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GRAU EN ÒPTICA I OPTOMETRIA 

Estudi comparatiu de la microperimetria mitjançant MAIA i la 

reixeta d’Amsler en la detecció d’escotomas i 

metamorfopsies en individus amb afectació macular. 

RESUM 

 

Objectiu: Comparar la sensibilitat i l’especificitat de diferents mètodes d'avaluació de la 
integritat macular, incloent tres tipus diferents de reixeta d'Amsler i la microperimetria 
mitjançant MAIA. Mètodes: Disset pacients amb edats compreses entre els 30 i 83 anys d'edat 
van participar en l'estudi, tots els pacients patien d'alteració macular degut a múltiples causes 
en almenys un dels dos ulls. Els pacients van ser reclutats al servei d'oftalmologia de l'hospital 
de Terrassa Consorci Sanitari de Terrassa, lloc on, juntament amb les instal·lacions pertanyents 
al Centre Universitari de la Visió, es van realitzar els tests. El procediment d'examen incloïa, per 
a tots els pacients: refracció, agudesa visual en visió propera i llunyana, sensibilitat al contrast 
(MARS Letter Contrast Sensitivity Test), proves de reixeta d'Amsler utilitzant tres versions 
d’aquesta (blanc sobre negre, negre sobre blanc i blau sobre negre) i microperimetria MAIA™ 
(CentreVue SpA; Padova, Itàlia). Resultats: No es van trobar diferències significatives en la 
sensibilitat per a la detecció d’escotoma entre les tres reixetes d’Amsler (76%; el 79%; 79%). 
No obstant, la reixeta d'Amsler blanc sobre negre va resultar ser més fiable en la detecció de 
metamorfopsia (66%), que les reixetes negre sobre blanc i blau sobre negre, que presentaren 
una sensibilitat del 55% i 38% respectivament. La sensibilitat llindar de les diferents reixetes 
d’Amsler per a la detecció d’alteració macular es troba al voltant dels 11 dB. És a dir, en general 
per a valors de sensibilitat retiniana menors de 11 dB les diferents reixetes d’Amsler detecten la 
presència d’alteració macular. En canvi, per a valors de sensibilitat retiniana superiors als 11 dB 
les reixetes d’Amsler rarament detecten alteració macular. Per acabar, les diferents reixetes 
d’Amsler al ser comparades entre elles mostraren una concordança en la localització 
d’escotomes del 60% per als tres tipus de combinacions de reixetes. Per altra banda, la 
concordança en la localització de metamorfopsia fou del 75% entre les reixetes blanc sobre 
negre i negre sobre blanc, 53% entre les reixetes blanc sobre negre i blau sobre negre i 63% 
entre les reixetes negre sobre blanc i blau sobre negre. Conclusió: Cal entendre la reixeta 
d’Amsler com un test de cribratje que presenta forces limitacions a l’hora de caracteritzar l’abast 
i localització de la lesió. En la determinació d’alteració macular es pot utilitzar indistintament les 
reixetes blanc sobre negre i negre sobre blanc. Tanmateix, per a pacients amb fotofòbia o 
pacients en els què es vulgui avaluar la presència de metamorfopsia recomanem utilitzar la 
reixeta blanc sobre negre. 
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GRAU EN ÒPTICA I OPTOMETRIA 

 

Estudio comparativo de la microperimetria mediante MAIA y 

la rejilla de Amsler en la detección de escotomas y 

metamorfopsias en individuos con afectación macular. 

RESUMEN 

 

Objetivo: Comparar la sensibilidad y especificidad de diferentes métodos de evaluación de la 
integridad macular, incluyendo tres tipos diferentes de rejilla de Amsler y la microperimetria 
MAIA. Métodos: Diecisiete pacientes con edades comprendidas entre los 30 y 83 años de edad 
participaron en el estudio. Todos los pacientes sufrían de alteración macular debido a múltiples 
causas en al menos uno de los dos ojos. Los pacientes fueron reclutados en el servicio de 
oftalmología del hospital Consorci Sanitari de Terrassa, lugar donde, junto con el Centro 
Universitario de la Visión, se realizaron los exámenes visuales. El procedimiento de examen 
incluía en todos los pacientes la determinación de la refracción, agudeza visual en cerca y en 
lejos, la sensibilidad al contraste (MARS Letter Contrast Sensitivity Test), tres versiones de la 
rejilla de Amsler (blanco sobre negro, negro sobre blanco y azul sobre negro) y microperimetria 
MAIA™ (CentreVue SpA; Padova, Italia). Resultados: No se encontraron diferencias 
significativas en la sensibilidad para la detección de escotoma entre las tres rejillas de Amsler 
(76%; 79%; 79%). Sin embargo, la rejilla de Amsler blanco sobre negro ha demostrado ser 
más fiable en la detección de metamorfopsia (66%) que las rejillas negro sobre blanco (55%) 
y azul sobre negro (38%). El umbral de sensibilidad de las distintas rejillas de Amsler para la 
detección de alteración macular se encuentra alrededor de los 11 dB. Es decir, en general para 
valores de sensibilidad retiniana menores de 11 dB las diferentes rejillas de Amsler detectan 
alteración macular. Sin embargo, para valores de sensibilidad superiores a 11 dB las rejillas de 
Amsler raramente detectan alteración macular. Además, las diferentes rejillas de Amsler al ser 
comparadas entre si mostraron una concordancia en la localización de escotomas del 60% para 
las tres posibles combinaciones de rejillas. Por otro lado, la concordancia en la localización de 
metamorfopsia fue del 75% entre las rejillas blanco sobre negro y negro sobre blanco, 53% 
entre las rejillas blanco sobre negro y azul sobre negro y 63% entre la negro sobre blanco y la 
azul sobre negro. Conclusión: Hay que entender la rejilla de Amsler como un  test de chequeo 
que presenta serias limitaciones a la hora de caracterizar el alcance y localización de las lesiones. 
En la determinación de alteración macular se puede utilizar indistintamente las rejillas blanco 
sobre negro y negro sobre blanco. Sin embargo, para pacientes con fotofobia o pacientes en 
los que se quiera evaluar la presencia de metamorfopsia recomendamos utilizar la rejilla blanca 
sobre fondo negro.  
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Comparison of MAIA microperimetry and Amsler grid in the 
detection of scotomas and metamorphopsia in  patients with 

macular alteration. 
ABSTRACT  

 

Purpose: To compare the sensitivity and specificity of different methods of assessing macular 
integrity, including three different types of Amsler grid and the MAIA microperimeter.  
Methods: Seventeen patients with ages ranging from 30 to 83 years old participated in the 
study, all patients suffered from macular alteration due to multiple causes in at least one of both 
eyes. Patients were recruited from the ophthalmology department of the Consorci Sanitari de 
Terrassa hospital. Research was undertaken at the facilities of the Centre Universitari de a Visió 
and the Consorci Sanitari de Terrassa hospital. The examination procedure in all patients 
included refraction, visual acuities both at near and distance, contrast sensitivity (MARS letter 
contrast sensitivity test), Amsler grid testing with three different version of the Amsler grid 
(white-on-black; black-on-white and blue-on black) and MAIA™ microperimetry (CentreVue SpA; 
Padova, Italy). Results: There were no significant differences in scotoma sensitivity between 
the three Amsler grids (76%; 79%; 79%). However, the white-on-black Amsler grid was proven 
to be more reliable in metamorphopsia detection (66% of all eyes with macular alteration), in 
contrast to the black-on-white Amsler grid (55%) and the blue-on-white Amsler grid (38%). 
Threshold sensitivity of the different Amsler grids in the detection of macular alteration was 
approximately 11 dB. In other words, in general for values of retinal sensitivity inferior to 11 dB 
the different Amsler grids detect the presence of macular alteration. However, for retinal 
sensitivity values superior to 11 dB the Amsler grids rarely detect macular alteration. 
Furthermore, concordance of scotoma localization between the different Amsler grids was 60% 
for all three possible combinations of grids. On the other hand, concordance in metamorphopsia 
localization was 75% between the white-on-black and the black-on-white grids, 53% between 
the white-on-black and the blue-on-black and 63% between the black-on-white and the blue-
on-black grids. Conclusion: The Amsler grid should be understood as a screening test with 
important limitations when being used to determine the depth and location of the lesion. In 
macular alteration assessment both the white-on-black and the black-on-white Amsler grids can 
be used. However, for patients suffering from photophobia or in patients in which the clinician 
wants to assess the presence of metamorphopsia the white-on-black Amsler grid should be 
used. 
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1. Introduction 

 
Macular dysfunction is a common cause of visual impairment in the developed world. It 
can be caused by numerous diseases; among them, age-related macular degeneration 
(AMD) is the most prominent.  

 

AMD is of particular interest in research as it is the third most common cause of 
blindness in the world and the leading cause of blindness in the Western world 
(Resnikoff, et al. 2004). Early diagnosis of AMD and other retinal diseases allows for 
rapid treatment, which gives a better prognosis. Diagnosis of macular dysfunction is 
primarily carried out by assessing the presence of symptoms, which are often blurred 
vision, metamorphopsia and visual scotomas. 

 

One of the most broadly used techniques of macular dysfunction diagnosis is the Amsler 
grid, a quick inexpensive test that allows for the detection of scotomas and 
metamorphopsia. However, the Amsler grid has been found to have a low sensitivity, 
ranging from 30% (Loewenstein, et al. 2003) to 52% in some studies (Kampmeier, et 
al. 2006). Therefore, it is important for clinicians to take into account the pros and cons 
of the Amsler grid as a screening/diagnostic tool.  

 

The Amsler grid low sensitivity is caused by a number of different factors; the most 
significant is the ‘filling-in’ phenomenon, also known perceptual completion. This 
phenomenon involves visual features being perceived in the absence of neural input on 
the basis of surrounding features, occurring both in the physiological blind spot and in 
pathological scotomas. In addition to filling-in, other theories regarding the low 
sensitivity of the Amsler grid include the use of a preferred retinal locus away from the 
scotoma boundary, averaging of crowded stimuli (Parkes, et al. 2001) and 
misunderstanding of the tests nature by the patient. 

 

Several other macular dysfunction diagnose techniques constitute an alternative to the 
Amsler grid, examples of these techniques include automated campimetry, preferential 
hyperacuity perimeter (PHP) and, most recently, microperimetry. Whereas automated 
campimetry and PHP present serious disadvantages in the assessment of macular 
integrity, microperimetry allows for a more detailed evaluation of macular sensitivity 
while providing with useful information about the patients fixation with regards to its 
location and stability. 

 

In the following study we have assessed the capability of different modifications of the 
Amsler grid to detect scotoma and metamorphopsia. Furthermore, we have compared 
the outcome obtained from the Amsler grids with the MAIA microperimeter results. 
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2. Theoretical framework 
 

The purpose of this chapter is to provide a general overview of the structure, function 
and characteristics of the macula, together with the pathologies that can affect it. These 
pathologies can cause blurred vision, scotomas and/or metamorphopsia. The two former 
symptoms and the visual field examination techniques to assess their presence are also 
going to be described in this chapter. Finally, a review of related studies in the field of 
macular pathology and macular pathology diagnose techniques will be covered. 

a) The macula and macular diseases 

 
The Macula 

 
The macula lutea, derived from the Latin words “macula” or spot and “lutea” meaning 
yellow, is an area of approximately 5.5 millimetres in diameter. It is defined in medical 
terms as the portion of the posterior retina that contains xanthophyll, carotenoid yellow 
pigments such as zeaxanthin and lutein, and two or more layers of ganglion cells. The 
macula and specifically the region at its centre, the fovea, are designed to give high 
visual acuity, colour vision and fixation. 

The macula and the pit located at its centre, the fovea, are situated temporally and 
slightly inferiorly from the optic disc. The mean horizontal angular distance between 
fovea and the centre of the optic disc is 15.5º, and the mean vertical angular distance 
is -1.5º (Rohrschneider 2004) (Figure 1). The study carried out by Rohrschneider (2004) 
reported no significant differences when comparing the mentioned distances between 
right and left eyes, no relationship between these distances and the amount of myopia 
and no variation of the distance between fovea and optic disc with age. 
 
The central 1.5 millimetres of the macula are occupied by the fovea (or fovea centralis). 
In the centre of fovea there is a region devoid of retinal vessels known as the foveal 
avascular zone (FAZ) which measures approximately 0.5 millimetres in diameter on 
average (Agarwal 2012). Also in the centre of the fovea, and coexisting with the FAZ, 
there is an area known as the foveola, a 0.35 millimetres diameter zone where the inner 
nuclear layer and the ganglion cell layer are absent (Figure 2). The small central concavity 
of the floor of the foveola is called the umbo and it is partly responsible for the light 
reflex (Skuta, Cantor and Weiss 2011-2012) (Agarwal 2012). 

Surrounding the fovea there is a ring 0.5mm in width called the parafoveal zone, an 
area where the ganglion cell layer, the inner nuclear layer, and outer plexiform layer of 
Henle are thickest. The parafovea is in turn surrounded by another ring approximately 
1.5 millimetres wide known as the perifovea or perifoveal area, the outermost region of 
the macula which is characterized by the presence of two to four rows of cells in the 
ganglion cell layer (Poylak 1941) (Figure 3). 
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Figure 1  -  Modified from (Rohrschneider 2004). Right eye. Horizontal (x) and vertical (y) distances between the fovea 

and the centre of the optic disc, and the angle (α) calculated from these distances. 

Figure 2  -  Modified from (Kanski and Bowling 2011). Diagram of the layers and structure of the fovea. With the 

foveola devoid of inner nuclear layer and ganglion cell layer. 

 

 

Figure 3  -  (Skuta, Cantor and Weiss 2011-2012). 

Anatomical macula. (Courtesy of Richard F. 

Spaide, MD). 
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Macular diseases 

The number of potential diseases and disorders triggering macular alteration is 
extensive. This chapter will therefore only briefly describe the main macular diseases 
and those present in the patients of the following study. 

Acquired diseases affecting the macula 

 

 Age-Related Macular Degeneration (AMD) 

Age-related macular degeneration (AMD) is a pathological exaggeration of the “normal” 
ageing process. AMD is the leading cause of blindness in developed countries and the 
third cause of global blindness (Resnikoff, et al. 2004). The European Eye Study, carried 
out in seven countries in Europe, including Spain, showed a general prevalence of any 
kind of AMD of 3.32%, being higher in women (4.00%) than in men (2.49%) and 
significantly increasing with age (CA, et al. 2006). The aetiology of AMD is not totally 
known, it is partially genetic although other risk factors such as age, race (most 
prevalent in Caucasians), smoking and a positive family history may contribute.  

Types of AMD:  

 Non-exudative (dry) AMD: The most common form of AMD. Consists on a slowly 
progressive atrophy of the photoreceptors, RPE and choriocapillaris that is 
presented over months or years, gradually impairing the patient’s vision. Both 
eyes are usually affected but often asymmetrically.  

 Signs: Hyperpigmentation or hypopigmentation of the RPE associated with 
drusen. Retinal pigmented epithelium (RPE) detachment can occur.  

 Symptoms: gradual blurring of central vision. 
 Treatment: Prophylaxis oriented. Antioxidant supplementation to reduce 

the risk of progression. The antioxidant regimen used in the Age-Related 
Eye Disease Study (AREDS) consisted on vitamin C, vitamin E, beta-
carotene, zinc and copper. However, the AREDS 2 study concluded that 
the addition of lutein + zeaxanthin, omega-3 fatty acids (DHA + EPA), or 
both to the AREDS formulation did not reduce the risk of progression to 
advanced AMD. (Age-Related Eye Disease Study 2 Research Group 2013) 

 Prognosis: Extremely variable. From geographic atrophy to detachment of 
the sensory retina. If choroidal neovascularitzation, from now on CNV, 
occurs the condition is then classified as neovascular AMD. 

 

 Neovascular (wet) AMD: Of much more rapid presentation than dry AMD, is 
caused by CNV, which produces visual loss due to blood leakage. Fluid 
accumulation results in loss of the photoreceptors and RPE, formation of a 
disciform scar and permanent visual loss.  

 Signs: drusen, CNV, haemorrhages, retinal and subretinal cicatrisation 
and exudative retinal detachment among others. 

 Symptoms: painless blurring of central vision, metamorphopsia and 
positive scotoma, resulting in central visual field loss.  
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 Treatment: Mainly by anti-angiogenic therapy (anti-VEGF). Photodynamic 
therapy (PTD), although rare, is still used alone or in combination with 
anti-VEGF. 

 Prognosis: Very poor. Significant improvement in visual prognosis with the 
use of anti-VEGF agents. If untreated is not uncommon to find patients 
with only “hand movements” VA. 

Although other more modern AMD classifications do exist, especially those regarding 
the use of OCT (Gallego-Pinazo, Dolz-Marco and Díaz-Llopis 2012), the non-
exudative/neovascular classification was used in this study due to its extensive use in 
the literature and in clinical practice. 

 Central Serous Chorioretinopathy 
 

Central serous chorioretinopathy (CSC), also called central serous retinopathy (CSR) is 
usually a unilateral, self-limited, idiopathic condition characterized by the serous 
detachment of the sensory retina of the macula. It primarily affects men between 25 
and 55 years of age. Studies suggest an annual incidence rate of 10:100.000 in men 
and 6 times less common in women. (Liew, et al. 2013) 
 

 Signs: Round or oval detachment of the sensory retina at the macula. 
 Symptoms: Sudden unilateral blurred vision associated with relative positive 

scotoma, micropsia, metamorphopsia and decreased contrast sensitivity. VA 
ranges from 6/9 to 6/12 with chances of increasing with a weak positive lens 
(elevation of the sensory retina generates an acquired hyperopia). 

 Treatment: Most cases do not require treatment. If the visual loss remains for 
more than 4-6 months laser photocoagulation can be carried out. 

 Prognosis: 
o Short: The most common. Normal or near-normal visual acuity 

spontaneously restored within 3-6 months 
o Prolonged: Restoration of visual acuity spontaneously occurs within 12 

months. 
o Chronic: In a minority of cases. The condition lasts for more than 12 

months. It may develop CNV. 
 

 Degenerative myopia 

Degenerative myopia consists of high myopia (refractive error > -6D and an axial length 
of the globe > 26mm) with pathological implication due to mechanical stretching of the 
ocular tissues caused by progressive anterior-posterior elongation of the eyeball. 
Pathological/degenerative myopia occurs in 1-3% of the population. (Wong, et al. 2014) 
Maculopathy is the most common cause of visual loss in degenerative myopia.  

 Signs: tilting of the optic disc, CNV, Subretinal haemorrhages, Fuch’s spot (a 
circular and pigmented lesion that may develop after a macular haemorrhage), 
staphylomas due to expansion of the globe and scleral thinning, and many others. 

 Symptoms: slow progressive VA loss (sudden if haemorrhages occur). 
 Treatment: photodynamic therapy or anti-angiogenic agents in case CNV occurs.  
 Prognosis: extremely variable, from asymptomatic to severe visual impairment. 



 

15 

 

 

 Macular holes 

Macular holes are an idiopathic condition that occurs primarily between the sixth and 
eight decades of life, with a prevalence of approximately 3:1000, more common in 
women than in men and earlier in myopic eyes. Presentation ranges from severe 
impairment of central vision to asymptomatic.  

 Stages of the macular holes 
 Stage Ia – Impending. Characterized by flattening of the umbo, a yellow 

foveolar spot 100-200μm in diameter and loss of the foveolar reflex.  
 Stage Ib – Ocult. Might be associated with mild decrease in visual acuity or 

metamorphopsia. 
 Stage 2 – Early. Full-thickness hole < 400 μm in diameter. Progression to this 

stage occurs in several weeks or months. VA is further affected. 
 Stage 3 – Established. > 400μm. Macula hole fully developed. VA generally 

around 20/200 although it can be better if the patient is able to use eccentric 
fixation. With or without operculum. 

 Stage 4 – Full-size macular hole with complete PVD (Posterior Vitreous 
Detachment) 

 Signs & Symptoms: Depending on the stage. 
 Prognosis: The risk of involvement of the fellow eye at 5 years is around 10%. 

50% of stage 1 holes and 10% of stages 2 and 3 resolve spontaneously 
 Treatment: Surgery in stage 2 or worst holes. In up to 100% of the cases results 

in the closure of the hole, around 80-90% report visual improvement after several 
months. 

 

 Angioid streaks 

Discontinuities or breaks in thickened and calcified Bruch’s membrane. They appear as 
dark red bands of irregular contour that irradiate from the optic nerve head, they can 
be confused by retinal vessels emerging from the optic nerve. 

 Signs: peau d’orange (orange skin); dark-red linear lesions irradiating from the 
optic nerve; optic disc drusen. CNV is by far the most significant complication of 
angioid streaks. 

 Symptoms: Usually asymptomatic. Visual loss may occur if a streak opens under 
the macula and creates and hemorrhage.  

 Prognosis: In 70% of the patients with angioid streaks vision is affected, mainly 
by CNV. 

 Treatment: laser treatment for the CNV or the use of anti-angiogenics has been 
described. However, the risks and efficiency of these treatments has not yet 
been described in angioid streaks.  (Matonti and Conrath 2012) 

 

 

 



 

16 

 

Hereditary macular dystrophies 

 Stargardt’s disease (fundus flavimaculatus) 

Stargardt’s disease is the most common juvenile macular dystrophy. It is an autosomical 
recessive inherited disease presented in the first or second decades of life, generating 
a gradual impairment of central vision in both eyes. 

 Signs: discrete yellowish round or pisciform flecks at the level of the RPE, if the 
flecks are scattered throughout the fundus the condition is referred as fundus 
flavimaculatus and it might remain asymptomatic if there is no macular 
involvement; In at least 80% of the patients with this disorder fluorescein 
angiography reveals the presence of a “dark choroid” (phenomenon that occurs 
due to the presence of lipofuscin deposits in the RPE, which masks choroidal 
fluorescence). Dark choroid also appears in fundus flavimaculatus condition; 
Bull’s eye macular configuration may occur. 

 Symptoms: slow progressive visual loss, with VA ranging between 20/50 and 
20/200. Scotomas and metamorphopsia can occur. 

 Prognosis: poor. Slow but steady progression of the visual impairment stabilizing 
at about 6/60. 

 Treatment: No treatment is available for this condition. However, low vision aid 
can be helpful for these patients.  

Retinal vascular diseases  

 Diabetic retinopathy 

Diabetic retinopathy is a diabetes complication of not entirely well-known cause, 
presenting features of both microvascular occlusion and leakage. It is present in up to 
40% of the diabetic population, estimated to be of 347 million people worldwide 
(Danaei, et al. 2011). The risk for diabetes patients to contract diabetic retinopathy 
increases with: the duration of the diabetes; a poor metabolic control of the disease; 
pregnancy (occasionally associated with rapid progression of DR); hypertension; 
nephropathy and other risk factors such as obesity and anaemia. Diabetic maculopathy 
is the most common cause of visual impairment in diabetic patients. 

 Diabetic maculopathy is due to macular oedema, hard exudates or ischaemia.  
The macular oedema can be diffuse (produced by extensive capillary leakage) or 
focal (caused by leakage from microaneurysms and dilated capillary segments); 
with time, the fluid accumulation adopts a cystoid appearance (cystoid macular 
oedema). 

o Signs: macular oedema, hard exudates or ischaemia. 
o Symptoms: reduced visual acuity, metamorphopsia 
o Treatment: Argon laser photocoagulation of mycroaneurisms and 

microvascular lesions in order to stop the leakage. It may take up to 4 
months for the oedema to resolve. 

o Prognosis: generally variable and poor if untreated. Argon laser treatment 
results in 70% of eyes with VA stabilization, 15% show improvement and 
15% deteriorate. 
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 Several other retinal vascular diseases can cause macular alteration. Examples of 
them are retinal venous and arterial occlusive conditions. 
 

Drug-induced macular disorders 

 Chloroquine and hydroxichloroquine 

Chloroquine (Nivaquine, Avclor) and hydroxychloroquine (Paquenil) are quinolone 
antimalarial drugs used in the prophylaxis and treatment of malaria as well as in several 
rheumatologic disorders such as rheumatoid arthritis or lupus erythematosus. 

 Chloroquine: retinotoxicity risk increases when cumulative doses exceed 
300g. Chloroquine retinopathy can be divided into different stages, in the 
earliest of them there is a modest reduction of VA (6/9-6/12) and a subtle 
“bull’s eye” macular lesion. In more advanced stages VA can drop to (6/36-
6/60) with widespread RPE atrophy surrounding the fovea. 

 Hydroxicloroquine: Presents much less toxicity than chloroquine. 
 

 Other drugs that can cause retinopathy and therefore maculopathy are: 
 
 Phenothiazines (thioridazine and chlorpromacine): both used to treat 

schizophrenia. 
 Tamoxifen: specific anti-oestrogen used in the treatment of selected patients 

with breast carcinoma. 
 Canthaxanthin: carotenoid used to enhance sun tanning. 
 Methoxyflurane: an inhalant general annaesthetic. 
 Nitrofurantoin: antibiotic used in the treatment of urinary tract infections. 

 
The signs, symptoms, treatment and prognosis of the previous drug-induced 
retinopathies vary depending on the drug and its dosage. Due to their low 
incidence and considering the purpose of this paper they will not be furtherly 
explained.  

 

 

 

 

 

 

 

 

 

 
General information about the diseases affecting the macula was primarily taken from: 
(Agarwal 2012) (Skuta, Cantor and Weiss 2011-2012) and (Kanski and Bowling 2011) 
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b) Metamorphopsia & Scotoma characteristics 

 
Metamorphopsia 

 
Metamorphopsia (Figure 4) is a type of visual distortion in which straight lines appear to 

be wavy; it can also affect the size, shape or inclination of objects (River, Ben Hur i 
Steiner 1998). A frequent symptom among macular diseases, it was first described in 
1764 by Thomas Reid, a Scottish philosophy professor at University of Glasgow, who 
experienced the phenomenon when looking to a musical staff after suffering from an 
episode of solar retinopathy (Marmor 2000). Its cause is not fully understood although 
it is thought to be a consequence of photoreceptors physical displacement (Bex 2010) 
and/or visual cortex disorganization and perceptual adjustment following deprivation of 
sensory input. (Mansouri, Hansen i Hess 2009) (Ugarte, et al. 2013) 

 

 

Figure 4  -  (Marmor 2000). Illustration of metamorphopsia. 

Scotoma 

 

Scotoma, from the Greek “Skotos” which means darkness, is a specific area of lost or 
depressed vision within the visual field, surrounded by an area of less depressed or 
normal vision. Absolute scotoma refers to a scotoma in which there is absolutely no 
perception of light, while relative scotoma refers to an area of the visual field in which 
perception of light is diminished but still existent.  

 

Scotomas can also be described and classified by: 

-Their location: central scotomas (those within a 10º radius from the fovea); 
cecocentral scotomas (Scotomas involving the optic disc area and the 
papillomacular fibres); paracentral scotomas (scotomas involving the area 
adjacent to the fixation area).  

-Their shape: annular scotomas (scotomas surrounding the point of fixation); 
arcuate scotomas (scotomas running from the blind spot into the nasal visual 
field and following the course of the retinal nerve fibres); Bjerrum’s scotoma (a 
type of arcuate scotoma that extends around the fixation point which usually 
occurs in open-angle glaucoma).  

 

Moreover, considering the response the brain can display in an attempt to deal with the 
scotoma, we can find two other kinds of scotoma: positive and negative. The positive 
scotoma appears as a dark spot in the visual field whereas the negative scotoma appears 
as a blank spot in the visual field. The negative scotoma is usually perceived with the 



 

19 

 

same light characteristics as its surrounding area, commonly making the patient 
unaware of its presence. One example of negative scotoma is the physiological scotoma, 
the area of the visual field corresponding with the optic disc. 

 
Filling-in 

 

The presence of negative scotomas manifests the existence of complex brain strategies 
to deal with the issue scotomas present: the absence of neural input. Filling-in, also 
called perceptual completion, is a phenomenon whereby visual features are perceived 
in the absence of neural input (precisely the case of negative scotomas), on the basis 
of surrounding features. (Crossland and Rubin 2007). One example of filling-in is the 
physiological blind spot. Although the base of the optic nerve is insensitive to light, it is 
not perceived as being black but is perceived as the same colour as the surroundings. 
You can experience filling-in of the optic nerve by following the instructions in (Figure 

5). 

 

 

 
 

Figure 5  - Hold the paper at approximately 20 centimetres, either close or cover your left eye and look at the circle 

using your right eye. You will notice that the cross at the right side disappears. If that is not the case, move the paper 

slightly backwards and forwards until the cross disappears. This occurs because, while the circle is projected on the 

fovea, the cross is projected on the optic nerve head, a region where photoreceptors are absent. 

 

Filling-in of visual field defects is generated by means of cortical remapping, which does 
not consist in restoring the function of the destroyed tissue but compensating the 
perceptual gaps due to lack of neural input. (Safran and Landis 1999). There is evidence 
filling-in occurs across pathological scotomas (Fletcher, Schuchard and Renninger 2012) 
and in healthy subjects with simulated scotomas (Ramachandran and Gregory 1991). 
Moreover, filling-in is the main phenomenon by which many patients are unaware of 
the presence of scotomas: in a study with patients with binocular scotomas, 56% of 
them were totally unaware of their presence, even with dense scotomas measuring up 
to 30º in diameter. (Fletcher, Schuchard and Renninger 2012). This study suggests that 
for low vision clinicians to detect scotomas they must not rely exclusively on patients 
reporting the presence of the scotoma but perform the appropriate testing and, last but 
not least, educate thoroughly the patient in how to perform the test. Only 5 of 49 
patients of a study perceived distortion while observing the Amsler grid. However, under 
close supervision 44 of those 49 patients reported visual field distortion (Fine, et al. 
1986). 
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c) Visual field examination techniques 

 
Amsler grid 

 

The Amsler grids, designed by Marc Amsler in 1947 (Marmor 2000), are a set of 7 charts 
used to investigate the presence of metamorphopsia and scotomas. They can also be 
used to follow-up the progression of these signs once diagnosed. 

 

Although many variants has been created, the 7 original charts consist of a white-on-
black grid with and without diagonal lines to facilitate fixation, a red-on-black grid, a 
chart with dots instead of lines, a version with black lines on a white background (the 
one most broadly used nowadays), and lastly a chart with smaller squares (0.5º) in the 
5º radius central region. (Amsler 1949) 

 

Amsler grid test is performed at 28.5cm from the patient. At this distance the length 
and width of each of the squares of the grid corresponds to 1 degree of visual angle at 
the retina, the full grid subtending 20ºx20º. It is performed monocularly and binocularly, 
one after the other. Since is a test usually performed on the presbyopic patient, 
additional lens to focus at the distance previously mentioned is required. In order to 
simplify the use of this lens, and because of the negligible error generated, the additional 
lens used is +3D and the distance at which the test is carried out is not 28.5 but 30-
33cm. Once the Amsler grid is placed at the adequate distance, and with the patient’s 
fellow eye covered, the professional must ask for the presence of scotoma and/or 
metamorphopsia. The questions and the order in which they were asked will be 
explained in detail in the methodology chapter. 

 

Because of its negligible price and simplicity, the Amsler grid is broadly used for 
detecting the presence of scotomas and metamorphopsia. Furthermore, its size and 
characteristics allow the patient to take the Amsler grid home for self-evaluation of 
scotoma and metamorphopsia progression. However, crucial disadvantages devaluate 
Amsler’s grid usefulness; the main disadvantage is its low sensitivity which is associated 
with a high false negative rate. Varying greatly between studies, the sensitivity of the 
Amsler chart has been shown to be of 34% (Loewenstein, et al. 2003) or 56% 
(Schuchard 1993). It is clear from these data that a great percentage of patients with 
macular alteration, especially at its early stages, will not be identified by solely using the 
Amsler chart. It is important to remember that diagnosis on the onset of the disease is 
essential for an early treatment, which results in a better prognosis. 

 

There are several explanations of why this low sensitivity appears, two of which have 
been previously mentioned which are the ‘filling-in’ phenomenon and the need of precise 
instructions to tell the patient, which is often not done. Other suggested causes include 
the use of a preferred retinal locus away from the scotoma boundary, averaging of 
crowded stimuli (Parkes, et al. 2001) and asymmetry of attentional deployment in 
peripheral retina (He, Cavanagh and Intriligator 1996).   
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Several visual field examination techniques can be an alternative to Amsler grid in the 
assessment of macular alteration, some of which were specially designed to become a 
replacement for it. These techniques and their characteristics will be discussed below. 
 
Standard perimetry and automated perimetry 

 
Originally, visual field evaluation techniques comprised manual strategies such as visual 
field confrontation, tangent screen or the Goldmann perimeter. The limitations of these 
techniques in the detection of small scotomas and accurately assessing retinal sensitivity 
lead to the creation of automated perimeters such as the Humphrey, Henson and Dicon 
visual field analysers, which are now more commonly used. Although computerized 
perimeters are proven to be reliable in conditions such as glaucoma (Johnson and 
Nelson-Quigg 1993), they have significant problems when measuring visual fields in 
patients with central vision loss. The main disadvantage is that the fovea is presupposed 
to be at the position of gaze, and the entire visual field plot is related to that position. 
However, it is common that in patients with central visual impairment a non-foveal point 
of fixation is used. If that is the case, the visual field plot cannot be related back to the 
retina. Central scotomas can be mistakenly classified as peripheral scotomas due to the 
use of a preferred retinal loci (PRL) by the patient. The newer model Humphrey Visual 
Field Analyser includes an eye-tracker to measure the position of gaze during the field 
test but does not correct for these changes in eye position. (Crossland, Jackson and 
Seiple 2012) 
 
Preferential Hyperacuity Perimeter (PHP) 

 
The PHP is a computer-based test based on the principle of hyperacuity (also called 
Vernier acuity). “Vernier acuity is defined as the ability to perceive a difference in the 
relative spatial localization of two or more visual stimuli” (Loewenstein, et al. 2003). In 
other words, hyperacuity is the ability to detect misalignment between an objects 
position in space relative to the position of other objects. The hyperacuity threshold 
varies from 3 to 6 seconds of arc, 10 times better than the resolution of the fovea or 
visual acuity. Moreover, it has been shown that hyperacuity does not physiologically 
deteriorate with age, making it easier to correlate decrease in hyperacuity and retinal 
abnormality (Bressler, et al. 1992).  

 
 
 
 

 
 
 
 
 

A dotted line is presented to the patient in a computer screen. If the patients retina is 
healthy, a collinear set of retinal receptive fields will be stimulated, which will lead to 

Figure 6  -  Modified from (Goldstein, et al. 2005). 

Drawing showing the different perception of a straight-

dotted line in a patient with a normal retina and in a 

patient with RPE elevation. 
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perception of a straight dotted line. On the other hand, if the patient presents RPE 
elevation, such as occurs in AMD, a shift in photoreceptor location may occur. Thus, 
dots presented in a straight line may be perceived in a location different than their true 
location in space, resulting in perception of a wavy line of dots (Figure 6).  

 
In the PHP examination the patient is required to, while looking at the centre of the line 
of dots, report any case of misalignment, distortion or absence of any of the dots of the 
line perceived.  

 

The PHP sensitivity in the detection of macular alteration compared to that of the Amsler 
grid varies widely depending on the study: (Goldstein, et al. 2005), (Isaac, Avila and 
Cialdini 2007) and (Faes, et al. 2014) established the PHP’s sensitivity to be higher than 
that of the Amsler grid whereas (Kampmeier, et al. 2006) determined equal sensitivities 
in early and late AMD between the PHP and the Amsler grid and (Chamorro, Cedrún and 
Portero 2011) resolved that the sensitivity was higher in the Amsler grid (Table 1). In 

addition, the PHP presents a lower specificity and the disadvantage of requiring a 
computer, which is an obstacle for self-monitoring considering that, in 2013, 26.6% of 
households in Spain with at least one family member between 16 to 74 years old had 
no computer at all (Instituto Nacional de Estadística 2013), this percentage is probably 
higher in households where all the members are older than 60 years old.  

 

Table 1  -  Comparison of the Amsler grid and the PHP percentages in sensitivity and specificity on the previously 

mentioned studies.. 

The sensitivity of PHP vs Amsler grid in detecting metamorphopsia has been proven to 
be similar, with slightly superior results for the Amsler grid in diseases such as macular 
hole, central serous retinopathy and intermediate AMD. (Klatt, et al. 2006) 

 

In conclusion, the PHP is a useful tool in the detection of macular pathologies and can 
be used as an alternative to the Amsler grid due to its similarities in sensitivity and 
specificity. However, it doesn’t constitute an improvement or an optimum technique in 
the detection of macular alteration. 

 

 

 

 

 

 

 

 Amsler Grid PHP 

Sensitivity Specificity Sensitivity Specificity 

(Goldstein, et al. 2005) 26% 100% 68% 82% 

(Isaac, Avila and Cialdini 2007) 70% 85.5% 90% 81,8% 

(Faes, et al. 2014) 78% 97% 85% 87% 

(Kampmeier, et al. 2006) *early AMD 30% 85,2% 30% 97% 

(Kampmeier, et al. 2006) *late AMD 52% 85,2% 46% 97% 

(Chamorro, Cedrún and Portero 2011) 93% - 43% - 
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Microperimetry 

 
Microperimetry, or fundus perimetry, is a technique in which retinal images are recorded 
while a visual field testing is performed, enabling a correlation between visual sensitivity 
and retinal structure and position. (Crossland, Jackson and Seiple 2012). It is the most 
reliable way to perform visual field assessment in people with eccentric or unstable 
fixation. 
 
Microperimetry is used in the assessment of central visual field loss. Although mainly 
due to age-related macular degeneration, it has also been used to measure visual fields 
in people with Stargardt disease, macular hole, macular telangiectasia, macular edema, 
glaucoma, central serous chorioretinopathy and diabetic retinopathy. Fundus perimeters 
can also been used in the follow-up of the previously mentioned conditions, evaluating 
the diseases progression and/or the response to the medication. Another function of 
microperimeters would be to use them to train the patient in the development of one 
or multiple PRL. 
 
Types of microperimeters 
 

 Nidek MP-1 (Nidek technologies of Italy, 2002): Creates a retinal image by using 

an infrared camera. 

 OCT-SLO (OPKO, Miami, FL, USA), combines a spectral optical coherence 

tomographer (OCT) with a scanning laser ophthalmoscope based 

microperimeter. 

 MAIA (CenterVue, Padova, Italy), commercialized in Spain by Topcon. 

 

A study comparing the MP-1 and the MAIA microperimeters concluded that the MAIA 
provided higher threshold values than the MP-1, suggesting that the MAIA may better 
detect functional defects in the early stages of macular diseases. (Kajita, Arai and 
Yamamoto 2012) 
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d) MAIA 

 
Characteristics 

 

The MAIA (CentreVue, Padova, Italy, 2011) (Figure 7) is a microperimeter that uses a 

Scanning Laser Ophthalmoscope (SLO) to create a retinal imaging of high quality, a LED 
light as a stimulus and an eye-tracking system to characterise the position of gaze (Table 

2). It provides with an image of the central retina over a field of view of 36°, a 

quantitative evaluation of the threshold sensitivity and an evaluation of the fixation, its 
location and stability. Therefore, it allows for the detection and follow-up of macular 
alteration with the advantage of rarely demanding pupil dilation. 

 

Perimetry Imaging 

 

Standard macular test 10° 

Field of view for macular perimetry: 20° x 20° 

Tracking speed: 25 Hz 

Stimuli size: Goldmann III 

Background luminance: 4 asb 

Stimuli dynamic range: 36 dB 

Maximum luminance: 1000 asb 



Line scanning laser ophthalmoscope 

Field of view: 36° x 36° 
 Digital camera resolution: 1024 x 1024 pixel 

Optical resolution on the retina: 25 microns 

Optical source: infrared superluminescent diode 
at 850 nm 

Imaging speed: 25 fps 

Working distance: 30 mm 

Table 2  -  Table including technical characteristics of the MAIA™ in both the perimetry and the image formation. 

 

 

 

 

Figure 7  -  MAIA microperimeter (CenterVue 2011) 

 

 

 

 
 

 

 MAIA microperimeter provides with different types of examination: 
 

1. Fast Exam: (2-3 minutes per eye). Supra-threshold 37 stimuli exam that performs 
a quick assessment of macular sensitivity and fixation stability, reporting whether 
the results are: within normal limits / suspect / outside normal limits. In the graph 
below (Figure 8) is shown the stimuli projection strategy of this test.  
 
 
 
 
 

Figure 8  -  (CenterVue 2011) Graph showing the stimuli projection strategy of MAIA Fast Exam. 
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2. Expert Exam: (4-7 minutes per eye). Full threshold 37 stimuli exam used to 
examine retinal sensitivity in detail. It performs a complete assessment, 
determining macular threshold sensitivity and fixation stability and reporting 
whether the overall results are within normal limits / suspect / outside normal 
limits (Figure 9). The Expert Exam was the mode of examination used in this 
study. 
 

 

  

 

 

3. Follow-Up Exam: (only available when an Expert Exam has already been done). 
Revaluates the points already assessed and compares the results with the 
previous expert exams.   

 
 Types of grid and grid position 
 

 

10º  

37 stimuli 
Default grid 

 

6º   

37 stimuli 

 

20º  

41 stimuli  

 

10-2  

68 stimuli 

 

Manual 

Stimuli are placed manually by the 

exminer 
 

Table 3  -  Compendium of the different types of grids and their characteristics 

The grid chosen in this study was the 37 stimuli - 10º one since the others where 
whether too small (6º grid) or too big (20º grid) therefore having a lower concentration 
of stimuli. Using the 68 stimuli grid would have meant a much longer visual examination. 
 
Testing procedure 

 
First of all the patient must be informed about the nature of the test. (e.g. MAIA is a 
non-invasive test that will test your ability to perceive light and look at a steady target); 
its duration (around 5 minutes per eye) and the task he/she will be required to perform 
(look for a small red circle inside the instrument and always keep fixating at its centre, 
while fixating at the centre of the red circle press the push-button with your thumb 
every time you see, or believe you see, a whitish small spot appearing anywhere). 

 

Once the patient is well aware of the characteristics the examiner has to add a new 
patient (his/her name, date of birth and gender), to whom the system will automatically 
assign an ID number. After selecting the patient created one must choose the type of 

Figure 9  -  (CenterVue 2011) Graph 

showing the stimuli projection 

strategy of MAIA Expert Exam. 
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exam to be performed and the type of grid to be used (New Expert Exam and standard 
37 points-10° grid in our case). It is important that after that and before proceeding 
with the examination one must check that the patient is able to operate the push-button, 
this is especially important with patients having manual dexterity issues. 

 

Once the preliminary is done the examiner has to select the eye to examine. The 
instrument will automatically align itself with the eye selected. When that occurs, a bright 
circular spot (the patients’ retina seen through the pupil) will appear at the screen. The 
task of the examiner is to bring the spot at the centre of the screen and enhance the 
image until it is fully contained in the screen by using the joystick.  

When the image of the retina of the patient is 
occupying the whole screen the clinician will be required to select auto-focus in order 
for the MAIA to automatically focus the retina. From the image generated the 
professional must identify the optic disc by pressing it with the finger. After that the 
assessment is ready to start 

 
During the test it is necessary to repeatedly inform the patient about the approximate 
remaining time to completion. When the assessment of one eye ends inform the patient 
and proceed with the fellow eye. 

 
Results of the Expert Exam 

 

Results of the Expert Exam are presented in two formats: an image of the patients’ 
retina with the distribution of the sensitivity in the locations tested (Figure 12) (Figure 

13); and a single pdf page pdf containing information about macular integrity, average 

threshold and fixation stability in conjunction with different images of the back of the 
eye (Figure 14).  

 

The displayed information in the pdf (Figure 14) consists on: 

 Patient and examination details: patient name and last name; eye tested: OD (right 
eye) or OS (left eye); patient date of birth and age: type of exam (expert exam), 
date and hour of the exam, duration of exam, duration of stimuli and reliability index. 

 Analytical findings: 
 Macular Integrity Index: numerical value that describes the likelihood of a 

patient’s responses to be normal, suspect or abnormal when compared to 
age-adjusted normative data. It is not an indicative of the severity of the 
disease process. The higher the Macular Integrity Index value the more 
probable abnormalities are present.  

 Average threshold (dB): Graph that shows whether the average threshold is 
normal (less than two standard deviations from the normal average at the 

Figure 11  -  (CenterVue 2011) The joystick and its 

functions 
Figure 10  -  (CenterVue 2011) Images showing the 

different steps from bringing the bright circular spot (A) 

to the image of the retina fully contained in the screen (C). 
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patients age), suspect (between two and three standard deviations from the 
normal average at the patients age) or abnormal (beyond three standard 
deviations at the patients age). 

 Fixation stability index: classifies fixation stability into three different 
categories: stable (if more than 75% of the fixation points are located within 
a 2° diameter circle centred in the average fixation position), relatively 
unstable (If less than 75% of the fixation points are located within a 2° circle, 
but more than 75% of the fixation points are located within a 4° circle) and 
unstable (If less than 75% are located within a 4° circle). P1 and P2 values 
represent the percentage of fixation points within the 2° and 4° respectively. 

 Histogram of threshold frequencies vs. normal threshold distribution: it 
facilitates the comprehension of the patient’s overall sensitivity at the macula 
compared to a non-pathological subject. 

 Fixation graph: shows a time plot of the distance (in degrees) between the 
fixation point at any given time and the average fixation position. 

And 4 images: 

 Full retinal image (upper left side Figure 14).  
 Full retinal image with threshold colour map and fixation points (upper right side of 

Figure 14). 
 Sensitivity map (mid left side of Figure 14).  

 Fixation plot with Bivariate Contour Ellipse Area (BCEA) analysis. (inferior left side of 
Figure 14. The smaller ellipse contains 63% of all fixation points and the larger ellipse 
95% of them. Parameters of both ellipses (length of major and minor semi-axis, area 
and orientation) are detailed below the image. 
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Figure 12  -  (CenterVue 2011) Right eye results image of a MAIA’s Expert Exam using a 37 stimuli - 10° grid on a 

healthy eye. The coloured-coded dots representing the places where sensitivity was tested 

 

Figure 13  -  (CenterVue 2011) Left eye results image of a MAIA’s Expert Exam using a 37 stimuli - 10° grid on a 

pathological eye. The coloured-coded dots representing the places where sensitivity was tested 
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Figure 14 -  (CenterVue 2011) Example of a results single page pdf of a MAIA’s Expert Exam using a 37 stimuli - 10° 

grid. 
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e) Review of related studies 

 
Although there are several publications in the scientific literature regarding the Amsler 
grid, there is no study comparing the MAIA microperimeter and the Amsler grid and 
very few studies comparing any kind of microperimeter with the Amsler grid. In the 
following chapter will be described various articles that the author considered relevant 
to this study. 

 

Achard, et al. (1995) Carried out a study with 15 patients affected by macular lesions. 
After randomly assessing their performance with 4 different types of Amsler grid they 
concluded that the Amsler grid had poor sensitivity and high intra-individual variations, 
both partially due to perceptual filling-in. Even if two Amsler grid examination were done 
under the same conditions and one immediately after the other, the results of the two 
successive Amsler grids were not comparable. 

 
Augustin, et al. (2005) Compared the Amsler grid presenting white lines on a black 
background with the Amsler grid presenting black lines on a white background in their 
ability to detect macular alteration. 182 patients (182 eyes) with dry and exudative AMD 
were enrolled in this study. The white-on-black Amsler grid provided with significantly 
better results than the black-on-white Amsler grid in patients with 0.5 or better visual 
acuity, whereas in patients with visual acuities ranging from 0.1 to 0.3 there was no 
significant difference between the two Amsler grids. The study concluded that the use 
of the white-on-black Amsler grid should be recommended in patients with macular 
alteration, especially those with visual acuity of 0.5 or better. 

 

Chaves Fernandes i de Freitas Faria (2005) Compared the sensitivity of two different 
methods of central scotoma localization (three different versions of the Amsler grid and 
tangent screen Dr Fletcher) in twenty-three patients presenting macular dysfunction. 
The tangent screen was more effective for central scotoma localization (65.2%), white-
on-black Amsler grid (45.7%) and red-on-black Amsler grid (47.8%) showed similar 
results whereas the black-on-white Amsler grid with polarized filter presented the worst 
results (26.1%). 

 

Schuchard (1993) Compared the location and extent of scotomas reported using the 
Amsler grid and the TA-300 system microperimetry in 55 patients with central visual 
loss and 10 with normal vision. The results of this study demonstrated that only 23% of 
the scotomas of 6 degrees or less in diameter were detected by Amsler grid testing. 
Moreover, of the eyes with central scotoma involving the fovea 66% used an eccentric 
preferred retinal locus for fixating the centre of the grid. The study concluded that 
Amsler grid reports have poor validity and are not suitable to use in the clinical diagnosis 
of retinal defects. 

   

Molina-Martín, Piñero and Pérez-Cambrodí (2015) Evaluated intersession repeatability 
in forty-four healthy eyes with the MAIA microperimeter (Centrevue, Padova, Italy). 
MAIA examination was carried out in three different sessions, no statistically significant 
variations were found in the evaluated parameters between the three sessions. The 
study concluded that the MAIA system is able to provide consistent measurements of 
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average threshold and fixation stability, macular integrity and high preferred retinal 
locus position (PRLh) appeared to be the least reliable parameters. 

 

Wu, et al. (2015), as (Molina-Martín, Piñero i Pérez-Cambrodí 2015) examined 
intersession repeatability in patients with healthy eyes. However, the measurements 
were done in different areas (including the border of the optic nerve) and with two types 
of microperimeter: the MAIA and MP-1 microperimeters. The study concluded that 
microperimetric repeatability at the border of a deep scotoma was worse than other 
areas of normal retina, making it difficult to determine if significant functional decline 
has occurred at the border of a deep scotoma. 
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3. Goal of the Study 

 
General goals: 

 To assess macular integrity by using three different versions of the Amsler grid 
and the MAIA microperimeter and to compare the results obtained by each 
method.  

 To establish the most efficient manner to use the Amsler grid and to understand 
its limits in assessing macular integrity. 

 

Specific goals: 

 

 To determine the Amsler grid value in assessing macular integrity.  

 To compare three different types of Amsler grid in their ability to detect macular 
alteration.  

 To establish the Amsler grid capacity in localising the area of the macula affected. 
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4. Metodology 

 
a) Ethical implications 

 
This project has been done taking into account the ethical considerations present in 
Helsinki’s declaration in 1975 (revised in Tokyo on 2004). 

 

All the participants of this study were conveniently informed about the goal, length and 
nature of the tests performed. All patients voluntarily agreed to take part in the study 
and they were all requested to sign an informed consent before any test was performed 
(see annex I).  

 

All subjects were informed that by participating in this study they were not taking any 
risk for their health, since all test were non-invasive; nor would they experience any 
direct benefit in their health situation. The latter was made clear in order to not raise 
false hope. 

 

The right for personal information protection will be managed in accordance to the 
current Law of personal information protection of Spain, so that all the data compelled 
will be linked to a numeric code and never to the personal information of the 
participants.  

 
b) Sample selection 

 
The sample for this study comprises individuals with macular alteration, always 
previously diagnosed by an ophthalmologist, where the central visual field is impaired.  

 

Individuals with a peripheral visual field affectation, illiterates, and people suffering from 
mental disorders or being uncooperative were excluded. In this study there was no 
exclusion regarding race, gender or age. 

 

The sample was composed of 17 individuals, 13 women and 4 men, of ages ranging 
between the 30 and 83 years.  

 

Patients for this study were recruited in the Ophthalmology department of the Consorci 
Sanitari de Terrassa (CST) thanks to an agreement between the CST and the Low Vision 
Unit of the “Centre Universitari de la Visió”  (CUV).  

 
c) Temporality 

 
The study was planned during March and April 2014. Examinations were carried out 
during May and June 2014. In the following months the paper was written and the 
results analysis done. 
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d) Material 

 
Documentation 

 
 Informed consent (see annex I) 

 Results datasheet (see annex II) 
 CUV map (see annex III)  

 
Tools 

 

 Lectern: Wood made lectern adequate for people with low vision. Maximum tilt 
angle of 80º. Equipped with an adjustable light and a distance control system. 

 Distance control system: consists of a rope attached to the edge of the lectern in 
which different distances are marked with different colours. When performing a 
test the examiner pulled the rope towards the patient to make sure the distance 
between lectern and patient was the one required for the test. 

 Halberg clip: instrument attachable to glasses in which ophthalmic lenses can be 
added, hence modifying the overall prescription of the glasses. Used to add 
lenses neutralizing the distance.  

 Trial Lens Set 
 Luxometer: Used in the preparation stages of the study to verify that the tests 

were performed in the recommended illumination conditions set by the 
manufacturer.  

 Retinoscope 
 Autorefractometer 
 

Tests performed 

 Radner test: near Visual Acuity and reading speed assessment test. In our study 
it was only used for the measurement of the near VA, both eyes monocularly. 
(see annex VIII) 

 ETDRS: Early Treatment Diabetic Retinopathy Study distance Visual Acuity chart. 
 Amsler grid: a set of three amsler grids: black-on-white, white-on black, and 

blue-on-black printed in paper and designed using Corel draw. With a dot in the 
middle and diagonal lines to facilitate fixation in case of central scotoma. (see 
annex IV) 

 Mars letter contrast sensitivity test: two boards (one per each eye) of the Mars 
Letter contrast sensitivity test designed to be performed at 50cm from the patient 
and under a recommended illumination of 85cd/m2. (see annex VI) 

 Macular Integrity Assessment, MAIA™ (CentreVue SpA; Padova, Italy) 
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e) Procedure 

 
Two different procedures, although essentially the same, were carried out due to the 
different characteristics of the patients origin. 

 

1. Full examination at the CST hospital 

Consisted on a unique session of about 50 min. For external patients with macular 
affectations who at the moment were not hospital patients. The patients were asked to 
bring their current spectacles, especially for distance vision. 

The examination consisted on a brief explanation of the study the patients were 
participating in, followed by the signature of the information consent (see annex I) 
which lead to the examination itself: 

First of all, far VA measurements were done monocularly at initially 4 meters using an 
EDTRS test (logMAR), if the patient was unable to see the test at that distance the test 
was rearranged at 2m. Following VA, refraction was evaluated using an 
autorefractometer on both eyes, which lasted approximately 1 minute. Immediately 
afterwards, MAIA® (microperimetry assessment) expert exam was done on both eyes, 
first the right eye and after the left eye, using a 10º standard 37 stimuli Grid. The patient 
was informed about the goal and characteristics of the test and was asked to, while 
constantly looking at the centre of the red circle inside the instrument, press the push-
button any time they saw or they believed to see a small whitish spot appearing 
anywhere.  The test lasted between 4 to 8 minutes per eye, depending on the ability of 
the patient.  

Following the autorefractometer and MAIA® tests, all the other tests were table-based 
tests performed using a lectern  

 

i. Two different charts, one for each eye in order to avoid memorization, of the Mars 
Letter Contrast Sensitivity Test were used for the contrast sensitivity assessment. 
One chart rested against the lectern, with the fellow eye covered and with +2D 
addition on the tested eye. The +2D lens was supported by a Halberg clip. The 
patient was situated at 50cm of the test and asked to name the letters of the chart 
one by one, from left to right and from the first line to the ones below. In order to 
respect the examination distance (50cm) a cord with marks at different distances 
(25, 33, 40 and 50cm) was attached to the lectern. When the first eye was tested 
the chart was changed and the same procedure was done for the fellow eye. The 
examination was concluded and quantified following the Mars Letter contrast 
Sensitivity Test criteria, which is to stop the test when two letters on a row are 
mistakenly named, taking the value of the last letter correctly named and subtracting 
from that value 0.04 for each previously letter incorrect. (see annex VII) 

ii. Near Visual Acuity was assessed using the Radner Test, monocularly and at 40cm. 
If the patient was unable to see the biggest letters at that distance, the examination 
distance was changed to 25cm. +2.5D lens and +4D lens were used to focus at 40 
and 25 centimetres respectively. To ensure that the examination distance was the 



 

36 

 

required a cord with marks on it was used, as described on the Mars Letter Contrast 
Sensitivity Test procedure. 

iii. The three Amsler charts were randomly presented, on the lectern, both eyes 
monocularly, at 33cm and with +3D lens to focus at the distance mentioned. The 
distance was controlled using the same system explained above (the cord with marks 
on it). In order to translate the patients feedback into quantifiable data the Amsler 
grids were organized in areas with given numbers and letters. Area 1 stands for the 
superior-nasal quadrant of the Amsler grid, area 2 for the superior-temporal 
quadrant, area 3 for the inferior-temporal quadrant and area 4 for the inferior-nasal 
quadrant. Moreover, these areas were further subdivided by two, area D (standing 
for “dins” which in Catalan means inside, refers to the area within a 5° radius from 
the centre of the grid) while area F (from the Catalan “fora”, which means outside, 
refers to the area of the grid beyond a 5° radius from the centre of the grid. Thus, 
the Amsler grid was divided in 8 different areas in which the patient could report the 
presence of metamorphopsia, scotomas, both of them or nothing at all. The areas 
were 1D, 1F, 2D, 2F, 3D, 3F, 4D, 4F. For a schematic explanation of the result taking 
method (see annex V). The examination instructions provided by the optometrist to 
the patient in the Amsler grid test are explained below (Figure 15). 
 

2. MAIA visual field and Autorefractometry in the hospital in a first visit. Second visit in 
CUV (Centre Universitari de la Visió) facilities where the rest of the tests were done. 

Figure 15  -  Diagram showing the procedure undertaken by the optometrist in the Amsler grid test. Examination 

instructions were presented as described in the diagram. 
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Consisted on a first session in the hospital that lasted approximately 10 minutes and in 
which the patient was informed of the opportunity to participate in our study. MAIA 
visual field and autorefractometry were carried out in this visit as part of the hospital 
ophthalmological routine assessment. The patient was told that, in case they were 
willing to participate in the study, a call would be made in order to arrange another visit, 
this case in the CUV. A map of the CUV location was given to the patients. 

In the CUV facilities distance VA, refraction and the table-based tests were done, in that 
precise order and in the same way as described above, with the exception of distance 
VA, which was done using a computer-based test. In the CUV, and before all the tests, 
the informed consent was presented to the patient and signed by it. 
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5. Results 
 
Macular alteration was considered present when the value of Macular Integrity, provided 
by the MAIA examination, was inferior to 40%. The MAIA microperimeter classifies 
Macular integrity inferior than 40% as abnormal. 

Sensitivity is the ability of a test to detect abnormalities. It is linked to false negative 
errors, cases classified as normal or healthy by the test but abnormal in reality. 
Specificity is the ability of a test to not falsely classify healthy subject as pathological, 
which can over burden the health care system and create unnecessary anxiety in 
patients. Specificity is linked to false positive errors, cases incorrectly classified as 
pathological when they really are not. 

The study compelled 34 eyes, 29 of which suffered from macular alteration. As shown 
in (Figure 16) all three Amsler grids detected the presence of scotoma in 65.5% of the 
eyes with macular alteration. Scotoma was detected in 75.9% of the eyes with macular 
alteration when using the white-on-black Amsler grid. Both the black-on-white and the 
blue-on-black Amsler grids presented a sensitivity of 79.3%. 

 

Figure 16 – Graph showing the Amsler grids sensitivity in scotoma detection.n 

 

As shown in (figure 17) metamorphopsia was perceived in all three Amsler grids in 37.9% 
of all the eyes with macular alteration (29 eyes). The white-on-black Amsler grid 
presented significantly higher sensitivity in the detection of metamorphopsia (65.5%) 
than the other modifications of the Amsler grid. The black-on-white and the blue-on-
white Amsler grids presented 55% and 38% sensitivity respectively.  
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Figure 17 – Graph showing the Amsler grid sensitivity in metamorphopsia detection. N 

  

All three Amsler grids showed presence of scotoma and/or metamorphopsia in 79.3% 
of the eyes with macular alteration (Figure 18). The white-on-black and the black-on-
white Amsler grids revealed the presence of scotoma and/or metamorphopsia in 89.7% 
of the eyes with macular alteration whereas the blue-on-black Amsler grid presented a 
considerably lower sensitivity (79.3%). 

 

 

Figure 18 – Graph showing the Amsler grid sensitivity in the detection of scotoma and/or metamorphopsia. 
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Figure 19 – Scotoma sensitivity of the different modifications of the Amsler grid and combinations of them. 

(Figure 19) is an enhanced version of (Figure 16), where only appeared the first three 

columns of the graph above. When combining the white-on-black and the black-on-
white Amsler grids scotoma sensitivity reached 82.8%. In other words, among the 
patients with macular alteration scotoma was reported in at least one of these two 
Amsler grids in 82.8% of the cases. Scotoma sensitivity when using a combination of 
the white-on-black and the blue-on-black Amsler grids was even greater (86.2%). The 
highest sensitivity in scotoma detection was found using both, a combination of the 
black-on-white and the blue-on-black Amsler grids, and a combination of the three 
different types of Amsler grid. In both cases scotoma sensitivity reached 89.7%. 
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Figure 20 - Metamorphopsia sensitivity of the different modifications of the Amsler grid and combinations of them. 

(Figure 20) is an enhanced version of (Figure 17), where only appeared the first three 

columns of the graph above. When combining the white-on-black and the black-on-
white Amsler grids metamorphopsia sensitivity reached 65.5%; the same occurred when 
combining the white-on-black and the blue-on-black Amsler grids and when combining 
the three different types of Amsler grid. Metamorphopsia sensitivity was slightly lower 
when using a combination of the black-on-white and the blue-on-black Amsler grids, 
58.6%. Combining different Amsler grids does not constitute an improvement in their 
ability to detect metamorphopsia when compared to the single use of the white-on-
black Amsler grid. 
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Figure 21 Scotoma and metamorphopsia sensitivity of the different modifications of the Amsler grid and combinations 

of them. 

As shown in (Figure 21) the ability to detect macular alteration, whether being scotoma 
or metamorphopsia, is the same when using the white-on-black Amsler grid than the 
black-on-white Amsler grid than any combination of the Amsler grid. Using a 
combination of Amsler grids does not constitute an improvement in sensitivity when 
assessing macular alteration, the presence of either scotoma or metamorphospia. 
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Figure 22 - Image showing the presence of scotoma in the 4 central quadrants of the Amsler grid for 

each of the 17 right eyes. Each horizontal line of each quadrant gives information about the same eye 
Quadrant sensitivity (1st column), macular integrity (2n column) and average sensitivity (3rd column). 
If when assessing that eye the patient reported scotoma on that quadrant with the white-on-black 
Amsler grid the first slot of the line is painted in red, if he did so with the black-on-white Amsler grid 
the second slot is painted in green. Finally, if scotoma is reported when using the blue-on-black Amsler 
grid the third slot of the line is painted in blue. Lines, each of whom represents an eye, are sorted by 
the value shown in the third column, the AVERAGE sensitivity. 

As appreciated in (Figure 22) painted slots tend to be at the superior part of each 

quadrant, where average sensitivity, obtained by means of the MAIA microperimeter, is 
at its lowest. Moreover, for average sensitivities above 11.2 the number of painted slots 
decreases drastically, which can set an approximate sensitivity threshold value for the 
different Amsler grids in 11.2. 

 

 



 

44 

 

0 0 0 0 0 0.8 

0 0 0.8 0 0 2.6 

0.6 0 1 0 0 13.2 

3.6 0 17.8 0.3 0 0 

3.8 0 11.2 1.8 0 4.7 

9 0 7.1 3 0 7.1 

12.5 0 2.6 5 0 20.4 

15.2 0 13.2 8.3 0 1 

15.8 0 4.7 14 0 11.2 

18 0 20.4 20 7.4 24.6 

21.9 0 22.5 23.1 0 17.8 

25 0 19.6 23.3 0 22.5 

25.8 7.4 24.6 23.8 0 19.6 

27 82 28.8 28.2 82 28.8 

28.8 58.2 29.1 29.8 58.2 29.1 

31.3 95.7 31.1 30 95.7 31.1 

            

0 0 0 0 0 0 

1.4 0 1 0.6 0 2.6 

2.7 0 0.8 1.5 0 7.1 

3.27 0 3.7 1.9 0 1 

6 0 7.1 2.4 0 0.8 

10 0 17.8 4 0 4.7 

12.9 0 11.2 8.9 0 11.2 

13 0 4.7 10 0 13.2 

15.4 0 2.6 17.3 0 19.6 

18.8 0 19.6 23 0 20.4 

23.5 0 13.2 24.9 7.4 24.6 

24.2 0 20.4 25.45 0 17.8 

25.3 7.4 24.6 27 0 22.5 

28 0 22.5 29.3 58.2 29.1 

28.4 82 28.8 30.2 82 28.8 

28.8 58.2 29.1 31.3 95.7 31.1 

32 95.7 31.1       

Figure 23 -  Image showing the presence of scotoma in the 4 central quadrants of the Amsler grid for 

each of the 17 right eyes. Each horizontal line of each quadrant gives information about the same eye 
Quadrant sensitivity (1st column), macular integrity (2n column) and average sensitivity (3rd column). 
If when assessing that eye the patient reported scotoma with the white-on-black Amsler grid the first 
slot of the line is painted in red, if he did so with the black-on-white Amsler grid the second slot is 
painted in green. Finally, if scotoma is reported when using the blue-on-black Amsler grid the third slot 
of the line is painted in blue. Lines, each of whom represents an eye, are sorted by the value shown in 
the first column, the QUADRANT sensitivity. 

As appreciated in (Figure 23) painted slots tend to be at the superior part of each 

quadrant, where quadrant sensitivity, obtained by means of the MAIA microperimeter, 
is at its lowest. Moreover, for average sensitivities above 11.2 the number of painted 
slots decreases drastically, which can set an approximate sensitivity threshold value for 
the different Amsler grids in 11.2. 

 

 



 

45 

 

0 0 0 0.3 0 0 

0 0 0.8 0 0 0.8 

0.6 0 1 8.3 0 1 

12.5 0 2.6 0 0 2.6 

15.8 0 4.7 1.8 0 4.7 

9 0 7.1 3 0 7.1 

3.8 0 11.2 14 0 11.2 

15.2 0 13.2 0 0 13.2 

3.6 0 17.8 23.1 0 17.8 

25 0 19.6 23.8 0 19.6 

18 0 20.4 5 0 20.4 

21.9 0 22.5 23.3 0 22.5 

25.8 7.4 24.6 20 7.4 24.6 

27 82 28.8 28.2 82 28.8 

28.8 58.2 29.1 29.8 58.2 29.1 

31.3 95.7 31.1 30 95.7 31.1 

            

0 0 0 0 0 0 

2.7 0 0.8 2.4 0 0.8 

1.4 0 1 1.9 0 1 

15.4 0 2.6 0.6 0 2.6 

3.27 0 3.7 4 0 4.7 

13 0 4.7 1.5 0 7.1 

6 0 7.1 8.9 0 11.2 

12.9 0 11.2 10 0 13.2 

23.5 0 13.2 25.45 0 17.8 

10 0 17.8 17.3 0 19.6 

18.8 0 19.6 23 0 20.4 

24.2 0 20.4 27 0 22.5 

28 0 22.5 24.9 7.4 24.6 

25.3 7.4 24.6 30.2 82 28.8 

28.4 82 28.8 29.3 58.2 29.1 

28.8 58.2 29.1 31.3 95.7 31.1 

32 95.7 31.1       

Figure 24  -  Image showing the presence of metamorphopsia in the 4 central quadrants of the Amsler 

grid for each of the 17 right eyes. Each horizontal line of each quadrant gives information about the 
same eye Quadrant sensitivity (1st column), macular integrity (2n column) and average sensitivity (3rd 
column). If when assessing that eye the patient reported metamorphopsia with the white-on-black 
Amsler grid the first slot of the line is painted in red, if he did so with the black-on-white Amsler grid 
the second slot is painted in green. Finally, if metamorphopsia is reported when using the blue-on-
black Amsler grid the third slot of the line is painted in blue. Lines, each of whom represents an eye, 
are sorted by the value shown in the third column, the AVERAGE sensitivity. 

As appreciated in (Figure 24) painted slots tend to be at the superior part of each 

quadrant, where average sensitivity, obtained by means of the MAIA microperimeter, is 
at its lowest. Moreover, for average sensitivities above 11.2 the number of painted slots 
decreases drastically, which can set an approximate sensitivity threshold value for the 
different Amsler grids in 11.2. 
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Figure 25  -  Image showing the presence of metamorphopsia in the 4 central quadrants of the Amsler 

grid for each of the 17 right eyes. Each horizontal line of each quadrant gives information about the 
same eye Quadrant sensitivity (1st column), macular integrity (2n column) and average sensitivity (3rd 
column). If when assessing that eye the patient reported metamorphopsia with the white-on-black 
Amsler grid the first slot of the line is painted in red, if he did so with the black-on-white Amsler grid 
the second slot is painted in green. Finally, if metamorphopsia is reported when using the blue-on-
black Amsler grid the third slot of the line is painted in blue. Lines, each of whom represents an eye, 
are sorted by the value shown in the first column, the QUADRANT sensitivity. 

As appreciated in (Figure 25) painted slots tend to be at the superior part of each 
quadrant, where average sensitivity, obtained by means of the MAIA microperimeter, is 
at its lowest. Moreover, for average sensitivities above 11.2 the number of painted slots 
decreases drastically, which can set an approximate sensitivity threshold value for the 
different Amsler grids in 11.2. 
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Figure 26  -  Image showing the presence of scotoma and/or metamorphopsia in the 4 central quadrants 

of the Amsler grid for each of the 17 right eyes. Each horizontal line of each quadrant gives information 
about the same eye Quadrant sensitivity (1st column), macular integrity (2n column) and average 
sensitivity (3rd column). If when assessing that eye the patient reported scotoma and/or 
metamorphopsia with the white-on-black Amsler grid the first slot of the line is painted in red, if he did 

so with the black-on-white Amsler grid the second slot is painted in green. Finally, if metamorphopsia 
and/or scotoma were reported when using the blue-on-black Amsler grid the third slot of the line is 
painted in blue. Lines, each of whom represents an eye, are sorted by the value shown in the first 
column, the QUADRANT sensitivity. 

As appreciated in (Figure 26) painted slots tend to be at the superior part of each 

quadrant, where average sensitivity, obtained by means of the MAIA microperimeter, is 
at its lowest. Moreover, for average sensitivities above 11.2 the number of painted slots 
decreases drastically, which can set an approximate sensitivity threshold value for the 
different Amsler grids in 11.2. 
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Figure 27  -   Image showing the presence of scotoma and/or metamorphopsia in the 4 central quadrants 

of the Amsler grid for each of the 17 right eyes. Each horizontal line of each quadrant gives information 
about the same eye Quadrant sensitivity (1st column), macular integrity (2n column) and average 
sensitivity (3rd column). If when assessing that eye the patient reported scotoma and/or 
metamorphopsia with the white-on-black Amsler grid the first slot of the line is painted in red, if he did 
so with the black-on-white Amsler grid the second slot is painted in green. Finally, if metamorphopsia 

and/or scotoma were reported when using the blue-on-black Amsler grid the third slot of the line is 
painted in blue. Lines, each of whom represents an eye, are sorted by the value shown in the third 
column, the AVERAGE sensitivity. 

As appreciated in (Figure 27) painted slots tend to be at the superior part of each 
quadrant, where average sensitivity, obtained by means of the MAIA microperimeter, is 
at its lowest. Moreover, for average sensitivities above 11.2 the number of painted slots 
decreases drastically, which can set an approximate sensitivity threshold value for the 
different Amsler grids in 11.2. 
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The previous 6 figures were also done for the 17 left eyes. These figures are not included 
in this chapter due to their similarity with the ones of the right eyes.  

Table 4  - Percentage of localization overlap in the detection of scotoma (first 3 columns) and metamorphopsia (last 3 

columns) for the different sets of Amsler grids for th 34 eyes that comprised the study. If none of the compared Amsler 

grids showed sctoma nor metamorphopsia the slot was marked with (*).  S stands for scotoma; M metamorphopsia; W/B 

white-on-black Amsler grid; B/W black-on-white Amsler grid; Bl./B blue-on-black Amsler grid. 

As explained above, (Table 5) illustrates the percentage of localization overlap between different 

Amsler grids. In other words, for a single patient if in one Amsler grid scotoma is perceived but 

in another Amsler grid it is not, the localization overlap is non-existant. Moreover, if both Amsler 

grids show presence of scotoma but in two completely different areas, the localization overlap is 

  
W/B & B/W 

S 
W/B & Bl./B 

S 
B/W & Bl./B 

S 
W/B & B/W 

M 
W/B & Bl./B 

M 
B/W & Bl./B 

M 
 

1 0% * 0% 0% 0% *  

2 0% 0% 0% 0% 0% *  

3 100% 100% 100% * * *  

4 100% 100% 100% * * *  

5 50% 50% 100% 100% 50% 50%  

6 50% 75% 37.50% 25% 25% 66.67%  

7 * * * * * *  

8 * 0% 0% 66.67% 100% 66.67%  

9 100% 66.67% 66.67% 100% 0% 0%  

10 0% 37.50% 0% * * *  

11 0% 18.75% 18.75% 0% 0% *  

12 * * * * * *  

13 100% 100% 100% 100% 100% 100%  

14 50% 0% 50% 100% 100% 100%  

15 37.50% 100% 37.50% 100% 0% 0%  

16 0% 75% 0% 25% 37.50% 0%  

17 100% 100% 100% 100% 100% 100%  

18 * * * * * *  

19 * * * * * *  

20 0% 0% 100% 100% 100% 100%  

21 100% 100% 100% * * *  

22 18.75% 18.75% 100% * * *  

23 100% 100% 100% * * *  

24 100% 100% 100% * * *  

25 * * * * * *  

26 100% 100% 75% 100% 50% 50%  

27 * 0% 0% 100% * *  

28 * * * * * *  

29 * * * * * *  

30 * * * * * *  

31 100% 66.67% 66.67% 100% 92.80% 92.80%  

32 100% 66.67% 66.67% 100% 92.80% 92.80%  

33 100% * * 100% * *  

34 100% * * 100% * *  

  63% 60% 59% 75% 53% 63%  
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still non-existant. If scotomas or metamorphopsia are located in the exact same areas in both 

Amsler grids, the localization overlap is 100%, anything in between ranges from 0% to 100% 

overlap. 

When regarding to scotoma localization overlap the three different combination of Amsler grids 

show similar percentages. 63% for the combination between the white-on-black and the black-

on-white Amsler grids, 60% for the combination between the white-on-black and the blue-on-

black Amsler grids and 59% for the combination between the black-on-white and the blue-on-

black Amsler grids. 

Metamorphopsia localization overlap appears to be greater between the white-on-black and the 

black-on-white Amsler grids (75%) than between the other combinations. 53% for the 

combination between the white-on-black and the blue-on-black Amsler grids and 63% for the 

combination between the black-on-white and the blue-on-black Amsler grids. 
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6. Discussion  

 
Sensitivity of the different Amsler grids appears to be greater in this study than in many 
other studies in the field (Table 5). The reason might be that most of the patients in our 

study suffered from a high degree of visual impairment, making it easier for them to 
perceive alteration when looking at the Amsler grids. 
 

 

 

 

 

 

 

 

Table 5 - Comparison of Amsler grid sensitivity and specificity between our study and others in the literature. 

The Amsler grids sensitivity in the detection of scotoma is 75.86%, 79.31% and 79.31% 
for the white-on-black, the black-on-white and the blue-on-black respectively. The 
highest scotoma sensitivity is reached when using a combination of the black-on-white 
and the blue-on-black Amsler grids, 89.66% (Table 6).  

 

 

 

 
 

Table 6  -  The Amsler grids sensitivity in scotoma detection. 

The Amsler grids sensitivity in the detection of metamorphopsia is 65.51%, 55.17% and 
37.93% for the white-on-black, the black-on-white and the blue-on-black respectively 
(Table 7). The use of combinations of different Amsler grids does not constitute an 

improvement in the capability to detect metamorphopsia. Therefore, the white-on-black 
Amsler grid is the one recommended for assessing the presence of metamorphopsia. 
No studies were found regarding the Amsler grid ability to detect the presence of 
metamorphopsia. 

 

                                                           
1 Out of the 34 eyes examined in this study only 5 had no macular alteration. None of these 

healthy eyes reported scotorma or metamorphopsia when performing any of the Amsler grid 

examinations. Therefore, specificity for all three different types of the Amsler grid was 100%. 

Specificity results were not mentioned in the results chapter due to the small sample of healthy 

eyes (5), which does not allow for a solid interpretation. 

 Amsler Grid 

Sensitivity Specificity 

(Goldstein, et al. 2005) 26% 100% 

(Isaac, Avila and Cialdini 2007) 70% 85.5% 

(Faes, et al. 2014) 78% 97% 

(Kampmeier, et al. 2006) *early AMD 30% 85,2% 

(Kampmeier, et al. 2006) *late AMD 52% 85,2% 

(Chamorro, Cedrún and Portero 2011) 93% - 

Our study 

White-on-black 90% 100%1 

Black-on-white 90% 100%1 

Blue-on-black 80% 100%1 

White-on-black 75.86% 

Black-on-white 79.31% 

Blue-on-black 79.31% 

Black/white + Blue/black 89.66% 
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Table 7  -  The Amsler grids sensitivity in metamorphopsia detection. 

The Amsler grids sensitivity in the detection of macular alteration, whether the 
symptoms being scotoma or metamorphopsia is 89.66%, 89.66 and 79.31% for the 
white-on-black, the black-on-white and the blue-on-black respectively (Table 8). The use 

of combinations of different Amsler grids does not constitute an improvement in the 
capability to detect macular alteration, compared to the single use of the white-on-black 
Amsler grid or the black-on-white Amsler grid. 

 

 

 

Table 8  -  The Amsler grids sensitivity in macular alteration detection. Either scotoma or metamorphopsia. 

The main purpose of the Amsler grid is to detect macular alteration in order to proceed 
with the appropriate referral. Both scotoma and metamorphopsia are signs of macular 
alteration, their detection will undoubtedly lead to referral. Therefore, it does not exist 
the case in which when running the Amsler grid test the clinician only pays attention to 
scotoma or metamorphopsia, disregarding the presence of the other.  

 

The only time the clinician might look for the presence of one symptom over the other 
is in patients who have been already diagnosed with a pathology causing macular 
alteration and have repeatedly reported the presence of scotoma or metamorphopsia. 
For example, in a patient suffering from AMD who has repeatedly reported the presence 
of metamorphopsia but never of scotoma it would be advisable to use the white-on-
black Amsler grid. Since in this case the purpose is to identify changes in the 
symptomatology, and the only symptomatology present at the moment is 
metamorphopsia, the most sensitive grid in the detection of metamorphopsia should be 
used.  

 
(Schuchard 1993) Established that of the eyes with central scotoma involving the fovea 
66% used an eccentric preferred retinal locus for fixating the centre of the Amsler grid. 
Although we do not have quantitative data to compare to the one presented by 
Schuchard (1993), we can confirm that many of the patients with macular scotoma used 
a PRL to fixate at the central dot of the Amsler grid, despite the reiterative instructions 
given to them.  

 
(Achard, et al. 1995) After carrying out a study with 15 patients affected by macular 
lesions with 4 different types of Amsler grid concluded that the Amsler grid had poor 
sensitivity and high intra-individual variations regarding the localization of the scotoma. 
However, Achard, et al. (1995) did not provide with percentage of localization overlap 
and therefore we cannot compare it to our values. Nevertheless, in our study scotoma 
localization overlap was approximately 60% for the three different combinations of the 

White-on-black 65.51% 

Black-on-white 55.17% 

Blue-on-black 37.93% 

White-on-black 89.66% 

Black-on-white 89.66% 

Blue-on-black 79.31% 
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Amsler grid. An explanation to this rather high and unexpected value can be that most 
of our patients suffered from advanced lesions, allowing for less intra-individual 
variations tahn the ones found by Achard, et al. (1995). 

 
(Augustin, et al. 2005) Compared the white-on-black Amsler grid with the black-on-
white Amsler in their ability to detect macular alteration. In his study Augustin, et al. 
(2005) stated that the white-on-black Amsler grid provided with significantly better 
results than the black-on-white Amsler grid in patients with 0.5 or better visual acuity, 
whereas in patients with visual acuities ranging from 0.1 to 0.3 there was no significant 
difference between the two Amsler grids. Our study differed from Augustins’ in the fact 
that we did not classify patients by their visual acuities. However, as in his study 
between VA’s of 0.1 and 0.3, we did not find any significant difference in the detection 
of scotoma between both of the Amsler grids. In our study, the white-on-black Amsler 
grid was proven to be more sensitive in the detection of metamorphopsia. 

 

Chaves Fernandes i de Freitas Faria (2005) Compared the sensitivity of two different 
sets of Amsler grids: the white-on-black Amsler grid (45.7%) and red-on-black Amsler 
grid (47.8%). Both providing with similar results. Not in this study or any other one to 
be found in the literature used a blue-on-black Amsler grid. Making it impossible for us 
to compare the results obtained using this particular grid.  
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7. Conclusion 
 

 When assessing the presence macular alteration both the white-on-black and the 

black-on-white Amsler grids are equally sensitive, allowing for the clinician to 

choose at his will. However, the white-on-black grid seemed to perform better in 

patients with photophobia. Several of these patients reported that they were 

more comfortable with this grid. Unfortunately, we do not have quantitative data. 

We suspect that it might be caused by a lower reflection of the grid since the 

background is black, interesting research can be continued in this area. 

 

 The white-on-black Amsler grid is more sensitive (65.51%) when assessing the 

presence of metamorphopsia than the other types of Amsler grid. 55.17% and 

37.93% sensitivity for the black-on-white and the blue-on-black Amsler grids, 

respectively. The usage of the white-on-black Amsler grid should be 

recommended for the follow-up of patients who have repeatedly reported the 

presence of metamorphopsia. 

 

 Localization of scotoma and metamorphopsia varies greatly between Amsler 

grids. The Amsler grid should be used as a screening tool but never to determine 

the size and location of the area affected. The clinician must be aware of the 

limitations of the Amsler grid in these more complicated tasks.  

 

 When running the Amsler grid test it is important for the clinician to make sure 

that instructions are well understood by the patient. Even though instructions are 

repeated several times during the test many patients with central scotoma still 

use a PRL to look at the centre of the grid. Hence being able to see the central 

dot despite the central scotoma. 
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8. Further research 

The increasing prevalence of macular pathologies, especially age-related macular degeneration, 

demands an increase in scientific research. Due to the important role the Amsler grid plays in the 

diagnose of macular alteration part of this research should be done in how to enhance the 

attributes of the Amsler grid. This study sets the stage for further research, some of which will 

be discussed below. 

It would be interesting to determine the Amsler grid localization overlap between the outcomes 

obtained of using the same grid several times. In other words, to find out if localization of 

scotoma and metamorphopsia changes between separated in time tests when using the same type 

of Amsler grid. 

To establish sensitivity and specificity of different Amsler grids in patients suffering from 

macular pathologies in their early stages, in which we guess that the sensitivity found is going to 

be much lower than the found in our study. 

To determine the sensitivity of different types of Amsler grid, at least one being the white-on-

black, in patients with macular alteration but also suffering from photophobia. We suspect that 

in these patients the Amsler grid made of white lines on a black background will help reduce 

glare. 
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INFORMACIÓN AL PACIENTE 

 

Estimado Sr/a., ………………………………………………………………………………………………………………………… 

Se le invita a participar en un estudio realizado en el servicio de oftalmología del consorcio sanitario de 
Terrassa (CST) en colaboración con el centro universitario de la visión (CUV); a partir de un convenio 
CUV-CST con la Unidad de Baja Visión. Este estudio tiene como finalidad observar la relación entre la 
localización y la estabilidad de la fijación con la velocidad lectora en pacientes afectados por una 
patología macular. 

Antes de decidirse a participar en este estudio, es importante que entienda el porqué se realiza el 
estudio y lo que implicará. 

Por favor, tómese su tiempo para leer o escuchar con detenimiento la siguiente información. Pregunte 
si hay algo que no está claro o si desea más información.  

Su participación en este estudio es totalmente voluntaria. Tómese su tiempo para decidir si desea o no 
participar en el estudio. Si decide tomar parte se le pedirá que firme esta hoja informativa antes de dar 
inicio al estudio y se le dará una copia para que la guarde. 

INTRODUCCIÓN 

La degeneración macular asociada a la edad (DMAE), la retinopatía diabética y la enfermedad de 
Stargardt son algunas de las patologías que causan pérdida de la visión central debido a alteraciones 
producidas en la zona macular de la retina. 

Los pacientes afectados por alguna de estas patologías presentan síntomas comunes; como por ejemplo 
la percepción de las líneas rectas como torcidas o distorsionadas, visión borrosa, hipersensibilidad a la 
luz, falta de luminosidad al leer o incluso la presencia de una mancha negra dentro de su campo visual 
central. Todos estos síntomas tienen una repercusión perjudicial en la visión y en las actividades de la 
vida diaria de las personas que lo sufren; tales como la lectura, la conducción o el reconocimiento de las 
personas. 

Una de las soluciones para intentar evitar o minimizar los síntomas citados anteriormente, es fijar 
excéntricamente (de reojo). Aunque al principio puede parecer algo extraño, con el tiempo y práctica 
se utiliza de manera natural. 

El objetivo del estudio es realizar una serie de medidas para observar si existe una relación entre la 
zona por la cual está mirando y la velocidad de lectura, y además, comparar la evaluación de la 
presencia de escotomas (puntos de sensibilidad disminuida en la retina) mediante dos métodos 
diferentes: el test de rejilla de Amsler y el microperímetro MAIA. 

DURACION TOTAL DE SU PARTICIPACIÓN 

El estudio consta de una única visita en la que se le realizarán todas las pruebas necesarias para que 
pueda llevarse a cabo. La duración total de la visita será de aproximadamente una hora  desde el 
momento que usted acepte ser incluido en el estudio.  
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EXAMENES DEL ESTUDIO 

Se le realizará una serie de exámenes optométricos que se detallan a continuación. Comunicarle que 
todas estas pruebas son indoloras e inofensivas para su salud. 

1. Determinación del defecto refractivo 
2. Determinación  de la agudeza visual de lejos con la mejor corrección 
3. Determinación de la agudeza visual de cerca con la mejor corrección 
4. Sensibilidad al contraste 
5. Velocidad de lectura  
6. Rejilla de Amsler 
7. Examen con el microperímetro MAIA 

COSTES DE PARTICIPACION 

El examen visual que se le realizará será totalmente gratuito del mismo modo que usted no cobrará por 
participar. El responsable del estudio tampoco percibirá honorarios relacionados con la realización del 
mismo.  

CONFIDENCIALIDAD DE SUS DATOS PERSONALES 

Toda la información sobre su participación en este ensayo será estrictamente confidencial y hasta donde 
permita la ley y/o reglamentaciones  aplicables, no será revelada. Así mismo, su nombre nunca será 
revelado fuera del centro sanitario. Firmando el formulario de consentimiento informado, usted está 
autorizando este acceso.  

Usted acepta también que la información que concierne a este estudio pueda informatizarse por los 
responsables del estudio. También acepta que su información obtenida del estudio pueda ser 
transferida de forma anónima a las Autoridades Sanitarias competentes en España y de cualquier otro 
país, incluyendo EUA, y que pueda ser usada para publicaciones médicas o científicas. 

Tal y como establecen las disposiciones de la ley española para la protección de datos personales (Ley 
Orgánica de Protección de Datos 15/1999), usted puede ejercer su derecho a acceder a estos datos y a 
que se rectifiquen. También tiene derecho a oponerse a que se transmitan los datos que probablemente 
se utilizarán y se analizarán en esta investigación, amparándose en la confidencialidad profesional.  
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CONSENTIMIENTO INFORMADO 

IDENTIFICACIÓN DEL PARTICIPANTE AL ESTUDIO 

 

 
 

   
 

 
 

  Apellidos (en letra de imprenta)  Nombre  Fecha de 

nacimiento 

 

1. El responsable del estudio me ha informado detalladamente de la naturaleza, el objetivo y la probable duración del 

estudio. He tenido la oportunidad de hacerle preguntas sobre todos los aspectos del estudio y he comprendido las 

respuestas y la información que se me ha dado. 

2. Yo, acepto participar voluntariamente en el estudio. 

3. Acepto que la persona que va a ser responsable de mí durante la duración del estudio utilice la información relativa a 

mis respuestas y exploraciones, con el estricto respeto del secreto médico y del anonimato. Doy mi permiso para que 

sólo las personas autorizadas así como las autoridades sanitarias consulten estos datos (Ley Orgánica de Protección 

de Datos Personales 15/1999).  

4. Estoy de acuerdo en seguir todas las instrucciones que se me den durante el estudio. 

5. Estoy de acuerdo en que puedan introducir en un ordenador los datos registrados durante el estudio.  

6. Se me entregará una copia firmada y fechada de este formulario de consentimiento para mis propios archivos. 

 

CONSENTIMIENTO DEL PARTICIPANTE 

 

       

 

 

 Apellidos (en letra de imprenta)                                                  Nombre  

  Fecha de la firma   Firma precedida por la mención “leído y comprendido”  

 

Investigador  Confirmo que he explicado al participante, arriba mencionado, la naturaleza, el objetivo, sus 
responsabilidades, etc., del estudio arriba mencionado.  

 

  

 

  

 

 

 

 Apellidos (en letra de imprenta)                                               Nombre  

  Fecha de la firma 

 

 Firma   

Ley 41/2002 básica, reguladora de la autonomía del paciente y de derechos y obligaciones en 
materia de información y documentación clínica (BOE 15/11/2002). 
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FITXA OPTOMÈTRICA 

DADES GENERALS 

Pacient: Data Hosp.: Data cuv: 

Data de naixement: Optometrista: 

Sexe: Nº història CST:  

Telèfon: Nº història CUV: 

Diagnòstic i tractament: 

 

- Historia Ocular personal: 

- Utilitza ulleres i/o ajuda òptica: 

 

- Símptomes: 

 

- Ocupació i aficions: 

 

- Idioma de lectura: 

- Nivell de lectura: 

 Valoració personal Nivell estudis Lectures anuals abans de la patologia 

Alt    

Mig    

Baix    

Nul    

Nivell estudis                                                                                  Llibres anuals abans de la patologia: 

Alt: formació professional grau superior o universitaris                    Alt: més de 6 

Mig: educació secundaria o formació professional grau mig             Mig: entre 3 i 4  

Baix: educació primària                                                                        Baix: entre 1 i 2 

Nul: sense titulació                                                                               Nul: 0 
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REFRACCIÓ HABITUAL 

 Esf. Lluny Cilindre Eix Adició AV vll AV vp 

UD       

UE       

AUTOREFRACTÒMETRE 

UD  

UE  

RETINOSCOPIA 

UD  

UE  

SUBJECTIU                                                                                                          visión  próxima 30 cm 

 Esf. Lluny Cilindre Eix Adició AV vll AV vp 

UD       

UE       

BINO       

AMSLER    BLANC/NEGRE 

 Escotoma Metamorfopsia 

UD   

UE   

AU   

TEST DE RADNER                   40 cm                      30 cm                          25 cm 

                                             (Ad: +2.50)              (Ad: +3.00)                 (Ad: +4.00) 

 

Agudeza Visual (Visus) Velocitat lectora LogRAD-Score 

UD  UD  UD  

UE  UE  UE  

AU  AU  AU  

AMSLER    NEGRE/BLANC 

 Escotoma Metamorfopsia 

UD   

UE   

AU   
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SENSIBILITAT AL CONTRAST                                                     50 cm (Ad: +2.00)                                       

 

 

AMSLER     BLAU/NEGRE 

 Escotoma Metamorfopsia 

UD   

UE   

AU   

MICROPERIMETRIA (MAIA) 

Sensibilitat macular Localització del PRL Estabilitat de la fixació 

UD  UD  UD  

UE  UE  UE  

 

Anotació Amsler 

1: quadrant nasal superior 

2: quadrant temporal superior 

3: quadrant  temporal inferior 

4: quadrant nasal inferior 

 

d: menor de 5º (dentro) 

f: major de 5º (fuera) 
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Annex IV – Amsler Grid. White-on-black. 
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Annex IV – Amsler Grid. Black-on-white. 
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Annex IV – Amsler Grid. Blue-on-black. 
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1 - Superior nasal 

2 - Superior temporal 

3 - Inferior temporal  

4 - Inferior Nasal 

D - Inside the central 5° radius 

F - Outside the central 5° radius 

 
Example:  

 

If while examining the right eye, the patient reported 
scotoma in the area painted in grey, it would have been 
written as 2D in the particular slot of the results 
datasheet. 
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Example of a Mars Letter Contrast Sensitivity Test chart. 

Modified from (Sánchez Herrero 2013) 

 

 

 

 

 

 

 

 

 
 

 

 

 

Example of a Mars Letter Contrast Sensitivity Test scoring sheet. Modified from (Sánchez Herrero 2013) 
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Radner test for near visual acuity assessment              
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Information obtained from each of the eyes was organized and presented in 
datasheets. The purpose of which was to get a visual idea of the outcome 
obtained from the different Amsler grids and the MAIA microperimeter. 

 

 
   
The superior part of the datasheets includes patients’ personal details such as 
date of birth, pathology affecting the macula and language of preference. It also 
included information regarding the patient visual status, its refraction, visual 
acuity and contrast sensitivity. As stated before, each of the datasheets shows 
information obtained from one eye, OD is written for the right eyes and OS for 
the left eyes. 
 
The information displayed in the column to the right 
consists on the observations reported by the same 
eye of a single patient in the three different Amsler 
grids. 
 
The first being the white-on-black Amsler grid 
followed by the black-on-white and the blue-on-
black Amsler grids.  
 
Scotoma is painted in grey in the areas where the 
patient reported its presence. Metamorphopsia, on 
the contrary appears as a diagonal line. If the 
patient does not report the presence of scotoma 
nor metamorphopsia the grid was kept in white. 
 
This presentation facilitates the comparison of the 
outcome obtained by the different Amsler grids. 

 
 
 
 
 
 

Information on the left side of the datasheet refers to the MAIA microperimter. 
The first being values provided by the MAIA such as macular integrity, average 
sensitivity, fixation stability and PRL location and sensitivity. 
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Also on the left side of the datasheet and 
below the values provided by the MAIA 
microperimeter appears an image of the 
patients’ retina. 
 
In the image it is shown the distribution 
of sensitivities within the macular area. 
The green grid present in the image is a 
representation of the area covered by 
the Amsler grid, it is centered in the PRL 
 
 
 
 
The image at the left is a simulation of 
how the patient would perceive the 
Amsler gid according to the sensitivity 
pattern obtained with the MAIA 
microperimeter. Since the area covered 
by the Amsler grid is bigger than that of 
the MAIA some areas cannot be 
simulated. These areas are marked with 
the letters ND in the image. 
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