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SUMMARY

Aims: Metamorphopsia is important symptom of macular disease. The most common simple detection method of metamorphopsia is Amsler grid.
Usually it is used monocularly with best correction for near. Patient should evaluate grid deformation and describe position of the deformity. This
method is based on qualitative principle. For quantitative evaluation we can use Software D Chart (Thomson Software Solution). This instrument
enables evaluate degree and position of the metamorphopsia in central visual field. Our goal was to establish M-score values in group of young healthy
subjects without correction (M-score natural), with cylindrical spectacle lens (M-score SL) and in group of patients with age related degeneration
(M-score ARMD).

Objects and Methods: We had 33 probands divided into 2 samples. The first sample contains 15 young probands with average age 23 years without
any eye pathology. The second sample contains 18 patients with ARMD (7 with dry form and 11 with wet form). In our study we used software D Chart
(Thomson Software Solution). This software was use in Acer PC with touchable screen. We note total M-score in right eye of all probands. Level for
statistic evaluation was set on p = 0.05.

Results: Natural M-score values for young probands was: median 0, minimum 0, maximum 2.3. With cylindrical lens we got these values: median
25.2, minimum 3.6, maximum 41.6. In second sample with probands suffer from ARMD we got these values: median 0.8, minimum 0, maximum 29.4.
Wilcoxon non-parametric test was used for statistical evaluation. We proved statistically significant difference between all variables. M-score natural vs.
M-score SL showed p < 0.001, M-score natural vs. M-score ARMD showed p = 0.04 and M-score SL vs. M-score ARMD showed p < 0.001.

Conclusion: Our study showed statistically significant differences between variable M-score natural, M-score SL and M-score ARMD. We found that
printed Amsler grid as well as its digital modification D Chart are suitable for determining metamorphopsia in central visual field. The main advantage
of D Chart is quantitative evaluation of the test with M-score and digital registration of retinal changes during patient’s follow up.

Key words: D Chart, M-score, Amsler grid, ARMD, spectacle correction, cylinder

Ces. a slov. Oftal., 76, 2020, No. 4, p 160164

INTRODUCTION

D Chart software (Thomson Software Solutions) is a
tool for evaluating the degree and position of meta-
morphopsia in the central visual field. Its authors are
considered to be Velichko Manahilov and Niall Strang
from the Department of Vision Science at Glasgow Ca-
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ledonian University, and David Yorston and Gerry Mc-
Gowan from Gartnavel General Hospital [1].
Metamorphopsia is an important symptom of macu-
lar pathology. The most frequent method of detecting
metamorphopsia is the Amsler grid [2,3]. The Amsler
grid is used monocularly with best corrected near vi-
sion. The patient’s task is to evaluate deformation of
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the grid from a regular reading distance, and descri-
be the position of the deformation. This is primarily a
qualitative assessment of the grid image. For a record
of the examination it is recommended that the pati-
ent draws an image of the grid as he or she perceives
it. We may then compare records from the individual
examinations at subsequent follow-up examinations.

We can trace the development of computer aided
quantification methods for examination of metamor-
phopsia of the eye from the year 1989. The first digital
tests of this type contained circles of various size with
a central fixation point for examining the visual field
within the range of 10°. The patient’s task was to use
a computer mouse to adjust the shape of the circle
in accordance with his or her visual perception. This
test was suitable primarily for evaluation of already
developed and severe forms of metamorphopsia [4].

Another version of the test for quantification of
metamorphopsia appeared in 1999, named M-Charts,
and was used in a study for evaluating the degree of
metamorphopsia upon a background of idiopathic
epiretinal membrane [4]. In principle the test used li-
nes formed by individual points at various distances
(from 0.2° to 2°) with a central fixation point. The pa-
tient’s task was to evaluate whether these lines were
warped. During the course of the test, the computer
program presented lines with increasing distances
between points and in various angles (from 0° hori-
zontally to 90° vertically according to a TABO-sche-
ma). At the end of the test the metamorphopsia sco-
re was determined, based on the “visual angle”. This
represented the distance between the points on the
presented lines in which the patient considered the
line to be straight. If the patient therefore saw a ho-
rizontal line as straight with a distance between the
points of 0.6°, the patient’'s metamorphopsia score
was 0.6.

The M-Charts test was not suitable for patients with
low visual acuity (< 6/20) and extensive paracentral sco-
toma. The test was proven to be effective for evaluating
wet form age-related macular degeneration [5,6].

Precise mapping of metamorphopsia and measu-
rement of its severity is important also for patients
with full thickness macular hole (FTMH) or epiretinal
membrane (ERM). It has been demonstrated that fo-
[lowing vitrectomy, removal of the internal limiting
membrane and ERM brings about an improvement of
visual functions without an improvement of central
visual acuity.

Quantification of metamorphopsia may therefore
help in the evaluation of a patient’s visual functions,
as well as in the selection of a suitable patient for sur-
gery. This led the authors to develop the test known
as the D Chart, which can be used before and after
surgery on patients with low visual acuity in order
to evaluate their metamorphopsia [7]. In the original
version the test was in the form of paper cards. On
the cards were printed rings, formed by small test
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squares around a central fixation point. The rings
were of various radii. The distance between the indi-
vidual squares placed within the regular grid was 0.4°
to 1.8°. The patient’s task was to designate the place
where the grid appeared deformed in each of a total
of eight sectors of the ring. The sum of the maximum
distance between the squares of each sector and for
each size of the ring, in which the patient still saw the
grid as deformed, forms the total metamorphopsia
score (M-score). In a pilot study [7] a decrease of the
median of the total M-score was demonstrated in pa-
tients before and after surgery from 10.2 to 0.5 in the
case of macular hole and from 5.2 to 0.45 in the case
of epiretinal membrane.

At present an electronic version of the D Chart test
is available (Thomson Software Solutions), which can
be installed on a computer and projected to the pa-
tient on the computer monitor. We have this version
available at our centre (St. Anne’s University Hospi-
tal, Brno). We use it primarily for observing changes
in the central visual field in patients with macular
pathologies (for example wet and dry form age-rela-
ted macular degeneration). We also used this electro-
nic version for the purposes of our study.

The aim of our study was to determine and compa-
re the values of the total M-score in healthy patients
without ocular pathology naturally and with spectac-
le correction inducing distortion of visual perception,
and in patients with age-related macular degenera-
tion (ARMD). Last but not least, the aim was also to
compare the data with already existing studies.

METHOD

We had 33 subjects available for the study, who
were divided into two groups. The first group com-
prised young individuals (15 individuals, mean age
23 years, SD 1 year) without ocular pathology. The
second group consisted of patients from a macular

Fig. 1. Test interface upon testing of metamorphopsias in D
Chart program
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clinic (18 individuals), with an average age of 78 ye-
ars (SD 7 years). These concerned 7 patients with dry
form ARMD and 11 patients with wet form ARMD.

On all the subjects we selected only the results of
testing from the right eye, with or without spectacle
correction, for the analysis. The subjects from the first
group were examined naturally (without correction,
VA 1.0 decimally), and subsequently with a cylindrical
spectacle lens (+3 D, axis of 180°), which was inten-
ded to simulate distortion of the image. Patients from
the second group underwent the examination with
their own correction for near vision, or without co-
rrection if they did not use it.

Software from the company Thomson Software So-
lutions referred to as a D Chart was used in the study.
The program was recorded into a touch-screen Acer
computer. The examination of each patient took pla-
ce at a distance of 40 cm in front of the monitor, and
the patients had their spectacle correction for near
vision if they required it. A red fixation point with a
size of 0.5° was located in the centre of the test field,
which was in the shape of a ring composed of black
squares. The entire test was composed of a total of
4 parts, in which the size of these rings was altered.
The diameter of the testing ring was progressively
increased (1.5 cm, 3.5 cm, 7 cm and 12 cm). The pa-
tient was called upon to fix the red point in the cen-
tre of the test field. The examination was conducted
monocularly. If the patient recorded distortion of the
black squares in a certain part of the test field, he/
she indicated this location by touching the compu-
ter screen. The patient always reacted upon a change
of size of the projected stimulus. During the course
of the examination the density of the black squares
and the size of the rings was altered. At the end of
the examination the degree of metamorphopsia was
recorded with the aid of the total M-score, which was
expressed as the angle difference in the distance of
the black squares, when the examined patient no lon-
ger spotted metamorphopsia. The results of the exa-

mination were recorded in a table in the program MS
EXCEL, and subsequently statistically evaluated with
the aid of the statistical program Statistika version 12
from STATSOFT and MedCalc. The statistical level of
significance was set at p = 0.05.

RESULTS

In the subjects we recorded the total M-score for
the right eye, as presented in table 1. With the aid of
a normality test (Kolmogorov-Smirnov test, also gra-
phically, see graph 1) we demonstrated the non-pa-
rametric distribution of data, and for this reason we
decided to use the median and quartiles for the pur-
poses of the descriptive statistics. We recorded the
highest value of the median in the variable M-score
with spectacle lens. This value represents the central
value of this variable. By contrast, the lowest median
was recorded in the variable M-score natural, which is
what we expected.

For a statistical analysis of the differences between
the non-parametric variables we used a Wilcoxon
non-parametric test. We demonstrated statistically
significant differences between all the variables. The
calculated values are presented in table 2. The largest
statistical difference was found between the variables
M-score natural and M-score with spectacle lens. By
contrast, the smallest statistical difference was found
between the variables M-score natural and M-score
ARMD. Graph 1 illustrates the differences between
the variables in graphic form.

DISCUSSION

In our study we verified that the digital form of the
Amsler test can be a highly effective instrument for
the diagnosis and identification of metamorphoptic
changes of the central visual field in patients with
age-related macular degeneration, as well as in pati-
ents using high cylindrical correction.

Table 1. Median of values of total M-score for right eye (M-score nat - natural, M-score
SL — with spectacle lens, M-score ARMD - in patients with ARMD)

M-score nat
Median 0
Minimum 0
Maximum 2,3

M-score SL M-score ARMD
25,2 0,8
3,6 0
41,6 294

Table 2. Statistical evaluation of variables of M-score nat, M-score SL, M-score ARMD
with the aid of a Wilcoxon test (p = 0.05; M-score nat — natural, M-score SL — with specta-
cle lens, M-score ARMD - in patients with ARMD)

P-value M-score nat
MS nat -
MS SL < 0,001
MS VPMD 0,04
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M-score s BC M-score VPMD
< 0,001 0,04
- < 0,001
< 0,001 =
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Graph 1. Box graph for variables M-score nat, M-score SL, M-score ARMD (ring inside
rectangle represents median, height of rectangle expresses range of quartiles, secti-

ons delimit minimum and maximum)

Authors who used the digital version of the Amsler
test for detecting pathological changes in the central
visual field in patients with wet form macular dege-
neration [5,6], or who observed the response to the
treatment of this pathology [8] recorded similar ex-
periences.

For comparison we also state that our values of the
total M-score (median M-score ARMD 0.8) overall co-
rrespond to the postoperative values from the study
by McGowan [7], in which a decrease of the median of
the total M-score (median) was recorded in patients
before and after surgery from 10.2 to 0.5 in the case
of macular hole and from 5.2 to 0.45 in the case of
epiretinal membrane.

Some studies [9,10] indicate that following operati-
ons such as peeling of the epiretinal membrane, the-
re is no subsequent improvement of visual acuity, but
the patient’s quality of life is improved due to the re-
duction of the size of metamorphopsia. This fact can
be documented by the decreasing value of the total
metamorphopsia score (total M-score).

Similar results were produced in a study [11]in which
the authors evaluated change of metamorphopsia be-
fore and after treatment of ARMD with bevacizumab.
An M-Chart with 19 vertical and horizontal point lines
within a range from 0.2° to 2.0° was used here for the
evaluation of metamorphopsia. It was determined that
after treatment there was a reduction of the metamor-
phopsia score in the vertical direction in 16 patients
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by a mean value of 0.2°, and in 7 patients by a mean
value of 0.1°. No change was recorded in 13 patients.
In the horizontal direction the metamorphopsia score
was reduced in 22 patients by 0.2° and in 3 patients
by 0.1°.In 11 patients there was no change. In total 36
patients were tested. The median of the vertical meta-
morphopsia score was 0.25° before treatment and 0.2°
after treatment. In the horizontal direction there was
a reduction from a median of 0.3° before treatment to
0.2° after treatment. The authors of the study also did
not demonstrate a statistically significant correlation
between the vertical and horizontal metamorphopsia
score and visual acuity of the patients (R =-0.2, orR =
-0.06). Also interesting is the result of the specificity of
both variants of the tests with which the authors wor-
ked in this study. This was 100 % for the digital version
of the M-Charts and for the printed version of the Am-
sler grid.

The above-stated value of specificity of the classic
Amsler grid confirms the significant screening poten-
tial of this test. We can state simply that this test does
not generate false positive results, which is highly
advantageous for the purposes of screening meta-
morphopsia. Nevertheless, from a practical perspec-
tive, the classic printed version of the Amsler test is
more advantageous for use by the patients themsel-
ves, above all due to its simplicity and portability. The
Amsler test can also be used for observing changes in
patients with glaucoma [12].
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CONCLUSION

In our study we demonstrated statistically significa-
nt differences between the variables M-score natural,
M-score with spectacle lens and M-score in patients
with dry and wet form ARMD. We confirmed that the

digitally modified Amsler test is suitable for the dia-
gnosis of metamorphoptic changes in the central vi-
sual field. The main advantage of the digital D Chart
test is the quantitative evaluation of the test with the
aid of the M-score, and registration of its changes du-
ring long-term observation of the patient.

LITERATURE

1.  Thomson Software Solution. D Chart [internet]; ©2020 [cited 14-4-
2020]. Available from: https://www.thomson-software-solutions.
com/d-chart/.

2. Amsler M. Earliest symptoms of diseases of the macula. Br J
Ophthalmol. 1953;7:521-537.

3.  Crossland M, Rubin G. The Amsler chart: absence of evidence is
not evidence of absence. Br J Ophthalmol. 2007;91:391-393.

4. Matsumoto C, Arimura E, Okuyama S, Takada S, Shigeki H,
Shimomura Y. Quantification of metamorphopsia in pati-
ents with epiretinal membranes. Invest Ophthalmol Vis Sci.
2003;44:4012-4016.

5.  Goldstein M, Loewenstein A, Barak A, Pollack A, Bukelman A, Katz
H. Results of a multicenter clinical trial to evaluate the preferential
hyperacuity perimeter for detection of age-related macular dege-
neration. Retina. 2005;25:296-303.

6. Chew EY, Clemons TE, Bressler SB, ElIman MJ, Danis RP, Do-
malpally A, Heier JS et al. Randomized trial of a home monito-
ring system for early detection of choroidal neovascularization
home monitoring of the Eye (HOME) study. Ophthalmology.
2014;21:535-544.

164

7. McGowan G, Yorston D, Strang NC, Manahilov V. D-CHART: A Novel
Method of Measuring Metamorphopsia in Epiretinal Membrane
and Macular Hole. Retina. 2016;36:703.

8.  Querques G, BerbouchaE, Leveziel N, Pece A, Souied EH. Preferen-
tial hyperacuity perimeter in assessing responsiveness to ranibizu-
mab therapy for exudative age-related macular degeneration. Br J
Ophthalmol. 2011;95:986-991.

9.  Ghazi-Nouri SMS, Tranos PG, Rubin GS, Adams ZC, Charteris DG.
Visual function and quality of life following vitrectomy and epire-
tinal membrane peel surgery. Br J Ophthalmol. 2006;90:559-562.

10. Okamoto F, Okamoto Y, Hiraoka T, Oshika T. Effect of vitrectomy for
epiretinal membrane on visual function and vision-related quality
of life. Am J Ophthalmol. 2009;147:869-874.

11.  Nowomiejska K, Oleszczuk1 A, Brzozowska A. M-charts as a tool
for quantifying metamorphopsia in age-related macular degene-
ration treated with the bevacizumab injections. BMC Ophthalmo-
logy. 2013;13:13.

12.  Gessesse GW, Tamrat L, Damji KF. Amsler grid test for detection of
advanced glaucoma in Ethiopia. PLoS ONE. 2020;15(3):e0230017.
https://doi.org/10.1371/journal.pone.0230017.

CZECH AND SLOVAK OPHTHALMOLOGY 4/2020





