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Heart failure
Heart failure is a syndrome caused by abnormalities in cardiac structure or 

function, that result in either reduced cardiac output or elevated intracardiac 

pressures. These lead to symptoms such as shortness of breath, decreased 

exercise tolerance and fatigue. Additionally, physical signs such as pulmonary 

crackles or peripheral edema may be present. The diagnosis of heart failure is 

suspected based on symptoms, history and physical examination. Subsequently, 

cardiac imaging is used to confirm the diagnosis. Echocardiography is considered 

the method of first choice according to the current ESC guidelines on diagnosis 

and treatment of heart failure. Echocardiographically determined left ventricular 

ejection fraction (LVEF) is used to categorize patients as having a reduced, mid-

range or preserved ejection fraction (HFrEF, HFmrEF and HFpEF, respectively). 

In addition to ejection fraction, there needs to be evidence of relevant structural 

heart disease or diastolic dysfunction to diagnose HFmrEF or HFpEF.

Ejection fraction
LVEF is the ratio between the volume of the left ventricle at end diastole versus the 

volume at end systole. One of the first descriptions of this relationship between 

heart volume and stroke volume in the medical literature was made in 1933 by 

the Swedish physiologist Nylin.1 The term ‘ejection fraction’ was first coined in 

1965, following the introduction of biplane angiocardiography to measure left 

heart volumes.2 LVEF could also be established using radio nucleotide methods. 

Measurement of LVEF by echocardiography became more widespread from 

~1980 onward.3 However, LVEF became one of the most important parameters 

in heart failure only when it was used as an inclusion criterion in landmark 

clinical trials. The CONSENSUS trial of enalapril (1987) required a radiologically 

enlarged heart, but no measurements of myocardial function were required for 

inclusion.4 The SOLVD trial (1991) required patients to have had a LV ejection 

fraction measurement ≤35% within the preceding 3 months to be eligible for 

the trial.5 Ejection fraction was measured using radionuclide techniques in 

68% of patients, with contrast angiography for 11% of patients, and with 2D 

echocardiography (using either the area-length method or Simpson’s biplane) 

for 21% of patients. Since then, major drug and device trials in heart failure used 

ejection fraction as in inclusion criterion (Table 1).
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Table 1. List of heart failure drug and device trials with EF cut-offs.

Year Trial Treatment EF cutoff NYHA class N Effect

1992 SOLVD enalapril ≤35% I-II 4228 Positive

1997 DIG digoxin ≤45% I-IV 3397 Neutral

1999 RALES spironolactone ≤35% III-IV 1663 Positive

1999 MERIT-HF metoprolol ≤40% II-IV 3991 Positive

2001 ValHeFT valsartan ≤40% II-IV 5010 Positive

2001 CIBIS-II bisoprolol ≤35% III-IV 2647 Positive

2002 COPERNICUS carvedilol ≤25% I-IV 2289 Positive

2003 CHARM candesartan ≤40% II-IV 4576 Positive

2003 COMET carvedilol ≤35% II-IV 3029 Positive

2004 CHARM-P candesartan ≥40% II-IV Neutral

2005 SCD-HeFT CRT ≤35% II-III 2521 Positive

2006 DIG-PEF digoxin ≥45% I-IV 988 Neutral

2007 SENIORS nebivolol ≥35% I-IV 752 Positive

2009 SHIFT ivabradine ≤35% II-IV 6558 Positive

2009 MADIT-CRT CRT ≤30% I-II 1820 Positive

2011 EMPHASIS-HF eplerenone ≤35% II-IV 2737 Positive

2012 I-PRESERVE irbesartan ≥45% II-IV 4128 Neutral

2013 RELAX sildenafil ≥50% II-IV 216 Neutral

2014 TOPCAT spironolactone ≥45% I-IV 3445 Neutral

2014 PARADIGM sacubitril/valsartan ≤40% II-IV 8442 Positive

2019 PARAGON sacubitril/valsartan ≥45% II-IV 4822 Neutral

2019 DAPA-HF dapagliflozin ≤40% II-IV 4744 Positive

2020 VICTORIA Vericiguat <45% II-IV 5050 Positive
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Heart failure with normal ejection fraction
Soon after the widespread adoption of echocardiography in heart failure, it was 

recognized that not all heart failure patients had a reduced ejection fraction.6 

Moreover, essential heart failure treatments that are effective in HFrEF could not 

be proven to be work in heart failure patients with preserved ejection fraction. 

This led to the question how this patient category could best be defined. Various 

diagnostic schemes, most including a combination of echoparameters of 

diastolic function, were proposed.7,8 However, to date, there still is no proven 

treatment for HFpEF.

Aims
The aims of this thesis are:

1. To study the clinical characteristics of patients with HFmrEF, identifying 

similarities and differences with patients with HFrEF and HFpEF

2. To explore the clinical value and diagnostic application of additional 

echocardiographic parameters, other than LVEF, in particular in patients with 

HFpEF and HFmrEF.

In chapter 2 we discuss advantages and disadvantages of the use of left 

ventricular ejection fraction as major criterion in heart failure, and touch upon 

potential complementary parameters. In chapter 3 we created an overview 

of the research on mid-range ejection fraction that was published one year 

after the introduction of the new ESC heart failure guidelines. In chapter 4 we 

systematically searched for all published literature regarding the performance of 

common diastolic parameters recommended to diagnose diastolic dysfunction 

for the diagnosis of HFpEF. In chapter 5, we describe differences that exist 

between concentric and eccentric remodeling in patients with heart failure with 

reduced ejection fraction. Finally, in chapter 6, we investigate determinants of 

improvement of ejection fraction in new-onset heart failure patients, including 

the effects of uptitration of guideline-recommended medical therapy.
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