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Abstract
Aims: In this observational study metamorphopsia categorization using the computer-based test MacuFix was performed in eyes with and without maculopathy.

Methods: In all eyes spectral domain optical coherence tomography and Amsler Test were performed, best corrected visual acuity (BCVA) was determined and the 
App MacuFix was used defining a class reflecting a magnitude difference.

Results: The study included 69 eyes of 23 women and 25 men. The average age was 70 ± 11 years. Inclusion criterion was maculopathy in at least one eye. Exclusion 
criterion was BCVA lower than 20/200. The average BCVA was 20/30. 42 eyes perceived metamorphopsia in the Amsler grid, 27 did not. The group with maculopathy 
consisted of 57 eyes: diagnoses were early age related macular degeneration (AMD) in eight, intermediate AMD in 20, late AMD in 9, diseases of the vitreoretinal 
interface in 11, non-AMD macular edema in 9 eyes. 12 eyes had no macular pathology. The smallest correctly detected magnitude difference measured by MacuFix was 
on average 2.12 for eyes perceiving metamorphopsia (standard deviation SD=±1.29) and 1.15 for eyes not perceiving metamorphopsia (SD= ± 0.36). The difference 
between those two groups was statistically highly significant (α=0.05, 2-sided t-test for unrelated samples, p<0.001; confidence interval CI (0.54; 1.40)). Eyes with 
macular edema (n=14) had a mean magnitude difference of 2.79 (SD=±1.47). Eyes without maculopathy had a mean magnitude difference of 1.08 (SD=±0.28). The 
difference between eyes with macular edema and eyes without maculopathy was statistically significant (α=0.05; p<0.05; CI (0.81; 2.60)).

Conclusions: In this study the metamorphopsia measurements with MacuFix differed significantly between eyes with and without metamorphopsia. Eyes with 
macular edema were characterized by higher values in MacuFix Class compared to eyes with normal macula.

Introduction
Diseases of the macula can lead to a disturbed visual impression 

(metamorphopsia) [1]. Implying optical coherence tomography 
(OCT) it was possible to attribute metamorphopsia to changes in the 
photoreceptor level [2,3] but neurological influences are also discussed 
[4]. Previous methods for metamorphopsia detection and monitoring 
[5-7] were mostly qualitative or semi-quantitative. The Amsler Grid 
[8]  provides simple and fast qualitative assessment of visual function 
in the central 10° of the visual field with limited sensitivity due to its 
supra threshold nature [9,10]. Morphision [6] is a  semi-quantitative 
paper-based test  which delivers a categorization of metamorphopsia 
by comparing the perception of images presented to the eye perceiving 
metamorphopsia with the fellow healthy eye. To classify the severity 
of metamorphopsia M-CHARTS was developed by Matsumoto et al. 
As the above mentioned tests may be limited by “filling in” [11] or 
“visual crowding” [12], procedures based on preferential hyperacuity 
perimetry were implemented [13-15]. A quantitative metamorphopsia 
measurement based on the Amsler Grid was made possible in 2015 
with the development of the software “AMD - A Metamorphopsia 
Detector®” [16-22]. The users observe monocularly with appropriate 
near correction white horizontal or vertical lines, respectively, 
displayed on the black background of the computer screen. The 
patients monocularly fixate the central white dot and straighten the 
lines that they perceive to be distorted by moving the mouse wheel.  
The Metamorphopsia Index is determined using the magnitude, 
distance from the central fixation point and area that are measured by 
the software. Based on this software, the app MacuFix was developed 
to provide a low-threshold, cost-effective option. This study was 
performed to investigate whether MacuFix can distinguish between 
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eyes with and without metamorphopsia and the one hand and between 
eyes with and without maculopathy on the other hand.

Materials and methods 
An observational pilot study was performed from June to October 

2019 in a private practice. The patients had been provided with written 
information about the study which they read prior to consenting to 
participate in the study. All patients signed informed consent based on 
the Declaration of Helsinki prior to the study. Eyes with and without 
maculopathy were examined by spectral domain optical coherence 
tomography (SD-OCT, CIRRUS ™ HD-OCT, Carl Zeiss Meditec) and 
Amsler Test, best corrected visual acuity (BCVA) and near correction 
for the computer screen were determined. The software MacuFix was 
used on a personal computer. The exclusion criterion was best corrected 
visual acuity less than 20/200. Statistical analyses were performed with 
the statistical software “R” (Version 3.6.1., R Foundation, R Core Team: 
A Language and Environment for Statistical Computing. R Foundation 
for Statistical Computing, Vienna, Austria. http://www.R-project.org). 

The App MacuFix displays four grids, each 4 degrees large.  The grids 
show distorted lines, one grid standing out due to higher magnitudes 
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as shown in Figure 1. The magnitudes are calculated by the program 
AMD-A Metamorphopsia Detector [23]. While wearing appropriate 
near correction, the patients monocularly select the grid they perceive 
most distorted. The response speed per scene defines the length of the 
following scenes. A time bar shows the respondent the time available. 
If no selection is made, the selection is evaluated as incorrect. At least 
10 scenes with varying magnitude differences are shown to evaluate 
the smallest detectable magnitude difference. This process takes about 
one minute per eye. An algorithm determines the smallest detectable 
magnitude difference displayed as MacuFix class. Results are displayed 
and stored for monitoring. If used on a smart phone encrypted results 
can be sent to the ophthalmologist for monitoring or feedback, e.g. 
invitation for a re-examination.

Results
The study included 69 eyes of 23 women and 25 men. The average 

age was 70 ± 11 years. Inclusion criterion was OCT-documented 
maculopathy in at least one eye. Exclusion criterion was BCVA 
worse than 20/200. The average BCVA was 20/30. The group with 
maculopathy consisted of 57 eyes: diagnoses were early age related 
macular degeneration (AMD) in 8, intermediate AMD in 20, late AMD 
in 9, diseases of the vitreoretinal interface in 11, non-AMD macular 
edema in 9 eyes. Twelve eyes had no macular pathology. 42 eyes 
perceived metamorphopsia when tested with the Amsler Grid, 27 did 
not see any metamorphopsia in the Amsler Grid.

The smallest correctly detected magnitude difference was on average 
2.12 for eyes perceiving metamorphopsia in the Amsler Grid (standard 
deviation SD=±1.29) and 1.15 for eyes not perceiving metamorphopsia 

(SD= ± 0.36). The difference in magnitude difference between those 
two groups was statistically highly significant (α=0.05, 2-sided t-test for 
unrelated samples, p<0.001; Confidence interval CI (0.54; 1.40)).

Eyes with macular edema (n=14) had a mean magnitude difference 
of 2.79 (SD=±1.47), whereas eyes without maculopathy had a mean 
magnitude difference of 1.08 (SD=±0.28). The difference between eyes 
with macular edema and eyes without maculopathy was statistically 
significant (α=0.05; p<0.05; CI (0.81; 2.60)).

Discussion
In this study eyes with macular disease, especially those with 

macular edema were characterized by higher values in MacuFix class 
compared to eyes with normal macula. 

Limitations
Including both eyes of some of the participants might imply bias 

and cooperation of the patients as well as their understanding of the test 
can influence the test results. 

Functional diagnostic tools in macular diseases 
The Amsler grid does not allow for the quantification of the 

severity of metamorphopsia. Additional limitations are a missing 
documentation possibility, its lack of fixation control, low sensitivity 
due to the “crowding effect” and its confined ability to detect scotoma, 
especially when these scotoma are small and are not close to the fovea, 
an effect called the “filling-in-phenomenon”. The Morphision test can be 
used to assess the severity of metamorphopsia, however its application 
is limited because it presupposes a healthy fellow eye. M-CHARTS 
tests for metamorphopsia in the horizontal or vertical meridian only. 
By increasing the number of lines, an expansion of up to 10° from 
the central fixation point is possible leading to a prolongation of the 
test. M-CHARTS is unable to specify the region of metamorphopsia 
and cannot be used by patients with best corrected visual acuity lower 
than 20/100 or large (para-) central scotoma. ForeseeHome (Notal 
Vision Ltd, Tel Aviv, Israel) is based on hyperacuity and covers 14° of 
the central visual field. The AREDS2-HOME study [24] found that due 
to visual field defects or problems adapting to the testing device about 
20% of patients were not able to use ForeseeHome successfully. 

Coco-Martin  et al. [25] found a moderate reliability for the 
colour perimetry technique to assess in vivo macular pigment optical 
density in eyes with age-related macular degeneration with regard to 
the intra-session repeatability and inter-examiner reproducibility. 
Welker and co-authors documented a good intrasession test-retest 
reliability of mesopic and dark-adapted microperimetry in patients 
with intermediate age-related macular degeneration and age-matched 
controls and deduced that the instrument was a reliable tool in this 
patient group [26].Visual acuity is a standardizable parameter and the 
most widely used test to describe visual function. According to a cross-
sectional study [27] ETDRS (Early Treatment Diabetic Retinopathy 
Study) – charts render a high repeatability. In eyes with AMD, however, 
the intersession visual acuity measurements revealed considerable 
variability [28, 29]. 

Available applications for the quantification of metamorphopsia are 
in a range between time-consuming, cost-intensive tests that place a 
high demand on the patient on the one hand and easily feasible tests 
with limited validity on the other. The results of this pilot study motivate 
us to address the question of reliability, sensitivity and the usability of 
the app MacuFix, currently examined in a study approved by the ethics 
commission of the North Rhine Medical Council. Further studies shall Figure 1. App MacuFix: patient selecting a grid on a touch device
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inquire if this software can improve compliance and adherence in the 
management of macular diseases. 
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