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Abstract: Reading disorders are frequent in homonymous hemianopia and are termed hemianopic
dyslexia (HD). The existing treatment methods have shown improvements in reading speed, accuracy,
and eye movements during reading. Yet, little is known about the transfer effects of such treatments
on functional, reading-related tasks of daily life, e.g., reading phone numbers, finding typing errors
or text memory. In addition, little is known about the effects on symptom load and return to work.
Here, we examined a new reading therapy entailing three different methods—floating text, rapid
serial visual presentation (RSVP) of single words, and the moving window technique—and evaluated
their efficacy. Twenty-seven chronic HD patients were treated in a baseline design with treatment-free
intervals before and after a treatment period of several months. HD was assessed with a battery
of reading tests and a questionnaire about subjective symptom load at four time-points. Patients
received all three reading therapies over several weeks. The results show significant and stable
improvements during treatment within all measures. Approximately 63% of treated patients returned
to work after the therapy. We concluded that our novel HD treatment led to widespread and lasting
improvements in reading performance, generalized to functional reading tasks and reduced symptom
load, and the majority of patients were able to return to work.
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1. Introduction

Homonymous visual field defects (VFDs) are one of the most frequent consequences after
brain damage and occur in about 20-50% of patients with cerebrovascular disorders [1-6]; they
can occur also after traumatic brain injury [7]. Spontaneous field recovery is present in
the first 2-3 months post-lesion in up to 40% of the patients with a stable etiology such as
stroke [8]. However, after six months, spontaneous recovery of the visual field is extremely
unlikely [8]. Patients with homonymous VFDs suffer from three main impairments: a
visual search deficit in the blind and intact visual field [9], a reading disorder [10], and
a contralesional shift of the perceptual midline (line bisection error [11]). The impact of
VEDs and their related visual impairments on daily life is well documented (see [1] for an
overview), yet there is insufficient evidence for the development of effective therapies for
these disorders [10]. Return to work has been found to be especially difficult in patients
with left-sided VFDs [12].

Acquired reading disorders are the most frequently reported problem in patients with
VEDs (>40%, [6,13]). Moreover, reading disorders are significantly associated with mental
fatigue, anxiety, and depression [6] and thus impair daily functioning. While vision-related
reading disorders can have multiple causes, visual field defects are probably the most
common. Visual field sparing (<5° on the blind side) occurs in 70% of all stroke patients
with VFDs [2]. This is critical for reading, as the central visual field (+/—5° around the
fovea) is crucial for fluent reading. Visual acuity and form recognition within this area
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are sufficient for letter recognition (“perceptual reading window” [14]). Consequently,
slow, error-prone reading is typical for VFD patients with less than 5° field sparing on the
blind side [2]. This phenomenon is termed hemianopic dyslexia (HD) [15]. In contrast
to HD, pure alexia is characterized by extremely slow reading (<25 words per minute)
and often also by letter-by-letter (LBL) reading [15]. It is important to note that HD has
to be differentiated from neglect dyslexia—another reading disorder. Neglect dyslexia
is characterized by numerous omissions and substitutions of syllables and words on the
contralesional side of a text or a single word [16-18] and correlates with contralesional
omissions in cancellation tasks [17]. The latter can be used to differentiate HD from neglect
dyslexia (see below) and a specific trunk rotation maneuver can disentangle real field
defects from neglect-induced, artificial field defects [19].

Therapy for HD most often entails the oculomotor compensation of the reading deficit
that arises from the loss of parafoveal visual field regions that have sufficiently good visual
acuity to identify letters and syllables. The most effective strategies for reading training for
HD use an “optokinetic” approach [10,20,21]. Here, letters, syllables, words, and numbers
are presented in a single text line which floats from the right to the left side on a computer
screen, while the patient is instructed to read the words in the middle of the screen (floating
text). The moving words induce pursuit eye movements on the side of motion and an
optokinetic nystagmus on the opposite side [20]. Another effective technique is the training
of saccadic eye movements using static words [22]. Several treatment studies have shown
that these two types of treatment significantly improve reading speed, reduce reading
errors, and diminish the number of eye fixations during reading (for review see [1,10,23]).
However, reading techniques are culture dependent [24-26]. In cultures that read from
left to right, the motion should be from right to left; in those that read from right to left,
the motion should be left to right; and in those that read from top to bottom, the motion
should move upwards. Moreover, for patients with right-sided VFD, it was shown that this
specific patient group benefited from a vertical training procedure in reading tasks, while
horizontal training improved reading speed in patients with left VFD [27].

While the floating and saccadic reading therapy for HD have been validated in several
studies and represent a viable treatment for HD, little is known about its transfer effects
to daily life [1]). In a broader sense, we know almost nothing about the performance of
patients with HD in reading-related functional tasks, their subjectively perceived symptoms
related to reading in daily life and whether they are able to return to work after treatment.
Many patients with HD complain about increased fatigue during reading [6], and that
reading is so laborious and effortful for them that after reading some lines, they have
almost forgotten what they read. It is interesting to note that the most frequent etiology
of HD is a left posterior cerebral artery infarction [21,28,29], which in turn, often causes
verbal memory impairments [30] due to the anatomical overlap of the regions devoted to
reading, verbal learning and memory. Hence, verbal memory during reading seems to
be a critical problem in HD but has not been assessed in these patients. Moreover, many
patients with HD indicate that “searching or scrolling” a text quickly when looking for
a certain passage, number or typing error is often difficult or even impossible for them
after their brain damage. This indicates that the rapid searching of a text is also a severe
problem in HD. Beyond this, difficulties in comparing and typing long numbers like phone
numbers or bank account numbers are other frequent complains in individuals with HD.
Hence, there seem to be multiple daily life impairments related to reading difficulties in
individuals with HD. In addition, we also face many different reading requirements in our
increasingly “digitized” or even “virtual” world, e.g., reading single words, numbers or
phone numbers, and whole texts; searching throughout a text and /or checking for errors or
certain information in a text; and memorizing written information for later recall, to name
only a few. Furthermore, we read not only on printed paper, but increasingly more often on
a computer screen, a tablet, a smart phone, messenger or other electronic visual displays
(e.g., fitness watches, displays on machines, electronic traffic signs, and timetables, etc.).
These different aspects of reading and functional reading tasks are important for our daily
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lives and also relevant for the vocational reintegration of individuals with HD because their
jobs often require many of these capacities. However, little is known about these functional
aspects of reading in HD, and to our knowledge, there is no research on their treatment.

In the present study, we therefore evaluated the effects of a novel combination of
three different reading techniques (floating text, rapid serial presentation, and moving
window technique) in a sample of individuals with mostly chronic HD (>four months).
We used a battery of basic clinical and functional reading tasks—partially paper-based
and on a computer screen—to evaluate reading performance and quality of life (subjective
symptom load related to reading performance) in various daily life settings. This was also
performed because two subsequent Cochrane analyses analyzing the effects of neuro-visual
rehabilitation in patients with hemianopia and reading disorders concluded that there is
insufficient evidence for any positive treatment effect on functional aspects of vision in
daily life, including reading [31,32]. Moreover, it is unknown whether and how patients
with HD can return to their prior work after rehabilitation. We therefore sought to evaluate
the following research questions in our study:

(1) How do individuals with HD perform in basic clinical reading tasks? How are
paper-based reading and reading on a computer screen related to each other?

(2) Does the novel reading treatment lead to stable and significant improvements within
the reading test battery? Does it transfer to functional reading tasks and reduce
symptom load related to reading?

(3) How is vocational reintegration in individuals with HD?

2. Materials and Methods
2.1. Patient Recruitment

The sample of 27 patients (see Table 1) were being treated as outpatients in the univer-
sity neuro-psychological outpatient unit at the Saar University in Saarbriicken/Germany
(under the care of GK). Here, they received long-term neuro-psychological treatment, which
was covered by private or public health insurance. The patients underwent a routine as-
sessment of neuro-visual and cognitive tests, which are described in the Section 2.2. They
were subsequently enrolled in the study when they fulfilled the following criteria:

e  Significant reading impairment in the first 2 reading tests of the test battery (see Table 2,
tests 1 and 2).

e No evidence of pure alexia based on 3 tests for differential diagnosis (vertical reading
task, letter-by-letter-reading, reading speed > 25 Words per Minute, see Section 2.2.2).

e No evidence of visual neglect (based on conventional neglect screening tests [33]. If it
was unclear whether a field defect was caused by neglect we used the trunk-rotation
method suggested by Nyffeler et al. [19] to disentangle real from pseudo visual field
defects (the latter influenced by neglect).

e  No premorbid (i.e., developmental) dyslexia according to medical records, nor demen-
tia according to medical records, and no aphasia (based on the Aachen Aphasia Test
AAT, [34]).

e  Availability for regular treatments in the outpatient unit over a period of at least
several weeks.

No ethical approval was necessary since all patients sought and received a regular,
standard treatment of their reading disorder in the outpatient unit.

2.2. Assessments
2.2.1. Neuro-Visual Screening Tests

Visual acuity was measured with high-contrast letter acuity charts for the near (0.4 m
distance, Oculus Nahleseprobe, Wetzlar, Germany) and far (6 m distance, Oculus acuity
letter chart, Fronhéduser, Miinchen, Germany) viewing conditions. A number cancellation
task and horizontal line bisection were used to test for visual neglect (described in [33]).
It requires the cancellation of 20 single digits embedded in 180 single digits serving as
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distractors which are displayed on A4-sized white paper. Horizontal line bisection was
performed manually by the patient using a pencil. Cut-off scores are available for both
tests from 40 healthy control subjects [33]. Visual campimetry was performed to test
the central 70° (horizontal extension) x 50° (vertical extension) of the visual field using
the Eyemove software package Version 3 [35], URL, https://www.medicalcomputing.de,
assessed on 26 February 2024. In some cases, additional perimetry with the centerfield
perimeter (Oculus, Wetzlar, Germany) was performed monocularly, especially to detect
small paracentral or diffuse scotomas. Neuro-visual screening tests were performed at
every assessment time point, but the results typically did not change over time. Therefore,
they are only reported for the first baseline assessment in Table 1.

Table 1. Clinical and demographic data of 27 patients with hemianopic dyslexia (HD). L/R/BIL:
left/right/bilateral. Mean values and ranges are given. For lesion location, multiple entries were
used for different lesion locations. Md: median.

Variable Score
Age (years) 50.2 (25-76), Md: 51
Sex (m/f) 16/11
Time since lesion (days) 638 (35-3258), Md: 219
Lesion side
L/R/BIL-diffuse 10/10/7
Corrected visual acuity (%)
Near distance (0.4 m) 0.97 (0.63-1.25)
Far distance (6 m) 0.93 (0.33-1.25)
Lesion location
Frontal /temporal/ parietal / occipital 0/5/8/19
Thalamus 2
Diffuse 7
Etiology
Stroke 17
Tumor 4
Closed head trauma 6
Type of visual field defect
Hemianopia (L, R, BIL) 4/4/4
Quadranopia (L, R) 3/3
Paracentral scotoma (L, R) 3/5
Diffuse small scotomas 1
Visual field sparing (mean °) 9.1 (1-35) Md: 4
Treatment hours (h) 17.6 (5-42) Md: 20

2.2.2. Differential Diagnosis of HD from Pure Alexia

To differentiate HD from pure alexia, 3 tasks were used: (a) vertical and horizontal
reading of 8-letter words. HD patients are typically impaired in horizontal reading (due to
the horizontal parafoveal field loss), while pure alexics are impaired in both reading direc-
tions due to slow letter processing in every reading direction. If reading was impaired in
both reading directions, patients were excluded from the sample. (b) Letter-by-Letter (LBL)
reading. LBL reading is a clear sign of pure alexia [15], thus, if LBL reading was present, the
patient was excluded from the sample. (c) Pure alexics show a reading speed of <25 words
per minute (WpM), while HD patients typically have a reading speed of >25 WpM [15].
Thus, if the reading speed was below 25 WpM, the patient was excluded from the sample.

2.2.3. Reading Test Battery and Subjective Symptom Load Questionnaire

A battery of 6 reading tests (see Table 2) was used to measure the initial impairment
and improvement during therapy. Most tests had multiple parallel versions to avoid test
repetition effects due to memorizing previously read test material. In addition, a question-
naire was read to the patients (see Appendix A) to evaluate the subjective impairments
related to HD, other neuro-visual problems, and their potential change throughout the
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treatment. The questions were read orally to the patient who responded to every question
using a 5-point scale on whether the statement held true for them. Importantly, the subjects
did not read the questionnaire by themselves to avoid a confounding of results by visual
or reading problems. The rating in the questionnaire included the following gradations:
0 =not at all, 1 = rarely, 2 = partly, 3 = mostly, 4 = totally. Example: “I have had difficulties
in reading the newspaper”. When the patient indicates “mostly”, the score for this question
would be 3. This procedure was performed for all items, and the summed score was used
for the analyses.

Table 2. Overview of the reading test battery [36] and Subjective Symptom Load Questionnaire.
Pt. = patient. Pearson retest coefficients; Spearman retest coefficients; * Significance Level p < 0.01,

two-tailed. cWpM/WpM: (correct) Words per Minute.

Parallel

Retest Correlation

Subtest Description . Parameters Pearson Coefficient
Versions . .
Spearman Coefficient
Text reading on paper, 180 words, Arial 12,
black ink on white paper. Pt. is instructed to Correct words per minute ~ ¢cWpM: 0.99 *, Errors: 0.98 *
read the text on the table in front of him/her 6 read, errors cWpM: 0.99 *, Errors: 0.94 *
quickly and correctly aloud.
Text reading PC-screen, 100 words, Arial 12, )
black on white. Pt. is instructed to read the text 3 Correct words per Minute ~ ¢WpM: 0.99 %, Errors: 0.98 *
on the PC-screen quickly and correctly aloud. read, errors cWpM: 0.99 %, Errors: 0.86 *
Single Word reading, PC-screen 100 words,
Arial 12, black on white. Pt. is instructed to Correct words per Minute ~ ¢WpM:0.97 *#, Errors: 0.98 *
read each single word on the PC-screen 3 read, errors cWpM.:0.95 *, Errors: 0.86 *
quickly and correctly aloud.
Text memory, 100 words, PC-screen, Arial 12,
black on white, 5 numbers to remember from % correct remembered, WpM: 0.99 *, correct: 0.92 *
the text. Pt. is instructed to read the text on the 3 Words per Minute read. Wpm: 0.99 *, correct: 0.95 *
PC-screen aloud and remember the numbers.
Find typing errors in text, PC-screen,
100 words, Arial 12, black on white, 7 errors to
be detected. Pt. is instructed to find typing 3 % errors detelcted, Words WpM: 0.87 *, correct: 0.96 *
errors as quickly as possible in the text and per Minute WpM: 0.86 %, correct: 0.93 *
indicate them.
Read and type phone numbers (8-13 digits
long), PC-screen, Arial 12, black on white. Pt. ] ]
is instructed to read 5 multi-digit numbers on 3 % correct, Total Time Time: 0.98 *, correct: 0.74 *

the PC-screen and type them into the
computer board as quickly as possible.

Subjective Symptom Load Questionnaire
(16 items, see Appendix A)

(seconds)

Summed score from
16 questions

Time: 0.96 *, correct: 0.82 *

Score: 0.99 *
Score: 0.99 *

Detailed Description of Reading Tests

Test 1 from Table 2 is a simple paper-based reading test that exists in 6 parallel forms
and was used in a previous study with HD patients [13], and in patients with left visual
neglect [18,24]. The 6 parallel reading tests (test 1 in Table 2) were standardized using
a sample of 60 healthy subjects between the ages of 17 and 68 (AM = 39.9; SD = 15.57)
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from three age groups (17-30 years, 31-50 years, and 51-68 years). This was conducted
to determine the standard values for the number of errors and for reading speed. Each of
these age groups consisted of ten women and ten men. All subjects had a good or corrected
near visual acuity of 0.9.

Tests 2—6 from Table 2 are part of a standardized battery of reading tests developed
to assess different aspects of reading performance in individuals with visually related
reading disorders, such as HD, neglect dyslexia, and pure alexia, or reading disorders
resulting from oculomotor deficits, reduced contrast sensitivity, Balint—-Holmes syndrome
or other neuro-logical conditions. The battery comprises 18 different subtests (described in
detail elsewhere [25]): 15 subtests evaluate different aspects of single-word or text reading;
3 subtests evaluate the reading of numbers or a visual search of numbers. While 13 tests are
designed to test a certain aspect of reading (e.g., reading compound words or text under
different contrast conditions), the other 5 subtests are designed to assess more functional
aspects of reading (such as subtests 4-6 in the present study). For each subtest, 3 parallel
versions of identical length (100 words in the reading tests, comparable number of digits in
the numerical tasks) and comparable task difficulty were developed and standardized in a
sample of 40 healthy subjects (age 20-75 years; 20 males, 20 females).

Retest Reliability

For all tests of the reading battery including the subjective symptom load questionnaire,
we computed the retest reliability coefficients from the measurements at Base 1 and Base
2 in the present clinical sample. The time interval between the two measurements was
65 days (mean). The coefficients (see Table 2) showed excellent retest reliability scores (both
for Pearson and Spearman coefficients); the repeated measurements with parallel versions
of these reading tests and the subjective symptom load questionnaire also showed excellent
reliability scores. Moreover, these tests have been extensively used in our research unit
in numerous previous studies and were found to be sensitive and reliable measures in
clinical practice for patients with HD [13,22,23] or other peripheral visual reading disorders
(i.e., neglect dyslexia). Hence, our reading test battery includes classical measures of
text reading where typically “words per minute read correctly” or time and errors are
counted [10,22] and also tests additional aspects of reading under other conditions (e.g.,
single-word reading). Moreover, it also includes functional reading tasks (such as text
memory, finding typing errors in a text, reading and typing phone numbers), which, to
date, have not been used to assess patients with HD. Furthermore, this test battery was
used in a clinical study [37] and has proven to be able to capture different aspects of reading
impairment in patients with HD and other reading disorders. It has also been proven
to be able to monitor treatment progress after reading therapy which is the focus of the
present study.

2.3. Treatments

The three types of treatment used in this study are part of the Neuro-Vision Train-
ing (NVT), version 1 software package (URL: https://www.neuro-vision-training.com,
accessed on 26 February 2024). The idea was to implement those reading techniques into
the software that have either been shown to be effective for patients with visual reading dis-
orders resulting from acquired brain damage (the floating text line, see below [23]), or have
been shown to be useful in training reading in healthy subjects (the RSVP technique [38]
and the moving window technique [39]). The treatments were given to every patient for
the same amount of time in every therapy session. Hence, all three reading techniques were
trained to the same extent. This was performed with the aim of maximizing the benefits
of the reading test battery and the subjective symptom load list through their differential
requirements during reading. Below, these 3 techniques are described in more detail, and
Figure 1 schematically shows the visual display of these reading techniques as they appear
on the computer screen.
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Floating
Line

<4 ecine Stadt im deutschen

RSVP

Moving
Window

Figure 1. Schematic illustration of the 3 reading therapy techniques used in the study. During floating
line therapy, only a single line of text moves from right to left through the middle of the screen (as
indicated by the white arrow, which was not visible during therapy). During RSVP, single words are
presented in the center of the screen. During the moving window therapy, several lines of a complete
text were presented, but only one word was printed in white which was the word that should be
read out aloud. The next word was activated by a button-press from the patient; the next word then
appeared (also in bright white), while the previously read word turned dark grey. All other words of
the text were barely visible, because they were shown in dark grey to give some spatial orientation in
the line and on the screen, but at the same time reduce visual crowding arising from other words. See
text for more details.

Floating text line—Here, a single line of text floats from right to left through the middle
of the computer screen with an adaptable speed. The patient was instructed to read the
words aloud in the middle of the text line and then move the eyes again to the right to
read the word(s) that appear next. Therapy started with short, high-frequency words
(3-5 letters), followed by increasingly longer words and short sentences (3—4 words long).
Finally, complete texts were read using this technique. This is the reading technique that
most HD treatment studies have used so far (cf. [23]).

Rapid serial visual presentation (RSVP) of single words—Here, single words were
presented sequentially in a central window on the computer screen. The patient was in-
structed to read them aloud as correctly and quickly as possible and to initiate presentation
of the next word by pressing the space bar. Hence, the patient controlled the speed of the
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presentation of the single words by pressing a button. RSVP is a well-known technique that
has been studied intensively in healthy subjects [38]. It promotes faster reading, mostly
because few if any saccadic eye movements have to be made in contrast to text reading.
In addition, it reduces “crowding” of multiple visual stimuli because only one word is
presented. Visual “crowding” can significantly impair reading in individuals with brain
damage [40]. We therefore hypothesized that RSVP could also be beneficial for our patients
because it reduces crowding during reading. Moreover, to the best of our knowledge, RSVP
has not been used in the treatment of HD.

Moving window technique (MWT)—Here, words and several lines of text appear
in the correct position on the computer screen, but only one word is visible at a time,
because the other words are visually suppressed and barely visible. This technique has
been extensively used in reading research with healthy subjects (for review see [39]). It
promotes line reading but avoids the simultaneous presence of multiple words on the screen.
Hence, it also reduces “crowding” phenomena that arise when reading a conventional text
with many words where all the words are visible simultaneously. In contrast to the other
two reading techniques, the moving window technique corresponds most closely to the
“normal” reading of a text with multiple lines. To our knowledge, this technique has also
not been used in the treatment of HD.

General aspects of the reading treatment—All three methods were used in equal
proportions within each therapy session. Each session started with the floating text (20 min),
followed by reading with the RSVP technique (20 min), which was followed by reading
with the moving window technique (20 min). A great variety and number of different
reading texts (>80) were available for therapy in all three reading techniques in the Neuro-
Vision Training software package. Every patient started their therapy on an easy reading
level in the 3 different techniques, consisting of short, high-frequency and familiar words
(from word counts). The patient sat comfortably and centered at 0.5 m from a 20" computer
screen. They were encouraged to read aloud the words or numbers appearing in the middle
of the screen as correctly and as quickly as possible. Errors were immediately corrected by
the therapist, and the erroneous word was read again. When the reading speed improved,
the speed of presentation was gradually increased in the software by the therapist (in the
MWT and floating line technique). During RSVP, the patient was encouraged to read the
single words appearing in the center of the screen as quickly as possible without omitting
syllables on one side (i.e., the blind side). After reading one word, they should quickly
press the space bar to trigger the appearance of the next word. It takes some time to adapt
patients to this self-paced modus of reading, but all patients learned it quickly within the
first few sessions and then could increase their reading speed. Head movements during
reading in front of the PC screen were discouraged in all three reading techniques because
they do not improve the eye movements necessary for better reading. Instead, patients
were told that they should read using eye movements without moving their head. All
patients wore their necessary glasses for the distance of 0.5 m to have optimal visual acuity.

Other treatments—No other treatments (e.g., visual, reading or cognitive) were per-
formed during the reading therapy phase (see Figure 2). Likewise, no other treatments
were given to the patient before or after the reading therapy (i.e., in the baseline period and
the follow-up period). However, all patients continued consulting their medical doctors
(general practitioner and/or neurologist) on a regular basis (usually once per quarter) to
discuss the medical aspects of their disease including their (potential) medication. Medica-
tion was held constant by the medical doctors throughout the whole treatment design for
their patients. No therapy for the reading disorder nor any other behavioral treatment was
given by the medical doctors to the patients.
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4

Treatment-Design

No Read- No
Therapy ‘ Therapy ‘ Therapy ‘

Base 1

Post- Follow-

65 (14-182 days) | Base 2 | 35 (7 - 125 days) 96 (17 — 365 days) Up

Test

Figure 2. Design of the study. Bold arrows indicate points of assessments. The time intervals between
these time points are indicated below in the boxes in days (mean, range).

2.4. Design and Statistics
Patient Recruitment and Enrollment

Patients were recruited through our neuro-psychological outpatient unit at Saarland
University. Here, patients with any neuro-psychological impairment due to acquired brain
damage which dates back no more than 5 years can receive specific neuro-psychological
assessment and therapy. The patients in this study all contacted the office of our outpatient
unit via phone, email or mail with the aim of obtaining therapy for their reading disorder.
All patients provided their neurological, neuro-radiological and neuro-psychological find-
ings (as far as available) in advance. These were read by GK in order to decide whether
there was an indication for neuro-psychological therapy. An initial examination appoint-
ment was then arranged, at which a standardized anamnesis of the neuro-visual [13] and
cognitive complaints took place. The neuro-visual tests and neuro-psychological tests
for differential diagnosis (see Sections 2.2.1 and 2.2.2) were then carried out to determine
which disorders were present. If impairments were present in the first two tests of the
reading test battery, the complete test battery including the subjective symptom burden
list was carried out. At the end of these tests, reading therapy was offered to every patient
who fulfilled the inclusion criteria of this study. The patients with reading disorders that
were excluded by the exclusion criteria were also offered reading therapy but were not
included in this study. An application for reimbursement was then immediately submitted
to the relevant health insurance company or other payer (employers’ liability insurance
association) on behalf of the patient. At the end of this first appointment, it was agreed that
the reading therapy would begin as soon as the declaration of cost coverage was received.
At the second assessment appointment, all reading assessments and the questionnaire were
repeated. Following this, therapy began immediately as described above. Importantly, no
bio-ethical approval was necessary for this procedure as it is genuine clinical practice and
represents the standard procedure for the treatment of neurological patients suffering from
neuro-psychological disorders in Germany. However, the practitioner(s) must be licensed
and have all the necessary qualifications as a psychological psychotherapist and clinical
neuropsychologist with further chamber training. This is the case for both authors (GK,
AK). Both are certified members of their respective chambers of psychotherapists (Saarland,
Berlin, Germany) with the necessary additional training in clinical neuropsychology. As all
patients in this study had a corresponding indication for neuro-psychological treatment, all
patients were offered appropriate treatment, which was accepted by all. The planning of the
appointments, their frequency and their exact timing was then carried out individually with
each patient. All patients agreed to the treatment offered. They were informed that they
could interrupt or discontinue treatment at any time. In summary, it can be said that this
procedure represents the standard procedure for outpatient clinical neuro-psychological
diagnostics and therapy for patients with acquired brain injury in Germany. No separate
ethics approval is required for this.

All patients were assessed and treated in a single-subject baseline design with 4 assess-
ment time points (Base 1, Base 2, Post-Test, Follow-Up; see Figure 2). The first baseline test
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(Base 1) was used to enroll the patients, perform all assessments, and introduce the reading
therapy in detail. Before starting reading therapy, however, an application (to the health
insurance) must be made (by GK) for the costs of treatment to be covered. This usually
takes 3-6 weeks. This period was used as the first (pre-treatment) baseline phase. As soon
as the cost coverage was confirmed, the patients were called in for the second baseline
measurement. Here, all assessments (including the neuro-visual screening tests) were
carried out again with the respective parallel versions of the tests (if available). Reading
therapy began immediately after the second baseline assessments. The amount of reading
therapy given to each patient varied, although we tried to give as much treatment as
possible in every case. It critically depended on 2 factors: (a) the amount (hours of therapy)
that was covered by the health insurance, and (b) the time (weeks) every patient could
attend our outpatient unit for therapy. Since 16 out of the 27 (59%) patients came from
regions in Germany that were too far away for daily commuting to the outpatient unit in
Saarbriicken, these patients came for a limited number of weeks and received their whole
reading treatment in these weeks. The remaining 11 patients (41%) came from the nearby
Saarland region and their reading therapy was spread over a longer time period. This is
the reason for the variability in the time intervals of the different treatment phases (see
Figure 2). No patient volunteered to interrupt or cancel treatment. Likewise, in no case was
the reading therapy discontinued by the therapist, i.e., because of missing improvements.
Every therapy session lasted 60 min. All patients were familiar with a computer at home.

After the end of the treatment, a post-test with all assessments (including the neuro-
vision screening tests) was performed again and then the patients were discharged home.
Several months later, a follow-up test was arranged with identical assessments.

Since the sample was small and permitted no meaningful conclusions on the normality
of the data distribution, non-parametric testing was applied throughout. The data were
analyzed with nonparametric Friedman one-factorial analysis of variance over the 4 time
points. Subsequent post-tests were performed using Wilcoxon tests between time points.
The level of significance (alpha) was 0.05 (two-tailed), which was adapted for the number
of performed comparisons (Bonferroni-corrected). Hence, alpha was divided by 3 when
3 paired comparisons were performed. In addition, Pearson, Spearman rank, and point-
biserial correlation coefficients were computed.

3. Results
3.1. Basic Clinical Tests
3.1.1. Reading Text on Paper

Figure 3 shows the results for reading text on paper throughout the treatment study.
A Friedman test over the four time points showed a significant difference for the number
of correctly read words per minute (Figure 3a; X? = 4.685, df = 3, p < 0.001). Subsequent
paired comparisons using Wilcoxon tests showed no significant difference between the
Base 1 and Base 2 values (Z = —1.768, p = n.s.), nor between the post-test and follow-up
values (Z = —0.212, p = n.s.). However, there was a significant improvement in reading
speed from Base 2 to post-test (Z = —4.238, p < 0.001). The mean improvement from
the averaged pre-treatment baselines (Base 1 and Base 2) to the averaged post-treatment
measures (post-test and follow-up) in this period was 20.8 correct WpM.

Similar results were obtained for the percentage of reading errors (Figure 3b): there
was a significant difference between the four time points (Figure 3b; X2 = 58.987, df = 3,
p < 0.001). Subsequent paired comparisons using Wilcoxon tests showed no significant
difference between Base 1 and Base 2 values (Z = —1.787, p = n.s.). There was a significant
reduction in reading errors from Base 2 to post-test (Z = —4.141, p < 0.001). The mean
reduction in reading errors from the averaged pre-treatment baselines (Base 1 and Base 2)
to the averaged post-treatment measures (post-test and follow-up) in this period was 2.6%.

Furthermore, there was a numerically small, but statistically significant reduction in
reading errors from the post-test to the follow-up time points (Z = —3.125, exact p < 0.002).
Overall, there were only a few reading errors.
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Figure 3. Effects of reading therapy for reading text on paper in 27 patients with hemianopic dyslexia
(HD) throughout the course of the treatment study. (a) Number of correctly read words per minute
(Correct WpM) +/ — 1 standard error of the mean (SEM). (b) Readings errors (%) in the same task. The
brackets and asterisks indicate significant statistical differences between conditions using two-tailed
Wilcoxon test; (**) p < 0.01, (***) p < 0.001.

3.1.2. Reading Text on PC screen

Figure 4 shows the results for text reading on a computer screen throughout the
treatment study. Friedman tests over the four time points showed a significant difference
in the number of correctly read words per minute (Figure 4a; X? = 33.172, df = 3, p < 0.001).
Subsequent paired comparisons using Wilcoxon tests showed no significant difference
between Base 1 and Base 2 values (Z = —2.328, p = n.s.), and between the post-test and
follow-up values (Z = —0.587, p = n.s.). However, there was a significant improvement in
reading speed from Base 2 to the Post-Test (Z = 3.518, p < 0.001). The mean improvement in
reading speed from the averaged pre-treatment baselines (Base 1 and Base 2) to the averaged
post-treatment measures (post-test and follow-up) in this period was 9.8 correct WpM.

Similar results were obtained for the number of reading errors (Figure 4b). There
was a significant difference between the four time points (Figure 4b; X2 =40.389, df = 3,
p < 0.001). Subsequent paired comparisons using Wilcoxon tests showed no significant
difference between Base 1 and Base 2 values (Z = —0.229, p = n.s.). There was a significant
reduction in reading errors from Base 2 to Post-Test (Z = —3.441, p < 0.001). The mean
reduction in reading errors from the averaged pre-treatment baselines (Base 1 and Base 2)
to the averaged post-treatment measures (post-test and follow-up) in this period was 1.15%.
Furthermore, there was no significant change in reading errors from the post-test to the
follow-up time points (Z = —2.236, exact p = 0.025, n.s).

3.1.3. Single-Word Reading on Computer Screen

Figure 5 shows the results for single-word reading on a computer screen throughout
the treatment study. A Friedman test over the four assessment points showed a significant
difference in the number of correctly read words per minute (Figure 5a; X? = 42.985, df = 3,
p < 0.001). Subsequent paired comparisons using Wilcoxon tests showed no significant
difference between Base 1 and Base 2 (Z = —1.113, p = n.s.). There was a significant
improvement in reading speed from Base 2 to post-test (Z = —3.628, p < 0.001). The mean
improvement from the averaged pre-treatment baselines (Base 1 and Base 2) to the averaged
post-treatment measures (post-test and follow-up) in this period was 11.8 correct WpM.
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Figure 4. Effects of reading therapy on Text Reading on computer screen in 27 patients with Hemi-
anopic dyslexia (HD) throughout the course of the treatment study. (a) Number of correctly read
words per minute (Correct WpM) +/ — 1 standard error of the mean (SEM). (b) Readings errors in the
same task. The brackets and asterisks indicate significant statistical differences between conditions
using two-tailed Wilcoxon test; (***) p < 0.001.
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Figure 5. Effects of reading therapy on Single Word Reading on computer screen in 27 patients with
Hemianopic dyslexia (HD) throughout the course of the treatment study. (a) Number of correctly read
words per minute (Correct WpM) +/ — 1 standard error of the mean (SEM). (b) Readings errors in the
same task. The brackets and asterisks indicate significant statistical differences between conditions
using two-tailed Wilcoxon test; (*) p < 0.05, (***) p < 0.001.

Furthermore, there was a significant though numerically very small increase in reading
speed between the post-test and the follow-up time points (Z = —2.490, exact p = 0.013).

Similar results were obtained for the number of reading errors (Figure 5b): there
were significant differences between the four time points X? = 20.167, df = 3, p < 0.001).
Subsequent paired comparisons using Wilcoxon tests showed no significant difference
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between Base 1 and Base 2 values (Z = 0, p = n.s.), and between the post-test and follow-up
values (Z = 0, p = n.s.). There was no significant change in reading errors from Base 2 to
post-test (Z = —2.350, exact p = 0.019, n.s.). The mean reduction in reading errors from
the averaged pre-treatment baselines (Base 1 and Base 2) to the averaged post-treatment
measures (post-test and follow-up) in this period was 1.2%.

Reading speeds (correct words per minute) in the reading tests on paper and on a
computer screen test correlated significantly with r = 0.814, p < 0.001 (Spearman correlation
coefficient, two-tailed). Moreover, the reading errors also correlated significantly with each
other in both tasks with r = —0.637, p < 0.01 (Spearman coefficient).

3.2. Functional Reading Tests
3.2.1. Text Memory

Figure 6 shows the results for the percentage of correctly remembered text information
in the memory task (a) and the number of words read per minute in the same task (b).
Reading errors were not counted because the focus was on text memory performance.
A Friedman test over the four time points showed a significant difference in correctly
remembered text information (Figure 6a; X? = 49.967, df = 3, p < 0.001). Subsequent paired
comparisons using Wilcoxon tests showed no significant difference between Base 1 and
Base 2 values (Z =1, p = n.s.), and between the post-test and follow-up values (Z = —1.414,
p =n.s.). However, there was a significant improvement in text memory from Base 2 to
post-test (Z = —3.974, p < 0.001). The mean improvement from the averaged pre-treatment
baselines (Base 1 and Base 2) to the averaged post-treatment measures (post-test and
follow-up) in this period was 30.7%.
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Figure 6. Effects of reading therapy on the number of correctly remembered information in Text
Memory test (a) and words per minute read in the same task (b). The brackets and asterisks indicate
significant statistical differences between conditions using two-tailed Wilcoxon test; (***) p < 0.001.

In addition, an increase was found for the number of words read per minute in
the same task: there was a significant difference over the four time points (Figure 6b;
X2 =33.847, df = 3, p < 0.001). Subsequent paired comparisons using Wilcoxon tests showed
no significant difference between Base 1 and Base 2 values (Z = —0.649, p = n.s.), and
between the post-test and follow-up values (Z = —0.057, p = n.s.). However, there was
a small but significant increase in reading speed from Base 2 to post-test (Z = —4.085,
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p <0.001). The mean improvement in reading speed from the averaged pre-treatment
baselines (Base 1 and Base 2) to the averaged post-treatment measures (post-test and
follow-up) in this period was 9.6 WpM.

3.2.2. Finding Typing Errors

Figure 7 shows the results for the percentage of correctly detected typing errors in a
text (a) and the number of words read per minute in the same task (b). Reading errors were
not counted because the focus was on the detection of typing errors. A Friedman test over
the four time points showed a significant difference in the number of detected typing errors
(Figure 7a; X? = 32.773, df = 3, p < 0.001). Subsequent paired comparisons using Wilcoxon
tests showed no significant difference between Base 1 and Base 2 values (Z =1, p =n.s.),
and between the post-test and follow-up values (Z = —0.647, p = n.s.). However, there was
a significant improvement in text memory from Base 2 to post-test (Z = 3.62, p < 0.001).
The mean improvement from the averaged pre-treatment baselines (Base 1 and Base 2)
to the averaged post-treatment measures (post-test and follow-up) in this period was an
accuracy rate of 24.3% for correctly finding typing errors. In addition, a significant though
numerically small increase in reading speed was found: there was a significant difference
(according to the Friedman test) over the four time points (Figure 7a; X = 30.277, df = 3,
p < 0.001). Subsequent paired comparisons using Wilcoxon tests showed no significant
difference between Base 1 and Base 2 values (Z = —0.616, p =n.s.), and between the post-test
and follow-up values (Z = —0.386, p = n.s.). However, there was a significant increase in
the number of words read per minute from Base 2 to post-test (Z = —3.568, p < 0.001). The
mean improvement in reading speed from the averaged pre-treatment baselines (Base 1 and
Base 2) to the averaged post-treatment measures (post-test and follow-up) in this period
was 12.9 WpM.
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Figure 7. Effects of reading therapy on the number of correctly detected typing errors in a text (a) and
words per minute read in the same task (b). The brackets and asterisks indicate significant statistical
differences between conditions using two-tailed Wilcoxon test; (***) p < 0.001.

3.2.3. Phone Numbers

Figure 8 shows the results for the percentage of errors in the phone number task
(a) and the total performance time in seconds (b). A Friedman test over the four time
points showed a significant difference for the percentage of errors in typed phone numbers
(Figure 8a; X? = 36.733, df = 3, p < 0.001). Subsequent paired comparisons using Wilcoxon
tests showed no significant difference between Base 1 and Base 2 values (Z = 2.041, exact
p = 0.041, n.s) or between the post-test and follow-up values (Z = —1.342. p =n.s.). However,
there was a significant improvement from Base 2 to post-test (Z = —3.665, p < 0.001). The



Brain Sci. 2024, 14, 259 15 of 22

mean reduction in the percentage of errors from the averaged pre-treatment baselines (Base
1 and Base 2) to the averaged post-treatment measures (post-test and follow-up) was 24.1%.
In addition, a significant difference in the total performance time was found over the four
time points (Figure 8b; X? = 34.398, df = 3, p < 0.001). Subsequent paired comparisons
using Wilcoxon tests showed a small but significant prolongation of performance time
between Base 1 and Base 2 (Z = —2.7, exact p = 0.006). No significant difference was
found between the post-test and follow-up time points (Z = —2.058, exact p = 0.040, n.s).
However, there was a significant reduction in performance time from Base 2 to post-test
(Z=—-3.724, p < 0.001). The mean reduction in performance time from the averaged pre-
treatment baselines (Base 1 and Base 2) to the averaged post-treatment measures (post-test
and follow-up) was 5617 ms (=22.7%).
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Figure 8. Effects of reading therapy on the number of errors in the phone number test (a) and
performance time in the same task (b). The brackets and asterisks indicate significant statistical
differences between conditions using two-tailed Wilcoxon test; (***) p < 0.001.

3.2.4. Subjective Symptom Load Questionnaire

Figure 9 shows the results for the total score of the subjective symptom load ques-
tionnaire over the four time points. A Friedman test over the four time points showed
a significant difference between the time points (Figure 9; X? = 71.244, df = 3, p < 0.001).
Subsequent paired comparisons using Wilcoxon tests showed no significant difference
between Base 1 and Base 2 values (Z = —0.456, p = n.s.), and between the post-test and
follow-up values (Z = —0.885, p = n.s.). However, there was a significant reduction in
symptom load from Base 2 to post-test (Z = —4.553, p < 0.001). The mean reduction in the
symptom load score from the averaged pre-treatment baselines (Base 1 and Base 2) to the
averaged post-treatment measures (post-test and follow-up) in this period was 8.2 (=39%).

3.2.5. Return to Work

We found that 63% (19 of 27) of the patients in our sample who were not already
retired before their brain damage returned to their previous job. Approximately 50% of
them worked part time (mean: 24.7 h per week) and another 50% worked full time (40 h
per week) after the end of the reading therapy.
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Figure 9. Effects of reading therapy on the Subjective Symptom Load Score. The brackets and
asterisks indicate significant statistical differences between conditions using two-tailed Wilcoxon test;
(***) p < 0.001).

3.3. Further Analyses

We evaluated the possible influence of age, time since lesion, gender, visual acuity, vi-
sual field sparing and amount of treatment with the improvements (averaged pre-treatment
scores vs. averaged post-treatment scores) using Spearman rank correlations. For this
purpose, we computed a composite improvement score for all time-related measures (gain
speed) in the reading tests (except the symptom load questionnaire) by adding the per-
centage of improvements in performance time. Likewise, we computed a composite score
for all measures reflecting errors/correct solutions in the reading tasks (gain correct) by
adding the percentage of improvements in all these measures.

Visual acuity for near or far distance was not significantly correlated with gain speed
or gain correct (largest correlation: 0.339, p = n.s.). Likewise, time since lesion (in days)
was not significantly correlated to either variable (largest correlation: —0.196, p = n.s.).
Sex was not significantly correlated with the gain correct or gain time measures (largest
point-biserial correlation: 0.281, p = n.s.). Age was significantly correlated with gain time
(r=10.529, p = 0.002), but not with gain correct (r = 0.180, p = n.s.). Finally, there were
significant positive correlations between gain time and a reduction in symptom load after
therapy (r = 0.423, p = 0.002), and between gain correct and the number of treatment
sessions (r = 0.568, p = 0.002), i.e., treatment intensity.

4. Discussion

In summary, our sample of HD patients significantly improved in all measurements of
our reading test battery, including the symptom load questionnaire, during treatment. In
contrast, almost no improvements were seen in the pre-treatment interval before the reading
therapy, which was twice as long as the therapy phase. Importantly, all improvements
obtained during the therapy phase remained stable after the follow-up period, which
lasted three times longer than the therapy phase. In some variables, small and statistically
significant changes were seen either during the pre-treatment baseline or in the post-
treatment follow-up period. However, most of these changes were numerically quite small
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in relation to the improvements obtained during treatment. Moreover, the time since the
lesions was >4 months in 23 out of 27 patients (median: 219 days = 7 months), which
highlights the effect of training instead of spontaneous recovery. Finally, the obtained
improvements did not correlate with the time since lesion, nor with sex or visual acuity,
but did correlate positively with age and treatment intensity. In the following sections, we
will discuss our findings in more detail. We refrained from analyzing specific effects of
drugs on reading progress as two recent Cochrane analyses found no evidence to support a
therapeutic role of drugs on motor deficits [41] or visuospatial neglect [42] in individuals
suffering from brain damage.

4.1. Basic Clinical Reading Tests and Relationship between Paper and Screen Reading Tasks

Similar to previous studies [10,20,43], we found significant improvements in reading
speed in reading text on both paper and on a computer screen. The same holds true for
the reduction in errors in both tasks. In fact, both tasks correlated with each other for
reading speed and errors. This shows that our computerized reading therapy improved
both reading on paper and reading on a computer screen in a similar way. This is important
because it shows a positive transfer effect of our training on both types of reading tasks and
not only on the reading tests shown on the PC screen. During daily life, reading text on
paper and on various screens or optical displays is equally important, particularly at work.
With respect to the size of the improvements, Virgili et al. [44] stated in their Cochrane
review that the reading speed differences reported as improvements in several studies
were 12 WpM. An increase in quality of life was reported by patients reaching or exceeding
an improvement of 10 WpM. Here, we found gains of 20.8 WpM in paper-based reading
and 9.8 WpM in reading from computer screens. In addition, the improvements in reading
speed in the functional reading tasks ranged from 9.6 to 12.9 WpM or a 23% reduction in
performance time in the phone number task. This highlights the efficiency of our treatment
techniques with a rather limited treatment time (17.6 sessions = 1056 min on average).
A future study could also differentiate if the effect of training depends on prior reading
capability and digital familiarity as separate test variables. In particular, the affinity for the
use of digital devices could be relevant for the adequate treatment of older patients.

4.2. Effects of Reading Therapy on Reading Tests and Possible Mechanisms

In previous studies [22,27,45], the training effects are accompanied by improvements
in quality of life; here, we had a special focus on the question of whether reading training
shows transfer effects for daily life activities. Similar to previous studies, we found that
training effects led to an increase in self-reported quality of life measures [22,27,45]. Apart
from these effects, we also found significant, though not large, improvements in reading
speed and the number of errors made in single-word reading. This task was designed
to mirror the RSVP therapy with single words. Although all patients also trained with
the two other reading techniques, it appears reasonable to assume that the improvement
in single-word reading was primarily related to this task. This technique proved to be
particularly helpful for patients with slow reading and crowding problems in our sample
(when several words are present, cf. [40]) as it reduces the complexity of the task.

It is interesting to note that nearly three-fourths of our HD patients were impaired
in all functional reading tasks in the pre-treatment baseline tests, which underlines the
tasks’ relevance in testing HD patients. The improvements in these functional reading
tasks after therapy were impressive: we found a 79% improvement in text memory, and the
patients even read faster in the parallel version of the post-test than in the pre-tests of this
task. Hence, their improvement was not due to a slower reading strategy after treatment.
Likewise, we found a 28% increase in the percentage of correctly identified typing errors.
Again, their reading speed was faster than before in the parallel version of this test after
treatment. Hence, the improvement in this task does not result from a slower reading
strategy which then potentially allowed the patients to find more typing errors in the text.
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Finally, we found a 77% reduction in errors in the phone number task. Again, this did not
result from slower reading in the parallel test of the text memory task after treatment.

To summarize, our HD patients learned to perform more accurately in all functional
reading tasks and solved these tasks faster after therapy. This demonstrates that our chosen
treatment combination led to a wide transfer of trained reading strategies (speed and
accuracy) to untrained reading-related tasks and improved verbal memory. Since many
patients with left posterior brain lesions [30] or head trauma [46] (both etiologies present in
our sample) show verbal learning and verbal working memory deficits, reading therapy
may be an interesting therapy option to improve these deficits, while improving reading
performance at the same time.

4.3. Effects on Subjective Symptom Load, Treatment Intensity and Return to Work

We found a 39% reduction in subjective symptom load related to the reading disorder
and associated neuro-visual deficits (i.e., blurred vision) after treatment, which correlated
significantly with the speed increase (based on reduction in performance time) in all
reading measures in our composite gain time score. Thus, speeding up reading reduces
the subjective burden related to reading. Thus, reading therapy in HD might prove as
an interesting option to reduce the considerable fatigue described in a recent Swedish
study [6]. Hence, our treatment not only improved test scores but also reduced subjective
impairments related to HD in daily life. Furthermore, the improvements in the global
measure of correct performance (gain correct) correlated positively with the treatment time.
Previous reading studies revealed no significant correlation between training intensity
and reading speed [27]. However, our results showed that treatment intensity may be
an important issue that should be addressed in forthcoming studies. A higher treatment
intensity has been shown to result in a better outcome in motor therapies [47,48], and
spatial neglect [49] and aphasia rehabilitation [50], but to the best of our knowledge, not for
neuro-visual reading disorders. Finally, age positively correlated with the improvement in
time (gain time). This probably reflects the fact that older subjects performed a bit slower in
many timed reading tasks, so they could improve their reading time more during reading
therapy. This shows that an older age is not a impairment for improving reading after a
homonymous VFD.

Interestingly, we found that almost two-thirds of our sample (63%) managed to return
to their previous job. Approximately 50% of them worked part time (mean: 24.7 h per
week, range: 20-30), and another 50% worked full time (all worked 40 h per week) after the
end of the reading therapy. This is, to our knowledge, the first study reporting return to
work in HD patients. Return to work or its failure is an important aspect of participation
that has been neglected up to now in many therapy studies with VFD patients [32] or those
suffering from visual neglect [51].

5. Conclusions and Limitations

Despite the significant results reported here, several limitations should be mentioned.
First, we used a single-subject baseline design without a control group, and the training
sessions were not equally distributed for all patients. This approach was chosen because
all patients were regular in-patients of our outpatient unit. Consequently, we refrained
from allocating patients into a second (control) group which then eventually received no
or another treatment or would have to wait a long time in a waiting group to receive
treatment. This would have caused difficulties with the health insurance which paid for the
treatment (but not for a “no” treatment). No other promising and effective reading therapy
appeared suitable to us. Moreover, it should be pointed out that the improvements could
also be related to compensatory processes that occur in the brain structures or to the drug
treatment that the patients were receiving. As already discussed in the methods section, this
seems to be unlikely due to the timing of the lesions and stable drug treatment. Following
this argument, one would expect similar improvements between baseline time points or
during follow-up testing. Uncertainties due to these factors are natural aspects in health
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service research [52], as clinical needs must be addressed along with the research. Despite
these limitations, the improvements in the basic reading tasks are consistent with those
previous studies on HD therapy [23], while the improvements in the functional reading
tasks are novel and quite impressive. It also appears encouraging that nearly two-thirds of
our patients returned to their prior (paid) work.

Second, our sample contained a mix of individuals with different types and sides
of visual field defects in this sample who also suffered from brain damage with different
etiologies. Again, while this may be a methodological weakness, because the sample is less
homogenous, it is also a strength: it reflects a realistic (and not highly pre-selected) sample
of patients with HD in a typical outpatient unit and, therefore, makes the generalization
of findings to daily therapeutic practice in similar institutions easier. The etiologies in
our sample are the most frequent and quite typical etiologies that cause HD [2,6]. To
conclude, these novel findings may be integrated into a more effective reading therapy for
HD patients that may promote reintegration into daily life and work.

Third, our patient sample was too small to perform a sub-analysis for distinct patient
groups and treatment types. In a recent study, Kuester-Grueber et al. [27] showed that
patients with right-sided VFD benefit from differential reading training compared to
patients with left-sided VFD. In a future study, it should be investigated whether these
specific subgroups benefit differently from our three treatment techniques. We hypothesize
that patients with right-sided VFDs might benefit more from a floating text procedure,
whereas patients with left-sided VFD, who have difficulties in finding the beginning of a
text line, might benefit more from moving window text training. Fourth, we did not ask
our patients for feedback regarding the treatment techniques and training intensity. In
Kuester-Gruber et al. [27], the patients were asked to train twice a day for 30 min on 5 days
per week. A part of their patients reported the training to be demanding or exhausting. To
enhance training compliance, it would be interesting to record and consider the feedback
from patients carefully in our future studies.

Fifth, our training should be tested to see whether it would also be effective as home-
based training. For example, neuro-psychological care is not available in rural areas, and
for patients with reduced mobility, it is difficult to visit an outpatient clinic several times
a week for training. A home-based version could make the training available for a larger
number of patients and lower the costs for health insurance [22,43,53]. However, this
home-based training would have to been proven to lead to objective improvements in ADL
(activity of daily living)-related tasks. For instance, there was no transfer effect in a study
by Aimola et al. [22], and it was suggested that home-based training was less effective than
the supervised equivalent.
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Appendix A

The Subjective Symptom Load Questionnaire—Reading and Reading-Related Tasks
0 =notatall 1 = somewhat 2 = partly 3 = mostly 4 = totally

I'have had difficulties since the illness . ... Score 0—4 for every question.
1. ... when reading a newspaper

.. when reading a book

.. to hold the line when reading

.. to find the beginning of the line when reading

.. to look for the end of the line when reading

.. when reading long words

.. when reading on a computer/tablet

.. when reading messages on a mobile phone/smartphone

... when reading signs in traffic

10. I leave out words/syllables when reading

11. I can no longer read for as long as I used to

12. ... when writing

13. ... when filling out checks/forms/letters/cards

14. ... to recognize small writing or small numbers

15. My vision has been blurred since the illness

16. ... recognize colors/ colors look paler

O RPN A LN

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

de Haan, G.A.; Heutink, J.; Melis-Dankers, B.J.M.; Tucha, O.; Brouwer, WH. Spontaneous recovery and treatment effects in
patients with homonymous visual field defects: A meta-analysis of existing literature in terms of the ICF framework. Surv.
Ophthalmol. 2014, 59, 77-96. [CrossRef] [PubMed]

Kerkhoff, G. Restorative and compensatory therapy approaches in cerebral blindness—A review. Restor. Neurol. Neurosci. 1999,
15,255-271. [PubMed]

Rowe, F,; Brand, D.; Jackson, C.A; Price, A.; Walker, L. Visual impairment following stroke: Do stroke patients require vision
assessment? Age Ageing 2009, 38, 188-193. [CrossRef] [PubMed]

Zhang, X.; Kedar, S.; Lynn, M.J.; Newman, N.J.; Biousse, V. Homonymous hemianopia in stroke. . Neuroophthalmol. 2006, 26,
180-183. [CrossRef] [PubMed]

Zhang, X.; Kedar, S.; Lynn, M.J.; Newman, N.J.; Biousse, V. Homonymous hemianopias: Clinical-anatomic correlations in
904 cases. Neurology 2006, 66, 906-910. [CrossRef] [PubMed]

Lindstedt, M.B.; Johansson, ].; Ygge, J.; Borg, K. Vision-Related Symptoms after Acquired Brain Injury and the Association with
Mental Fatigue, Anxiety and Depression. J. Rehabil. Med. 2019, 51, 499-505. [CrossRef] [PubMed]

Bruce, B.B.; Zhang, X.; Kedar, S.; Newman, N.J.; Biousse, V. Traumatic homonymous hemianopia. J. Neurol. Neurosurg. Psychiatry
2006, 77, 986-988. [CrossRef] [PubMed]

Zhang, X.; Kedar, S.; Lynn, M.].; Newman, N.J.; Biousse, V. Natural history of homonymous hemianopia. Neurology 2006, 66,
901-905. [CrossRef]

Machner, B.; Sprenger, A.; Sander, T.; Heide, W.; Kimmig, H.; Helmchen, C.; Kémpf, D. Visual search disorders in acute and
chronic homonymous hemianopia. Ann. N. Y. Acad. Sci. 2009, 1164, 419-426. [CrossRef]

Schuett, S. The rehabilitation of hemianopic dyslexia. Nat. Rev. Neurol. 2009, 5, 427-437. [CrossRef]

Baier, B.; Mueller, N.; Fechir, M.; Dieterich, M. Line bisection error and its anatomic correlate. Stroke 2010, 41, 1561-1563. [CrossRef]
Savir, H.; Michelson, I.; David, C.; Mendelson, L.; Najenson, T. Homonymous hemianopsia and rehabilitation in fifteen cases of
C.C.I. Scand. ]. Rehab. Med. 1977, 9, 151-153.

Neumann, G.; Schaadt, A K.; Reinhart, S.; Kerkhoff, G. Clinical and Psychometric Evaluations of the Cerebral Vision Screening
Questionnaire in 461 Nonaphasic Individuals Poststroke. Neurorehabil. Neural Repair 2016, 30, 187-198. [CrossRef]

McConkie, G.W.; Rayner, K. The span of the effective stimulus during a fixation in reading. Percept. Psychophys. 1975, 17, 578-586.
[CrossRef]

Pflugshaupt, T.; Gutbrod, K.; Wurtz, P.; von Wartburg, R.; Nyffeler, T.; de Haan, B.; Karnath, H.O.; Mueri, R.M. About the role of
visual field defects in pure alexia. Brain 2009, 132, 1907-1917. [CrossRef] [PubMed]

Reinhart, S.; Keller, I.; Kerkhoff, G. Effects of head rotation on space- and word-based reading errors in spatial neglect. Neuropsy-
chologia 2010, 48, 3706-3714. [CrossRef] [PubMed]

Reinhart, S.; Schaadt, A.K.; Adams, M.; Leonhardt, E.; Kerkhoff, G. The frequency and significance of the word length effect in
neglect dyslexia. Neuropsychologia 2013, 51, 1273-1278. [CrossRef] [PubMed]

Arduino, L.S;; Vallar, G.; Burani, C. Left neglect dyslexia and the effect of stimulus duration. Neuropsychologia 2005, 44, 662—665.
[CrossRef] [PubMed]


https://doi.org/10.1016/j.survophthal.2013.02.006
https://www.ncbi.nlm.nih.gov/pubmed/24112548
https://www.ncbi.nlm.nih.gov/pubmed/12671237
https://doi.org/10.1093/ageing/afn230
https://www.ncbi.nlm.nih.gov/pubmed/19029069
https://doi.org/10.1097/01.wno.0000235587.41040.39
https://www.ncbi.nlm.nih.gov/pubmed/16966935
https://doi.org/10.1212/01.wnl.0000203913.12088.93
https://www.ncbi.nlm.nih.gov/pubmed/16567710
https://doi.org/10.2340/16501977-2570
https://www.ncbi.nlm.nih.gov/pubmed/31165172
https://doi.org/10.1136/jnnp.2006.088799
https://www.ncbi.nlm.nih.gov/pubmed/16574725
https://doi.org/10.1212/01.wnl.0000203338.54323.22
https://doi.org/10.1111/j.1749-6632.2009.03769.x
https://doi.org/10.1038/nrneurol.2009.97
https://doi.org/10.1161/STROKEAHA.109.576298
https://doi.org/10.1177/1545968315585355
https://doi.org/10.3758/BF03203972
https://doi.org/10.1093/brain/awp141
https://www.ncbi.nlm.nih.gov/pubmed/19498088
https://doi.org/10.1016/j.neuropsychologia.2010.09.006
https://www.ncbi.nlm.nih.gov/pubmed/20833189
https://doi.org/10.1016/j.neuropsychologia.2013.03.006
https://www.ncbi.nlm.nih.gov/pubmed/23528849
https://doi.org/10.1016/j.neuropsychologia.2005.06.009
https://www.ncbi.nlm.nih.gov/pubmed/16129460

Brain Sci. 2024, 14, 259 21 of 22

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.
36.
37.
38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

Nyffeler, T.; Paladini, R.E.; Hopfner, S.; Job, O.; Nef, T.; Pflugshaupt, T.; Vanbellingen, T.; Bohlhalter, S.; Muri, R M.; Kerkhoff, G.;
et al. Contralesional Trunk Rotation Dissociates Real vs. Pseudo-Visual Field Defects due to Visual Neglect in Stroke Patients.
Front. Neurol. 2017, 8, 411. [CrossRef] [PubMed]

Kerkhoff, G.; Munsinger, U.; Eberle-Strauss, G.; Stogerer, E. Rehabilitation of hemianopic alexia in patients with postgeniculate
visual field disorders. Neuropsychol. Rehabil. 1992, 2, 21-42. [CrossRef]

Leff, A.P; Spitzyna, G.A.; Plant, G.T.; Wise, R.]. Structural anatomy of pure and hemianopic alexia. . Neurosurg. Psychiatry 2006,
77,1004-1007. [CrossRef]

Aimola, L.; Lane, A.R.; Smith, D.T.; Kerkhoff, G.; Ford, G.A.; Schenk, T. Efficacy and Feasibility of Home-Based Training for
Individuals with Homonymous Visual Field Defects. Neurorehabilit. Neural Repair 2014, 28, 207-218. [CrossRef]

Kerkhoff, G.; Rode, G.; Clark, S. Treating neurovisual deficits and spatial neglect. In Clinical Pathways in Neurorehabilitation; Platz,
T., Ed.; Springer: Heidelberg, Germany, 2021; pp. 191-217.

Pollatsek, A.; Bolozky, S.; Well, A.D.; Rayner, K. Asymmetries in the Perceptual Span for Israeli Readers. Brain Lang. 1981, 14,
174-180. [CrossRef]

Jordan, TR.; Almabruk, A.A.A.; Gadalla, E.A.; McGowan, V.A.; White, S.J.; Abedipour, L.; Paterson, K.B. Reading direction and
the central perceptual span: Evidence from Arabic and English. Psychon. Bull. Rev. 2014, 21, 505-511. [CrossRef]

Paterson, K.B.; McGowan, V.A.; White, S.J.; Malik, S.; Abedipour, L.; Jordan, T.R. Reading Direction and the Central Perceptual
Span in Urdu and English. PLoS ONE 2014, 9, e88358. [CrossRef]

Kuester-Gruber, S.; Kabisch, P.; Cordey, A.; Karnath, H.O.; Trauzettel-Klosinski, S. Training of vertical versus horizontal reading
in patients with hemianopia—A randomized and controlled study. Graefes Arch. Clin. Exp. Ophthalmol. 2021, 259, 745-757.
[CrossRef]

Hebel, N.; Cramon, D.V. Der Posteriorinfarkt. Fortschritte Neurol. Psychiatr. 1987, 55, 37-53. [CrossRef]

Leff, A.P; Scott, S.K.; Crewes, H.; Hodgson, T.L.; Cowey, A.; Howard, D.; Wise, R.].S. Impaired reading in patients with right
hemianopia. Ann. Neurol. 2000, 47, 171-178. [CrossRef] [PubMed]

Cramon, D.Y.V,; Hebel, N.; Schuri, U. Verbal memory and learning in unilateral posterior cerebral infarction. Brain 1988, 111,
1061-1077. [CrossRef]

Pollock, A.; Hazelton, C.; Henderson, C.A.; Angilley, J.; Dhillon, B.; Langhorne, P; Livingstone, K.; Munro, FA.; Orr, H.; Rowe,
F]J.; et al. Interventions for visual field defects in patients with stroke. Cochrane Database Syst. Rev. 2011, 43, e37—e38. [CrossRef]
Pollock, A.; Hazelton, C.; Rowe, FJ.; Jonuscheit, S.; Kernohan, A.; Angilley, J.; Henderson, C.A.; Langhorne, P.; Campbell, P.
Interventions for visual field defects in people with stroke. Cochrane Database Syst. Rev. 2019, ARTN CD008388. [CrossRef]
Kerkhoff, G.; Reinhart, S.; Ziegler, W.; Artinger, F.; Marquardt, C.; Keller, I. Smooth pursuit eye movement training promotes
recovery from auditory and visual neglect: A randomized controlled study. Neurorehabilit. Neural Repair 2013, 27, 789-798.
[CrossRef] [PubMed]

Huber, W.; Poeck, K.; Weniger, D.; Willmes, K. Der Aachener Aphasie Test (AAT); Verlag fiir Psychologie, Hogrefe: Gottingen,
Germany, 1983.

Kerkhoff, G.; Marquardt, C. EYEMOVE—Standardisierte Analyse und Therapie visueller Explorationsstérungen. Nervenarzt
2009, 80, 1192-1204. [CrossRef] [PubMed]

Kerkhoff, G.; Marquardt, C. Visually based reading disorders after brain damage: Standardised assessment and treatment with
READ. Nervenarzt 2009, 80, 1424-1439. [CrossRef] [PubMed]

Reinhart, S.; Hofer, B.; Kerkhoff, G. Visuell bedingte Lesestérungen nach erworbener Hirnschddigung: Therapie. Sprache-Stimme-
Gehor 2013, 37, 105-111. [CrossRef]

Rubin, G.S.; Turano, K. Reading without saccadic eye movements. Vis. Res. 1992, 32, 895-902. [CrossRef] [PubMed]

Rayner, K. The gaze-contingent moving window in reading: Development and review. Vis. Cogn. 2014, 22, 242-258. [CrossRef]
Yong, K.; Rajdev, K.; Warrington, E.; Nicholas, J.; Warren, J.; Crutch, S. A longitudinal investigation of the relationship between
crowding and reading: A neurodegenerative approach. Neuropsychologia 2016, 85, 127-136. [CrossRef]

Berends, H.I; Nijlant, ] M.; Movig, K.L.; Van Putten, M.].; Jannink, M.].; [jzerman, M.]J. The clinical use of drugs influencing
neurotransmitters in the brain to promote motor recovery after stroke; a Cochrane systematic review. Eur. ]. Phys. Rehabil. Med.
2009, 45, 621-630.

Luvizutto, G.J.; Bazan, R.; Braga, G.P; Resende, L.A.; Bazan, S.G.; El Dib, R. Pharmacological interventions for unilateral spatial
neglect after stroke. Cochrane Database Syst. Rev. 2015, CD010882. [CrossRef]

Spitzyna, G.A.; Wise, R].; McDonald, S.A.; Plant, G.T.; Kidd, D.; Crewes, H.; Leff, A.P. Optokinetic therapy improves text reading
in patients with hemianopic alexia: A controlled trial. Neurology 2007, 68, 1922-1930. [CrossRef]

Virgili, G.; Acosta, R.; Grover, L.L.; Bentley, S.A.; Giacomelli, G. Reading aids for adults with low vision. Cochrane Database Syst.
Rev. 2013, 10, CD003303. [CrossRef]

Kaltenegger, K.; Kuester, S.; Altpeter-Ott, E.; Eschweiler, G.W.; Cordey, A.; Ivanov, L.V.; Martus, P.; Knipp, C.; Trauzettel-Klosinski,
S. Effects of home reading training on reading and quality of life in AMDa randomized and controlled study. Graefes Arch. Clin.
Exp. Ophthalmol. 2019, 257, 1499-1512. [CrossRef]

Weicker, J.; Villringer, A.; Thone-Otto, A. Can Impaired Working Memory Functioning Be Improved By Training? A Meta-Analysis
with a Special Focus on Brain Injured Patients. Neuropsychology 2016, 30, 190-212. [CrossRef] [PubMed]

Nudo, R.J. Neural bases of recovery after brain injury. J. Commun. Disord. 2011, 44, 515-520. [CrossRef]


https://doi.org/10.3389/fneur.2017.00411
https://www.ncbi.nlm.nih.gov/pubmed/28861036
https://doi.org/10.1080/09602019208401393
https://doi.org/10.1136/jnnp.2005.086983
https://doi.org/10.1177/1545968313503219
https://doi.org/10.1016/0093-934X(81)90073-0
https://doi.org/10.3758/s13423-013-0510-4
https://doi.org/10.1371/journal.pone.0088358
https://doi.org/10.1007/s00417-020-04952-w
https://doi.org/10.1055/s-2007-1001808
https://doi.org/10.1002/1531-8249(200002)47:2%3C171::AID-ANA6%3E3.0.CO;2-P
https://www.ncbi.nlm.nih.gov/pubmed/10665487
https://doi.org/10.1093/brain/111.5.1061
https://doi.org/10.1002/14651858.CD008388.pub2
https://doi.org/10.1002/14651858.CD008388.pub3
https://doi.org/10.1177/1545968313491012
https://www.ncbi.nlm.nih.gov/pubmed/23797459
https://doi.org/10.1007/s00115-009-2811-4
https://www.ncbi.nlm.nih.gov/pubmed/19672571
https://doi.org/10.1007/s00115-009-2723-3
https://www.ncbi.nlm.nih.gov/pubmed/19484214
https://doi.org/10.1055/s-0032-1321842
https://doi.org/10.1016/0042-6989(92)90032-E
https://www.ncbi.nlm.nih.gov/pubmed/1604858
https://doi.org/10.1080/13506285.2013.879084
https://doi.org/10.1016/j.neuropsychologia.2016.02.022
https://doi.org/10.1002/14651858.CD010882.pub2
https://doi.org/10.1212/01.wnl.0000264002.30134.2a
https://doi.org/10.1002/14651858.CD003303.pub3
https://doi.org/10.1007/s00417-019-04328-9
https://doi.org/10.1037/neu0000227
https://www.ncbi.nlm.nih.gov/pubmed/26237626
https://doi.org/10.1016/j.jcomdis.2011.04.004

Brain Sci. 2024, 14, 259 22 of 22

48.

49.

50.

51.

52.

53.

Kwakkel, G.; Wagenaar, R.C.; Twisk, ].W.; Lankhorst, G.J.; Koetsier, ].C. Intensity of leg and arm training after primary middle-
cerebral-artery stroke: A randomised trial. Lancet 1999, 354, 191-196. [CrossRef]

Chen, P; Hreha, K.; Gonzalez-Snyder, C.; Rich, T.].; Gillen, R W,; Parrott, D.; Barrett, A.M. Impacts of Prism Adaptation Treatment
on Spatial Neglect and Rehabilitation Outcome: Dosage Matters. Neurorehabil. Neural Repair 2022, 36, 500-513. [CrossRef]
Breitenstein, C.; Grewe, T.; Floel, A.; Ziegler, W.; Springer, L.; Martus, P.; Huber, W.; Willmes, K.; Ringelstein, E.B.; Haeusler,
K.G.; et al. Intensive speech and language therapy in patients with chronic aphasia after stroke: A randomised, open-label,
blinded-endpoint, controlled trial in a health-care setting. Lancet 2017, 389, 1528-1538. [CrossRef]

Kerkhoff, G. Successful return to professional work after neglect, extinction, and spatial misperception—Three long-term case
studies. Neuropsychol. Rehabil. 2021, 31, 837-862. [CrossRef] [PubMed]

Skivington, K.; Matthews, L.; Simpson, S.A.; Craig, P.; Baird, J.; Blazeby, ].M.; Boyd, K.A.; Craig, N.; French, D.P.; McIntosh, E.;
et al. A new framework for developing and evaluating complex interventions: Update of Medical Research Council guidance.
BM]J. 2021, 374, n2061. [CrossRef] [PubMed]

Ong, Y.H.; Brown, M.M.; Robinson, P.; Plant, G.T.; Husain, M.; Leff, A.P. Read-Right: A “web app” that improves reading speeds
in patients with hemianopia. J. Neurol. 2012, 259, 2611-2615. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S0140-6736(98)09477-X
https://doi.org/10.1177/15459683221107891
https://doi.org/10.1016/S0140-6736(17)30067-3
https://doi.org/10.1080/09602011.2020.1738248
https://www.ncbi.nlm.nih.gov/pubmed/32192392
https://doi.org/10.1136/bmj.n2061
https://www.ncbi.nlm.nih.gov/pubmed/34593508
https://doi.org/10.1007/s00415-012-6549-8
https://www.ncbi.nlm.nih.gov/pubmed/22688568

	Introduction 
	Materials and Methods 
	Patient Recruitment 
	Assessments 
	Neuro-Visual Screening Tests 
	Differential Diagnosis of HD from Pure Alexia 
	Reading Test Battery and Subjective Symptom Load Questionnaire 

	Treatments 
	Design and Statistics 

	Results 
	Basic Clinical Tests 
	Reading Text on Paper 
	Reading Text on PC screen 
	Single-Word Reading on Computer Screen 

	Functional Reading Tests 
	Text Memory 
	Finding Typing Errors 
	Phone Numbers 
	Subjective Symptom Load Questionnaire 
	Return to Work 

	Further Analyses 

	Discussion 
	Basic Clinical Reading Tests and Relationship between Paper and Screen Reading Tasks 
	Effects of Reading Therapy on Reading Tests and Possible Mechanisms 
	Effects on Subjective Symptom Load, Treatment Intensity and Return to Work 

	Conclusions and Limitations 
	Appendix A
	References

