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Abstract
Background: Leber’s hereditary optic neuropathy (LHON) is a disease associated with pathogenetic mutations of
mitochondrial DNA which affects predominantly young adult males and leads to loss of central vision, low visual
acuity and unstable fixation. The purpose of this study was to allow the patient to establish the best possible fixation
in the best area of retinal sensitivity in LHON patient with central scotoma.
Methods: A 17 years old patient with confirmed mitochondrial LHON 11778G > A mutation was included in the
study. The patient underwent 16 visual rehabilitation sessions — two for each of 8 weeks using the training module
available in the equipment — MAIA microperimeter. Visual acuity and standrad microperimetry examination were
performed before and 8 weeks period of training. To measure the fixation stability with MAIA microperimeter, P1,
P2 and Bivariate Contour Ellipse Area (BCEA) parameters were used.
Results: Visual acuity of the trained better eye was 0.08 at the baseline versus 0.063 after 8 weeks training. Fixation
stability parameter was P1-21%, P2-64% at the first session versus P1-60%, P2-90% at the last session. BCEA values
29.2°² before and 14.2°² after training, respectively.
Conclusions: Visual training via microperimetry could potentially be a method that improves the fixation stability
in patients with LHON.
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INTRODUCTION
Leber’s hereditary optic neuropathy (LHON)
is a disease associated with pathogenetic mutations of mitochondrial DNA (mtDNA), mostly
at the nucleotide position (np) 11778 G to A,
3460 G to A or 14484 T to C. The disease begins with the central visual loss in one eye, and
later progresses to the other eye. Patients usually
exhibit very low visual acuity (below 0.1). Addi-

tionally, central or centrocecal visual field defect
typically occurs.
For detailed evaluation of central vision, there
are still obstacles and limitations to overcome with
classical perimetry. The limitations of conventional perimetry, mainly in patients with low vision,
include lack of precision and reproducibility, due
to movements of the eye and reduced sensitivity
with small scotomas. The inability to determine
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the characteristics of fixation, and to identify the
retinal preferential locus (extrafovealfixation point)
and less exact topographical correlation in spacial
localization of the stimulus, makes microperimetry
a superior study in this sense [1, 2]. Microperimetry
examination allows for retinal sensitivity patterns
mapping and fixation analysis. Microperimetry can
also be used as a tool for eccentric viewing eye-fixation training. Training aims to create new and more
functional eye-fixation point with an increase in its
stability. It has been described that fixation can be
trained and it is possible to establish new fixation
points in patients with loss of central vision. The
advantages of microperimetry include good reproducibility in comparative studies (to value the same
points of the retina evaluated during the microperimetry base exactly), the ability to be operated
in non-mydriaticconditions, and the possibility of
personalizing most of the test parameters (the fundus, the type and color of the fixation target, and
the stimulus duration), allowing one to adapt the
exam to each specific patient and their pathology
[3]. Microperimetry has several applications that are
helpful in guiding rehabilitation efforts and teaching patients to locate and maximie use of their
areas of best vision. This technique supplements
and improves the psychophysical evaluation of optic neuropathy. In the absence of retinal macular
disease, microperimetry allows accurate study of
the effect of secondary retinal sensitivity due to

loss of ganglion cells and axons at the level of the
papillomacular bundle [4]. Microperimetry systems
with biofeedback training have been used for visual
rehabilitation and for improving fixation stability in
patients with eccentric vision [5].
The purpose of this study was to allow the patient with LHON to estabilish the best possible
fixation in the best area of retinal sensitivity by
using microperimetry.

CASE DESCRIPTION
Seventeen years-old patient was admitted to
the Department of Opthtalmology in November
2017 because of progressing vision deterioration
in the right eye since June 2017. In clinical examination visual acuity of the right eye was counting
fingers to 0.5 meter, in the left eye — 1.0 with
Snellen chart without correction. Anterior segment
examination in the slit-lamp was within normal
limits, the reaction of pupils to light was correct.
The fundus examination did not reveal any abnormalities. The static perimetry showed characteristic
central scotoma in both eyes, bigger in the right eye.
Semi-automated kinetic perimetry using a III4e and
V4e target confirmed an absolute central scotoma
of area 63 square degrees tested by V4e target and
201.5 square degrees using III4e target in the right
eye. In the left eye it was 5.7 degrees and 7.3 degrees, respectively (Fig. 1). The therapy with Ibe-

Figure 1. Semiautomated kinetic perimetry results illustrating central field loss
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Figure 2. Optical coherence tomography (OCT) — decreased peripapillary nerve fibre layer (RNFL) in the right eye and increased thickness in the left eye

denone 3 x 300 p.o. was introduced. Additionally,
genetic testing was done in the Institute of Genetics
and Biotechnology of University of Warsaw, which
confirmed mtDNA m11778G > A mutation. After
3 months, in February, the visual acuity was counting fingers to 0.5 meter in the right eye and 0.1 in

the left eye with Snellen chart without correction.
Optical coherence tomography (OCT) showed decreased peripapillary nerve fibre layer (RNFL) in
the right eye, but RNFL thickness in the left eye
was increased (Fig. 2). An acute phase of the disease
has been confirmed in the left eye. Additionally,
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Figure 3. The result of the first visual rehabilitation training of the left eye in the patient with LHON: unstable fixation

visual evoked potentials (VEP) were performed and
showed reduced P100 wave amplitude. The visual
rehabilitation was started in May.
MAIA (Macular Integrity Assessment) microperimeter (CentreVue, Padova, Italy) was used to
determine the retinal fixation and sensitivity in this
patient 8 months after onset of LHON. The patient
underwent visual rehabilitation sessions using the
training module available in the equipment. Visual
rehabilitation program included two training sessions of 10 minutes with 20 minutes time intervals,
in the better eye, once a week for 8 weeks as it
was described in similar studies [5]. As the result
of standard microperimetry examination the new
desired fixation point — Preferred Retinal Target
(PRT), was selected. The MAIA has a high-resolution fundus camera of 1024 × 1024 pixels and
a high-frequency eye tracking system. This provides
light stimuli in an accurate and repeatable way on
precise areas of the retina, evaluating retinal sensitivity in specific points in a reliable and reproducible
way. It also offers a map of the fixation area used by
the patient.
Visual acuity with the use of Snellen charts was
assessed before and after training to determine the
training effectiveness. Additionally, standard microperimetry examination was performed before
and after 8 weeks period. Changes in the retinal
sensitivity were documented by “follow-up” option
of MAIA. For fixation stability measurement pa24

rameters as P1 and 95% Bivariate Contour Ellipse
Area (BCEA) were used. P1 expresses in percentage
the number of fixation points that are within the
area of a circle with 1-degree diameter, 95% BCEA
value establishes the ellipse area, expressed in square
degrees, comprising 95% of the fixations points
used by the patient during the test. Therefore, higher P1 values and lower 95% BCEA values indicate
a better fixation capacity.
Best Corrected Visual Acuity (BCVA) of the
trained eye was 0.08 versus 0.063 8 weeks after
training. Fixation stability improved with P1-21%,
P2-64% (Fig. 3) versus P1-60%, P2-90% (Fig. 4)
and 95% BCEA values were 29.2 °² (Fig. 3) before
and 14.2°² (Fig. 4) after training, respectively.

DISCUSSION
Fixation is required to detect the details of an object and it occurs physiologically on the fovea. It has
been described in the literature that improvement in
fixation implies an improvement in the visual capacity [6]. There are studies describing visual acuity and
fixation stability improvement by visual rehabilitation, using microperimeter MAIA, in patients with
successful closure of macular hole [7], AMD [8] and
another studies carried out on the device MP-1 in
patients with myopic macular degeneration and
other macular diseases [9–11]. Additionally, it has
been proven that microperimetry is a useful tool for
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Figure 4. The result of visual rehabilitation training of the left eye after 16 visual rehabilitation sessions — 2 for each of 8 weeks in the
patient with LHON: more stable fixation

the follow-up of patients with diabetic retinopathy
[12–15], central serous chorioretinopathy [16, 17],
uveitic macular edema [18], macular dystrophies
such as Stargardt disease [19], and AMD, in the
latter evidencing a decrease in retinal sensitivity and
fixation quality when the disease progresses [20].
There are also studies presenting microperimetry
(MP-1) diagnostic utility in the evaluation of the
disorders of the optic nerve such as epidemic optic
neuropathy (EON) [21–26], dominant optic atrophies (DOA) [27, 28], LHON [26–30], thyroid
associated orbitopathy to the (TAO) [27, 28, 31]
and multiple sclerosis [27, 28, 32].
In the present study visual rehabilitation using
MAIA microperimeter showed significant improvement in the fixation pattern, but improvement of
the visual acuity was minimal.
To date, there are no publications in existence
demonstrating the effectiveness of MAIA in visual
rehabilitation of patients with LHON. However,
central scotoma in LHON lead to difficulties with
reading, thus visual rehabilitation seems to be very
important for these patients to continue their education and their ability to work [33]. The visual
improvement in LHON patients has also been
observed during follow-up and it is possibly the
adaptive phenomenon of eccentric fixation [34].
Eccentric viewing (EV), a representative method
of visual function training, consists of using any
non-foveal point on the retina for viewing [35].

The fovea is located at the center of the macula
and is the core area used for fixation in the healthy
retina; however, when the central retina is damaged,
the eye must utilize a new retinal area for viewing.
A previous study reported that during EV training
[36], a preferred retinal locus (PRL) can develop
to replace the fovea and has been suggested to be
the most important factor in EV training [37–39].
Eccentric PRLs have been known to exist for many
years and develops in approximately 84% of eyes affected by central scotoma [40]. However, the factors
determining the development of a PRL at a precise
location relative to the scotoma and their characteristics are still not well understood. Previous studies
have reported that PRLs were more frequently located relative to a specific location of the scotoma,
although, the reports regarding the precise location
are conflicting [40–42]. Visual training via microperimetry is controlled by the rehabilitator; guided by
a sound system, which encourages to find and maintain the fixation on an established point (PRT). This
requires the patient to have good comprehension
skills and understanding of the tests and the process;
furthermore, requires time availability and motivation, important factors in view of patients who are
candidates for this type of training. Microperimetry
studies carried out in 2005, as part of visual rehabilitation at the Rome University Ophthalmology
Department, showed that fixation within the central 2° of the visual field determines the best visual
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acuity, and reduces saccadic movement amplitudes
when following a text [43].The duration of training
has not been established to obtain optimal results;
neither when a new training, if required, should be
done. The limitation of our study is that it is only
one case report. We need more research to determine what the outcome is, and a favorable outcome
in the patient with this kind of rehabilitation.

CONCLUSION
The results presented in this study demonstrate
that visual training via microperimetry in patients
with LHON could potentially be a method that
improves fixation stability. It is very important especially for these patients who suffer from a disabling
condition without effective of methods treatment
to date.
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