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Introduction:
EF in Heart Failure



Measurement of LV Systolic Function

• Measures of LV systolic function:
• Fractional shortening (FS)
• Ejection fraction (LV EF)
• Stroke volume (SV) 
• dP/dT
• LV-GLS
• LV Myocardial Work

Ejection Fraction is the mostly used

•Role of LV EF
• Diagnosis

• Treatment decision

• Device therapy

• Prognosis

Accurate EF measurement 
is very important



Critical Role of LV EF - Diagnosis

ESC Guidelines Heart Failure 2016

PPCM. JACC State-of-the-Art Review 2020



Critical Role of LV EF - Treatment

ESC Guidelines Valvular Heart Disease 2017



Critical Role of LV EF – Device Therapy



Critical Role of LV EF – Prognosis

Framingham Heart Study



EF - Limitations

Oben Baysan, İlke Zehra Akyıldız. HVT Journal. 2019



Despite its limitations: 
EF is still the King



Assessment of EF 
Trajectory is very 
important



HF with Supranormal (sn) EF

Supranormal EF is not 
benign condition!



Best Practice of Serial EF Measurement

• Strict consistency in: 
• Imaging modality 

• Vendor

• Technique

• Patient hemodynamics

• To ensure accurate detection 
of true clinical changes versus 
measurement variability

Modality: Echo → Echo

Technique: 
Biplane → Biplane

3D → 3D 

Same vendor and machine type?

Ensure similar hemodynamics 
conditions (attention to 
loading condition, use of 

inotropics, IABP etc.)



Measurement of EF



Measurement of EF



Eyeball EF

• Not pure approximate  
based on previous 
experience

• There is also “rules” 
that should be met



Methods for EF Measurements – M-mode & Biplane 

M-mode EF: Quantitative, fast, 
Cons: geometrical assumptions, not reliable, not 
recommended by current guidelines

Biplane EF: recommended and most feasible
Cons: Apex frequently foreshortened, Endocardial 
dropout, Blind to shape distortions not visualized 
in the apical two- and four-chamber planes

Copyright © 2020, StatPearls Publishing LLC.



Biplane EF: Step-by-Step

Step 1: Optimize Your Images
• Ensure no foreshortening: Make sure the left 

ventricular (LV) apex is perfectly centered at the top 
of the sector and the image reveals the true, 
longest dimension of the ventricle. 
• Focus the field: Narrow the sector width to display 

only the LV, the mitral valve, and roughly a third of 
the left atrium. This will improve frame rate and 
spatial resolution



Biplane EF: Step-by-Step

Step 2: Measure the Apical 4-Chamber (AP4) View

• End-Diastole (Max Volume): Freeze the clip at the frame where the LV cavity is at 
its largest (usually right after the QRS complex, just before the mitral valve 
opens). 

• Trace the Endocardium: Trace the inner border of the myocardium. Exclude 
papillary muscles and trabeculations, as they are part of the cavity itself, not the 
wall. 

• End-Systole (Min Volume): Scroll to the frame where the LV cavity is at its smallest 
(when the ventricle is fully contracted). Repeat the exact same endocardial trace



Biplane EF: Step-by-Step

Step 3: Measure the Apical 2-Chamber (AP2) View
• Rotate the ultrasound probe 90 degrees to obtain the AP2 view. 

• Repeat the process from Step 2, taking an endocardial trace at 
both end-diastole and end-systole.

• Again, trace from one side of the mitral annulus to the other, 
making a straight line at the mitral plane.

Step 4: Calculate the Ejection Fraction
• The ultrasound system's software will use the summation of disks 

algorithm to estimate the End-Diastolic Volume (EDV) and End-
Systolic Volume (ESV) from the AP4 and AP2 planes



Biplane EF: Step-by-Step



Common Pitfalls



Common Pitfalls



M-mode EF

Biplane EF

2015 ASE/EAE Guidelines on Chamber quantification

Limitations



Methods for EF Measurements - 3D/4D

2015 ASE Recommendations on Cardiac Chamber Quantification

In patients with good image quality, 3DE-
based EF measurements are accurate and 
reproducible and should be used when 
available and feasible

No geometrical assumption, unaffected by
foreshortening, more accurate and
reproducible compared to other imaging 
modalities



EF is still the King of LV systolic function..
But we should keep Improving

Strain and Myocardial Work



Accurate measurement 
of LV systolic function 

Diagnosis

Therapeutic strategies

Prognostic marker

Contemporary 
methods for of LV 
systolic function

Ejection fraction and GLS 

Myocardial Work



LV Systolic Function Evaluation

• Ejection fraction by Teich, Simpson biplane and 3D
• Prognostic parameter in numerous studies 

• Volume based measurement, interobserver variability, load dependent

• Do not reflect myocardial work or oxygen demand

• Global Longitudinal Strain
• May evaluate subtle myocardial dysfunction

• Less angle-and operator-dependent method

• Increasing the afterload may decrease GLS 

• Variations in afterload and blood pressure can affect strain

• Do not reflect myocardial work or oxygen demand



Thomas et al. JASE. 2025



LV Strain



Smiseth et al. JACC CV Imaging 2024.



Myocardial Work



LV Systolic Function Evaluation

Pressure-Volume Loop

• Reflects the myocardial oxygen 
consumption and eventually the 
LV performance

• Measured with invasive methods 
→ lack of use of this method in 
routine clinical practice



Myocardial Work (MW)

• Myocardial work = LV pressure 
applied over strain

• Measures the LV pressure–strain 
relationship through a noninvasive 
method

• Incorporates both LV afterload and 
deformation

• Does not calculate the actual LV work 
but is a valid approximation of it.

• Less load-dependent
LV Pressure Strain



Myocardial Work (MW)

• Russel et al. were the first to develop this tool to assess segmental 
and global myocardial work

• LV pressure–volume loop correlated well with the pressure–strain 
loop (PSL) in various cardiac pathologies

• PSL also correlated with segmental glucose metabolism
measured by FDG-PET



Pressure - Strain Loop (PSL)
Global work index (GWI) represents 

the area of the loop from mitral valve 

closure (MVC) to mitral valve 

opening (MVO). 

Global constructive work 

(GCW) reflects the work 

that contributes to pump 

from aortic valve 

opening (AVO) to MVO

• shortening of

the myocytes during 

systole 

• lengthening during

isovolumic relaxation

Global wasted 

work (GWW) 

represents the 

work that does 

not contribute to 

ejection:

- elongation of

myocytes 

during systole 

- shortening 

against a

closed AV

GWI

GCW

Global work efficiency = Fraction of GCW to GCW + GWW



Take Home Messages

• EF remains the cornerstone of LV systolic assessment, despite its 
known limitations.

• Guideline-directed EF measurement is essential to ensure accurate, 
high-quality clinical decisions.

• Advanced modalities (e.g., global longitudinal strain, myocardial 
work) offer valuable incremental value in specific clinical scenarios
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