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Artificial Intelligence
in Echocardiography

Stephanie A. Coulter, MD'; Karla Campos, MD'

TCenter for Women's Heart and Vascular Health, Texas Heart Institute, Houston, Texas

Artificial intelligence in diagnostic cardiac-imaging platforms is advancing rapidly. In particu-
lar, artificial intelligence algorithms have increased the efficiency and accuracy of echocar-
diographic cardiovascular imaging, resulting in more complex echocardiographic imaging
techniques and expanded use among noncardiologists. Here, we provide an overview of real-
world applications of artificial intelligence in echocardiography including automatic high-
quality computer-optimized image acquisition sequences, automated measurements, and
algorithms for the rapid and accurate interpretation of cardiac physiology. These advances
will not replace physicians but will improve their productivity, workflow, and diagnostic per-
formance. (Tex Heart Inst J 2022:49(2):e217671)

he development and implementation of artificial intelligence (Al) in medi-

cine—specifically in diagnostic cardiac-imaging platforms—are advancing

rapidly. In particular, ultrasound-equipment companies are driving Al re-
search and development, which has led to the incorporation of Al into daily clinical
practice with real-world clinical applications. As a result, echocardiographic cardio-
vascular imaging is becoming more complex, while its use among noncardiologists
is expanding. Real-world applications of Al in echocardiography include automatic
high-quality computer-optimized image acquisition sequences, automated measure-
ments, and algorithms for the rapid and accurate interpretation of cardiac physiology.
Artificial intelligence algorithms can increase efficiency and accuracy in echocardiog-
raphy by reducing human variability.'

Artificial Intelligence in Cardiac Imaging

Image Optimization and Acquisition

In cardiac imaging, image optimization is the foundation for all higher-order Al al-
gorithms. Currently, echocardiographic images are optimized manually with image
quality that depends on the skill level of the cardiac sonographer. Image optimization
and acquisition performed by a computer algorithm instead of a sonographer enable
the delineation of cardiac structures by using an automated recognition sequence with
prespecified rules, algorithms, or instructions. The use of Al algorithms to optimize
image quality reduces sonographic scanning time, eliminates artifacts, decreases in-
terobserver and intraobserver variability, and improves diagnostic accuracy.>®

Segmentation

In echocardiographic interpretation, the next essential step is the classification of stan-
dardized transthoracic echocardiographic views. Madani and colleagues* used a train-
ing set of 247 real-world echocardiograms with 200,000 images acquired for clinical
purposes to derive a single vendor-agnostic deep-learning model. They used this model
to correctly classify 15 major transthoracic views with 98% accuracy, which exceeded
that of board-certified echocardiographers given the same task.

Measurements

Automated measurement protocols for 2-dimensional (2D) and 3-dimensional (3D)
echocardiographic datasets are commercially available and are currently used by
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multiple vendors. Automated measurement packages
help to standardize reproducibility by reducing human
error. Traditional 2D echocardiographic determina-
tion of ejection fraction (EF) by the manual tracing
of endocardial borders is both time-consuming and
operator-dependent. Furthermore, visual assessment of
EF by expert readers is subjective. Automated border-
detection algorithms combined with the identifica-
tion of end-systolic and end-diastolic frames from the
electrocardiogram facilitate the measurement of cardi-
ac-chamber dimensions and volumes, stroke volume,
EF, and wall thickness. Machine learning—assisted,
3D automated assessment of left ventricular (LV) and
right ventricular volumes and EF is feasible, with the
advantage of one-minute acquisitions and the limited
need for manually editing endocardial borders (Fig. 1).
Two training and validation studies have demonstrated
the accuracy of automatic cine-derived LVEF, with cor-
relation at or better than 90% when compared with
that of conventional volume-derived EF determined by
clinical readers.*” The accuracy of EF determined by
echocardiographically derived automated measurement
is now more consistent with the reference standard of
EF determined by using cardiac magnetic resonance
(CMR) imaging.*** In its recent guidelines,’ the Ameri-
can Society of Echocardiography has recommended
the expanded use of 3D echocardiography to quantify
ventricular cavity volumes. The incorporation of A for
3D echocardiography into clinical practice may be an
important step that decreases the need for CMR imag-
ing, which is not readily available outside of most large
tertiary medical centers.

Global Longitudinal Strain

Fully automated measurement of 2D LV global longitu-
dinal strain (GLS) is a widely used application of Al in
echocardiography.*"" Automated EF with simultaneous
2D LV GLS can be assessed rapidly (i.e., in 8 seconds)
with high feasibility (98%) and accuracy by using Al to
automatically identify and classify standard views, trace
the myocardium for motion estimation, and evaluate
GLS in patients with acute myocardial infarction or
heart failure (Fig. 1).

Disease Detection

The ability of a computer to recognize a captured image
and categorize it (e.g., 2D, 3D, Doppler) according to
clinical utility enables the use of algorithms for disease
detection. Algorithms derived to incorporate Doppler
measurements with 2D or 3D measurements can facili-
tate the analysis of diastolic function, the classification
of heart failure, and the evaluation of valvular lesions
(stenosis or regurgitation). Algorithms for detecting
disease-specific echocardiographic patterns in hyper-
trophic cardiomyopathy, amyloidosis, or pulmonary
hypertension have been identified; and their diagnostic
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Fig. 1 Three-dimensional echocardiograms, acquired with use
of the GE Vivid T9 Ultra Edlition System, show A) left and B) right
ventricular volumes and ejection fraction.

Supplemental motion images are available for Figures 1A and 15.

accuracy is comparable with that obtained by expert
clinical readers.” Furthermore, algorithms are being
developed to determine automatically the severity of
valvular disease. Moghaddasi and Nourian® used a
machine-learning Al technique to grade mitral valve
regurgitation by severity among 139 patients; they re-
ported 99.5% accuracy for identifying a normal mitral
valve and 99.38%, 99.31%, and 99.59% accuracy for
identifying mild, moderate, and severe mitral regurgi-
tation, respectively (overall sensitivity, 99.38%; speci-
ficity, 99.63%). Playford and colleagues' compared
the accuracy of the traditional continuity equation
with that of an AT algorithm used to identify severe
high-gradient aortic stenosis, by using phenotypic
characteristics to assist in the diagnosis of aortic ste-
nosis without reference to LV outflow tract (LVOT)

Artificial Intelligence in Echocardiography  2/5

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-04


https://doi.org/10.14503/THIJ-21-7671.s1
https://doi.org/10.14503/THIJ-21-7671.s2

dimension or velocity. The Al algorithm correctly
graded the severity of aortic stenosis in 95.3% of pa-
tients with varying degrees of LV systolic function and
stroke volumes, whereas the continuity equation cor-
rectly graded the severity in 73.9%. The phenotypic Al
algorithm was also a significant predictor of long-term
mortality, even after adjustment for transaortic gradi-
ents and stroke volume index."

Periprocedural Assessment

Artificial intelligence has also been implemented to as-
sess the suitability of the aortic annulus in patients who
are undergoing transcatheter aortic valve replacement.
In a single-center study of 47 patients,” periprocedural
aortic annular measurements obtained by using Al
software were compared with those acquired by using
traditional 2D transesophageal echocardiography or
cardiac computed tomography. Measurements made by
Al software correlated well with cardiac computed to-
mographic data and performed better than transesoph-
ageal echocardiographic measurements did (r=0.84;
P<0.0001)."

Vendor-specific Al protocols are available that can be
used to evaluate the anatomy of the mitral valve and
perform automated measurements that are useful for
periprocedural mitral clip assessment.” These algo-
rithms emphasize precise sizing and real-time imaging
guidance (Fig. 2).

Workflow in the Echocardiography
Laboratory

With the use of Al the sequence in which echocar-
diograms are interpreted will change. Currently, the
physician performs conventional echocardiographic
interpretation after the sonographer performs a stan-
dardized image-acquisition protocol that includes
parasternal imaging and apical, subcostal, suprasternal,
off-axis, and nonimaging Doppler. The interpreter must
integrate nonconsecutive 2D, 3D, and Doppler images
in order to make accurate assessments of wall motion,
systolic and diastolic function, valvular stenosis, and
regurgitation. With advances in Al, image-acquisition
protocols will group relevant images according to clini-
cal relevance. For example, an LV-wall motion assess-
ment query would display all cine images of the LV
serially. Alternatively, a query for aortic valve stenosis
would display the 2D or 3D LVOT images and jux-
tapose these with the pulse-wave stroke volume trans-
valvular Doppler tracings and the peak aortic valve
transvalvular Doppler images. Advances in image in-
terpretation will also facilitate the calculation of aortic
stenosis severity, with accurate consideration of stroke
volume index (assessed by using both LVOT Doppler
and Simpson’s volumetric calculation) and LV function
(assessed by using 3D volume, perhaps with consider-
ation of LV GLS).**
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Fig. 2 Three-dimensional echocardiograms, acquired with use of
the GE Vivid T9 Ultra Ediition System, show the mitral valve before
mitral valve clip placement. A) The system’s artificial intelligence
program automatically labels the mitral leaflet segments during
systole, then B) planimetrically calculates the mitral valve area
during dliastole.

Supplemental motion image is available for Figure 2.

Notably, AI will make comparisons with images from
prior studies automated and less time-consuming. For
example, an algorithm may enable rapid, side-by-side
comparison with similar images from a prior study.
This will reduce the time requirements involved in load-
ing and comparing studies in real time. Comparison
with images and not with a prior report will improve
accuracy and also help meet laboratory accreditation
requirements.'®

Advances in Al will also change the sequence in
which echocardiograms are read in a busy echocardiog-
raphy laboratory. Currently, unread echocardiograms
are triaged for interpretation according to length-of-stay
considerations (i.e., day of discharge from the hospital)
and presumed study acuity with designations of “stat,”
“intensive care unit,” and “routine.” In the future, the
most urgent, clinically pertinent unread echocardiograms
will be given higher priority. Key echocardiographic
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features such as a large pericardial effusion or cardio-
genic shock can be identified by Al and potentially des-
ignated for immediate physician interpretation.

Artificial Intelligence for Novice Users

As cardiovascular disease continues to grow more com-
plex, the need for accurate image acquisition and inter-
pretation will also increase.” Smaller and less expensive
echocardiographic devices marketed as point-of-care
ultrasound devices will further expedite the use of echo-
cardiography in settings where resources are limited and
where immediate acquisition and interrogation will be
made by physicians or nonphysicians who have lim-
ited echocardiographic training. The incorporation of
Al software will be essential for training these novice
users. A new deep-learning software program (Caption
Health)* provides novice sonographers with guidance for
acquisition of standard echocardiographic images in real
time. Images are automatically acquired when deemed
diagnostic by the software.? Incorporation of these Al
tools shortens acquisition time, limits musculoskeletal
stress to the sonographer, optimizes the images acquired,
and standardizes measurements.”” More accurate disease
detection, increased access in rural areas, and expanded
use by noncardiologists are all on the horizon.

Conclusion

Echocardiography is the cornerstone of cardiac imag-
ing. Inconsistencies in echocardiographic quality, image
acquisition, and interpretation have increased the skill
level required of the physician reader. The complexity
of imaging techniques and the number of echocardio-
graphic parameters used in routine examinations will
continue to increase. Artificial intelligence is evolving
to meet more complex imaging needs, as evidenced
by improvements in quality image acquisition and the
commercial availability of automatic 2D, 3D, and GLS
measurements. These advances will not replace physi-
cians but will improve their productivity, workflow, and
diagnostic performance.”” Importantly, Al can reduce
the cost of echocardiograms while improving their
safety and increasing their value.”
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