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Retinal Image and the Cardiovascular System

The cardiovascular system is
connected throughout the body.

The eyes provide an "easy
access" point to examine blood

vessels directly.

In an example from 2014, a group
from Google Research trained a

model to predict a series of
cardiovascular risk factors from

retinal fundus images [1]. Figure 1: 2014 paper [1]
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Prediction from Images

In order to make these predictions, the team used what is known
as a convolutional neural network (CNN).

A CNN is a neural network architecture inspired from the visual
cortex of the brain. This method takes a two-dimensional image as
an input and combines the various pixel values in order to make a
prediction.

Figure 2: Overview of a convolutional neural network [2]
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Retinal Image and the Cardiovascular System

Using their trained CNN, the team was able to predict various risk
factors relevant for cardiovascular disorders.

Figure 3: Raw fundus image (left)
and the activation highlighted
(right) for age prediction

Figure 4: Comparison of predicted
and actual age in years.
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Aims of the Project

Aim 1
Training a model to predict different cardiovascular disorders
directly from retinal images.

Aim 2
Extract the hidden layers of the model and determine how they
contribute to the disease prediction.

Aim 3
Investigate the clinical and genetic significance of the extracted
features.
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Model Architecture

For this problem, we chose to use the DenseNet architecture. The
DenseNet is a convolutional neural network that consists of a series
of inter-connected denseblock modules.

Figure 5: Overview of how the DenseNet works [3]
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Input data

For our input data, we obtained ∼60,000 retinal images from the
UKBioBank, as well as the subject’s corresponding genomes.

As an initial preprocessing set, we converted these images into
their vessel segmented forms.

Figure 6: Raw retinal fundus image Figure 7: Vessel segmented image
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Target Disorder

The key trait that we have been investigating has been
hypertension. We predict hypertension categorically, that is,
either as 0 (control) or 1 (case)

In our study we define hypertension as:

Control
DBP < 80 and SBP < 120

Case
DBP > 90 or SBP > 140
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Prediction Results

We have successfully trained out model to predict hypertension
and obtained a high predictive accuracy.

Figure 8: Training curve comparing
the predictive accuracy between the
training and validation data

Figure 9: Receiver operator curve for
predicting the hypertensive label
(AUC=0.72)
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Activation Visualization

To further understand which features of the image were
contributing to the prediction, we generated class activation
maximized images, that is, images in which the pixels are
coloured according to their contribution to the output.

Figure 10: Vessel segmented image highlighted by the class activation
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Genetic Analysis

We also performed a series of genome-wide association studies
(GWAS) on a subset of the output layer neurons in order to
determine their genetic significance.

Figure 11: Manhatten plot for the activation values of a selected output
layer neuron
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Proposed Project

Project Proposal:
• The aim of the project would be to apply the same pipeline to

different disease categories e.g. angina, diabetes, stroke, heart
attack event.

• The method could be applied both on the raw images as well
as the vessel segmented images

• One could also investigate in predicting continuous traits such
as age, diastolic pressure, systolic Blood Pressure.
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