














Figure 5 lllustration of visual field test results from a Humphrey field analyser (HFA) and the eye tracking-based visual field
analysis (EFA) of two exemplary patients (patient 1 and patient 4) suffering from glaucoma. The visual field plots indicate

that the two methodologies produce comparable diagnostics results. However, the advantage of our eye tracking based
methodology EFA is that no eye fixation loss of the patient can occur during assessment. In addition, even small eye
movements are adapted in real time by adjusting the presented light stimuli, increasing the reliability and accuracy of the
procedure substantially. During our visual field examinations with the EFA, we could observe on the eye tracking computer how
patients —although frequently asked to keep their gaze on the central cross—repeatedly made short eye search movements
into their blind visual areas. The EFA adapted unnoticeably this compensation strategies and therefore eliminates the need for
constant monitoring and admonition by healthcare specialists during the diagnosis procedure.

and the EFA (06:14 (SD=01:36)). Patients’ mean reac-
tion time to displayed stimuli during the EFA was 479
ms (SD=120), indicating that all patients’ behaviour and
coordination were age appropriate.”

DISCUSSION

The present study introduced a novel eye-tracking aided
perimetric methodology. Traditional automated peri-
metric methods - such as the HFA from ZEISS—have
one major limitation: they lack a stringent eye fixation
control, which allows the patient to (unconsciously)
resort to compensation strategies. Although there are
approaches to control for compensatory eye move-
ments—like presentation of test stimuli in the respective
patient’s blind spots or inspection of eye position with
the help of a camera to enable the examiner to admonish
the patient when central fixation is not adhered—the
task keeps challenging for both patients and examiners.
Examiners must look continuously at the camera image
and observe the patient while they could, for example,
take care of other patients, prepare further tests, or study
the patient’s medical history. The assessment is also chal-
lenging for patients who learnt in clinical rehabilitation
to compensate for blind areas in their visual field with
frequent saccades toward their scotomas. These patients
must suppress their trained behaviour to scan their envi-
ronment continuously.'” The desire to do ‘well’ in a

visual field test can also be observed repeatedly in clinical
practice, even in patients with no experience in compen-
satory eye movement training. There is also evidence
that reduced attention during visual field tests promotes
patients’ eye movements, potentially leading to inaccura-
cies in the assessment.”’ Indeed, our clinical experience
shows that many patients find it difficult to maintain
strict fixation on a central point. It is understandable
that perimetry can be particularly tense for patients,
when their permission to continue to drive a vehicle or
to practice their profession depends on the results of a
visual field examination. In a similar vein, stringent eye
fixation control is of utmost importance in a scientific
context. Studies regarding the assessment of progression
in eye diseases or amelioration of visual functions after
neuropsychological interventions depend on reliable
and accurate visual field tests."’

Therefore, we developed a perimetric method that
would simultaneously facilitate automated visual field
diagnosis for both patients and examiners, as well as to
further improve the reliability and accuracy of visual field
testing with the help of a strict eye fixation methodology.
The EFA offers—depending on the size and dimension of
the test screen—flexibility by providing patients an area
of tolerance (in this proof-of-concept study:~3°) in which
he/she is free to look around without affecting accuracy
of the diagnosis and getting warned by the system. Our
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experiences with stroke and glaucoma patients show that
this was indeed a significant facilitation for the patients
during visual field assessment. After the examination with
the EFA, patients regularly reported back to us that they
were able to concentrate more on the procedure itself,
because they did not have to concentrate too hard on
keeping a steady, central fixation. This means that the EFA
also facilitates the diagnostics procedure for examiners,
as they do not need to caution patients continuously and,
by that, inadvertently distract the patient again from the
current behavioural task at hand. This realisation is espe-
cially important, because the quality of a visual field test
depends significantly on the respective patient’s cogni-
tive resources and motivation.””"

By demonstrating the high customisability of the EFA
in this study, depending on the diagnostics task, we argue
that the methodology of eye tracking supported visual
field diagnostics is feasible to extend any existing auto-
mated perimetric methodology. Besides automated static
perimetry (eg, HFA), our methodology is also practicable
for devices offering automated kinetic perimetry (eg,
Octopus 900 from Haag-Streit), as the logic of the adap-
tation algorithm of the EFA is applicable for both moving
and static test stimuli. Thus, the use of eye tracking
does not increase any automated test duration or test
complexity. Rather, eye tracking reliably eliminates the
source of error that results from uncontrolled patients’
eye movements that occur consistently during assess-
ment. Our methodology of the real-time gaze contingent
adaptation algorithm of the EFA compensates discreetly
for confounding eye movements without increasing test
duration. In contrast, devices, such as the Octopus 900,
stop diagnostics when the patient’s gaze changes and
continue when eye fixation is regained.

Limitations and future directions
During our clinical studies, we experienced some patients
having issues with the eye-tracking calibration proce-
dure before the actual visual field assessment. This was
due to problems with remaining a steady fixation on the
portrayed calibration points or because these points were
accidentally displayed in blind areas and therefore had
to be searched for by the patient first. In any case, using
a pencil to assist patients to fixate or find the calibration
points helped considerably. However, to enable a largely
independent visual field measurement (especially in the
light of the potential implementation of e-health proce-
dures), further development regarding the calibration
process of the eye tracker should be considered. One
conceivable possibility would be, for example, displaying
stimuli moving from the patients’ visual centre to the
periphery, which then remain stationary for a moment
to trigger the calibration procedure by eye fixation and
thus enabling a gaze-guided routine that can be easily
and independently performed by patients.

The present proof-of-concept study investigated the
reliability and validity of the eye-tracking aided perim-
etry with healthy participants and in comparatively small

samples of patients with rather homogenous visual deficits
(ie, scotomas due to cortical lesions, in the first sample,
and due to glaucoma in the second). For assessing the
applicability of the new methodology for a wider range
of visual deficits (eg, age-related macular degeneration
(AMD), diabetic retinopathy, acute central retinal artery
occlusion) a larger and a clinically more diverse sample
should be investigated in the future.

With regard to portability and use in everyday clinical
practice, the development of a more portable version of
the EFA would be desirable. In this way the EFA’s inte-
grated eye tracking methodology conceivably enables
other fields of application in the diagnosis of eye diseases
and in this way makes assessment even more accessible.
For example, stringent eye fixation control potentially
allows for increased reliability of diagnosis in patients
suffering from AMD by ensuring high accuracy through
eye tracking when decentralised fixation is necessary.
This concept requires appropriate adaptation of the
EFA methodology and renewed (clinical) validation.
Likewise, recent developments in portable VR goggles
with integrated eye trackers, in combination with wire-
less transmission protocols, could enable completely new
and significantly improved diagnosis, rehabilitation and
telemedical procedures. This approach of developing a
highly portable perimetric device will additionally help
to achieve a large and clinically diverse sample for the
assessment of the applicability of the method for routine
clinical usage and for a broader spectrum of visual
deficits. Because eye trackers can both monitor and
automatically correct the behaviour of patients during
diagnosis and rehabilitation - even when no healthcare
professional is directly on site - eye trackers could play a
crucial role in ensuring reliability and validity of future
e-health procedures.

CONCLUSION

Our results show that with modern eye-tracking technology
both researchers and healthcare professionals can control
effortlessly for confounding eye movements in patients
suffering from cerebral visual field loss and eye diseases
like glaucoma. Our study on the reliability and validity of
this methodology indicates that eye-tracking is a valuable
addition to standard procedures in scientific and clinical
visual field diagnostics. Furthermore, our concept provides
a scientifically sound basis for future developments in diag-
nosis and rehabilitation procedures of specific eye diseases
and cerebral disorders.
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