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ABSTRACT

BACKGROUND: |dentifying and evaluating the severity of patients complaints of metamorphopsia is an important component
of the pre- and postoperative management of patients with vitreomacular interface conditions. To diagnose metamorphopsia,
the Amsler grid is used, which allows to detect changes, but does not allow to quantify them. The authors of this article have
developed a special software program for quantitative evaluation of metamorphopsia.

AIM: The aim is to comparatively evaluate tabular and programmatic methods of metamorphopsia assessment.

MATERIALS AND METHODS: The study involved 36 patients (36 eyes) divided into two groups: “macular hole” (20 patients,
20 eyes) and “epiretinal fibrosis” (16 patients, 16 eyes). Quantitative assessment of metamorphopsia was performed by two
methods: tabular — using printed tables, which are an analog of M-CHARTS, and software — using the developed computer
program.

RESULTS: When comparing the integral parameters of the two methods using the Bland—Altman analysis, the results were
highly comparable: the mean value of the difference between the PMs determined by the tabular and program methods
was only —0.020°; the 95% confidence interval ranged from 0.277° to 0.235°, with 34 (94.4%) cases out of 36 falling within this
range.

CONCLUSIONS: The program and tabular methods of metamorphopsia examination are interchangeable and provide rea-
sonably accurate quantification of metamorphopsia. The developed program is available on-line (https://mntk.ru/specialists/
nauka-sotr/diag_meta/) and can be recommended for widespread clinical use.
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AHHOTALNA

AxTyanbHocTb. BhisiBNeHMe 1 oLeHKa BbIPaXKeHHOCTM }anob NaLMeHTOB Ha UCKaXeHus (MeTaMopdoncum) ABNSeTCS Bax-
HbIM KOMMOHEHTOM A0- W MOCNEe0NepaLMoHHOro BeJleHUs NaUMeHTOB C MaTosiorueli BUTPEOMaKYNSpHOro UHTepdelica.
[lns nnarHoctMku Metamopdoncuii ncnonb3ytoT Tabnuuy AMcnepa, KoTopas 4aéT BO3MOXHOCTb BbISIBUT MeTamMopdoncuu,
HO He MO3BOJIAET OLEHUTb WUX KONMYeCTBEHHO. ABTOpaMM cTaTbu paspaboTaHa cnewuuanbHas KOMMbTEPHas NporpamMma
ANs KONMMYeCTBEHHOW OLEeHKN MeTaMopdoncui.

Lienb — cpaBHUTENbHasA OLEHKa TabsMYHOro M NPOrpaMMHOr0 METOA0B OLEHKM MeTaMophoncui.

Marepuanbl 1 MeToAbl. B nccnenoBaHmm yyactBoBano 36 nauueHToB (36 rnas), pasnenéHHbIX Ha ABe rpynmbl: «MaKynsap-
HbIli pa3pbix» (20 yenoBek, 20 rnas) u «anupeTuHanbHbIn GrUbpo3» (16 yenosek, 16 rnas). KonuuecTBeHHy oueHKy no-
Ka3aTeneil MeTaMopdoncuii BbIMOHANM ABYMS METOAAMM: C UCMO/Ib30BAHWEM MeYaTHbIX Tabnul, SBAAIOLIMXCA aHaI0roM
M-CHARTS, 1 ¢ nomoLubto pa3paboTaHHON KOMMbBIOTEPHON NPOrpaMMbl.

Pesynbrartbl. [pu cpaBHeHMM nokasaTenei MeTaMop@oncuii ¢ UCMOb30BaHMEM aHanu3a bnanpa — AnbTMaHa oTMeyeHa
BbICOKasi COMOCTAaBMMOCTb Pe3y/nbTaToB: CpeAHee 3HaYeHWe pa3HOCTU MeTaMop(oNcuii, onpeaensieMblx TabaMyHbIM 1 Npo-
rpamMMHbIM MeTozoM, cocTaensano Bcero —0,020°; BennumnHa 95 % poBeputensHoro uHTepeana — ot -0,277 po 0,235°,
npu 31oM 34 (94,4 %) cnyyas u3 36 HaxoAMAMCH B rpaHMLAX YKa3aHHOro AuanasoHa.

3aknioyeHue. [porpaMMHbIA M TabNUYHbIA METOAbI MCCELOBaHUA MeTaMopdOncuin ABNAKTCA B3aWMO3aMEHSAEMbIMU
1 obecneynBaloT JOCTAaTOYHO TOYHYIO KOJIMYECTBEHHYIO OLLEHKY MeTamopdoncuid. Pa3pabotaHHas nporpaMMa npepcTas-
neHa B obwem poctyne (https://mntk.ru/specialists/nauka-sotr/diag_meta/) n MoxeT 6biTb peKOMeHA0BaHa K LIMPOKOMY
K/IMHUYECKOMY UCMOJIb30BaHMH0.

KnioueBbie cnoBa: MeTaMopdoncuu; MaKyNApHbIiA pa3pblB; anMpeTUHanbHbIN ¢nbpo3; M-CHARTS.
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BACKGROUND

Managing patients with vitreomacular interface
conditions (epiretinal fibrosis, macular hole, etc.), spe-
cial attention is paid to the presence of complaints on
metamorphpsia, which commonly manifest as cur-
ving of straight lines, distortion of object contours [1].
Detection and assessment of severity of such complaints
are necessary to decision-making about surgical treat-
ment. Currently, to detect metamorphpsia the Amsler’s
chart (grid) is widely used, which gives the possibility
to detect metamorphopsia, but does not allow their
quantitative assessment. For this purpose, in 1999, spe-
cial M-CHARTS were elaborated [2], manufactured by
Inami & Co., ltd. (Japan). However, these charts are not
supplied to the Russian Federation. For quantitative as-
sessment of metamorphopsia, we elaborated a special
software program (Certificate of state registration of
a program for ECM No. 2023618455, April 25, 2023).

Aim — the comparative analysis of metamorphopsia
assessment methods — using charts or software pro-
gram.

MATERIALS AND METHODS

The study included 36 patients (36 eyes), divided into
two groups: “macular hole” (20 patients, 20 eyes) and
“epiretinal fibrosis” (16 patients, 16 eyes). Inclusion cri-
teria for patients with these conditions were: complaints
on distortions of lines, letters, object contours, age more
than 40 years. Exclusion criteria: serious concomitant
ocular or somatic diseases, myopia of more than 6.0 D,
astigmatism higher than 3.0 D. For all patients, common
diagnostic tests were performed, including autorefrac-
tometry, keratometry, visual acuity testing, ophthalmo-
tonometry, optical biometry, biomicroophthalmoscopy,
as well as optical coherence tomography using Cirrus
HD-OCT 5000 (Carl Zeiss Meditec, USA). The quantitative
assessment of the metamorphopsia index (MI) was per-
formed using two methods: using printed charts being an
analogue to M-CHARTS, and using the designed software
program.

Printed charts represented straight dotted lines with
an interval between dots within the range from 0.1 to
2.0° spaced 0,1° apart (from 30 cm distance). They were
printed on a laser printer with strict conformance of main
characteristics, formulated by their authors (Fig. 1) [3].
The tables were shown twice, with lines in horizontal
and vertical position. Corresponding metamorphopsia
were conventionally called horizontal and vertical ones.
In original charts, for patients with central scotoma dou-
ble lines were also proposed, which were not used in the
present study, in order not to complicate the examination
procedure. As the result of MI investigation in each di-
rection, the minimal distance between dots (in degrees),
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Fig. 1. M-CHARTS (Inami & Co., Ltd, Japan)
Puc. 1. Tabnuubl M-CHARTS (Inami & Co., Ltd, AnoHus)

@) e

Fig. 2. A software method for evaluating metamorphopsia. Screen
view with one of the test images. Further details are explained in
the text

Puc. 2. porpaMMHbIN MeTop, OLEHKM MeTamMopdoncuii. Bug akpa-
Ha C O[JHUM 13 TeCTOBbIX 1306paxeHUN. [ToACHEHNS B TEKCTE

at which metamorphopsia were still detectable (that is
one step less than the value, at which metamorphop-
sia were already not detected). Additionally, the mean
value of the determined minimal distances for horizon-
tal and vertical lines was calculated, it was considered
by convention to be an integral result of the test —
integral M.

The developed software program is the analogue of
printed charts, which allows to display on the screen of
a computer or tablet same straight dotted lines with an
interval between dots within the range from 0.1 to 2.0°
spaced 0,1° apart (from 40 cm distance) in vertical and
horizontal directions (Fig. 2). The program was different
by the demonstration of charts in a random sequence
with consideration to previous answers of the study par-
ticipant and with repeated control presentations, provid-
ing better reliability of obtained results. The distance
from the screen 40 cm was chosen as more conventional
for patients working on the computer.

The tests using charts and computer software were
carried out in the same conditions — with customary
for the patient correction for reading at the same arti-
ficial illumination. The choice of the first examination
method (charts or software program) was performed
randomly.
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The data statistical processing was carried out us-
ing application program packages Excel (Microsoft Inc.,
USA) and Jamovi (The Jamovi project, Australia). To as-
sess the normality of distribution the Shapiro-Wilk test
was used. Data with normal distribution are presented as
M + g, where M is an arithmetic mean, ¢ — a standard
deviation. Data with absence of normal distribution are
presented as Me [Q;; Q,], where Me is a median, @, and
Q, — first and third quartiles. The relationship between
signs was evaluated by Pearson’s correlation analysis.
As statistically significant, the p < 0.05 level was con-
sidered.

When calculating mean values, data obtained using
standard (decimal) charts were recalculated for ETDRS
charts.

To assess the MI conformity, determined by methods
using charts and software program, the Bland—Altman
analysis was used [4]. This analysis assumes a graphi-
cal presentation of the dependance of obtained data dif-
ferences from their mean values by horizontal dotted
lines on the graph, the mean difference in measurements
between the two methods is denoted, as well as upper
and lower limits of the 95% confidence interval (CI) for
the difference in measurements (M + 20 and M - 20).
The Bland-Altman analysis does not provide a statistical
comparison of obtained values. Graphic results are as-
sessed in respect to individual objectives of the compared
examinations: if both the mean and Cl differences are re-
latively small and, above all, of minor clinical value,
the methods are considered to be interchangeable.

RESULTS

Clinical and demographic data of patients of both
groups are shown in the table.

Because patients suffered from different conditions,
data are shown for reference only, statistical comparison
between groups was not performed.

Tom 17N 1, 2024
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The examination using both software program and
charts did not cause any difficulties for patients, it was
performed relatively rapidly — during less than 1 min.

When comparing integral Ml of the two methods using
the Bland—Altman analysis, a high result comparability
was noted: the mean value of MI difference determined
by the method using charts and that using software pro-
gram was —0.020° only; the 95% Cl value — between
-0.277 and 0.235°, moreover 34 cases (94.4%) out of 36
were within this range (Fig. 3).

It is to be noted that two datapoints being beyond
the Cl, were the first and the third out of the examined
patients’ number, and this may be explained by non-
significant 4To Morno 06BACHATLCA HE3HAUMTESIbHBIMY
procedure errors during the period of method mastering.
In case both these two datapoints were acknowledged as
falling out of range (>M + 30 or <M — 3g), the mean dif-
ference value decreased to 0.004°, and the limits of the
95% Cl to —0.151-0.160°. Even without the exclusion of
falling out values, and especially after their exclusion, the
difference between the integral Ml of both methods (mean
value and 95% ClI) appears to be clinically non-significant.

For vertical MI, the mean difference value was mini-
mal (-0.006°), and the 95% Cl value was between —0.258
and 0.247°. For horizontal MI, these values were some-
what higher: the mean difference value was -0.036°, and
the limits if the 95% Cl — between -0.390 and 0,318°.
The obtained values both for horizontal and vertical Ml
appear also to be clinically non-significant.

In comparative analysis of quantitative results of MI
assessment for the “epiretinal fibrosis” diagnosis alone,
the mean difference value was also minimal (-0.006°),
and the limits if the 95% CI were between —0.276 and
0.264°. For the “macular hole” diagnosis, the mean dif-
ference value was somewhat higher and made -0.032°,
were in the range from —0.281 to 0.216°. The obtained
values in this case appear as clinically non-significant for
both groups as well.

Table. Clinical and demographic data of patients in groups. M + o (min — max)
Tabnuua. Knuunko-pemorpaduyeckue aaHHbIe NaLUMEHTOB B rpynnax. M + o (MMH. — MaKc.)

Parameter

Group

macular hole | epiretinal fibrosis

Total number of patients (eyes)

Age, years

Sex (f/m)

Best corrected visual acuity, EDTRS letters, Me [Q;; Q;]

Anatomical axis length, mm

Minimal diameter of the macular hole, pm

Mean retinal thickness in the foveal area, pm

20 16
64.4 + 6.0 (53-75) 67.4 + 6.0 (57-76)

16/4 12/4
58.9 [57; 64] 65.0 [59; 70]
23.52 +0.81 23.40 + 0.67

(22.17-24.93) (22.27-24.36)
334 + 90.3 (107-442) -
- 449 + 57.8 (344-521)

DAl https://doiorg/1017816/0Vé11113
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Fig. 3. Bland-Altman analysis for integral parameters of tabular and software methods of metamorphopsia assessment. Dotted line is
the mean value of the differences of the integral parameters of metamorphopsia determined by the compared methods. Solid lines are
the upper and lower limits of the 95% confidence interval of the differences

Puc. 3. Avanus bnaHpa — AnbTMaHa ans MHTerpanbHbIX NoKasaresnei TabauyHoro 1 NPOrpaMMHOr0 METOAO0B OLIEHKM MeTaMopdomncui.
TyHKTMPHas NMHUS — NOJyYeHHOE B pe3ynbTaTe UCCIe0BaHNUSA CpefHee 3HauYeHUe PasHOCTe MHTErpanbHbIX NoKasaTenen MetaMopdon-
CUiA, OnpefiensieMblX CpaBHMBaeMbIMU MeTofaMu. CnoWHble IMHAM — BEPXHAS M HIKHAA rpaHuubl 95 % [oBepUTENbHOTO MHTepBana

pasHocTel

To assess the visual acuity influence on MI, we ex-
plored the dependency of MI, obtained by both methods
(both the integral and the vertical and the horizontal
ones) from best corrected visual acuity (BCVA, ETDRS
letters). No significant correlation was revealed, Pearson
correlation coefficient in all the patients’ array was not
higher than 0.17.

DISCUSSION

The M-CHARTS are successfully used, and proved
themselves as sufficiently effective method for qualitative
assessment of metamorphopsia in all main vitreomacular
interface conditions — epiretinal fibrosis [2, 3, 5], macular
hole [5-7], retinal detachment [8], age-related macular de-
generation [5, 9]. Most often, the Ml is used for the assess-
ment of visual functions after surgical procedures [8-11].
The results of present study correlate with literature data
and demonstrate high informational capacity of the devel-
oped by authors software program, which is non-inferior
to the M-CHARTS informational capacity, in particular in
patients with epiretinal fibrosis and macular hole.

Revealed in the present study the absence of BCVA
(ETDRS letters) correlation with Ml was noted by oth-
er authors as well at examination of patients with
“epiretinal fibrosis” and “macular hole” diagnoses [3, 71.
The obtained data may suggest that the Ml is an indivi-
dual independent parameter of visual functions’ assess-
ment, and this may be related to the involvement of other
morpho-functional retinal structures. As a consequence,
the MI may be used as an additional, not depending on
visual acuity criterion characterizing visual functions and
their dynamics.

DAl https://doiorg/1017816/0V611113

Some alternatives to M-CHARTS were proposed,
in particular, D-CHART [12]. This method consisted in
presentation of charts with a grid of squares, situated
in a ring shape around the fixation area. This method did
not find a wide use: as on August, 2023, in the PubMed
database, 13 articles mentioning this method were found,
by comparison, M-CHARTS are mentioned in 86 articles.

Taking into account the nonavailability of M-CHARTS
in the Russian Federation, an original software program
was developed based on this chart. At the same time,
there was a concern about the interchangeability of the
developed program and M-CHARTS. The results of pres-
ent study show that these methods are reasonably inter-
changeable.

The present study has some limitations.

An integral Ml was used, while the original chart and
the developed program do not foresee its use. However,
it is necessary to mention that in some foreign studies,
the authors also use the integral index M-SCORE [8, 11].
The use of the integral Ml is more convenient in cases,
when the detection of the specific metamorphopsia direc-
tion (horizontal or vertical) is of no great consequence.
The results of the present study demonstrate that integral
indices reflected the patterns for vertical and horizontal
Mis equally.

The number of patients included in the present study
is relatively small. However, this number seems to be
fairly sufficient for the evaluation of correlations of the
metamorphopsia assessment method using charts with
that using software program. And this was the main aim
of the study. This work included patients with two types
of macular conditions only. The comparison of methods
in other conditions will be the objective of further studies.

25
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CONCLUSION

Software program and charts as metamorhopsia
investigation methods are interchangeable and assure
sufficiently exact qualitative metamorphopsia assess-
ment. The developed program is available in free access
(https://mntk.ru/specialists/nauka-sotr/diag_meta/), and
may be recommended for wide clinical use.
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