

of underlying HFpEF2



Major and minor criteria for NPs

according to HFA-PEFF scoring system

Pieske et al. European Heart Journal (2019) 40, 3297–3317

SINUS RHYTHM ATRIAL FIBRILLATION

NT-proBNP

(pg/mL)

BNP

(pg/mL)

NT-proBNP

(pg/mL)

BNP 

(pg/mL)

MAJOR > 220 > 80 > 660 > 240

MINOR 125 - 220 35 - 80 375 - 660 105 - 240



n = 575, median age 42 years [IQR 34–52], 57% females



HYPERTROFIE LEVÉ KOMORY?





Suggested abnormality limits – Czech Population

POSTMONICA

Marek J et al. Cardiovasc Ultrasound 2019

European Journal of Heart Failure (2016) doi:10.1002/ejhf.592

115 g/m2 95 g/m2
149 g/m2 122 g/m2



E/E´?



TDI - 5

Em/Am < 1 , Em < 0.08 m/sec

Normal Impaired relaxation Pseudonomal Restriction

LV filling pressures

Paleček and Linhart Cor Vasa 2009; 51(11–12):789–804.



Dg. Senzitivita a specificita E/e´ k dg. zvýšených plnících tlaků

Sharifov et al. J Am Heart Assoc. 2016;5:e002530 doi: 10.1161/JAHA.115.002530

Sens. 0,24

Spec. 0,98

Sens. 0,30

Spec. 0,92

Sens. 0,37

Spec. 0,91



E/e´

1. Peiske et al. European Journal of Heart Failure (2016) doi:10.1002/ejhf.592

2. Sharifov et al. J Am Heart Assoc. 2016;5:e002530 doi: 10.1161/JAHA.115.002530

1

There is insufficient evidence to support that E/e can 

reliably estimate LVFP in preserved EF. The diagnostic

accuracy of E/e to identify/exclude elevated LVFP and 

DD/HF-pEF is limited and requires further validation in a 

well-designed prospective clinical trial.2



DILATACE LEVÉ SÍNĚ?



Left atrial volume index (LAVi)

• 2 perpendicular planes

• Area length metoda

Source

General University Hospital

Prague, CZ



LAVI – Czech Population - POSTMONICA

Marek J…. Linhart A, Cerdiovasc Ultrasound 2019, in press

Pieske et al. European Heart Journal (2019) 40, 3297–3317



PASP                                                                                                      

peak TR gradient + RAP

Pulmonary pressure estimates

Limited to TRV > 2.8 m/s = PG max 31 mmHg

Nagueh et al. J Am Soc Echocardiogr 2016;29:277-314

Lancellotti et al. European Heart Journal - Cardiovascular Imaging 2017;18:961–968



PASP > 35 mmHg discriminates HF-pEF from HTN?

sensitivity of 83% and 

a specificity of 92%.

Lam C et al. JACC Vol. 53, No. 13, 2009

Right atrial pressure, estimated 

based on echocardiographic 

characteristics of the inferior vena 

cava and assigned a

standardized value, was then 

added to the calculated gradient 

to give PASP.



Yock P., et al, Circulation 1984,70: 657

62 pts explored by RHC, echo and RHC within 24 hours

RAP ~ (JVP + 5cm )/1.3 (mmHg)



Fisher MC., et al, Am J Resp Crit Care Med 2009,179: 615

65 pts with different PAH types, PAMP 41 ± 15 mmHg,                                                  

Echo and Cath within 1 hour

(Johns Hopkins University, Baltimore, Maryland)

95% confidence int:

+ 39 mmHg  - 40 mmHg

r = 0.66

Accuracy of Doppler Echo in the

Hemodynamic Assessment of PH



Cath vs Echo data 
n= 72, RHC – ECHO < 7 days
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r = 0.66, p < 0.001

(P. Poláček, P. Jansa – data on file) 



20 40 60 80 100 120 140

80

60

40

20

0

-20

-40

-60

-80

AVERAGE of PASP cath and PASP echo

P
A

S
P

 c
a
th

 -
 P

A
S

P
 e

c
h
o

Mean

-1,4

-1.96 SD

-40,0

+1.96 SD

37,2

Cath vs Echo data 
n= 72, RHC – ECHO < 7 days

(P. Poláček, P. Jansa – data on 

file) 



GLOBÁLNÍ LONGITUDINÁLNÍ STRAIN?



Je přítomna systolická dysfunkce u HFpEF? 

Kraigher-Krainer E et al. Impaired systolic function by strain imaging in heart failure with preserved ejection fraction

J Am Coll Cardiol. 2014 Feb 11;63(5):447-56 - studie PARAMOUNT (LCZ 696 vs. valsartan)

Systole Diastole



GLS in amyloid Apical sparing phenomenon

• Cases and imaging: General University Hospital

Prague

Cases and images: General University Hospital Prague, CZ

GLS < 16 = 1 point
Pieske et al. European Heart Journal (2019) 40, 3297–3317



GLS in HF-pEF

Morris DA, et al. Open Heart 

2017;4:e000630. doi:10.1136/openhrt-

2017-000630



VÝPOČET HFA-PEFF SKORE?



Calculation of HFA-PEFF score

Pieske et al. European Heart Journal (2019) 40, 3297–3317



ROZHODNUTÍ PŘINÁŠÍ PSK?



Exercise induced LVEDP increase for unmasking HF-pEF

55 subjects with exercise-induced dyspnea, 

PAPM < 25 mmHg and PAWP < 15 mmHg at rest

Exercise rise in PAWP > 25 mmHg = HF-pEF

Borlaug BA et al. Circulation: Heart Failure. 2010;3:588-595



Exercise induced LVEDP increase for

unmasking HF-pEF

Borlaug BA et al. Circulation: Heart Failure. 2010;3:588-595

Exercise PAWP > 25 mmHg Exercise PAWP > 15 mmHg



Re-classification of PH after fluid 

challenge?
• 7 ml/kg/10 min infusion

• cut-off PCWP 18 mmHg

D´Alto Chest. 2017 Jan;151(1):119-126. 

No PH PAH PH – LHD



PAWP measurement method matters

Rosenkrantz et al. European Heart Journal (2016) 37, 942–954



Pieske et al. European Heart Journal (2019) 40, 3297–3317



Pieske et al. European Heart Journal (2019) 40, 3297–3317



JAK MŮŽE NEMOCNÝ S HF-PEF 

VYPADAT?



Hypertrofie LK

Zachovalá EF

LVMi = 165 g /m2

EF = 67%

Zdrojová data: VFN Praha



E = 0,57

E´= 0,03

E/E´= 19

EDP=11.96 + 0.596 · E/E´ = 23 mmHg

 TDI =(14.7-100.E´)/0.15 = 78 ms

Porucha plnění levé komory

Zdrojová data: VFN Praha



Restriktivní idiopatická kardiomyopatie

Cases and images: General University Hospital Prague, CZ



Porucha plnění levé komory

Zdrojová data: VFN Praha



Restrictive

cardiomyopathy

Imaging: General University Hospital, 

Prague, CZ



Apical sparing phenomenon

• Cases and imaging: General University Hospital

Prague

Cases and images: General University Hospital Prague, CZ

GLS < 16 = 1 point
Pieske et al. European Heart Journal (2019) 40, 3297–3317



Diffuse LVH

Linhart A, et al. Am Heart J 2000Cases and imaging source: General University Hospital, Prague, CZ



Fibrilace síní a HF-pEF

Cases and images: General University Hospital Prague, CZ



HF-pEF – heterogenní syndrom

Eur Heart J. 2014;35:2797-815.

Srdeční 

selhání se 

zachovalou 

EF

Arteriální 

hypertenze

Diabetická 

kardiomyopatie

Zvýšená 

tepenná tuhost
(ventriulo-arteriální 

uncoupling)

Amyloidóza

Konstriktivní 

kardiomyopatie

ICHS

Kardiotoxická

léčba

Renální selhání



Rozdíly v příčinách úmrtí u 

nemocných s HF-PEF a HF-REF2

Příčiny úmrtí I-Preserve*1 HF-REF

Náhlá srdeční smrt 26 28

Srdeční selhání 14 45

IM 5 6

CMP 9 5

Nekardiovaskulární 30 15

1) Massie et al. N Engl J Med. 

2008;359:2456-67

2) Zile et al. Circulation. 

*I-preserve = 4128 nemocných s EF > 45%, NYHA II-IV 



Závěr

• Nemocní s HF-pEF nepochybně existují

• U řady nemocných je ale dg. pochybná

• Kritéria navržená HFA zahrnují i normální nálezy jako 

známky HF-pEF

• Echo a BNP kritéria umožnila zařazení nemocných bez 

srdečního selhání do řady studií

• Nemocní s HF-pEF mají řadu specifických dg. (amyloidóza)

• Četné komorbidity činí léčbu nemocných problematickou


