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Abstract
Background Age-related macular degeneration (AMD) causes reading impairment, reduced quality of life (QoL), and secondary
depression. We have shown that support with magnifying aids improved reading speed (RS), emotional and cognitive status, and
QoL. The present study investigates whether additional reading training (RT) (after adapting to appropriate visual aids) can
further improve vision rehabilitation.
Methods Patients with dry AMD were randomly assigned to 2 groups. The primary RT group (P-RTG, n = 25) trained with
sequentially presented text (RSVP), and the control group (CG, n = 12) performed placebo training (crossword puzzles) and later
crossed over to RT, so that altogether 37 participants performed reading training. Patients trained at home on a PC for 6 weeks. RS
was assessed during reading printed paragraphs of text aloud. Using a scanning laser ophthalmoscope, we examined fixation
stability and preferred retinal locus (PRL) for fixating a cross, as well as PRL and eye movements during reading single words.
We assessed emotional status by Montgomery–Åsberg Depression Rating Scale (MADRS), cognitive status by dementia detec-
tion test (DemTect) and QoL by Impact of Vision Impairment (IVI) profile. Visual acuity and magnification requirement were
examined by standard procedures. All variables were measured before and after placebo training, before and after RT, and after
6 weeks without training (follow-up).
Results RS improved significantly in the P-RTG during RT, but not in the CG during placebo training. The effect remained stable
at follow-up. Fixation performance and eye movement variables did not change. Emotional status (MADRS) improved in P-RTG
during RT and showed a significant difference of the change of scores between the 2 groups.

Complete IVI scores improved significantly during RT and remained stable.
Conclusion The results indicate that patients with AMD, who already use magnifying aids, benefit from additional RT and that it
can contribute in preventing depression and improve QoL.
Trial registration The study was registered at the German Clinical Trials Register (DRKS00015609).

Keywords Age-relatedmacular degeneration (AMD) .Vision rehabilitation . Computer-based reading training . RSVP .Reading
speed . Quality of life

Introduction

Reading is a key function for participation in the society. It
improves the quality of life (QoL) by enhancing indepen-
dence, communication, and cognitive agility. Loss of the abil-
ity to read is often caused by central vision loss due to age-
related macular degeneration (AMD). It is the most common
cause of severe visual impairment in the Western world [1]
and can reduce the QoL [2, 3].

Several studies have shown that AMD patients have a
higher rate of depression compared with the general popula-
tion [3–6], with a prevalence of 2–5% [7]. The development of
depression can also lead to subjectively reduced visual
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function in these patients [6] and to reduction of cognitive
abilities [8]. This is why vision rehabilitation of AMD patients
is very important, as we have shown that its effectiveness is
94% [9, 10]. In a previous pilot study, we also showed that
support with magnifying aids improved reading speed (RS),
emotional and cognitive status, and QoL [11].

The current randomized, controlled study investigates
whether additional reading training (RT) for AMD patients,
after they have adapted to appropriate visual aids, can further
improve the results of vision rehabilitation. This seemed like-
ly, because we had found in a previous study on patients with
juvenile maculopathy (M. Stargardt) that two kinds of RT
could cause a significant increase of RS: rapid serial visual
representation (RSVP) and an oculomotor training [12].

Thus, the purpose of the current study was to provide an-
swers to the following questions:

Can additional RT after adaptation to optimal visual aids
improve RS in patients with AMD?
Can RT using RSVP lead to improved fixation stability?
Can RT improve emotional well-being?
Can RT have a positive effect on vision-related QoL?

This is the first randomized and controlled trial (RCT) on
computer-based RT at home for patients with AMD. Previous
RT studies in AMD patients did either not use a control group
[13] or did not include training at home [14]. One step in the
same direction was the work by Coco-Martin et al. (2013)
[15], where home training was effective, but not computer-
based, and required several visits at the clinic for customizing
the degree of task difficulty.

First results of this study were presented at ARVO 2016
and at the Meeting of the German Ophthalmology Society
(DOG) 2016 [16, 17].

Methods

Study design

We screened 481 AMD patients, and 52whomet the inclusion
criteria were considered for the study. Fifteen patients dropped
out after inclusion. The reasons were as follows: decreasing
visual acuity (2), increasing magnification requirement (3),
change to wet AMD which required anti-VEGF treatment
(1), RS value not documented after RT (1), personal reasons
(6), suspected dementia in a dementia detection test
(DemTect) (1), and unknown (1). Ultimately, 37 patients par-
ticipated (see Fig. 1), who were randomly assigned to one of
two groups: a primary RT group (P-RTG, n = 25), who started
directly with RT, and a control group (CG, n = 12).

The CG received a placebo training. At first, they served as
a Bwaiting group^ and received the RT later. This step was
necessary, because the recruitment of the patients was very
difficult: the majority of the screened AMD patients either
had too advanced a stage of the disease (magnification re-
quirement > 10-fold), or their AMD had changed to the wet
condition, or they participated in other treatment studies at the
same time.

The main outcome variable was reading speed (RS).
There were no statistically significant differences between

the groups at baseline regarding age, RS, visual acuity, mag-
nification requirement, and disease duration.

The 12 patients of the CG received 6 weeks of placebo train-
ing (from t0–t1), before they started the RT (from t1–t2). All
examinations were performed at all visits. Therefore, altogether
37 patients participated in the RT. This group will be referred to
below as the Btotal RT group^ (T-RTG). The T-RTGwas exam-
ined before training (at t1), directly after the 6 weeks of training
(t2), and 6 weeks after the end of training (t3).

Fig. 1 Study design. The patients
were randomly assigned to either
the control group (CG), who
solved crossword puzzles as
placebo training, or to the primary
RT group (P-RTG), who
performed the RSVP training.
The 12 patients of the CG served
as a waiting group to perform the
RT after the placebo training. In
total, 37 patients received the RT
(total RT group T-RTG)
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Participants

We recruited 37 AMD patients (57% women, median age
72 yea r s , IQR 67 .5–79 .0 ) f r om the Cen t e r o f
Ophthalmology, University of Tübingen, Germany, and from
private ophthalmologists’ offices in the region.

Baseline data

Median visual acuity was 0.70 logMAR (IQR 0.52–0.80),
0.20 decimal (IQR 0.16–0.30). Median magnification require-
ment was 3.0-fold (IQR 2.3–6.0). Median disease duration
(n = 33) was 4 years (IQR 1.5–8.0). For 4 patients, disease
duration could not be determined.

Inclusion criteria Dry AMD with an absolute central scotoma
including the foveola, (small parafoveal seeing islands were
permitted), non-foveal (parafoveal or eccentric) fixation, mag-
nification requirement 1.25–10-fold, visual acuity 0.2–1.1
logMAR (decimal 0.08–0.60), previous adaptation to the use
of magnifying aids of at least 6 weeks.

Exclusion criteria Any other eye disease, exudative AMD,
simultaneous anti-VEGF or other treatments, markedly re-
duced emotional and cognitive status that could have jeopar-
dized participation in the study.

Examinations

An overview of all examinations is shown in Table 1.

Ophthalmological examination

This included distance visual acuity (ETDRS charts), magni-
fication requirement (Zeiss reading charts), eye morphology,
and visual fields (Tübingen Manual or Automated Perimetry).

The better eye had to fulfill the inclusion criteria.
If a patient did not use an optimal magnifying aid

(optical or electronic), the appropriate aid was pre-
scribed, which the patient had to use for at least 6 weeks
before inclusion in the study.

Reading speed

RS of printed text (page reading) was the main outcome
variable and was measured in words per minute (wpm)
using the German version of the International RS Texts
(IReST) [18, 19] at t0, t1, t2, and t3. For this purpose, the
patients read one IReST paragraph aloud either binocular-
ly or monocularly using the better eye, with their individ-
ual magnifying aid. For the repeated measurements of RS,
we used different paragraphs of the same performance
category, so that each one was used only once. It is im-
portant to note that the patients performed the RT at home
on a laptop computer with single word presentation
(RSVP, details see below), while the training effect on
RS was measured in the clinic by reading IReST para-
graphs as printed text like in an everyday situation. This
allowed testing whether training effects generalize to ev-
eryday reading and remain stable [20].

In addition, RS during the RSVP training (RSVP–RS) was
documented by the training software at the beginning and end
of the training.

Table 1 Examinations and
schedule during the study. CG
control group, FSI fixation
stability index, PRL preferred
retinal locus, MADRS
Montgomery–Åsberg Depression
Rating Scale, DemTect®
dementia detection test, QoL
quality of life

Examinations t0
CG

Placebo
training CG

t1 RSVP training at
home

t2 Pause without
training

t3

Clinical examination + +

Reading speed of printed
text (IReST)

+ + + +

RSVP–RS + +

Eye movements (SLO):

FSI and PRL for a cross

PRL and eye movement
variables

During reading single
words

+ + +

Questionnaires:

Depression (MADRS)

Cognition (DemTect)

QoL (IVI)

+ + + +

Time 6 weeks 6 weeks 6 weeks

Graefes Arch Clin Exp Ophthalmol (2019) 257:1499–1512 1501



Eye movements

We collected a supplementary data set that was used to inves-
tigate the question whether the training caused a change in:

– fixation stability,
– the retinal locus used for fixation of a cross,
– the retinal locus used for reading a single word, and
– reading time and eye movements during reading a single

word (see below).

We used a scanning laser ophthalmoscope (SLO, model
101, Rodenstock, Munich). This method allows simultaneous
viewing of the image of the retina and the stimulus to deter-
mine the absolute position of the foveola relative to the stim-
ulus [21]. The SLO data were measured in 25 patients. The
data from the remaining 12 patients had to be excluded be-
cause they were either incomplete or compromised by insuf-
ficient image quality.

Fixation stability

Fixation stability while fixating a cross of 1° diameter for 20 s
was measured by calculating the fixation stability index (FSI)
by the formula

FSI ¼ 1−
number of different pixel coordinates of a sequence

number of all pixel coordinates of a sequence
� 100%

The higher the FSI, the more stable the fixation. In a pre-
vious study, normal subjects showed an FSI of 91.5% (81.6–
96.2%) [22].

Fixation stability is often calculated as the bivariate contour
ellipse area (BCEA) [23, 24]. The FSI can be converted to
BCEA by a formula shown in Reinhard et al., 2007 [22].

Retinal locus for fixation of a cross

As the position of the foveola often cannot be determined
morphologically in AMD, the calculation of the position
was performed according to Rohrschneider [25]. The pre-
ferred retinal locus for fixation (PRL) was assessed as
coordinates and then related to the foveolar position (see
Fig. 2). Changes of the PRL were assessed by the move-
ment of the fundus, which was indicated by the position
of a reference point on a vessel branching using custom
image detection software [22]. We measured the distance
of the PRL to the foveola in degrees and assigned the
PRL location to the quadrants around the fovea (upper,
lower, right, and left).

Fig. 2 Schematic diagram of the analysis procedure after Reinhard et al.
2007 [22]. Measurement of the coordinates to determine the preferred
retinal locus for fixation (PRL) and the fixation stability index (FSI).
The PRL was assessed as coordinates and then related to the foveolar
position. The reference region shows the tracking coordinates at a prom-
inent region (e.g., vessel bifurcation) at time 0 (v(0)) and the time imme-
diately thereafter (v(t)). From this, a vector can be calculated (v(t)-v(0)),
which reflects the direction and size of the retinal movement while fixat-
ing the cross. The actual retinal location for fixation of the cross is the

point at which the patient views the cross, once at time 0 (c(0)) and
immediately thereafter (c(t)). A vector can also be calculated between
these two points (c(t)-c(0)), which is equivalent to the vector of the ref-
erence region, but exactly in the opposite direction. Below, this vector
(c(t)-c(0)) is referred to as the BPRL distance (from the fovea).^ Since the
fixation cross is always at the same coordinate point on the mask of the
SLO and the retina moves in the rigid image window, the actual cross
coordinates can be determined from the retinal movements
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Reading single words assessed by SLO

We tested the hypothesis that fundamental characteristics
of eye movements during reading single words might
show correlations with the observed changes in RS.
For this purpose, we recorded the eye movements while
reading single words using an SLO in 17 of our pa-
tients. We then compared the following variables that
were measured before and after the training (t1–t2).
These variables were as follows: the average time be-
tween word presentation and articulation, i.e., the time
the patient looked at the word, the number of forward
and backward saccades, and the number of fixations.

Single words of 4–5 letters were presented in the letter size
of the individual magnification requirement, which was deter-
mined during the clinical pre-examination.

While the patients fixated a cross of 36 arcmin di-
ameter, a single word was presented as centered on the
fixated position. The patient had to read the word aloud.
This was followed by another cross and another word.
The same letter size was also used during the training
and corresponded to the clinically assessed magnifica-
tion requirement and the magnifying aid in everyday
reading and during the IReST reading test. The PRL
during reading single words was compared with the fix-
ation locus for the cross.

Training

We provided the participants with laptop computers with
preinstalled RT software. The RT program displayed the
text on the screen as a sequence of single words, one at
a time, by rapid serial visual presentation (RSVP)
[26–28]. The patients could choose different texts from
different categories (nature, culture, sports, and fairy
tales), which were stored on the computer. The letter
size was preselected according to the individual magni-
fication requirement that was determined during the
clinical examination before the beginning of the train-
ing. The speed of word presentation was tested at t1
and aimed to achieve a balance between the highest
possible speed and best reading comfort for the patient.
The CG received placebo training that consisted of solv-
ing printed crossword puzzles.

Both groups performed the training exercises at home for
6 weeks, 5 days/week, 30 min/day (documented by the pa-
tients during placebo training and by the software during RT).
The 12 patients of the CG transitioned to the RTafter finishing
the placebo training.

After the 6 weeks of RT (t2), there was a pause of 6 weeks
without training, which was followed by another examination
(t3) in order to examine whether a potential training effect had
remained stable.

Questionnaires

Score definitions and statistical results are shown in Table 2.

Degree of depression

To assess the severity of depression, we used the
Montgomery–Åsberg Depression Rating Scale (MADRS)
[29–31]. The MADRS is especially used in elderly subjects
and has several cut-offs. The cut-offs are 0 to 6, no depression/
symptoms absent; 7 to 19, mild depression; 20 to 34, moderate
depression; and more than 34, severe depression. This test is
especially suited for detecting changes of emotional status
during interventions.

Cognition

We used the dementia detection test (DemTect) to assess cog-
nitive performance. This test is mainly based on auditory
items and was developed for detection of mild cognitive im-
pairment (MCI) [32]. It has a higher sensitivity than the Mini-
Mental-Status test (MMS) for MCI, and the results can be
transposed into MMS score values [33, 34]. We used the
DemTect primarily as a screening tool to determine whether
a participant had to be excluded because of dementia.
Additionally, the parallel form of the test was applied to detect
possible variations during the training periods t0–t1 (placebo
training) and t1–t2 (RT). Thirteen to eighteen points corre-
spond to an age-adapted normal cognitive performance. A
DemTect score of 13 corresponds to a MMS score of 28 and
a MOCA [35] score of 25.

Quality of life

To assess QoL, we used the German version of the Impact of
Vision Impairment (IVI) questionnaire [36–38]. It has good
reliability for measurements within short time intervals [39].
Therefore, it is especially suited to detect changes during an
intervention. We used normalized scores to analyze the out-
comes and the subscales of functional and emotional QoL [40].

Statistical methods

We used IBM SPSS Statistics, version 24, for statistical anal-
yses. We presented all descriptive data as medians and their
interquartile range (IQR). If the data were normally distribut-
ed, we applied parametric methods for significance testing
(paired t test, t test for independent samples). In all other cases,
we used non-parametric methods (Wilcoxon test, Mann–
Whitney U test, Friedman test). The values are shown in
Table 2. Not all patients participated in the follow-up exami-
nation (n = 27); the calculations were performed for complete
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cases (listwise exclusion) without imputation for comparing
results between different points in time.

For correlations, we calculated the Pearson correlation co-
efficient. The threshold level of significance α was 0.05 (two-
sided) in all statistical tests. A p value of ≤ 0.001 was defined
as Bhighly^ significant.

Results

Reading speed

As the data were normally distributed, we applied parametric
methods of analysis. The statistical data are summarized in
Table 2; the results are displayed in Fig. 3. The group sizes
for comparison between the different points in time, including
at follow-up (t3), were slightly smaller than for the complete
sample, because not all patients participated in the follow-up
examination.

In the CG, median RS at t0 was 78.7 wpm, at t1 87.4 wpm,
at t2 98.0 wpm, and at t3 104.0 wpm. The RS increase during
placebo training (t0–t1) was 8.7 wpm, 10.6 during the follow-
ing RT (t1–t2), and 6.0 wpm after the 6 weeks without training
(t2–t3). The change from t0 to t2 was statistically significant.

In the P-RTG, median RS increased significantly during
the RT from t1 (69.4 wpm) to t2 (82.6 wpm) by 13.2 wpm
and remained stable at t3 (85.0 wpm). The difference from t1
to t3 was highly significant.

In the T-RTG, median RS increased significantly from t1
(74.0 wpm) to t2 (88.7 wpm) by 14.7 wpm and remained
stable at t3 (90.0 wpm). The difference between t1 and t3
was highly significant.

Although the general effect on the whole group is only
moderate, individual patients benefited considerably: 14 of
the 37 patients (38%) improved their RS by at least 10 wpm,
which can be considered clinically relevant based on our
longstanding clinical experience, and in only 3 (8%) the RS
decreased by ≥ 10 wpm.

Figure 4 shows the distribution of the change in RS for all
patients.

Correlations between change of RS in the T-RTG (n = 37) and
baseline parameters The improvement of RS correlated neg-
atively with RS at baseline (n = 37, r = − 0.367, p = 0.025),
i.e., patients starting with a lower RS showed more
improvement.

No correlations were found between change of RS (t2–t1)
and the other baseline variables: visual acuity, magnification
requirement, age, and disease duration, i.e., no predictive fac-
tors were found for improvement of RS.

RS at t1 correlated positively with distance visual acuity at
t1 (n = 37, r = 0.486, p = 0.002) and with disease duration (n =T
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33, r = 0.405, p = 0.019), but negatively with magnification
requirement at t1 (n = 37, r = − 0.419, p = 0.01).

We looked separately at the subgroup of patients who im-
proved by ≥ 10 wpm and did not find any correlation between
the change of RS (t1–t2) with the values at baseline.

RS correlated positively with RSVP–RS (median = 53
wpm, r = 0.58, n = 31, p < 0.001) at t1 and at t2 (median =
55 wpm, r = 0.4, n = 31, p 0.024).

Eye movements

Fixation stability while fixating a cross

The FSI and the difference of FSI were normally distributed at
all points in time and for all groups.

At baseline, the FSI for the CGwas 77.8% (T0; n = 11), for
the P-RTG 85.8% (T1; n = 14), and for the T-RTG 83.1% (T1;
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Fig. 4 Individual changes in
reading speed. The distribution of
the individual changes in reading
speed during reading training for
T-RTG from t1 to t2 is shown

Fig. 3 Median RS for CG and P-
RTG. CG (n = 10) performed
placebo (crossword puzzle)
training from t0 to t1, and RT
from t1 to t2. Only the difference
between t0 and t2 was significant.
In the P-RTG (n = 17), RS in-
creased significantly during RT
(t1 to t2) and remained stable after
the 6 weeks without training (t3)
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n = 25). The FSI difference between the groups was not sta-
tistically significant at baseline.

The FSI did not show any statistically significant changes
between the different points in time for all groups.
Furthermore, there was no correlation between the change of
FSI and the increase of RS pre- vs. post-intervention.

The PRL for fixating a cross

Most of the patients fixated the cross with a retinal area
above the lesion within an area of 6° radius (at t1, 18 of
25; at t2, 22 of 25) and showed only slight changes of the
location within this area: the median change of the PRL
between t1 and t2 (T-RTG, n = 25) was not statistically sig-
nificant (in the horizontal meridian 0.45°, in the vertical
meridian 0.28°). A change of location of the PRL by more
than 6° was observed in 4 patients.

Reading single words

The patients performed an average of 5 fixations per word
(median 5.0, IQR 4.25–6.25). None of the tested variables
(reading time, number of forward and backward saccades,
number of fixations) showed any statistically significant
changes brought about by the RT. The result was the same,
even if we compared the values between the patients with and
without improvement of RS.

We also looked for correlations of the eye movement var-
iables but found them neither with the change in RS during
reading of printed text (IReST) nor with the magnification
requirement.

Retinal locus for reading single words

All but two patients used the same PRL for the cross and the
words. One patient used an eccentric PRL for words and a
paracentral PRL for the cross. Only one patient used different
locations for fixating both the cross and the words.

Questionnaires

The statistical data and definitions are summarized in Table 2.

Emotional status (MADRS)

Our patients had either only mild or no depressive symptoms
at baseline, since severe depressive symptoms were a reason
for exclusion. In the CG, the score did not change between
different times (see Table 2). In P-RTG, the score improved
from 4.0 to 1.5 without reaching significance.

However, the difference between the two independent
groups for the change of MADRS score in the CG (t0–t1)
vs. the P-RTG (t1–t2) was statistically significant (Fig. 5).

QoL (IVI)

Complete IVI

The T-RTG showed a significant improvement during the RT
from t1 to t2. The CG did not show any change from t0 to t1.

Functional IVI The Functional IVI did not show any changes
in any group at any time. There were only 2 questions (no. 14
and no. 15) regarding reading (see BDiscussion^). The analy-
sis of only these 2 questions did not show any significant
differences between the groups.

Emotional IVI In the CG, there was only a slight improvement
from t0 to t1 and t1 to t2, but this became statistically signif-
icant for t0–t2 and t0–t3. In the P-RTG, there was no change.

Cognitive status (DemTect)

The scores were always within the normal range, and there
was neither a change in cognitive ability at any time nor a
conversion to mild cognitive impairment.

Discussion

The idea behind the RSVP method is to avoid reading eye
movements [26]. Because of the reduced perceptual span in
AMD patients [41, 42], they need to make more reading

Fig. 5 Change in MADRS score. Change in MADRS score is shown
during crossword training from t0 to t1 (CG, n = 10) and during reading
training from t1 to t2 (P-RTG, n = 16). Change to lower values indicates
an improvement. The difference in change of MADRS score between the
groups is significant (see also Table 2)

Graefes Arch Clin Exp Ophthalmol (2019) 257:1499–1512 1507



saccades, which is time-consuming [41, 42]. Therefore, elim-
inating eye movements makes the task easier. The disadvan-
tage is that the patients cannot perform regressions within the
text, which is sometimes necessary for text comprehension
[43]. Another disadvantage of RSVP is that almost all reading
materials in everyday life are in some form of print, but RSVP
does not train planning and executing eye movements, which
hampers the user if suchmaterial needs to be read. This fosters
the development of a dependence on computer-aided text pre-
sentation. In a former randomized and controlled study, we
used two different RT methods to train 36 Stargardt patients:
one group received RSVP training, while the other group re-
ceived oculomotor training, in which the eyes were guided
through the line of text by a moving window filled with text.
Both groups improved by a mean of 20 wpm. Interestingly,
the RSVP group improved by shortening the fixation duration
and the oculomotor group improved by performing fewer sac-
cades per word [12]. As planning and performing eye move-
ments is time-consuming and more difficult for patients with
central vision loss [41], we intended tomake the task easier for
our AMD patients.

Reading speed

During RT, median RS improved highly significantly in the P-
RTG (by 13.2 wpm) and the T-RTG (by 14.7 wpm), but not in
the CG (during the placebo training).

Considering a change of ≥ 10 wpm as clinically relevant,
we found that 14 patients benefited from the training in a
meaningful way but we did not find any predictive factor for
future improvement.

The median increase of RS in the T-RTG by 14.7 wpm (t1–
t2) was less marked compared with that in the Stargardt pa-
tients in our previous study, who improved by 20 wpm [12].
This might have been caused, at least in part, by the much
higher age of the AMD patients. It should be considered that
the main effect in improving RS in AMD is based on magni-
fying aids [9, 10]. We showed in a previous RCT that RS,
scales of depression, QoL, and cognition improved signifi-
cantly in the group that received the magnifying aids [11].
This is why the goal of the current study was to find out
whether additional RT in patients, who had first been admin-
istered their optimal visual aids and had used them, would
have an additional positive effect on the outcome variables.

In the CG, there was a slight increase of median RS during
placebo training (8.7 wpm) and again during the later RT (by
10.6 wpm). However, the RS difference from t0 to t2 became
statistically significant, which indicates additional effects of
the RT. Even though solving crossword puzzles focuses on
single words and does not require reading of continuous text
(which was our reason to use this as placebo training), the
activity necessary to solve this task may have prepared the
way for improving RS.

Note that the training effect of RSVP on a screen trans-
ferred to reading printed text (page reading), the everyday
reading task. The observation of a stable RS after the 6 weeks
without training (t3) shows that the training effect indeed gen-
eralized to an everyday reading situation.

Arditi (1999) [44] proposed Belicited^RSVP,where subjects
can determine the duration of each word’s presentation by
themselves. In another study, improvement of RS by RSVP in
normally sighted subjects was achieved by perceptual learning
using a crowding [45] or a trigram letter recognition task [46].

A recent study applied two versions of training to the
retinal periphery by RSVP with a trigram letter task
(fixed vs. variable stimulus duration), and the effect of
the training on RS was reported to be similar for both
versions [47]. For patients with AMD, earlier studies
using RSVP (without training) showed that RS was
faster in RSVP compared with reading printed text
[27, 37, 38], or when the presentation rate varied with
word length [28].

In our study, RSVP–RS was lower than RS of printed text
at t1 and t2. The patients might have preferred reading comfort
vs. RS during RSVP training, which can be especially impor-
tant with the usually longer words in German. The advantage
of printed text reading is the option to make regressive sac-
cades in case of semantic uncertainty, and the preview benefit
for guiding the next saccade.

A few studies applied RT in AMD; however, they were
either limited by small sample sizes or by lacking control
groups (for a review, see Pijnacker et al., 2011 [20]).

Chung (2011) [13] applied the interesting theoretical con-
cept of perceptual learning with RSVP in a small sample of
AMD patients for 6 weeks in weekly sessions of reading 300
sentences each and found an improvement of RS by 53%.

Tarita-Nistor et al. (2014) [48] trained patients with central
vision loss in a feasibility study at the acuity threshold—also a
perceptual learning technique—which improved reading acu-
ity and maximum RS.

The only RCT (using a repeated measurement cross-
over design) was performed by Seiple et al., (2011) [14],
who compared 3 different training methods in AMD pa-
tients: (1) visual awareness and eccentric viewing, (2)
oculomotor training, and (3) RSVP. They found an in-
crease of RS only in the oculomotor training group. The
lack of an effect of the RSVP training might be due to a
different task: subjects had to report whether the read
sentence made sense or not, which requires a cognitive
judgment and may be less challenging. Another approach
to improve reading by a customized reading rehabilitation
program used stepwise progressive achievement of the
goal included home training sessions [15], which showed
improvement in reading performance and QoL in AMD
patients. They improved every 2 weeks by approximately
15 wpm, which is a remarkably strong effect. It would
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have been interesting to see if the training effect remains
stable after the end of the training period. A limitation of
this training method might be the labor-intensive supervi-
sion through regular visits at the hospital.

Generally, the patients with low initial RS have more po-
tential for improvement compared with those with a lesser
degree of impairment. Besides a low RS at baseline, we did
not find predictive factors that could identify patients who
were likely to benefit from the training.

We also could not identify a mechanism that was
responsible for the improvement of RS. It could be
based on shortening of the fixation duration, as we ob-
served in patients with Stargardt’s disease performing
RSVP training [12]. This hypothesis is supported by
studies by Cheong et al. (2007, 2008) [49, 50], which
showed significantly slower information transfer rates in
AMD. Even though the reading time for a single word
in the SLO did not change in our study, the fixation
duration might have decreased in continuous text read-
ing. It is also possible that the patients were motivated
by the training to increase their daily reading time,
which constituted additional unspecific RT.

Another approach to improve reading in AMD is eccentric
viewing training (see review by Pijnacker et al., 2011) [20]. In
the current study, this was not an issue, because all patients
already used non-foveal fixation before the start of training.

Eye movements and fixation

Earlier studies have shown that fixation instability contributes
to reading difficulties, which was shown in normal subjects
[51] and in patients with AMD [52]; however, this was exam-
ined in patients with newly developed central scotoma or mac-
ular disease.

In the current study, the FSI was slightly subnormal and did
not change between the measurements. This indicates that
these patients were used to eccentric reading, which could
be expected by their regular use of magnifying aids and the
presence of an absolute central scotoma.

Therefore, fixation stability cannot be the main reason for
the improvement of RS. This is an important finding, because
we would have expected that the RSVP training could im-
prove fixation stability. However, we have to consider that
our patients started with nearly normal fixation stability, so
that there was not much potential for improvement.

Interestingly, FSI correlated with RSVP–RS (at t1 and t2),
which might be explained by the similar task—looking
straight at the screen either for fixating the cross (FSI) or for
single word reading during RSVP Bwithout^ reading eye
movements. A more stable FSI could then be associated with
a more stable fixation during the holding positions on the
word during reading with RSVP.

PRL location

The location of the PRL (for fixation of a cross) did not change
considerably between t1 and t2.

Most patients placed their PRL above the lesion. This is
functionally more favorable than below regarding reading,
because of a better orientation on the page.

There were only four outliers who changed their PRL by
more than 6°. These patients might not have yet developed an
established PRL for the cross.

It is known from several studies [53–56] that the use of a PRL
depends on the task. For reading, a larger perceptual span is
needed. One patient in the current study changed between
paracentral fixation for the cross and eccentric fixation for words
at t1 and t2. Central seeing islands in scotomas were described
often in earlier studies, especially in dry AMD [41, 54, 57].

The idea behind RSVP is to prevent eye movements [26].
However, our patients made on average 5 fixations (median,
IQR 4.25–6.25) per single word in the SLO. The high number
of saccades while reading single words in the SLO indicates
the diminished perceptual span in AMD patients, as was re-
ported earlier [41, 42].

The improvement of RS during reading printed text cannot
be explained by the eyemovement variables during single word
reading in the SLO, which did not change in a statistically
significant way. This might be due to the fact that reading con-
tinuous text and single words are quite different tasks. In con-
tinuous text, reading the context triggers the next saccade to the
next letter group or word. In this case, RS is mostly influenced
by linguistic characteristics such as word length, word frequen-
cy, and familiarity with the topic. In addition, the patients’ ev-
eryday reading situation is reading printed text with their mag-
nifying aids. As this process is so different than reading single
words, it is quite remarkable that the RSVP training transferred
to printed text reading. We tentatively conclude that the fact
alone that the patients had to read daily during the training
enhanced other components of the reading process that do not
depend strongly on eye movement parameters.

Questionnaires about mood and QoL

Severe impairment of emotional and cognitive well-being as
indicated by MADRS and DEmTect questionnaires was an
exclusion criterion for participation in this study.
Consequently, the participating patients were only moderately
or slightly impaired regarding emotional status and were in the
normal range of cognitive status. Additionally, all patients had
already received optimal visual aids and rehabilitation mea-
sures that had improved all these variables including QoL,
which we showed in an earlier study [11]. Therefore, the po-
tential for improvement was limited.

In our previous RCT pilot study [11], the waiting group
received no intervention and deteriorated in emotional,
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cognitive, and social abilities, while the rehabilitation group
showed the opposite effect.

Emotional status (MADRS)

The change of depression scores on the MADRS showed a
significant difference between the groups with improvement
in P-RTG, i.e., the RTcould positively influence the emotional
status. A mean difference of 4 points within several weeks is
clinically meaningful. The combination of a clinical rating
(MADRS) by a trained expert and self-rating by the patient
is the gold standard for the evaluation of cognitive and emo-
tional state, as this is more objective and recommended by
clinical guidelines on depression [58]. The different develop-
ment of the MADRS scores can be tentatively interpreted to
indicate that the RT intervention might contribute to
preventing secondary depression. The positive effect
remained stable at t3. For future studies, a longer observation
time would be desirable.

QoL (IVI)

Even though not much further improvement by the additional
intervention of RT could be expected, it is worth mentioning
that the complete IVI scores improved significantly in the T-
RTG from t1 to t2 and remained stable at t3.

Of the 20 questions regarding the functional score, only 2
were related to reading and in addition, these were too unspe-
cific for our intervention. As our patients were already used to
their appropriate visual aids, they already started with moder-
ate reading performance. Therefore, the questions (no. 14 and
no. 15) could not indicate a subjective improvement of read-
ing by the RT: however, individual patient reports provided
positive feedback about reading, such as Bbetter,^ Bmore
comfortable,^ and Bis fun again.^

The IVI emotional score, the questions which specifically
refer to vision-related QoL, showed significant improvement
in the CG from t0 to t2 and t0 to t3, where the slight improve-
ments during both training periods added to each other.
However, no change occurred in the P-RTG, whose motivat-
ing Bactive^ period possibly was only 6 weeks long. This
should be compared to the CG with additional 6 weeks of
placebo training that the patients enjoyed very much, which
shows an unspecific effect. In contrast, pure waiting without
intervention had a negative effect in our previous study [11].

In summary, we think that the complete IVI is more mean-
ingful for the conditions of our study, which is confirmed by a
recent study on the IVI questionnaire [59]. They reported that
the summary IVI score is Blikely adequate^ for assessing out-
comes of interventions, in contrast to subdividing the ques-
tionnaire into domains.

Conclusions

Original characteristics of our study are:

1) use of a control group,
2) training at home, which is especially valuable in AMD

patients with limited mobility,
3) computer-based training, which allows independence and

objective data mining. In addition, it saves costs by re-
quiring a minimal number of visits to the clinic, and

4) a later follow-up examination after the end of training.

The study showed a significant improvement of RS by
RSVP training for AMD patients, who have used optimal
magnifying aids for a longer time and were therefore adapted
to an established non-foveal PRL. The effect remained stable
after the end of training, which indicates that the effect trans-
ferred to everyday life. A subgroup of 14 patients (38%) clear-
ly benefited in a clinically and practically meaningful way as
they improved by > 10 wpm.

The significant difference in change of depression score
between the groups hints at the possibility that RT could con-
tribute to the prevention of secondary depression and mood
impairment.

QoL improved during RT and remained stable.
Altogether, this study shows that it is beneficial for the

patients to participate in RT after adaptation of visual aids,
especially for those who start at a low RS.
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