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ABSTRACT | Purpose: To study visual acuity, refractive errors,
eccentric fixation, and reading performance in patients with
toxoplasmic macular retinochoroiditis. Methods: Twenty-three
participants with bilateral toxoplasmic macular retinochoroiditis
and 4 with toxoplasmic macular retinochoroiditis in their unique
eye were evaluated. Participants reported their eye dominance,
confirmed by the Portus and Miles test. Best corrected visual
acuity, spherical equivalent refraction, magnification need,
and reading speed were measured. Microperimetry (MAIA,
Centervue - Padova, Italy) recorded the preferred retinal locus
and fixation stability by means of the bivariate contour ellipse
area. Fourteen eyes from 14 normally sighted subjects served as
controls. Results: Mean + SD best corrected visual acuity was
better in the dominant eye than in the nondominant eye: 0.9
+ 0.2 (logMAR 0.5 to 1.4) vs. 1.2 + 0.3 (logMAR 0.6 to 1.7)
(p<0.0001, paired t-test). Spherical equivalent myopia of -4.00
or higher was present in 42% of the eyes. Microperimetry was
performed in 42 eyes. Eccentric fixation was observed in all
examined eyes. In 14 eyes (33%), the preferred retinal locus was
placed (in the retina) superior temporal to the macular lesion,
in 10 (24%) superior nasal, in 6 (14%) inferior temporal, and in
12 (28%) inferior nasal. There was no significant difference in
the distribution of the preferred retinal locus position between
dominant and nondominant eyes (p=0.85, Pearson test). There
was no correlation between reading speed and the distance
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between the preferred retinal locus and the estimated original
foveal position (r=-0.09; p=0.73), the bivariate contour
ellipse area (r=-0.19; p=0.44), or best corrected visual acuity
(r=0.024; p=0.92). Conclusions: Myopia is more prevalent in
patients with toxoplasmic macular retinochoroiditis. Reading
speed is not dependent on preferred retinal locus position,
stability, or visual acuity. Nevertheless, documentation of fixation
provides new data on the impact of visual impairment in these
patients and may be useful for rehabilitation efforts.

Keywords: Choroiditis; Chorioretinitis; Myopia; Toxoplasmosis,
ocular; Reading

RESUMO | Obijetivo: Estudar a acuidade visual, erros de
refracdo, fixacdo excéntrica e desempenho de leitura em
pacientes com retinocoroidite macular por Toxoplasmose.
Métodos: Vinte e trés pacientes com retinocoroidite macular
por Toxoplasmose bilateral e quatro com retinocoroidite macular
por Toxoplasmose no seu tnico olho foram avaliados. Os par-
ticipantes relataram sua dominancia ocular, confirmada pelo
teste de Portus e Miles. A acuidade visual melhor corrigida,
refragdo em equivalente esférico, magnificagdo necessaria e
velocidade de leitura foram medidas. A microperimetria (MAIA,
Centervue - Padova, ltaly) registrou a estabilidade preferida
do locus e da fixagdo da retina por meio da area da elipse
de contorno bivariada. Quatorze olhos de 14 pacientes com
boa visao serviram como controles. Resultados: A média +
DP da acuidade visual melhor corrigida foi melhor no olho
dominante do que no nao dominante: 0,9 + 0,2 (logMARO0,5 a 1,4)
vs. 1,2 + 0,3 (logMAR 0,6 a 1,7) (p<0,0001, teste t pareado).
Miopia em equivalente esférico de -4,00 ou maior estava presente
em 42% dos olhos. Microperimetria foi realizada em 42 olhos.
Fixagdo excéntrica foi observada em todos os olhos examinados.
Em 14 olhos (33%), o locus retiniano preferencial estava loca-
lizado, na retina, na regido sipero-temporal a lesao macular,
em 10 (24%) stpero-nasal, em 6 (14%) infero-temporal, e em 12
olhos (29%) infero-nasal. Nao houve diferenga significativa na
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distribuicdo da posigdo do locus retiniano preferencial entre olhos
dominantes e ndo-dominantes (p=0,85, teste de Pearson). Nao
houve correlagdo entre velocidade de leitura e distancia entre o
locus retiniano preferencial e a posicdo foveal original estimada
(r=-0,09; p=0,73), a area bivariada de contorno elipséide
(r=-0,19; p=0,44) ou acuidade visual melhor corrigida (r=0,024;
p=0,92). Conclusées: A miopia é mais prevalente em pacientes
com retinocoroidite macular por Toxoplasmose. A velocidade de
leitura nao é dependente da posicdo do locus retiniano prefe-
rencial, da estabilidade ou da acuidade visual. A documentacao
do padrdo de fixacdo excéntrica, entretanto, oferece novos
dados no impacto da deficiéncia visual nesses pacientes e pode
ser Gtil em estratégias de reabilitagao.

Descritores: Coroidite; Coriorretinite; Miopia; Toxoplasmose
ocular; Leitura

INTRODUCTION

Toxoplasmosis is a disease caused by Toxoplasma gondii,
an obligate intracellular parasite that causes zoonotic
infection in humans and other mammals®. Infection is
most commonly acquired by ingesting undercooked
meat containing the cystic bradyzoite form or ingesting
material contaminated by cat feces, such as vegetables
or water?, that may contain oocysts. It affects people
of all ages, and the infection is more common than the
congenital form®.

T. gondii infects up to a third of the world’s population
and is responsible for the majority of cases of infectious
intraocular uveitis®. Unlike North America, where there
are three predominant lineages, in South America there
is greater genetic diversity, showing evidence of sexual
recombination®. There is a particular lineage of the
parasite present in South America with a high incidence
of ocular toxoplasmosis®®. Toxoplasmic macular retino-
choroiditis (TMR) typically affects the posterior pole of the
eyes”), leading to vision impairment®'?. Active lesions
present as gray-white areas of retinal necrosis, and there
may be other ocular complications, such as choroidal
neovascularization, cataract, glaucoma, optic nerve atro-
phy, and retinal detachment"'?. In Brazil, TMR is one of
the leading causes of low vision in children®'?.

The diagnosis of ocular toxoplasmosis is clinical in
association with positive serology. There is no reliable
diagnostic test to identify toxoplasmic uveitis. T. gondii
1gG antibodies do not confirm the etiology, but a nega-
tive 1gG generally eliminates the diagnosis.

Due to the macular scar, patients with bilateral toxo-
plasmic macular retinochoroiditis that occurred very
early in life develop an adaptive strategy to use the pe-
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ripheral retina in place of the damaged fovea. This loca-
tion is known as the preferred retinal locus (PRL)"*'.

The aim of this study was to report clinical findings,
retinal position, and fixation patterns in patients with
TMR and to compare them with eccentric fixations due
to other causes.

METHODS
Ethical approval

The study protocol adhered to the tenets of the De-
claration of Helsinki and was approved by the local
Institutional Review Board. All participants gave written
informed consent before entering the study.

Participants

Patients under 50 years of age with clinical TMR
and 1gG positive for toxoplasmosis were evaluated. All
patients had both foveal regions affected by retinocho-
roiditis.

Measurements

Distant best corrected visual acuity (BCVA) was de-
termined with the use of the Early Treatment Diabetic
Retinopathy Study Chart (Lighthouse, Long Island, NY,
USA)1®),

Near BCVA was determined with the use of phrases
from the Colenbrander Low Vision Text Chart (Precision
Vision, Woodstock, IL, USA). The participants were asked
to choose the smallest letter size they could read at a
comfortable distance, using their optical correction for
distance. Near BCVA was calculated as the distance at
which the text was read in meters divided by the size of
the letter in M notation.

The magnification need to read text of 1M print size
was calculated based on the patient’s near BCVA, using
the Kestenbaum rule, as a starting value. The effective
magnification need, defined as the number of additio-
nal positive lenses that allowed the patient to read TM
text with the greatest possible comfort, was calculated
based on the new distance the patient chose to read
1M text, using positive lenses over the patient’s distan-
ce optical correction. For example, if an emmetropic
patient was able to read 1M print at a distance of 0.05
meters, the patient’s magnification need was conside-
red 20 D, whether or not he or she needed additional
positive lenses or used by his accommodation effort or
adding positive lenses.



Antunes-Foschini RMS, et al.

Static refractometry was performed with retinoscopy
using cyclopentolate, and the results were recorded as
spherical equivalents. Indirect fundoscopy was also per-
formed. Microperimetry was used to determine the PRL
and estimate fixation stability by means of the bivariate
contour ellipse area (BCEA)"”. The BCEA was automati-
cally calculated based on 63% of the fixation points. In
the case of more than one fixation locus, the most used
PRL was considered.

Text reading speed with the dominant eye was mea-
sured using a standardized text, recording the number
of words read per minute (wpm)"® and the number
of reading errors per text'®. One of 10 possible texts
was chosen at random, and the patient was instructed
to read the text as quickly as possible during a period
ranging from 2 to 3 minutes. Reading speed was calcu-
lated as the number of words read minus the number
of mistakes divided by the time in minutes. The original
fovea position was estimated based on the optic nerve
position according to a previously described method®??.
The number of mistakes was standardized as the number
of words read wrongly for every 100 words read.

The area of the macular scar was calculated based
on optic nerve area measurement, using Image ) (https://
imagej.nih.goVv/ij/), according to the method of Jonas et
al.?". The areas of the optic nerve and the macular scar
were measured, and the macular scar area was determi-
ned based on the optic nerve area.

Statistical analysis

The D’Agostino & Pearson normality test was used
to search for normality data. Nonparametric data were
expressed as medians and ranges and parametric data
as means + standard deviation (SD). P values <0.05
were considered to indicate statistical significance.
Student’s t-tests were used for parametric data, and the
Mann-Whitney and Wilcoxon tests were used for
nonparametric data. All analyses were performed using

GraphPad Prism, version 7.0 (San Diego, CA, USA).

RESULTS

A total of 23 participants with bilateral TMR and 4
with TMR in the unique eye were evaluated; there were
50 eyes, all with the foveal region affected by retinocho-
roiditis. The male:female ratiowas 17:10, with a mean + SD
age of 21.4 + 11.0 years. The macular scars were round or
oval-shaped and had a mean + SD area of 14.1 £ 2.0 mm?
(n=16) in the dominant eyes and 11.5 + 1.2 mm?

(n=12) in the nondominant eyes (p>0.29). The scar
areas of the remaining participants could not be measu-
red because the limits of the scar were not clear or the
whole optic nerve head did not appear on microperime-
try. Nystagmus was observed in 16 dominant eyes, 18
nondominant eyes, and 2 unique eyes.

Refractive spherical equivalents, BCVA, and mag-
nification need

The refractive spherical equivalents of dominant eyes
(n=27, median -2.50, ranging from -15.50 to + 4.00)
and nondominant eyes (n=23, median -2.25, ranging from
-15.5 to + 3.25) were not different (p=0.99, nonparame-
tric unpaired t-test), with 42% of the eyes showing -4.00 D
or higher spherical equivalent myopia.

Considering participants with bilateral TMR, the mean
+ SD BCVA was better in the dominant eyes (logMAR
0.9 + 0.2, ranging from 0.5 to 1.4) than in the nondo-
minant eyes (logMAR 1.2 + 0.3, ranging from 0.6 to 1.7)
(n=23; p<0.0001, paired t-test). The participants with
an unique eye had a BCVA of logMAR 1.0 (n=2) and
[0gMAR 1.1 (n=2).

The effective magnification need to read 1M print
was + 8.00 + 3.00 D, ranging from + 4.00 to + 16.00 D.

Microperimetry

Microperimetry was performed in 42 eyes of 25 par-
ticipants: in both eyes of 17 participants, in 3 unique
eyes of 3 participants, and in 5 eyes of the other 5 par-
ticipants. In five eyes, the examination was aborted due
to poor visualization of the fixation target, a red circle
of about 0.5 mm. Due to the presence of macular scars,
eccentric fixation was observed in all 42 eyes. BCEA
63% was significantly different between dominant and
nondominant eyes (n=17) (median of differences, 1.7;
p=0.02, Wilcoxon matched-pairs signed rank test).

In 14 eyes (33%) the PRL was located on the retina
superior temporal (Figure 2 left shows one example) to
the macular lesion, in 10 (24%) eyes superior nasal, in
6 eyes (14%) inferior temporal, and in 12 eyes (29%)
inferior nasal (Figure 2 right shows one example). There
was no significant difference between dominant and
nondominant eyes in the distribution of PRL position
(p>0.05, paired t-test).

Reading speed

The reading speed of 17 participants (in the domi-
nant eyes) and 3 participants with a unique eye (n=20
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participants) was recorded. Measurements were not
performed on the nondominant eyes due to difficulty in
reading mentioned by the participants, even when the
BCVA from both eyes was similar. The mean + SD BCVA
in this subgroup was [0gMAR 0.9 + 0.2 (ranging from 0.5
to 1.4). The median text reading speed was 54.2 wpm
(reference, 180.2 wpm), ranging from 32.9 to 140. The
mean + SD number of mistakes per 100 words read was
3.0 £+ 3.0 (ranging from O to 10.1). There was no signi-
ficant correlation between reading speed and number
of mistakes (n=20 participants) (r=0.43; p=0.053). The
fixation patterns of the dominant eyes of 14 participants
are shown in figure 1.

Figure 4 shows the association between PRL and the
abnormal head position adopted by some patients du-
ring activities of daily living. Patient 1 has a chin-down
head position, and microperimetry shows PRL located
superiorly (left eye dominant). Patient 2 has the face
turned to the right, maintaining the eyes in levoversion.
The right eye shows a PRL nasal to the macular scar, and
the left eye shows a PRL temporal to the lesion.

In the dominant eyes of 17 participants and unique
eye of 3 participants, there were no significant correla-
tions between reading speed and distance of the esti-
mated original foveal position and PRL (2 participants
did not undergo microperimetry (n=18 participants)
(r=-0.09; p=0.73), or BCEA (2 participants did not undergo
microperimetry) (n=18 participants) (r=-0.03; p=0.89)
or BCVA (n=20 participants) (r=-0.12; p=0.60), indica-
ting that the reading speed is not dependent on PRL
position, fixation stability, or visual acuity. There were
also no significant correlations between scar area in the
dominant eyes and BCVA (n=16 participants) (r=0.31;
p=0.23) or spherical equivalent (n=16 participants)
(r=-0.17; p=0.52).

Figure 1. Fixation positions determined by fundus-controlled microperi-
metry for right and left eyes. The yellow dots represent the fixation locus
superposed on a normal fundus picture as a reference.

404  Arq Bras Oftalmol. 2018;81(5):401-7

DISCUSSION

While only a small percentage of patients with toxo-
plasmosis retinochoroiditis have both macular areas
affected®?, bilateral TMC remains one of the most preva-
lent causes of low vision in Brazil in young people from
an early age!"**. We examined a group of patients with
macular scars due to toxoplasmosis, which is assisted
by our Low Vision Service. Although it is not possible to
identify the precise route of transmission (vertical during
pregnancy or horizontal after birth through the ingestion
of contaminated water or food), all patients had a history
of low vision, many with nystagmus or strabismus, from
an early age. They also had typical toxoplasmic macular
scars, were 1gG positive for toxoplasmosis, and showed
no evidence of other infectious diseases that could lead
to retinochoroiditis.

According to the 10th Revised International Classi-
fication of Diseases and Health-Related Problems, 3
patients (11%) had mild visual impairment (logMAR 0.5),
11 (41%) had low vision grade category 1 (logMAR 0.6 to
0.9), 12 (44%) had low vision grade category 2 (logMAR
1.0 to 1.3), and 1 (4%) had low vision grade category 3
(I0gMAR 1.4)2%,

With regard to refractive errors, Brazilian studies
have shown a prevalence of myopia ranging from 2.8%
to 3.8% in children up to 10 years of age®~® about 5%
to 6% at ages 11 to 14 years®”, 19.3% at ages 16 to 18
years®® 13.3% at ages 5 to 46 years®® and 29.7% in a
population aged 30 to 39 years®. In our study, 66.6%
(18 of 27) of the participants had myopia in both eyes,
and 42% (21 of 50) of the eyes had myopia of -4.00
spherical D or more. A possible cause of myopia in these
patients may be the presence of bilateral macular scars.

Figure 2. Examples of fixation locus placed superior temporal (left) and
inferior nasal (right) of the macular lesion. The green dots are fixation
points, and the orange and green points are references marked on the
optic nerves. The larger colored dots (star or round shapes) indicate the
retinal area that was studied by microperimetry©@®,
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Although the peripheral retina seems to regulate em-
metropizing responses more than the central retina®?,
the higher frequency of myopia might be explained by
form-deprivation myopia, that is, the obscured images
due to macular scars from an early age would lead to
secondary ocular growth®?.

Although myopia is a burden for the general popu-
lation®", the association of myopia and low vision
ends up being beneficial to these low-vision patients,

Figure 3. Fixation patterns in the dominant eyes of 14 patients. Age and
reading speed are shown for each patient. 1. 12 years, 34.0 wpm, unique
eye. 2. 12 years, 102.0 wpm. 3. 36 years, 117.0 wpm, unique eye. 4. 10 years,
32.9 wpm. 5. 49 years, 49.0 wpm. 6. 30 years, 51.0 wpm. 7. 12 years,
70.0 wpm. 8. 25 years, 64.0 wpm. 9. 11 years, 46.2 wpm. 10. 26 years,
140.0 wpm. 11. 18 years, 60.0 wpm. 12. 16 years. 55.0 wpm. 13. 26 years,
67.0 wpm. 14. 24 years, 35.7 wpm. The fine green dots are fixation points.
The larger colored dots (star or round shapes) indicate the retinal area
studied by microperimetry.

because it allows reading without the accommodative
effort being too high or without the need for the use of
positive lenses all the time. The amount of accommo-
dation effort or the number of additional positive lenses
the patients needed to read was approximately equal to
1/BCVA. As shown, the mean BCVA was logMAR 0.9 +
0.2, which corresponds to a BCVA, in decimal notation,
between 0.125 and 0.08, and their magnification need
was + 8.5 + 3.0 D. Frequently the number of additional
positive lenses needed to read 1M print size text is greater
than that estimated by Kestenbaum’s rule, as visual acuity
reserve is important for comfortable reading®”. Most of our
patients, however, are young and myopic, two conditions
that are favorable for better functioning at small distances.

Participants were not given any formal training in
fixation behavior, and we did not observe multiple PRLs.
Because of the limitations of the microperimetry, we
are not able to determine whether they used a unique
PRL for activities of daily living, as well as for reading.
However, observations of the positions of some patients’
eyes and their abnormal head positions during medical
assistance are consistent with the PRLs found on micro-
perimetry and can give us a clue that some, in fact, use
the same PRL, as shown in figure 4. For example, figure
4.1.A shows a patient with an abnormal chin-down
position, with eyes turned upwards, that is consistent
with superior fixation (Figures 4.1.B and 4.1.C) with the
dominant left eye. Moreover, Figures 4.2.A and 4.2.B

Figure 4. Patient 4.1 (4.1.A) abnormal head position; 4.1.B and 4.1.B) micro-
perimetries) and patient 4.2 (4.2.A e 4.2.B) microperimetries associated
with an abnormal head position turned to the right). The fine green dots
are fixation points. The larger colored dots (star shape) indicate the retinal
area studied by microperimetry.
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show a PRL located temporal to the macular scar in the
left eye and nasal to the macular scar in the right eye;
this is in accordance with the abnormal head position
turned to the right adopted by the patient (both eyes in
levoversion).

Whereas reading speed (wpm) in our study was 54.2
wpm, Verdina et al.®¥ found a mean reading speed of
67 wpm before rehabilitation training in patients with
Stargardt disease. One possible explanation may be re-
lated to the size of their true scotomas represented by
macular scars with a mean area of 14.1 + 2.0 mm? on
their dominant eyes. As shown by Altpeter et al.®* rea-
ding speed and scotoma size are negatively correlated.
Second, socioeconomic conditions in which people are
not accustomed to reading may explain slower reading
speeds. Training and cognitive abilities may be substan-
tial issues involved in the differences between reading
speeds. Third, the mean + BCVA was logMAR 0.9 + 0.2
(ranging from 0.5 to 1.4), and in 13 of 27 patients it
ranged from logMAR 1.0 to 1.4 in the better eye.

It is noteworthy that a larger macular scar area was
observed in dominant eyes than in nondominant eyes.
Although this difference was not statistically significant,
it reinforces the importance of rehabilitation and close
monitoring from childhood and of separate stimulation
of the two eyes, since we do not know which eye will
be the better one when the visual system is mature. If
macular scars save peripheral foveal regions, we might
consider that preventing amblyopia might provide better
eccentric BCVA in both eyes.

We did not find correlations between reading speed
and BCVA or PRL location. This finding agrees with that
of other authors®-® who studied patients with macu-
lar degeneration. Fletcher et al.’*> showed that reading
speed decreased with decreasing visual acuity, but they
found no correlation with PRL, as is shown in our data.
Calabrese et al.®”, however, showed a decrease in ma-
ximum reading speed associated with an increase in the
distance between the PRL and the fovea.

Our study did not find a relationship between rea-
ding speed and fixation stability. This finding does not
correspond with data from patients with acquired ma-
cular diseases, in whom a relationship exists between
reading speed and fixation stability®®. Authors have
even estimated that changes in fixation stability account
for 54% of the variance in changes in reading speed and
fixation stability in patients with newly developed macu-
lar disease. One possible explanation for the absence of
correlation between reading speed and fixation stability
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is that patients with toxoplasmic macular lesions use
different retinal areas to read and to fixate the target in
microperimetry.

The precise quantification of fixation pattern by mi-
croperimetry provides new data about the impact of
visual impairment in patients with TMR. Although our
results indicate that there is no typical pattern of PRL
placement, they might be useful for establishing rehabi-
litation strategies. Future work is needed to investigate
whether these patients can be trained to improve their
reading performance, as has already been demonstrated
in patients with Stargardt disease, using a biofeedback
microperimetric strategy®?.
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