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Abstract

Purpose:  To evaluate the abilit y of the preferent ial hyperacuity perimeter (PHP) and the Amsler 

grid to detect  cent ral scotomas in Stargardt ’s disease and age macular degenerat ion.

Met hods:  Prospect ive, comparat ive, cross-sect ion study in which 16 pat ients affected with AMD 

and St argardt ’s disease were evaluat ed.  Al l  pat ient s had an opt omet ric evaluat ion including 

refract ion, best  corrected visual acuit y,  evaluat ion with PHP Foresee and with the Amsler grid. 

The sensit ivit y of  the macular evaluat ion tests (The Amsler grid and PHP) for each maculopathy 

was calculated.

Result s:  To detect  scotomas in both macular pathologies, the PHP sensit ivity is 60-70 %, while the 

Amsler grid sensit ivity is 85-100 %. As screening methods for maculopathies, the PHP sensit ivity is 

83 %, while the Amsler grid sensit ivity is 93 %.

Conclusions: The Amsler grid and the PHP are both useful to detect  scotomas in Stargardt ’s disease 

and AMD. As a disease screening method, the Amsler grid is useful in both condit ions; however, the 

PHP is only useful in AMD, not  in Stargardt ’s.

© 2010 Spanish General Council of Optometry. Published by Elsevier España, S.L. All rights reserved.

Comparación entre el perímetro de hiperagudeza preferencial y la rejilla de Amsler 

para detectar la degeneración macular asociada con la edad y la enfermedad 

de Stargardt

Resumen

Obj et ivo:  Evaluar la capacidad del perímet ro de hiperagudeza preferencial (PHP) y la rej il la de 

Amsler para detectar escotomas cent rales en la enfermedad de Stargardt  y DMAE.
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Introduction

The Stargardt ’s disease was described for the fi rst  t ime in 
1909 by Karl  St argardt .  It  is current ly t he most  f requent  
macular dyst rophy,  and t he second most  f requent  ret inal 
i nher i t ed condi t i on af t er  ret i ni t i s pi gment osa.  1 It s 
prevalence is est imat ed t o be 1/ 10, 000 people.  2 The 
pat ient s report  a progressive bi lat eral  vision loss which 
begins when they are between 6 and 20 years old, with no 
previous ocular al t erat ion sympt oms.  3 To keep a visual 
acuity (VA) over 0.5 on the decimal scale in at  least  one eye 
is a 52 % at  the age of 19; a 32 % at  the age of 29; and a 22 % 
at  t he age of  39.  4 Af t er decreasing t o t his level ,  t he VA 
usually falls down quickly, and keeps stable in approx. 0.1, 
associated with a cent ral scotoma. 3

Age-related macular degenerat ion (AMD) const itutes the 
greatest  cause of  legal bl indness in t he Western world,  in 
people older than 65 years of age. It  is est imated 15 million 
American people are current ly af fected with AMD. 5 There 
are two main types of AMD: the at rophic AMD, which evolves 
slowly along t he years,  causing a gradual vision loss t hat  
may lead to a cent ral scotoma; and the neovascular AMD, 
characterised by the growth of choroidal neovascularizat ion, 
where the most  common init ial symptom is the crooked and 
wavy appearance of the st raight  lines, quickly advancing up 
to a signifi cant  vision loss.

The Amsler grid was presented in 1947 as a technique to 
evaluate t he cent ral visual fi eld in pat ient s wit h macular 
condit ions. 6 It  consists in a grid with a cent ral fi xat ion spot , 
on whi ch t he pat i ent  must  mark scot oma areas or 
met amorphopsia.  It s simpl ici t y al lows i t  t o be used as a 
sel f - cont r ol ,  war ni ng t he pat i ent  t o vi si t  hi s/ her 
opht halmologist  as soon as a change in t he scot oma size 
and depth, or in the metamorphopsia is detected. However, 
t his t est  rel iabi l i t y is doubt ful ,  given a possible f ixat ion 
l oss,  and t he brain adapt at ion t o complet e scot oma 
areas. 7-9

The pref erent ial  hyperacui t y per imet er  (PHP) i s a 
technique designed to avoid the Amsler grid problems. It  is 
a visual  f ield t est  t o qual i t at ively measure t he macular 
distort ion areas in a non-invasive way, on the basis of  t he 
hyperacuity characterist ic, i.e., the visual system ability to 
det ect  al ignment  errors when locat ing an obj ect  wi t h 
regards to others in the space (Figure 1).

So far, this technology has been used to assist  in the AMD 
monit oring,  t o det ect  changes in t he visual funct ion.  10,11 
Some ot her st udies have showed t hat  t he PHP is more 
sensit ive than the Amsler grid to detect  lesions due to AMD.

The PHP research group 12 studied 185 pat ients to evaluate 
t he PHP abil it y at  detect ing choroidal neovascularizat ion 
due to macular degenerat ion, and its ability to dif ferent iate 
it  f rom an average AMD stage. The results showed that  the 

Mét odos:  Estudio prospect ivo,  comparat ivo y de cort e t ransversal en el que se ha evaluado a 

16 pacientes afectos de DMAE y enfermedad de Stargardt . Todos los pacientes han sido somet idos 

a una evaluación optomét rica que incluyó refracción, agudeza visual con la mej or compensación 

ópt ica, evaluación con PHP Foresee y evaluación con la rej illa de Amsler. Se calculó la sensibilidad 

de los test  de evaluación macular (rej illa de Amsler y PHP) para cada maculopat ía. 

Resul t ados:  El  PHP present a una sensibi l idad del 60-70 % para det ect ar escot omas en ambas 

afecciones maculares y la rej illa de Amsler, del 85-100 %. Como método de cribado de maculopat ía, 

la sensibilidad del PHP fue del 81 %, mient ras que la de la rej illa de Amsler fue del 93 %.

Conclusiones:  Tanto la rej illa de Amsler como el PHP son út iles para la detección de escotomas en 

enfermedad de Stargardt  y en DMAE. Como método de cribado de enfermedad, la rej illa de Amsler 

es út il en ambas, pero no el PHP, que se muest ra út il en DMAE pero no para Stargardt . 

© 2010 Spanish General Council of  Optomet ry. Publicado por Elsevier España, S.L. Todos los derechos 

reservados.

Enfermedad 
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Figure 1 Scheme of a normal Ret ina vs photoreceptor rising due to AMD vs photoreceptor absence in Stargardt ’s disease.
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PHP sensit ivit y to detect  new cases is a 82 %, and the test  
specifi city to different iate new choroidal neovascularizat ion 
diagnoses in average AMD is a 88 %.

In another parallel study carried out  by this group, 11 they 
evaluated 150 pat ients classifi ed in 5 groups according to 
their AMD type and stage. The results showed that  the PHP 
was more sensit ive t han the Amsler grid t o detect  lesions 
due to AMD, in spite of a high false-posit ive rat io for healthy 
subj ects.

Lat er on,  Isaac 13 evaluat ed 65 eyes f rom 65 pat ient s 
grouped according to their AMD severit y in another study. 
He found out  that  the device had a sensit ivity of 90 %, and a 
specifi city of 81.8 % to detect  choroidal neovascularizat ion, 
compared with the 70 % sensit ivity and 85.5 % specifi city got  
with the Amsler grid.

In spite of  the good results achieved with this technique 
to handle pat ients with AMD, there are no studies so far to 
demonst rate the PHP effi cacy and effi ciency (Foresee PHP, 
Reichert , Inc. USA. 2009) for other macular ret inal condit ions 
like Stargardt ’s disease.

Therefore, the goal of the current  study is to consider the 
usefulness of  t he PHP and the Amsler grid to evaluate the 
macular funct ion in pat ient s wit h Stargardt ’s disease and 
AMD.

Methods

Prospect ive,  t ransversal comparat ive study on 16 pat ients 
diagnosed wit h St argardt ’s disease or AMD.  They al l  had 
cent ral  scot omas smal ler  t han 14°.  Af t er  signing t he 
informed consent , the pat ients had an optometric evaluat ion 
under phot opic l ight ening condit ions:  ref ract ion,  visual 
acuity, PHP, and the Amsler grid.

The best -corrected, far visual acuity was evaluated using 
a Bailey-Lovie test . The presence of scotomas was one-eyed 
evaluat ed wit h t he best  opt ical  compensat ion,  using t he 
Amsler grid with white lines on black background in one-eyed 
vision, and using the PHP. Before start ing the test  with the 
PHP, the pat ients had to go through a tutorial to avoid the 
possible effect  of test -learning.

The sensit ivit y and specifi cit y of  the Amsler grid and the 
PHP were calculat ed,  and compared for each condit ion. 
Likewise,  t here was a cont rol  group,  wit h no disease,  t o 
check the technique reliability in their applicat ion.

Al t hough t he sensi t i vi t y and speci f i ci t y are usual l y 
calculated on a validated gold standard, there is no-one to 
detect  scotoma using VA charts,  unless using methods l ike 
macular perimet ry or scanning laser microperimet ry.  As 
these methods were not  available for this study, our protocol 
defi ned the presence of scotoma when both condit ions were 
present :  1) VA ≥ 0.4 logMAR,  and 2) Macular condi t ion 
associated to presence of cent ral scotoma (AMD or Stargardt  
diagnosis). To achieve the goal of this study, it  was essent ial 
t o choose an obj ect ive case of  scot oma def init ion which 
would allow to st imate the rate of scotoma detect ion with 
each met hod;  t hus,  i t  was def ined t hat  t he pat ient  had 
scotoma when both condit ions were present .

It  was def ined t he sensi t ivi t y and speci f ici t y of  t he 
methods as scotoma detect ion and screening technique. To 
work out  the sensit ivit y and specifi cit y of  both techniques 
as a screening met hod,  i t  was considered a “ case”  when 

t he t echnique was able t o det ect  t he condit ion in eit her 
eye.

St andard descript ive st at ist ical  t echniques were used. 
Descript ions of  mean values,  proport ions,  sensit ivit y and 
speci f i ci t y f ol l owing common f ormules are exposed. 
Comparisons of  proport ions were performed by Chi-square 
test  using Yates’  correct ion for 2-by-2 tables. All comparisons 
were two-tailed and performed assuming an alpha-error of 
0.05 and a power of 0.8.

Results

Twent y-six pat ient s were evaluat ed,  9 af f ect ed wi t h 
Stargardt ’s disease,  7 af fected with AMD (4 af fected with 
neovascular and f or 3 wi t h non-vascular disease),  and 
10 healthy cont rols.  The pat ients in t he Stargardt ’s group 
were 41 ± 16 years old;  in t he AMD group t hey were 
78 ± 11 years old,  and t he people in t he healt hy cont rol 
group were 57 ± 11 years old. The VA of those pat ients with 
a maculopat hy was al i ke in bot h condi t i ons:  AMD vs 
St argardt ’s disease.  The VA average in al l  pat ient s was 
0.6 ± 0.55 logMAR.  The average t ime t o do t he PHP was 
4.23 minutes per eye.

The sensit ivit y est imates for both t echniques to detect  
scotomas in the cent ral vision showed the following results: 
In pat ients with Stargardt ’s disease, the Amsler grid succeeded 
in a 100 % of cases, while the PHP detected a 66 % (Table 1) 
The dif ferences in scot oma det ect ion were st at ist ical ly 
signifi cant  (p-value < 0.05).  In AMD, the sensit ivit y of  both 
techniques was alike (p-value > 0.05) (Table 2).

As a screening method, the Amsler grid detected a 93 % of 
those pat ients with a maculopathy; the detect ion percentage 
was al ike for pat ient s af fect ed wit h AMD and St argardt ’s 
disease (p-value > 0.05) (Table 3). The PHP detected a 81 % 

Table 1 Sensit ivity and specifi city of the Amsler grid 

and the PHP as a scotoma detect ion method in Stargardt ’s 

disease

Stargardt ’s disease Amsler grid PHP

 + — + —

Scotoma presence 15 0 10 5

Scotoma absence  0 3 0 3

Sensit ivity  1  0.67  

Specifi city  1  1  

Table 2 Sensit ivity and specifi city of the Amsler grid 

and the PHP as a scotoma detect ion method in AMD

AMD Amsler grid PHP

 + — + —

Scotoma presence 12 2 10 4

Scotoma absence 0 0 0 0

Sensit ivity 0.86 0.71  

Specifi city —  —  
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of  pat i ent s wi t h a macul opat hy,  but  t he det ect i on 
percent age was dif ferent  for each pat hology:  a 100 % of 
pat ients with AMD, and a 67 % of  pat ients with Stargardt ’s 
disease (p-value > 0.05) (Table 4).

Out  of  al l  t ests done with the PHP, a 71 % were reliable. 
However,  it  is important  t o point  out  t hat ,  while t he t est  
reliability was a 100 % in absence of disease, that  percentage 
is considerably less when there is a disease: only a 35 % of 
the tests were reliable in the AMD group, and a 66 % in the 
Stargardt ’s (Figure 2).

So, we did the stat ist ical analyses exclusively considering 
the reliable tests. However, the results showed no signifi cant  
dif ferences bet ween t he analyses including al l  t he cases 

irrespect ive it s reliabil it y and the exclusive use of reliable 
cases.

Discussion

The main fi nding of this study was the determinat ion of the 
PHP sensit ivit y t o det ect  cent ral  scot omas in St argardt ’s 
disease, in comparison with the Amsler grid. This technique 
al lows det ect  a 67 % of  scot omas,  whi le t he Amsler grid 
detects a 86 % of cases. Likewise, the Amsler grid shows to 
be a bet ter screening technique than the PHP for Stargardt ’s 
disease, with a sensit ivit y of  100 % and a 67 % respect ively. 
Di f f erent l y f rom t he wat ching in St argardt ’ s disease, 
previous studies have considered the usefulness of the PHP 
in AMD, showing a high sensit ivit y in comparison wit h t he 
Amsler grid,  10-13 corroborat ed by our own resul t s.  In t his 
study, we found a PHP sensit ivity equals to 70 % for pat ients 
affected with AMD. This result  is similar to those previously 
published report ing a sensit ivity next  to 80 %. 12

We are aware of  t he hist opat hological  di f f erences 
bet ween bot h st udied condi t ions (AMD and St argardt ’s 
disease) and the dif ferences in visual percept ion.  In AMD, 
due t o t he waste product s accumulated and t he possible 
neovascularizat ion,  t he af fected pat ient s wil l  perceive a 
distort ion in the st raight  lines, or metamorphopsia. However, 
in Stargardt ’s disease, due to the absence of photoreceptors 
in some ret inal areas, there will be a lack of vision with no 
distort ions.  Nevertheless,  t he PHP could l ikely detect  not  
only distort ions (AMD), but  also scotomas due to the absence 
of l ight  st imulus vision (characterist ic in Stargardt ’s).  That  
is the reason why we decided to compare it  with the Amsler 
gr id f or  t his t ype of  condi t ion,  given t he good resul t s 
wat ched in AMD wit h t his t echnique for t he det ect ion of 
both, distort ion and scotomas (Figure 1).

The sole technician who performed both PHP and Amsler 
gr id t est  was aware of  t he diagnosis.  This is act ual ly a 
methodological st rength of the study. On the other hand, the 
unblinding could be considered as a disadvantage; but  the 
possibility of biased data in these tests is so low. Moreover, it  
was necessary to know the pat ient ’s condit ion as one of the 
criteria to defi ne the presence of scotoma by protocol.

We are aware of the handicap involved in the small sample 
size of this study, which could be considered as a fi rst  pilot  
one.  However,  t here is a series of  relevant  fi ndings t o be 
confi rmed in future studies with a larger sample size.

It  must  be considered t hat  some of  t hose st udies 
comparing t he sensit ivit y of  t he Amsler grid and t he PHP, 
which show a higher sensit ivit y for t he PHP 10,11 were done 
using black grids on a whit e background.  Some st udies 6 
have shown t hat  t he original grid (black l ines on a whit e 
background) of fers a higher sensit ivit y t han t he modifi ed 
one (whit e l ines on a black background).  In t his st udy,  t o 
avoid over est imat es in t he PHP effi ciency,  we fol lowed 
Isaac’s indicat ions 13 using a grid with a black background, 
comparable with the used colors in the test  by PHP where 
white st imuli are used on a black background.

Regarding t he Amsler grid,  we must  point  out  t hat  we 
insist ed part icularly in t he need t o do t he t est  careful ly, 
emphasizing i t s underst anding and explanat ion of  t he 
subject ive grid percept ion. Hence the Amsler grid sensit ivity 
results may have been higher than in previous studies. 8
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Figure 2 Reliabil it y result s for the tests done in every group 

of  subj ect s (heal t hy,  af fect ed wit h AMD,  and af fect ed wit h 

Stargardt ’s disease).

Table 3 Sensit ivity and specifi city of the Amsler grid 

and the PHP as a screening method in Stargardt ’s disease

Stargardt ’s disease Amsler grid PHP

 + — + —

Pat ient 8  1 6  3

Cont rol 0 10 0 10

Sensit ivity 0.89 0.67  

Specifi city 1  1 —  

Table 4 Sensit ivity and specifi city of the Amsler grid 

and the PHP as a scotoma screening method in AMD

AMD Amsler grid PHP

 + — + —

Pat ient 7  0 7  0

Cont rol 0 10 0 10

Sensit ivity 1 1  

Specifi city 1  1  
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The main handicap in the evaluat ion with PHP is the high 
percent age of  void or unrel iable t est  resul t s in pat ient s 
affected. This percentage is more than 60 % in AMD and more 
than 30 % in Stargardt ’s disease. This problem can be related 
to other fi eld t est s which must  be repeated several t imes 
unt il  a rel iable result  is achieved.  However,  t his does not  
modify the test  sensit ivity results.

On the other hand, and due to the condit ion et iology, the 
AMD pat ients are older in average than those affected with 
St argardt ’ s di sease.  Thi s di f f erence can af f ect  t he 
understanding of the PHP test  and the abilit y to do it .  As a 
consequence, there is a low percentage of reliable tests in 
AMD pat ients in comparison with Stargardt ’s.

Another PHP disadvantage in comparison with the Amsler 
grid is the test  t ime, est imated in an average of more than 
4 minut es per eye.  This means t he Amsler grid is a fast , 
port able,  cheap,  accessible met hod,  wit h a reasonable 
sensit ivity and specifi city at  handling maculopathies.

Despite these problems, the PHP allows a qualitat ive and 
quant itat ive monitoring of  the scotoma changes in placing 
and depth, in a more precise way than using the Amsler grid 
in AMD pat ients. On the other side, the PHP does not  seem 
t o be more ef f icient  t han t he Amsler grid t o det ect  t he 
condit ion and scotomas in Stargardt ’s disease. This means it  
i s probabl y a t est  l ess appropr iat e f or  diseases wi t h 
phot orecept or loss,  and more appropriat e for diseases 
involving ret inal degenerat ion.
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