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Evolution of Echocardiography

Reid A., Dweck MR. Heart . 2022 May;108(10):780-786.
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Multimodality cardiac imaging 
– Patient centered



Multimodality 
Cardiac 
Imaging

Planning 
therapy

Therapy 
guiding

Live Fusion 
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Therapy 
Monitoring

Simulation

Diagnostics

Multimodality cardiac imaging
– Areas

e.g.
- Coronary artery disease
- Valvular disease
- Cardiomyopathies
- Inflammation
- Storage disease

e.g.
- Therapy selection (i.e. drug/device/access)
- Risk stratification

e.g.
- Guiding valve intervention/device
- Electrophysiology guiding

e.g.
- Live fusion CT/echo/MRI/fluoroscopy
- Valve Intervention
- Electrophysiology interventions

e.g.
- Device simulation
- Simulation pathophysiology

e.g.
- Drug therapy monitoring
- Device position/function







Why «now» AI in cardiac imaging?





How can AI be applied in cardiac imaging?

Workflow
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Adapt protocol

Improve utilization
Resource allocation 
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Improving workflow in cardiac MRI

~ 60min entire cardiac magnetic resonance

Protocol
truf i_loc_multi_iPAT
truf i_loc_multi_iPAT

truf i_singleshot_tra_iPAT
truf i_singleshot_cor_iPAT

truf i_singleshot_parasag_Aorta
loc_pseudo_2ch 

loc_pseudo_4ch 
loc_pseudo_SA *

cine_tf 2d16_retro_iPAT_SA_VF 
cine_tf 2d13_retro_iPAT_4ch

tse_11_db_t1_iPAT_ SA_ basal_midvent_apikal *
tse_11_db_t1_iPAT_4CH *

tirm_20_db_t2_SA_ basal_midvent_apikal *
tirm_20_db_t2_4CH *

T2Map_TrueFISP_SA_midvent 
T2Map_TrueFISP_4CH

T1Map_LongT1_SA_midvent
T1Map_LongT1_4CH

T2StarMap_8echo_heart_SA_midvent * 
Test Perf usion ohne KM (3x SA + 1x 4ch)

Rapiscan/Adenosin Stressperfusion 
Aminophy llin

cine_tf 2d13_retro_iPAT_RVOT
f low_150_tp_Aorta 

f low_150_tp_PA 
cine_tf 2d13_retro_iPAT_3ch

cine_tf 2d13_retro_iPAT_2ch
cine_tf 2d13_retro_iPAT_AK

TI-Scout SA_midvent (8min nach2. Hälfte der KM-Dosis) 
DE_ov erview_tfi_psir_SA

DE_ov erview_tfi_psir_4CH 
PSIR_1_slice_MOCO_4ch

PSIR_1_slice_MOCO_3ch
PSIR_1_slice_MOCO_2ch

PSIR_MOCO_SA_Stack (TI+10ms)
T1Map_ShortT1_SA_midvent

~1000 Images per 

scan



Improving workflow in cardiac MRI



Calcium score: 

• Robust marker for presence of coronary 

calcifications

• Association with cardiovascular outcomes 

• Decision-making tool for statin therapy 

• Possibility to quantify from native CT scan 

• Compare against reference (accord. age/gender)

• Vast imaging information 



Calciumscore: using AI

AI 

Button



Cardiac CT

• First-line imaging modality in 
symptomatic patients for 
coronary artery disease 
assessment

• Assessment takes 15-20minutes

• Motion artifact, poor 
opacification, beam hardening, 
calcification



Motion artifact

Stenosis grading
Calcifications



Cardiac CT

Griffin WF et al. JACC Cardiovasc Imaging . 2022 Feb 15;S1936-878X(22)00001-8.

• AI approach: series of CNN models for image 

quality assessment, coronary segmentation 

and labeling, lumen wall evaluation and 

vessel contour determination



Assessing dimension and function in CMR: AI button

AI 

Button



Ash FM et al. Circ Cardiovasc Imaging . 2019 Sep;12(9):e009303.

Training set: >50’000 TTEs

Testing set: 99 
Echocardiographies

Reference: 3 experts



Classical TTE workflow

Image acquisition and 

measurements

Check measurements

Normal / Abnormal

Aggregate multiples 

measures

Check Guidelines

Push it into the report

Gather all informations

Make sure you don’t make 

any error reporting the 

values.

Write a report

Conclusions
30-40min for a 

complete reported 

echo

Navigate loops

Detect best of all EDV-ESV …

Measures +++

click click click …



Optimized workflow using Us2.ai

Acquire images

Automatized reporting 

of all measurements

Conclusions

All measures are ready and interpreted  in

2-3 minutes

Full auto measures
● WITHOUT ECG

● EF

● LA & RV Strain

● RVOT

● …

Classification Normal / 

Abnormal according to latest 

international guidelines

http://drive.google.com/file/d/134PFe6Padf6FSvWigkT15pevqGWxUDA0/view


Image 
identification

Structure 
recognition

Annotations

International 
Guidelines
Indications

Disease 
Detection 

Report
Us2.ai White Paper – Democratizing Echocardiography with AI - 2023

Disease detection – Us2.ai powered diagnosis support



Today Tomorrow

Requires years of specialist 

training to read 
Ultrasound Anyone Anywhere

Automated diagnosis and 

treatment proposition

Echocardiography today  tomorrow



Classification - New ways to categorize people/diseases, based 
on novel not known markers in HFpEF

Shah SJ et al. Circulation . 2015 Jan 20;131(3):269-79.

Deep phenotype heat map

Column individual 
study participant

Row individual 
phenotype



Gal R. et al. JAMA Oncol . 2021 Jul 1;7(7):1024-1032. 



Risk prediction

How is a traditional risk prediction model built?

• Sudden cardiac often “first cardiac event” and is not well predictable 

• Conversely, >80% of patients with implantable defibrillator per current guideline 
recommendations  never received shocks

Gräni C. et al. JACC Cardiovasc Imaging . 2020 Oct;13(10):2223-2238.

Select 
predictors

Weighting 
predictors

Adding them up
Linking scoring to 

Outcome+



Eichhorn C & Gräni C et al. JACC Cardiovasc Imaging . 2022 Jul;15(7):1325-1338. 

• Find hidden features / associations

• Combine clinical and imaging data

o Better phenotyping

o Individualized risk stratification

Improve risk stratification by AI

+ + +



Open Access

Outcome prediction
Detect hidden patterns
Helps decisions making

Big data analysis
Analyze under-utilized data

Feature detection
Novel classifications
Hidden relationships

How AI in cardiac imaging can be implemented into routine

Cardiac Imaging 
+ 

Machine learning algorithm

Time + Cost saving
Improved reproducibility, efficacy, efficiency

No unnecessary further investigations
Improved risk prediction models guiding therapy

Automated data analysis 
Rapid segmentation

Direct radiomics analysis 
Combining clinical and 

imaging data 



Unmet needs (I)

• What are our references? (gold-standard, outcome)

• Standardization? Reproducibility/validation? 

• Access to the Algorithms?

• How do we handle good/bad image quality?



Unmet needs (II)

• What if AI is wrong, who is responsible?

• What if there is disagreement between AI and experts?

• Re-imbursement for AI? More information available and who is seeing the patient?

• Ethical issues/data protection? Analysis/AI models far away outside of the institution? 



Will AI replace clinicians (I)?



Will AI replace clinicians (II)?



You won’t lose your job to
a computer

You’ll lose it to a human who is
better at using a computer



ChatGPT: new kid on the block!



Computer and empathy?







How will ChatGPT transform Cardiology?



AI in cardiac Imaging - Take Home Message
 AI currently in cardiac imaging: 

• Segmentation (speed), accuracy (reproducibility), risk-stratification

 AI in cardiac imaging will rise:
• Increase in computational power, labelled data available, combining clinical data + imaging data, 

improved algorithms

 Unmet needs: 

• Reference, validation, reproducibility, open access, ethics, reimbursement

 Physicians are still needed: 

• Maybe needed more than ever?!

 ChatGPT: 
• Great potential for assisting physician, patient counselling, personalized risk prediction and novel 

treatment development



Thank you for your attention


