
The risk of developing glaucoma increases 
with age. Some 2% of people over the age 
of 50 have glaucoma, and more than 5% of 
those over 75. There are estimated to be 
more than 60 million patients with glauco-
ma globally, of which around 6 million are 
categorised as being visually handicapped. 

The challenging thing about glauco-
ma is that in its early stages it exhibits no 
or very few symptoms. Early diagnosis is 
very important because any damage that 
has already occurred cannot be reversed. 
The objective with treatment is to prevent 
any visual handicap caused by glaucoma. 
With most patients, the condition advances 
gradually over many years. However, with 

a small percentage of patients, the disease 
may lead to damage in a shorter period. 

For purposes of glaucoma detection 
and identification of progressing speed, it 
would be best if healthcare systems found 
the high-risk cases as early as possible. Arti-
ficial intelligence models are currently being 
developed for early detection of glaucoma.

Researcher and project manager Ara 
Taalas specialises in data science, artifi-
cial intelligence and machine learning al-
gorithms in medicine. One of his research 
objectives, in a joint project involving the 
Institute for Molecular Medicine Finland 
and Terveystalo health clinic, is to develop 
effective learning algorithms for glaucoma 

detection. Previously, Taalas modelled stem 
cell differentiation processes and worked 
in drug design.

According to Matti Seppänen, chief 
physician and Head of Ophthalmology at 
Terveystalo health clinic, glaucoma diag-
nosis and classification are based on the 
examination of the optic nerve head, nerve 
fibre layer and anterior chamber angle, in-
traocular pressure measurement, and a 
visual field test. 

“The pathogenesis of glaucoma is not 
known, but damage to nerve cell structures 
probably contributes to glaucoma damage.”

Probably some 30–50 per cent of pa-
tients have intraocular pressure which is 

In the future, an algorithm may diagnose  
glaucoma from fundus photos
Glaucoma is a progressive disease of the optic nerve that causes damage to the optic nerve head  
and nerve fibre layer.  



considered normal (10–21 mmHg). Pa-
tients have an individual susceptibility to 
the development of glaucoma damage at 
different intraocular pressure levels. Some 
patients develop glaucoma damage at low-
er pressure levels, while other patients 
may have minor damage even at higher 
pressure levels. 

”At the moment, a glaucoma diagnosis 
requires examination by an ophthalmolo-
gist and several additional examinations. 
The optic nerve head can be examined by 
means of, for example, biomicroscopy and 
stereo papilla photography. The nerve fibre 
layer can be examined with colour fundus 
photography or optical coherence tomog-
raphy (OCT) of the nerve fibre layer.”

During an examination, glaucoma may 
be suspected on the basis of the shape of 
the optic nerve head, for example. The 
structure of the optic nerve head can be 
evaluated with a measurement of the cup/
disc ratio, meaning that the size of the op-
tic nerve cup is compared to the size of the 
outer edge of the optic nerve head. 

“Damage to the nerve fibre layer may 
show in an OCT examination as a thinned 
nerve fibre layer. In colour fundus photogra-
phy, defects in the nerve fibre layer may 
also be discovered. A glaucoma diagno-
sis is often based on several examinations, 
and currently there is no single method for 
screening the entire population for glauco-
ma. Artificial intelligence applications may 

in the future bring considerable help for 
screening and diagnostics.”

Algorithm recognises patterns in 
nerve layers
When developing the artificial intelligence 
model, Ara Taalas focused on how the ner-
ve layers of the fundus appear in the pho-
tographs. The algorithm will help to detect 
changes in the fundus pictures that can in-
dicate damage to the nerve fibre layer. The 
purpose of the model is to find out whether 
subtle changes in the network in the fundus, 
as they become darker and more monoto-
nous, can be linked to damage in the nerve 
fibre layer.

”This is one of the factors the model is 
designed to focus on. In the future, the mod-
el will be taught more nerve fibre patterns 
in the fundus.  The purpose of these algo-
rithms is to find ways that will help doctors 
to make decisions. And advanced artificial 
intelligence system may detect changes 
that not even the most experienced clini-
cian can see.” 

Examinations on the eye’s structure 
and operation involves variations caused 
by the examination method used, experi-
ence of the person assessing the case, and 
the patient and how serious the disease 
is. Evaluating the optic nerve head does 
not always result in sufficient accuracy 
using the current methods. The result of 
the visual field examination may be nor-

mal even if the optic nerve and nerve fibre 
layers have been damaged. This is because 
structural damage usually occurs before 
any visual field defects. If we are able to 
develop applications that examine more 
accurately and more efficiently any struc-
tural changes, glaucoma diagnoses may be 
made earlier.

According to Taalas, one application for 
the model could be that the artificial intelli-
gence model is always used when perform-
ing an eye examination.

”Population surveys have found that up 
to half of those who have glaucoma have 
not actually been diagnosed with it. The 
existing screening methods are not cost-ef-
fective enough and a general screening of 
the population cannot be done for lack of 
sufficiently good methods. If artificial intel-
ligence applications were able to identify 
with sufficient accuracy patients that have 
a higher-than-average susceptibility to de-
velop glaucoma, it would be easier to screen 
out those among the population that do not 
yet have the symptoms and offer them early 
treatment for best results.”

One of the future versions is that during 
a visit to the opticians or healthcare work-
er, the examination would include fundus 
photography, and at the same time artificial 
intelligence would analyse the patient’s fun-
dus photo. If artificial intelligence indicat-
ed that the patient had a higher risk than 
average to develop glaucoma, the patient 

In order to be able to deal with the image data of the fundus, the AI model created by Ara Taalas decompresses the image into three large matrices, 
which correspond to the red, green and blue channels.  The structure of the tissue of a fundus is more pronounced in the red channel. The model draws 
attention on the papilla in all colour channels. Additionally, in the red channel, the model concentrates on the tissue around the papilla, partly because 
in this channel the papilla differentiates badly from the surrounding tissue. The activation map of the model indicates the area on which the algorithm 
draws specific attention. In the images the areas coloured in red are significant according to the model. In the picture on the left side red, in the middle 
blue and on the right side  green colour channel
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would be referred to further examinations 
at an early stage.

With artificial intelligence applications, 
the division of work would probably change 
dramatically in the optical field and the diag-
nosis of eye diseases. This would also result 
in significantly higher numbers of patients 
being treated. As the age structure of the 
population is changing, the number of glau-

coma patients in Finland will double from 
the current figures by 2030.

Taalas uses the computing services of 
Finland’s ELIXIR Center CSC. He devel-
ops models together with researchers in 
FIMM’s Machine Learning in Biomedicine 
team, and the same source code can be used 
on the computing servers of both CSC and 
Terveystalo.

”Finland is at a high level in terms of da-
ta management, but individual healthcare 
actors typically do not have a comprehen-
sive picture of their patients – patient data 
is often scattered between various service 
providers. When customers go to a different 
organisation, the data does not follow them, 
which may make diagnosis and treatment 
more difficult. From the viewpoint of a re-
searcher, the ideal thing would be to have 
a site for the entire country where each 
patient’s medical history could be found 
in its entirety.” 

Data description should also be stand-
ardised.

”The structure of patient data systems 
has a major effect on the usability of any 
data entered into it. Fields where data can 
be entered in free form may be convenient 
for the person typing it in, but cause a lot 
of trouble to data analysts when trying to 
utilise it. Analysts often have to do a lot of 
work to standardise the data and to iden-
tify entries that contain errors. Modern 
patient data systems have in this respect 
become better in that they are much more 
structured.”                                                 

        Ari Turunen

A picture of a normal eye.
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