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Outline

I. Definition of artificial intelligence (AI)

II. Applications of AI in echocardiography

III. Challenges with AI in echocardiography

IV. Summary
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1956

2006 McCarthy Minsky

The Beginning of Modern AI…
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PubMed Publications – December 2021

6

“Artificial Intelligence” or 
“Machine Learning” 

= 97K Total Papers in 2021 

“Artificial Intelligence” or 
“Machine Learning” +

“Cardiology”

= 1.7K Total Papers in 2021 

“Artificial Intelligence” or 
“Machine Learning” +

“Echocardiography”

= 483 Total Papers in 2021 
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Why Did AI Take Off ~2012?
Three Big Factors

• The Rise of GPUs 
• ImageNet
• Alex Krizhevsky

Artificial Intelligence

Type of artificial intelligence (AI) that 
provides computers with the ability 
to mimic human intelligence using 

logic, if‐then rules, machine learning, 
deep learning
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Program 
computer to 

”think”

Artificial Intelligence Create rules for 
computers to 

“learn” from data

Machine Learning

Computer networks 
that learn 

from  unsupervised 
from data

Deep 
Learning

Big Data

Probability, 
statistics

algebra, numerical 
optimization, 
programing

Definitions

Training 
Data

Relevant 
features
extracted

Machine Learning:
Features are used to create an 

model (algorithm)

Test 
Data

Model 
categorizes the 
objects in the 

image

Predictions

Cat

Dog

Bird

How Machine Learning Works
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Convolutional Neural Network

How Deep Learning Works

Deep Learning for Object Detection
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Translating Echocardiography Images Into Data

Why Do We Need AI in Echocardiography?

•Variability in accuracy and quality of 
interpretations

• Depends on expertise of operator

•Quantitative analysis (2D and 3D)

•Disease detection/identification

• Improve efficiency; accommodate growing 
volume of studies
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Can AI Help Identify Echocardiographic Views?

15

Recognition of Echocardiographic Views

16

15

16

9 of 43



MHIF Cardiovascular Grand Rounds |
October 10th 2022

Image Classification

17

• Deep learning algorithm to detect 15 standard echo 
views

• Training/validation in 200,000 images (270 studies) 
and testing in 20,000 images (27 studies)

• Variety of normal/abnormal studies

Image Classification

18
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19

• >14,000 TTEs were analyzed using a deep leaning algorithm 
and compared to >8000 manually analyzed TTEs

• Algorithm: automated identification of 23 viewpoints and 
segmentations, LV mass, LVEF, LV GLS (speckle tracking)

Accurate Segmentation

20
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What is This Important?

• Paradigm shift in the 
workflow of 

echocardiogram 
interpretation

• Focus on pathology 
rather than order of 
image acquisition

21

Quantitative Analysis – 2D

22

Up to 14% variability reported in Biplane 
Simpson’s Method of Discs Quantification of LVEF
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Can AI Improve 2D Quantification?

23

Fully automated machine learning software tested 
in 255 patients to measure LV volumes and LVEF

Can AI Improve 2D Quantification?

24

• Agreement
• AutoEF feasible in 98% of studies

• Average analysis 8.1 sec/patient

• ICC: AutoEF vs. manual tracing 0.83

• Bland‐Altman bias: AutoEF vs. manual 
tracing ‐2.2%

• Variability (Intra/inter‐observer)
• High for visual LVEF, manual LVEF

• Zero for AutoLVEF

23
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Can AI Improve 2D Quantification?

25

26
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27

EchoNet‐RCT: Blinded, Randomized 
Controlled Trial of Sonographer Vs. 
Artificial Intelligence Assessment of Cardia 
Function

: 3495 Patients
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3 Echocardiograms: Artificial Intelligence vs. 
Sonographer Tracing: Can You Tell?

29
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Can AI Improve 2D Quantification: Strain?

32

• 200 patients – LV GLS measured by AI 
and conventional analysis

• AI algorithm able to  identify apical 
views, perform timing of cardiac 

events, trace the myocardium, perform
motion estimation, and measure GLS

• Pearson R correlation 0.93

31
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Can AI Aid in Disease Detection?

33

(Sometimes), the answer 
is right in front of you.

Disease Detection: HCM, Amyloid, pHTN

34

N=260 N=81

N=101

Algorithm: trained to detect HCM, amyloid, and pHTN

Circulation 2018; 138:1623‐1635
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Disease Detection: WMA

35

37 year old male, no medical history, with atypical chest pain

Disease Detection: WMA

36

37 year old male, no medical history, with atypical chest pain

35

36

19 of 43



MHIF Cardiovascular Grand Rounds |
October 10th 2022

Disease Detection: WMA

37

Algorithm: detection of wall motion abnormalities with deep learning

Number Sensitivity Specificity Accuracy

Raghavendra 
(2018)

279 images 96% 96% 96%

Omar
(2018)

4392 maps 81% 75% 75%

Biomedical Signal Processing and Control 2018 40 324–334. 
2018 IEEE 15th International Symposium on Biomedical Imaging (ISBI 2018), 2018

Automated Detection of CAD

38

• Stress echocardiograms + invasive 
angiogram within 6 months

• Training data 578 patients, testing data 
154 patients

• Feature extraction LVEF, GLS, wall motion, 
geometric (shape), and kinematic 
(mechanical, rate) changes of LV

• 31 geometric and kinematic features
• AUC for detecting severe CAD similar for 

CAD classifier and human read

37
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Disease Detection: HCM vs. Athlete’s Heart

39

Algorithm: discrimination between hypertrophic 
cardiomyopathy and athlete's heart

40

Algorithm: discrimination between hypertrophic 
cardiomyopathy and athlete's heart

J Am Coll Cardiol. 2016 Nov 29;68(21):2287‐2295. 

Disease Detection: HCM vs. Athlete’s Heart

39
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41

Disease Detection: Diastolic Dysfunction

• Deep Neural Network model that 
integrates echocardiographic data 
to identify distinct subgroups of 

HFpEF
• Derivation cohort 1242 patients; 

validation cohort 84 and 219 
patients

• DNN AUC for identifying elevated 
LV filling pressures higher than 

2016 ASE guidelines (0.88 vs 0.67)

• High‐risk (vs. low‐risk) phenogroup higher 
rates of HF hospitalization and/or death

Future: Combining Image Identification with 
Measurements: Aortic Stenosis

42
Narang A et al. Echocardiography Formula Review Guide: 
Native Valves and Intracardiac Pressures. 2019.

41
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43

Future: Combining Image Identification with 
Measurements: Mitral Regurgitation

Narang A et al. Echocardiography Formula Review Guide: 
Native Valves and Intracardiac Pressures. 2019.

Chamber Quantification 

J Am Soc Echocardiogr 2015;28:1-39
Eur Heart J Cardiovasc Imaging. 2015 Mar;16(3):233-71. 
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Why is 3D 

Echocardiography 
More Accurate?

Why is 3D 
Echocardiography 

More Accurate?

Mor-Avi V, Lang RM, et al. Circulation 2004. 110: 1814-1818

• Time-consuming

• Requires training in 3DE analysis

• Accuracy varies with expertise

• Reproducibility varies among 

individuals and institutions

Limitations to the Implementation of 
3D Echocardiography

Limitations to the Implementation of 
3D Echocardiography

2
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Real-Time Automated  3D TTE Left 
Heart Chamber Quantification

Tsang W, Mor-Avi V, Lang et al. JACC Cardiovasc Imaging. 2016 Jul;9(7):769‐782.

Library of ~1000 
Images

Local AdaptationLocal Adaptation

Adjustments for:
• Variations in 

dropout 
• Acoustic clutter

• Ventricular shape 
• Dataset orientation 

Generic ModelGeneric Model

Final ModelFinal Model

Heart Model Overview
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Dilated Banana Sigmoid Septum Normal

Real-Time Automated Transthoracic Three-Dimensional 
Echocardiographic Left Heart Chamber Quantification using 

an Adaptive Analytics Algorithm

EDVEDV ESVESV EFEF LAVLAV

Bias: ‐8 ml
LOA: ± 24 ml
Bias: ‐8 ml
LOA: ± 24 ml

r=0.99r=0.99

Bias: ‐6 ml
LOA: ± 24 ml
Bias: ‐6 ml
LOA: ± 24 ml

r=0.99r=0.99

Bias: 1%
LOA: ± 10 %
Bias: 1%
LOA: ± 10 %

r=0.94r=0.94

Bias: ‐10 ml
LOA: ± 12 ml
Bias: ‐10 ml
LOA: ± 12 ml

r=0.99r=0.99

Medvedofsky D, Mor‐Avi…Lang RM. Eur Heart J Cardiovasc Imaging 2017
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Fully Automated Cardiac Chamber Quantification

3D Full Volume Acquisition

Static ED and ES 
Volumes 
(LV/LA)

Dynamic 
Volume Curves 

(LV/LA)

Heart Model Overview

51
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Possible Clinical ApplicationsPossible Clinical Applications

• Heart failure admissions; response to GDMT, 
diuretics

• Cardio-oncology patients – precise quantification

• Discrepant evaluation of LV/LA 

• Reduce need for cardiac MRI for chamber 
quantification

Dynamic Endocardial Surface Analysis Dynamic Endocardial Surface Analysis 

Morphological Shape Analysis, Remodeling in 
Disease, Response to Therapy, Strain 

54
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3D Echo Automated Quantification of LV and LA Volume‐Time Curves: Comparison with MRI

Heart 
Model

Cardiac MRI

Heart 
Model

Heart 
Model

Cardiac MRI Cardiac MRI

Heart 
Model

56
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LV Curve Analysis

LA Curve Analysis

60
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Don’t Forget the Right Ventricle!

64

• Complex crescent 
shape

• Thin-walled, 
compliant chamber

• Low pulmonary 
resistance / afterload

• Sensitive to changes 
in afterload

– RV dilatation

– RV hypertrophy

RV Anatomy and Contraction

63
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3D RV EF Automated Analysis

3D RV EDV = 138.0 ml
3D RV ESV = 81.7 ml

SV = 56.3 ml
3D RVEF = 40.8%

Genovese D…Narang, A, Lang RM. J Am Soc
Echocardiogr. 2019 Aug;32(8):969‐977.

Automated Quantification of LV Mass

Heart Model2D Echo

Volpato V…Narang A, Lang RM. Echocardiography. 2019 Feb;36(2):312‐319. 
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Real World AI Echocardiographic Analysis

67

WASE COVID Study

68

67

68

34 of 43



MHIF Cardiovascular Grand Rounds |
October 10th 2022

69

Artificial Intelligence

Automated chamber or 
parameter quantification; 

disease diagnosis

Artificial Intelligence

Image acquisition

Echocardiography Workflow

Can AI Guide Image Acquisition?

70

69
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Deep‐Learning Guidance of Image Acquisition 

71

Ideal image

Initial probe placement 

Dynamic 
guidance 

Fills relative to image 
quality and auto-
captures when 
adequate

Pivotal Study

• Prospective study at NMH and 
MHI 

• Objective: Evaluate use of 
EchoGPS by novices who had 
no prior training in 
echocardiography 

• 8 RNs (4 at each site)

• No prior echocardiography 
experience

• Each RN underwent a short 
didactic session

72

Study Design

240 patients

RN limited TTE 
using EchoGPS
(10 views)

Terason uSmart
3200T

Sonographer 
limited TTE 
(10 views)

Terason uSmart
3200T

Five level 3 expert 
echocardiographers, blindly and 

independently evaluated 
acquired images

71

72
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Subject Criteria

Inclusion Criteria

• Subjects already 
scheduled for a clinical 
echocardiogram

• ≥18 years old

• Inpatients or outpatients

73

Exclusion Criteria

•Unable to lay flat

• Patients experiencing 
known of suspected 
acute cardiac event 
(STEMI, unstable 
arrhythmia, shock, etc).

• Severe chest wall 
deformities 

•History of 
pneumonectomy

•Unable to consent

Pivotal Trial Demographics

•240 patients recruited

•BMI 

• BMI <25: 35%

• BMI 25‐30: 32%

• BMI >30: 33%

•Race
• White: 77%

• Black: 18%

74

•Mean age: 61 ± 16 
years (20 ‐ 91) 

• BMI <25: 35%

• BMI 25‐30: 32%

• BMI >30: 33%

•Patients with any 
known cardiac 
abnormality: 64%

73
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75

Narang A et al. JAMA Cardiol. 2021;6(6):624‐632.

Pivotal Trial Results

76

75

76
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Case Example #1

•Patient 1121

•63 year old female, BMI 15

•History of COPD, no known cardiac history

•No prior echocardiogram

77

All scans by nurse

PLAx

PSAx‐MV

PSAx‐AV

PSAx‐PM

77

78
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Ap4

Ap2

Ap5

Ap3

SC‐LAx SC‐IVC

Clinical TTE findings:

• LVEF 17% w/ global dysfunction

• Grade 1 diastolic dysfunction

• Mild MR

79

80
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Combining AI Based Image Acquisition + Analysis

88

FDA clearance
June 2018

Circ Cardiovasc Imaging. 2019 Sep;12(9):e009303. 

Potential Use for AI Based Image Acquisition

• Sonographers are a precious resource…

Resource‐limited settings without ready access 
to sonographers/cardiologists

• Rural environments

• Developing world

 Point of care setting
• Emergency rooms, urgent care, oncology clinics, pre‐
operative clinics, intensive‐care units

89

88
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Summary of AI in Echocardiography 

95

SchedulingScheduling
Order 
Placed
Order 
Placed

Image 
Acquisition

Image 
Acquisition

Optimize 
Workflow
Optimize 
Workflow

Image 
Analysis
Image 
Analysis

Diagnosis, 
Prognosis
Diagnosis, 
Prognosis

96

It’s Not A Competition

“Human + Artificial 
Intelligence > Human 
Alone or Artificial 
Intelligence Alone”

“Artificial intelligence is a tool, not a threat.”
‐Rodney Brooks, PhD (Professor Emeritus in Robotics/AI @MIT)
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