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Lack of Geneticists in USA and Globally

Jenkins, B.D., Fischer, C.G., Polito, C.A. et al. Genet Med 23, 1458-1464 (2021).
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Al-Based Facial Analysis

Deep Neural Network Classifier
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Goals of Al-Based Facial Analysis
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ACC/AHAQUINICA PRACTICE GIDELINE

2022 ACC/ AHA Guideline for the Diagnosis and ~ *
Management of Aortic Disease: A Report of the
American Heart Association/ American College of
Cardiology Joint Committee on Clinical Practice
Guidelines

0 Cardiac Gene Panel: POSITIVE

Positive result: A heterozygous likely pathogenic
variant in FBN1, c.4337A>T (p.Aspl446Val)...

Recommendations: Management of Marfan Syndrome
includes medications to reduce hemodynamic stress,
surgical interventions of aneurysms and dissections,
and surveillance....

American
Heart
Association.
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How Many Images are Needed?

SVM Performance with Increasing Numbers of Training Images
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VEDS: Strong predictive performance (AUC 0.95) with 13 images




Output
Input Black Box

Explainable
Al

-




Local interpretable
model-agnostic
explanations (LIME)

« Creates perturbed versions of the
iInput image

» Analyzes how these changes affect
the model's predictions

« Highlights which parts of the image
most influence the prediction using a
heatmap

» Deep blue areas = distinguishing
features compared to controls




VEDS vs Controls

Blue areas distinguish vEDS
from general population

- Eyes

- Lips

- Nose

COL3A1

VEDS face is distinct from
average face

Brier 0.05; AUC of 0.99; P = 2.93x]10"
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VEDS vs hypermobile EDS (hEDS)

Blue areas distinguish vEDS

from hEDS
- Eyes

- Lips

- Nose

COL3A1

VEDS face is distinct from
hEDS face

Brier 0.09; AUC of 0.97; P = 1.12x107™®
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Purpose: Vascular Ehlers-Danlos syndrome (VEDS), which is caused by COL3A! pathogenic
variants, is a rare heritable aortic and arterial disorder associated with early mortality, mainly due
to spontaneous vascular dissections and ruptures. Improved methods for diagnosing vEDS are
needed for guideline-based management to be initiated for preventing deadly complications and
differentiating VEDS from overlapping conditions, such as hypermobile EDS (hEDS).
Methods: We implemented an artificial intelligence (AI) facial analysis model based on
the PhenoScore framework using a support vector machine trained on facial images of 30 in-
dividuals, aged 6 to 65 years, with vVEDS from the Montalcino Aortic Consortium, control
images from the Chicago Face Database, and publicly available images of individuals with
hEDS. Cross-validation was used to train the support vector machine, and statistical measures to
evaluate the model performance were calculated. Local Interpretable Model-agnostic
Explanations was used to generate facial heatmaps highlighting the features driving the
model’s predictions.
Results: The Al classifier showed excellent performance with as few as 13 vEDS training
images and distinguished vEDS from both controls and individuals with hEDS with high ac-
curacy, achieving an area under the receiver operating characteristic curve > 0.97. Local
Interpretable Model-agnostic Explanations highlighted facial regions already established to
characterize the facial features of vEDS patients (eg, prominent eyes).
Conclusion: Our results demonstrate the potential of Al-based facial analysis for diagnosing
vEDS. This method democratizes the early diagnosis of VEDS by reducing dependence on
genetic testing, enabling optimal management and improved outcomes, particularly in
resource-limited areas.
© 2025 The Authors. Published by Elsevier Inc. on behalf of American College of Medical
Genetics and Genomics. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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FBN1

Marfan Syndrome (FBN1)

True Positive Rate

Combined ROC Curve
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TGFB2

Loeys-Dietz Syndrome type 4 (TGFB2)

True Positive Rate

Combined ROC Curve
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Montalcino Aortic Consortium

» Al-based facial recognition offers a promising approach
to early HTAD diagnosis
* Non-invasive, cost-effective, rapid

« Useful for non-geneticists and regions with low access to genetic
testing

* Limited number of training images needed (13 for VEDS)

« Effectively identifies known HTAD-specific facial features
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93% match for Marfan syndrome



93% match for Marfan syndrome
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