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Introduction
Objective quantification of left ventricular function by means of speckle tracking
was pioneered by the GE Healthcare 2004 release of the 2D Strain tool with the
EchoPAC™ software solution. Later, this technology has matured and steadily
gained clinical acceptance. Since 2006, speckle tracking strain quantification has
been available on all GE Vivid scanners by the Automated Function Imaging (AFI)
package.

Introduction

Whereas most focus has been on the left ventricle, there has been an increased
interest in quantification of the left atrium (LA) for a variety of diseases such as heart
failure, atrial fibrillation or heart valve diseases. Quantitative measurements have
been focusing on volumes and strain parameters. In 2018, the EACVI/ASE Industry
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Task Force published a consensus paper on how to perform deformation imaging of
the left atrium using speckle tracking echocardiography (STE) in 2D images [1]. The
same year GE Healthcare launched its 4D Auto LAQ tool for quantification of left
atrial volumes and strains using 3D Data.
Now GE Healthcare is adding support for the left atrium to the AFI package, bringing
clinically accepted speckle tracking technology to 2D left atrium assessment using a
familiar workflow. The extension supports the common left atrial strain parameters

2.1. Interobserver variability

as recommended by the standardization committee. The most common volumetric
parameters are also available

2.2. Agreement
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Method

The following LA volume measurements are available, both as single plane and
biplane measurements:
• Emptying fraction and volume

AFI on the left atrium (AFI LA) uses speckle tracking technology to quantify left atrial
function. It is founded on the same core speckle tracking algorithm as AFI on the left
ventricle, but with necessary adaptions to handle the thin wall in IVS and influence
of pulmonary veins and the left atrial appendage (LAA) orifice.
AFI LA is intended to be used with the LA focused apical 4 chamber view, with
an option to also include the apical 2 chamber view. LA focusing is strongly
recommended to avoid foreshortening of the chamber. This is according to the task
force recommendations [1].
The user is defining a region of interest (ROI) to capture the left atrial myocardium,
extrapolating across any pulmonary veins or LAA orifice. AFI LA uses a 3-Click ROI
initialization procedure where the user defines two landmarks at the endocardial
border on both sides of the mitral annulus and one landmark in the atrial roof. Based
on the user input, the system provides a ROI that can also be manually edited as
required.
AFI LA will then proceed to track image speckles inside the ROI with time, in order
to extract information about atrial global deformation (longitudinal strain) and
volumes.

• Minimum and maximum left atrial volumes
• Pre-atrial contraction (PreA) volume, the volume at the onset of atrial contraction
The biplane volumes are calculated by the biplane Simpson summation of discs
method.

1. Workflow (Note: not available in TEE)
AFI LA is typically started using a LA focused 4-chamber 2D data set acquired with a
transthoracic cardiac probe. To ensure correct speckle tracking, the frame rate must
be 40 frames per second or higher. A higher frame rate is recommended for higher
heart rates.
The workflow is similar to that of AFI LV, with the exception of AFI LA being a twoview workflow as the apical long-axis view is not used.
The first tool stage is the Select View stage, see fig. 2.

By default, the system will provide strain measurements where zero strain is defined
at the R-wave of the ECG (left ventricular end-diastole). An option to set the zerostrain reference as the P-wave (onset of LA contraction) is also available.

Fig. 2:
The AFI LA
Select View stage.

AFI LA reports the following strain parameters:
• R-wave and P-wave referenced left atrium strain values at reservoir phase
for each view. Defined as the difference of strain values at end and onset of
the reservoir phase
• R-wave and P-wave referenced left atrium strain values at conduit phase
for each view. Defined as the difference of strain values at end and onset
of the conduit phase
• R-wave and P-wave referenced left atrium strain values at contractile phase
for each view. Defined as the difference of strain values at end and onset
of the contractile phase.

Fig. 1:
LA physiologic phases
In this stage the active cycle in a multicycle recording and/or adjustments to the
end-diastole (ED) definitions can be changed by clicking and dragging the yellow
bars on the ECG in order to get a complete ED-ED cycle. By default, the system
uses the R-wave markers to define the cardiac cycle. To proceed to the next step
in the workflow, the view as either a 4-chamber or a 2-chamber view needs to be
annotated.
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The next stage is the Define ROI stage (fig. 3) , where the ROI definition is
performed using a 3-Click procedure.

Once satisfied with the ROI placement either click the Process button or wait for
the autocomplete timer in order to proceed to the Results stage, see figure 5.

Fig. 3:
The AFI LA
Define ROI stage

Fig. 5:
The AFI LA
Results stage.

After the 3 points have been defined according to the guiding pictogram, a system
defined ROI is displayed (fig. 4). This can be edited in a similar fashion as for left
ventricle AFI:
• First, edit the endocardial contour as required.
This moves both the endocardial and epicardial borders
• Second, edit the epicardial contour to accommodate local wall
thickness variations

In this stage review the AFI LA tracking quality and results. In some cases, it can be
difficult to assess the tracking quality. To facilitate, the overlay color can be turned
off by pressing the Color button or the Single layout may be used to get a better
visualization of the tracking point mesh.
The onset of atrial contraction (the PreA event) is automatically detected. If the
detected PreA time is inaccurate, it can be edited by either:
• Click and drag the green PreA bar on the ECG curve
• Stop the playback, navigate to the PreA frame and click the Set PreA button
To make inspection easier, it is possible to click a strain measurement in the
Measurements table to get highlighting of how the measurement relates to the
strain curve. This is illustrated in Figure 6 for the conduit strain measurement.

Fig. 4:
System generated ROI

Fig. 6:
Illustration of the
highlighted measurement
indicating how the
measurement relates to
the strain curve (here the
conduit strain)
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To change the zero-strain reference to the onset of atrial contraction, click the
P-wave button. This will cause a shift in the strain curve and update the numbers
accordingly.
If the results are not satisfactory, return to the Define ROI stage at any time by
navigating the stage menu or by clicking the Reprocess button.
To verify the volume measurements, enter the EF layout (Figure 7). The ROI traces
defining the volumes may be user edited if required, as well as the frame for which
the maximum and minimum volumes occurs

• The AFI LA emptying fraction (LA EF) was compared to a manual analysis, using
the Volume Biplane tool already on the system.
The experiments were performed on LA focused apical four- and two-chamber
loops from 20 different randomly selected patients from different hospitals. Three
clinical expert observers performed the measurements to assess interobserver
variability.

2.1. Interobserver variability
The intraclass correlation coefficient was calculated for both manual
measurements and AFI LA measurements. The results are presented in Table 1.

Fig. 7:
The AFI LA Emptying
Fraction (EF) layout

Parameter

Table 1:
Intraclass correlation
coefficient and
interpretations as in
Cicchetti [2]

Measurement Method

S_R
LA EF

Caliper/Biplane Volume

AFI LA

0.71 (good)

0.92 (excellent)

0.88 (excellent)

0.88 (excellent)

The interobserver variability was also assessed by paired comparison between the
observers. The results are presented in Table 2
Observer 1 vs Observer 2

To approve the results:
• Press Approve and Select Next or select a 2-chamber loop
from the clipboard to proceed with a biplane analysis
• Press Approve and Exit to store the 4-chamber analysis only and exit the tool.
This will generate a result file and move the measurements to the Worksheet.
This file can be recalled in a Raw DICOM dataset and reprocessed by starting
AFI LA again
After pressing Approve and Select Next, to complete a biplane analysis, the
workflow must be repeated again from the Select View stage using a 2-chamber
loop.
Finally, after the complete biplane analysis, press Approve and Exit to transfer the
measurements to the Worksheet and store a result file.

2. Validation
AFI LA is founded on the well-known and clinically accepted AFI LV framework. To
validate the adaptions made to handle the thin walls and signal dropouts frequently
encountered in the left atrium, the following experiments were performed:
• The R-wave referenced Reservoir strain (S_R) parameter was compared to relative
left atrial wall shortening by using the caliper tool on the scanner. The wall length
(base-roof-base) was measured in ED and ES, and the manual reservoir strain was
found as
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Diff. (mean
+/- stdev)

Correlation

S_R
(Caliper)
S_R
(AFI LA)

Observer 1 vs Observer 3
Correlation

Coefficient

Diff. (mean
+/- stdev)

-1.2 +/- 6.3 pp

0.94

3.0 +/- 9.3 pp

0.72

4.2 +/- 13.2
pp

0.63

0.2 +/- 2.0 pp

0.98

4.0 +/- 5.1 pp

0.91

3.8 +/- 4.2 pp

0.94

-0.8 +/- 6.3 pp

0.95

-1.9 +/- 9.1 pp

0.90

-1.1 +/ 10.4
pp

0.85

1.0 +/- 5.1 pp

0.94

5.0 +/- 7.4 pp

0.87

4.0 +/- 6.3 cm

0.91

Coefficient

LA EF
(Biplane
Volume)
LA EF
(AFI LA)

Observer 2 vs Observer 3
Correlation

Diff. (mean
+/- stdev)

Coefficient

Table 2: Pair-wise interobserver variability by mean, standard deviation and
correlation coefficient
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2.2. Agreement
To assess the agreement between semi-automated and manual measurements,
the median measurement values for the three observers were compared for
Caliper and AFI LA measurements. The results are presented in Table 3.
Table 3:
Agreement between
caliper and AFI RV
measurements

Parameter

Measurement Method
Caliper – AFI RV

Correlation

(mean +/- stdev)

coefficient

S_R

-1.0 +/- 8.6 pp

0.76

LA EF

6.1 +/- 7.3 pp

0.91
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Assessment (1994). 6 (4): 284–290

A good correlation between the manual and semi-automatic measurements is
observed in these experiments, and the differences between manual and semiautomatic measurements are at par or smaller than the differences between the
observers performing manual measurements.

Conclusion
Reproducible quantitative analysis of the left atrium (LA) for a variety of
diseases such as heart failure, atrial fibrillation or heart valve diseases is an
important clinical need.
In conclusion of the here referenced experiments using a semiautomatic tool
such as AFI LA clearly improves the interobserver variability of the reservoir
strain measurement. For LA EF there was no significant improvement when
compared to the Biplane Volume tool.

8

AFI LA - Automated Function Imaging (AFI) of the left atrium
GE Healthcare

©2021 General Electric Company. All rights reserved.
GE, the GE Monogram, and Vivid are trademarks of General Electric Company. GE Healthcare, a
division of General Electric Company. Third part trademarks are the property of their respective
owners. JB17692XX

