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Invited Commentary

Deep Learning Using Images of the Retina for Assessment of Severity of
Neurological Dysfunction in Parkinson Disease
Janan Arslan, MSc, MBiostat, PhD; Daniel Racoceanu, PhD; Kurt K. Benke, PhD

The deep learning (DL) approach is a recent development in
research on the automation of medical diagnostics using ma-
chine learning. This type of statistical learning is not based on
biophysical (mechanistic) models but on training (for param-

eter estimation) using a
sample of population data.
There are issues about robust-

ness in performance when testing on new data sets in uncon-
trolled conditions separate from validation experiments. The
use of DL in diagnostic modeling has been demonstrated in re-
cent years with very encouraging results in the assessment of
diabetic retinopathy, geographic atrophy in age-related macu-
lar degeneration, and cardiovascular disease when using im-
ages of the retina.1

The study by Ahn et al1 in this issue of JAMA Ophthalmol-
ogy provides insights and useful information on the applica-
tion of DL to explore possible associations between changes
in the retina and brain function. The reported work is inter-
esting as it explores the use of DL approaches for assessment
of cognitive function scores for disease severity in the case of
Parkinson disease (PD), which is projected to be an increasing
economic burden.2 In the study, fundus photographs were col-
lected from 615 participants who were outpatients at the neu-
rology department of Kangbuk Samsung Hospital in South Ko-
rea (August 2020 to April 2021). To compensate for the typically
small sample sizes often encountered in ophthalmology re-
search, the authors applied a range of image augmentation
techniques, which included random rotation and random flip,
to increase the sample size.

Five common convolutional neural network (CNN) mod-
els were investigated to predict the Hoehn and Yahr Scale (H-Y)
and Unified Parkinson’s Disease Rating Scale part III (UPDRS)
scores for PD,3,4 with the training based on fundus photo-
graphs and patient demographic characteristics. The study
echoed other works that have investigated the idea that
changes manifested in the retina may provide indicators of neu-
rological impairment due to PD.5 The prospective case-
control hospital-based study revealed that, for the internal vali-
dation data, the DL system had high sensitivity that was above
80% for both the H–Y and UPDRS scores. The specificity ranged
from 66% to 67% for H-Y and UPDRS scores. For the external
validation data, the sensitivity and specificity were 70.73% and
66.66%. The area under the receiver operating characteristic
curve was 0.67 and accuracy was 70.5%.

An advantage of this method for severity assessment is that
it is noninvasive and based on readily available fundus retina
images, rather than using images of the brain, such as radio-
logical images like computed tomography and magnetic reso-
nance imaging scans. Comparatively, these images are a little
more invasive and time consuming in their acquisition. An ad-
ditional salient feature of this study was that it suggests the

possibility of augmenting or even eventually replacing the 2
standard tests for severity of PD dysfunction, which are rat-
ing scales with a subjective component, with a more objec-
tive approach that reduces risk and uncertainty in diagnosis
and therefore improves reliability. An approach based on DL
may be used as a fast screening method for cognitive impair-
ment during routine eye examinations. A feature of the diag-
nostic method is that finding an association between the al-
gorithm prediction and the results for the 2 standard tests
provides a degree of “explainability.” This is because the DL
algorithm used to develop the predictive model produces re-
sults that are associated with a disease severity scale. Further-
more, the study revealed that the CNN uses the macular area
for finding associations with PD cognitive impairment, as was
demonstrated using the class activation map (CAM)—a heat-
map-based feature visualization tool. CAM is useful for ex-
plainability, given it highlights the regions of interests and the
degree of importance of these regions as estimated by the
CNN.6

To create a CAM, a DL architecture must apply global av-
erage pooling (GAP) to the final convolutional feature maps.
The GAP will be followed by a layer, fully connected, de-
signed to produce the predictions. While this study has used
CAM, a limitation of this approach is that CNNs that do not have
the GAP layer cannot take advantage of CAM-based visualiza-
tion. To solve this problem, Grad-CAM has been designed as a
generalization of CAM. While the CAM weights features are
based on the final fully connected layer, Grad-CAM is not an
architecture-dependent method but creates an importance
score based on the gradients of any trained CNN (which is a
form of post hoc attention, meaning that it is a method that
produces heatmaps from an already trained neural network).
The idea is to exploit the spatial information that is preserved
by the convolution layers and to understand which parts of an
input image were important for a classification decision.

While a stepping stone above CAM, Grad-CAM does have
its own disadvantages. For example, it cannot locate objects
in instances where an image has multiple occurrences of the
same class. Another consequence is that the localization of-
ten does not correspond to the whole object, but to parts of it.
To overcome this problem, GradCAM++ and its variant XGrad-
CAM were designed, with the former using second-order gra-
dients to obtain activations that are independent of the ob-
ject size, and the latter scaling the gradients by the normalized
activation maps.7 Thus, in this study, the results and applica-
tion of DL, as well as explainable steps, are encouraging. How-
ever, there needs to be further consolidation in future experi-
ments to establish the potential of this fast, noninvasive tool
for routine applications in a clinical context as well as in-
depth analysis to verify the explainable features as deter-
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mined by the DL model using techniques such as Grad-
CAM++ or XGradCAM.

This study, along with its predecessors, has demon-
strated the importance of DL in health care solutions. There
are several benefits attached to medical DL, including auto-
mating previously human-based and subjective processes, time
and cost efficiency, and expedited steps toward develop-
ment of new and novel therapies, all of which will lead to in-
creasing patient life expectancy and improved quality of life.
However, a limitation of DL uptake in clinical care has been the
lack of transparency or explainability, given that DL methods
are typically black box and opaque. Through the use of vari-
ous DL algorithms for medical conditions, we can clearly see
good quantitative results in terms of improving diagnostic time
and accuracy. However, the associations between DL fea-

tures and clinical outputs or how DL methods reach conclu-
sions is not immediately apparent, and this connection is cur-
rently missing in the breadth of ophthalmic DL literature.
Through the integration of explainable tools into the DL pipe-
line, such as the CAM, GradCAM, GradCAM++, and XGrad-
CAM, we can deconstruct the solution given by a DL-trained
model and pinpoint which regions, locations, or spatial infor-
mation within medical images correlate with DL-predicted out-
puts. Not only will explainability assist in elucidating imaging
features associated with outcomes but extracted features could
further our current clinical understanding of many diseases and
their progression. Furthermore, by incorporating an explain-
able component within a DL framework, we can expedite the
uptake and adoption of DL in health care.
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