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Abstract 

Background  Acquired homonymous visual field defects (HVFDs) result in significant disability, reducing quality 
of life. Spontaneous recovery occurs within the first months, then the likelihood of vision recovery decreases, making 
rehabilitation necessary. HVFDs rehabilitation is typically lengthy and intensive, done on an outpatient basis, hardly 
compatible with the return to everyday life. Telerehabilitation represents an option for continuing the therapy 
in the chronic phase of the disease, offering long-term support after hospital discharge. It also allows individuals 
with HVFDs to exercise independently, intensively, and actively at home, in a familiar environment, under remote 
supervision. However, the efficacy of telerehabilitation for chronic HVFDs in adults still requires empirical support.

Methods  This single-arm clinical trial assesses the efficacy of a home-based, remote-supervised, compensatory 
audio-visual training (AVT) in 26 adults with chronic HVFDs following a brain lesion. Immediate and long-term (up 
to 6 months) effects on visual field scanning, reading, activities of daily living and mood were assessed. Predictors 
of treatment-induced gains were also investigated considering behavioral, neuro-ophthalmological (visual field 
perimetry and visual evoked potentials) and neuroradiological variables (structural imaging of grey- and white-
matter damages). Finally, the efficacy of the home-based AVT was compared to that of its in-person version (16 new 
participants with chronic HVFDs).

Results  Home-based AVT improves accuracy and speed of visual search, reading, mood, and disability 
in the activities of daily living, with improvements persisting up to 6 months after the end of the training 
(baseline vs. post-training assessments, all ps < 0.04). Post-treatment gains correlate with the severity of visual 
search deficit and the efficiency of multisensory integration (rs = -0.7/-0.5, all ps < 0.04). Neuro-ophthalmological 
and neuroradiological (structural connectivity) parameters are unaffected by the AVT, in line with its compensatory 
nature, although being associated to its efficacy (all ps < 0.03). Finally, the telerehabilitation version of the AVT 
produces effects comparable to the in-person AVT.

Conclusion  Multisensory training delivered in telerehabilitation is feasible and effective for ameliorating oculomotor 
compensation of visual field loss, improving mood and reducing functional disabilities in adults with chronic HVFDs.

Trial registration This study was retrospectively registered at clinicaltrials.gov (NCT06341777; 26/03/2024).
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Introduction
Homonymous visual field defects (HVFDs) are common 
sequelae of post-chiasmal brain lesions of different eti-
ologies, such as stroke, traumatic brain injury or brain 
tumors. The rate of spontaneous recovery is maximal 
within the first months after the brain injury, then the 
chance of regaining visual functions diminishes over 
time [1, 2], resulting in chronic visual impairments that 
compromise vision-dependent activities of daily living 
(v-ADLs) [3], such as reading and navigating the environ-
ment [4–6], with a significant reduction in quality of life 
[7]. Moreover, individuals with visual loss often experi-
ence mental stress and anxiety, which can eventually lead 
to depression and social isolation [8, 9].

There are different treatment options for HVFDs [10], 
including compensatory trainings aimed at develop-
ing oculomotor strategies to overcome the visual field 
loss [11–13]. Among compensatory trainings, the mul-
tisensory audio-visual training (AVT) [14–21] has been 
proven effective in promoting the development of effi-
cient oculomotor strategies to compensate for the visual 
field loss in both adults and children with acquired brain 
injury [22]. The advantage of AVT, as compared with 
standard unimodal visual trainings [16], would rely on 
the activation of a  multisensory retino-colliculo-extras-
triate pathway that is  frequently spared in the case of 
HVFDs following posterior brain damages [23–26], as 
also shown in animal models [27, 28].

However, AVT is a rather intensive in-person treatment 
(requiring several hours of training) that is typically deliv-
ered daily on an outpatient basis for two or more weeks 
[14]. This poses logistical difficulties, forcing some peo-
ple to forego embarking on the rehabilitation pathway. 
This is especially true in the chronic phase of the disease, 
when expectations for improvement are reduced and the 
commitments of daily life become incompatible with an 
intensive outpatient treatment. These limits of ambula-
tory rehabilitation can be overcome with telerehabilita-
tion [29–31], which allows for the remote administration 
of therapies, hence increasing their accessibility and 
retaining the person’s autonomy. However, the feasibil-
ity and effectiveness of remote-supervised, home-based, 
AVT for acquired HVFDs still need to be documented. 
Attempts in this direction have been made by Tinelli 
and colleagues [19], who provided some preliminary 
evidence of the feasibility of a 5-week home-based AVT 
for HVFDs but on an individual basis. Similarly, Daibert-
Nido et  al. [32] developed a home-based virtual-reality 

protocol for audio-visual stimulation, testing its feasibil-
ity in two persons with hemianopia following a pediat-
ric brain tumor (see also [33], for a home-based, but not 
remotely assisted, ’unimodal’ reading and exploration 
computer training).

Therefore, the present study aimed to explore the fea-
sibility and clinical efficacy of the AVT delivered at home 
in telerehabilitation in a sample of adults with chronic 
acquired HVFDs, assessing its effects on oculomotor 
visual field scanning (primary outcome), reading,  and 
v-ADLs, also characterizing behavioral, neuro-ophthal-
mological and neuroradiological correlates of treatment-
induced clinical gains. Moreover, we also explored the 
impact of the treatment on mood: if the AVT has a posi-
tive impact on visual field exploration, and this in turn 
improves the quality of life, the expectation is that mood 
will also benefit. Finally, in a second study, we compared 
the efficacy of the remotely delivered AVT with that of its 
in-person version.

Study 1: Clinical efficacy of telerehabilitation 
for visual field defects
Methods
Experimental design
This is a single-arm, prospective, evaluator-blinded, 
clinical trial. All participants underwent in-hospital neu-
ropsychological and neuro-ophthalmological evaluations 
at the following timepoints: before the beginning of the 
AVT (Pre), immediately at its end (Post), at 1  month 
(FU1) and 6  months follow-ups (FU6). Structural Mag-
netic Resonance Imaging (MRI) was acquired only pre- 
and post-treatment.

A sub-group of these participants (N = 13; i.e., Waitlist 
Group, WL) was randomly assigned (1:1 ratio; random 
sequence generation, enrollment, and allocation carried 
out by C.C.) to undergo an additional baseline assess-
ment one month prior to the AVT (i.e., Pre -1). This 
double-baseline approach aimed at controlling for prac-
tice effect and spontaneous changes, although unlike in 
chronic conditions. For more details, see the Supplemen-
tary Material.

Participants and sample size estimation
The sample size was calculated with G*Power 3 
(Heinrich-Heine-Universität Düsseldorf, Germany), 
considering changes in visual search performance 
(primary outcome) [14, 18] in a repeated measures 
Analysis of Variance (ANOVA) with alpha = 0.05, 
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1-beta = 0.95, a medium effect size (f = 0.3), 4 timepoints 
(Pre, Post, FU1, FU6), correlation between repeated 
measures of 0.5, and sphericity correction = 1. The 
calculation indicated a minimum sample of 26 adults. 
Estimating a conservative attrition rate of 15%, we 
recruited 30 participants (Fig.  1) at the Capitanio 
Hospital of the IRCCS Istituto Auxologico Italiano 

(Milan, Italy). Of the 30 recruited participants, 26 
completed the training and the Post-training assessment, 
25 completed FU1 and 20 completed FU6 (see Fig. 1). A 
final sample of 26 participants was analyzed (see Table 1), 
i.e., all participants who completed at least the Post 
assessment.

Fig. 1  Consort flow diagram. Post: assessment immediately after the treatment, FU1: 1-month follow-up; FU6: 6-month follow-up. 1all participants 
who completed, at least, the Post assessment were included in the analyses
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Inclusion criteria were: age > 18 years, acquired chronic 
HVFDs (disease duration ≥ 6 months, confirmed by visual 
field perimetry) due to stroke, traumatic brain injury, 
or brain tumor; absence of cognitive decline and major 
psychiatric/neurological diseases (as assessed through 
medical history and clinical interview at the screening 
phase, or by considering the neuropsychological 
assessment whenever available); normal hearing; 
normal visual acuity (best corrected monocular visual 
acuity = 20/20, assessed with Snellen chart); no history 
or evidence of retinal disease, retinal surgery, ocular 
trauma, optic neuropathies  (including glaucoma and 
ocular hypertension), myopia equal to or greater than 
6 diopters; not being enrolled in another treatment for 
HVFDs. The reconstruction of brain lesions is depicted 
in Fig. 2.

Home‑based AVT
The AVT was delivered via the AvDesk device (Linari 
Medical; https://​linar​imedi​cal.​com), a foldable, 
semicircular panel (length 192 cm; diameter 110 cm; see 
Fig. 3) that features 24 visual units (light emitting diodes, 
LEDs) arranged in two horizontal rows (12 units for each 
row), and 12 audio units (loudspeakers arranged in one 
horizontal row) at an eccentricity of 8, 24, 40, 56, 72, 88 
degrees from the central fixation point, in the left and 

in the right hemifield. An eye- and face-tracking camera 
in the center of the panel monitored the gaze position: 
a stimulus was presented only if the central fixation was 
maintained. The camera had a sampling rate of 10  Hz 
and it was integrated with a self-developed software that 
enables head detection with an accuracy of 1 mm in the 
x and y planes of the capture area, as well as gaze and 
head direction with an accuracy of 1°. During the AVT, 
the participant sat in front of the AvDesk at a distance 
of ~ 57 cm, so that the panel covered 180° of visual field. 
Participants were instructed to orient their gaze towards 
the audio-visual stimulus (a red flash simultaneous with a 
sound at 2800 Hz; duration = 100 ms) and press a wireless 
button as soon as the visual stimulus was detected. To 
monitor false positives, catch trials (15% of auditory 
stimuli, without visual ones) were presented.

Participants were required to train at any time of the 
day, for 2  h, 5  days a week for 3  weeks. Breaks were 
allowed during daily treatment, which was organized into 
two or more blocks of trials according to the participant’s 
needs. The total number of daily stimuli varied depend-
ing on the individual performance and progression, and 
in every session, stimuli were presented in random order 
in the blind visual field (70%) and in the intact visual field 
(30%).

At the end of each session, accuracy (i.e., the percent-
age of correct audio-visual detections via button press) 
and response times (RTs) were automatically sent to an 
online server accessed by the therapist to remotely moni-
tor the treatment progress. Data connection was always 
guaranteed through a data SIM card installed in the 
AvDesk computer or via connection to the participant’s 
home network (Ethernet cable or Wi-Fi).

Before the beginning of the training, participants and 
their caregivers underwent an in-person training pro-
viding detailed instructions on the use of the AvDesk. 
Remote supervision and assistance during the train-
ing was possible thanks to the server-based system, that 
allowed the therapist to monitor daily adherence to treat-
ment schedule.

Neuropsychological assessment
Visual search
Three different tasks were used to assess visual field 
search: the EF, Triangles and Numbers tests [14, 21]. For 
all tests, the stimuli were presented on an LCD screen 
(Philips LCD 42″; resolution: 1920 × 1080), at a distance 
of 57 cm from the eyes (visual angle = 79° horizontal × 48° 
vertical). Each trial began with a fixation (a red cross 
lasting 1  s), followed by the presentation of the search 
array on a black background. Participants had to scan the 
visual field and look for visual targets presented among 
distractors of the same size. Participants were instructed 

Table 1  Clinical-demographic characteristics of the analyzed 
sample (n = 26)

Neuropsychological and neuro-ophthalmological results refer to the baseline 
assessment before the beginning of the training, i.e., Pre. For quantitative 
variables, mean ± standard deviation is reported

MD, mean deviation in decibels (db) at 30–2 visual field testing; inf. 
quad., inferior quadrantanopia; TBI, traumatic brain injury; HH, homonymous 
hemianopia; RTs, response times; v-ADLs, vision-dependent activities of daily 
living; HDRS, Hamilton Depression Rating Scale

Age (years) 54.2 ± 16.3

Sex 14 females, 12 males

Disease duration (month) 28.7 ± 25

Etiology 10 hemorrhagic stroke
12 ischemic stroke
3 TBI
1 brain tumor

Visual field size (MD, db) − 12.6 ± 4.4

Visual field defect 2 left inf. quad.
13 left HH
11 right HH

Lesion volume (cm3) 29 ± 33.1

EF test—accuracy (%) 86.1 ± 17.2

Triangles test—accuracy (%) 78.4 ± 14.1

Numbers test—RTs (ms) 34.37 ± 10,218

Reading speed (syllables/sec.) 3.8 ± 1.6

v-ADLs 10.3 ± 6.39

HDRS 7.1 ± 5.1

https://linarimedical.com
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to respond as accurately and quickly as possible. After the 
response, a black screen was presented for 1 s before the 
start of the next trial. The experimenter ensured by visual 
inspection that the participant looked at the fixation 
cross before starting the next trial.

In the EF test,  the arrays contained 21 randomly 
distributed stimuli (5 × 5  cm green letters): the target 
letter ‘F’ among the distractor letters ‘E’. Participants 
had to scan the array and indicate the presence of the 
target by pressing the left arrow key of the PC keyboard 
or its absence by pressing the right arrow key. Twenty 
trials were presented: 16 with the target and 4 without. 
In each trial, the target was located in one of 16 
different areas of the screen, i.e., the screen was ideally 
subdivided into four columns and four rows, resulting 
in 16 rectangular areas.

In the Triangles test, each array comprised 21 visual 
stimuli (4 × 4  cm): targets were yellow triangles (0 to 
13) and distractors were yellow squares (target/distrac-
tor ratio: 0–62%). The participant had to scan the visual 
array and verbally report the number of targets, press-
ing the space bar of the keyboard to indicate the end of 
the scan. Twenty trials were administered.

In the Numbers test, eight arrays of stimuli were pre-
sented in random order, each containing 15 red num-
bers (from number 1 to 15): the task was to point, with 
the dominant hand, to each number in ascending order 
as fast as possible. Each trial was terminated by the 

Fig. 2  Lesion localization of participants with homonymous visual field defects (HVFDs). Overlay lesion plots (frequencies of overlapping lesions, 
from dark blue, i.e., minimum overlap, to red, i.e., maximum overlap) for A) participants with left HVFDs and B) participants with right HVFDs. Brain 
lesions are displayed according to the neurological convention. The average lesion volume was 29 ± 33 cm3 (range: 0.3–114 cm3). According 
to the AAL atlas, the most affected areas, irrespective of the lesion side, were: the calcarine sulcus (N = 15), the lingual gyrus (N = 15), the superior 
(N = 9), the middle (N = 12), and the inferior (N = 9) occipital lobes, as well as the cuneus (N = 13), and the fusiform gyrus (N = 12). In fact, the most 
injured lobes were the occipital lobe (N = 16; mean lesion extension = 15.53 ± 16.05 voxels), followed by temporo-parietal areas (N = 13; mean lesion 
extension = 13.58 ± 20.84 voxels). Only few participants experienced damages to the frontal lobe (N = 3) or the sub-cortical nuclei (N = 4)

Fig. 3  AvDesk setup for home-based audio-visual training
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experimenter (button press of a keyboard) when the 
participant correctly pointed to all the 15 numbers. 
The score was the mean RT needed to search for all the 
numbers.

Accuracy was recorded for the EF and the Trian-
gles tests (i.e., the ratio between the number of correct 
responses and the total number of trials, in percentage), 
and median RTs for all the three visual search tests. Stim-
uli presentation and response recording was controlled 
by the E-Prime 2 software (Psychology Software Tools 
Inc., Pittsburgh, PA).

Reading
The reading test consisted of a short story (“Il terzo 
mondo”) [34]. Reading speed (number of syllables/s) and 
the number of errors corrected for the number of read 
syllables were calculated. One point was assigned for 
each reading error (i.e., omissions, substitutions of sylla-
bles of words), reading the wrong line or reading laten-
cies > 5 s; 0.5 points were attributed for self-corrections.

v‑ADLs
We administered a 10-item questionnaire [14, 35] 
assessing the most frequent visual difficulties experienced 
by people with HVFDs. Participants had to rate on a 
5-point scale (from 0 = no problem to 4 = very frequent 
and relevant problem) to what extent they experienced 
difficulties in performing the following activities: noticing 
obstacles, bumping into objects, losing the way, finding 
objects on a table, in a room, or in the supermarket, 
walking in a crowd, reading, going up and down the 
stairs, and crossing the street. The total score range was 
0–40.

Mood
Depressive and anxiety symptoms were assessed with 
the Hamilton Depression Rating Scale (HDRS) [36]. The 
scale is composed of 21 items covering typical symp-
toms of depression (depressed mood, sense of guilt, sui-
cidal thoughts, sleep disturbances, changes in weight, 
anxiety, and paranoid or obsessive thoughts), rated on a 
5-points scale (1 = absent symptom to 5 = severe symp-
tom). Scores are summed and the severity of depression 
is scored as follows: 10–15 (possible depression), 16–25 
(mild depression), 26–28 (moderate depression), > 28 
(severe depression).

Multisensory integration
Multisensory, audio-visual, integration ability was 
assessed with the Simultaneity audio-visual Judgement 
task (SJ2) [37], which allows to measure the so-called 
temporal binding window (TBW) [38, 39]. In the SJ2 
task, participants are asked to judge the simultaneity 

of an auditory stimulus (a pure tone of 3500  Hz; 
duration = 30 ms) and a visual stimulus (a white ring on 
a black background; diameter = 9.4 cm, duration = 30 ms) 
presented together, by pressing the upward arrow key if 
they are perceived simultaneous or the downward arrow 
key if not. Inter-trial interval ranges from 2 to 3 s. During 
the task, auditory and visual stimuli were presented with 
a stimulus onset asynchronies (SOA) of 0, ± 50, ± 100, ± 1
50, ± 200, ± 250, ± 300, ± 350, ± 400  ms (- means auditory 
first, + visual first). For each SOA, 20 trials were given, for 
a total of 340 trials presented in random order. Stimulus 
presentation and response recording were controlled by 
the E-Prime 2 software. For details, see [38].

Neuro‑ophthalmological assessment
Visual field perimetry
HVFDs were measured with a Humphrey’s field ana-
lyzer. Monocular assessment was performed for both 
eyes, applying a Swedish interactive thresholding algo-
rithm (SITA standard), testing the central 30° (30–2) of 
visual field. Mean Deviation (MD) values of both eyes 
were averaged and used for the analyses. Negative values 
reflect a deviation from the expected performance in the 
participant’s age group, hence a visual field defect.

Visual evoked potentials (VEPs)
Pattern-reversal VEPs were recorded with a 4-recording 
channels computerized system (RETIMAX, CSO, IT) at 
Pre, Post, and FU6. We presented pattern-shift stimuli, 
using a black-and-white checkerboards displayed on a 
CRT screen (contrast 100%, luminance 10  cd/m2, fre-
quency = 1 Hz, pattern size = 15’).

Recording was performed during monocular hemi-
field stimulation to analyze evoked patterns from both 
the sighted and the healthy hemifield. Specifically, corti-
cal VEPs were recorded through surface electrodes posi-
tioned over OZ (active electrode), FZ (reference), and the 
mastoid (ground). The following recording parameters 
were employed: pass-band from 1 to 30  Hz, acquisition 
time 300 ms, at least 100 averages.

We analyzed latency and peak amplitude of the P100, 
the most stable and repeatable component, averaging val-
ues of the monocular recordings for the 15’ checkboard.

Neuroimaging: lesion mapping and structural connectivity
Structural Magnetic Resonance Imaging (MRI) sequences 
were acquired in two 3 T MRI scanners, a Philips Ingenia 
CX (Fondazione IRCCS San Gerardo dei Tintori, Monza, 
Italy) and a GE Signa Premier (IRCCS Istituto Auxolog-
ico Italiano, Milan, Italy). Each participant performed the 
pre- and post-training examination at the same location, 
thus with the same scanner.
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Both hospitals shared the same acquisition protocol 
that included: a 3D high-resolution T1-weighted 
sequence (FSPGR, TR/TE = 10.7/4.9 ms, flip angle = 13, 
1 mm3 isotropic voxels), and a diffusion-weighted 
multi-shell sequence (DWI-EPI, 66 directions 
gradient with a maximum b-value = 2000s/mm2, 
TR/TE = 17,000/89.4  ms, 2.6 mm3 isotropic voxels). 
Moreover, a b = 0 sequence with reverse phase-encoded 
direction was also acquired to correct for geometric 
distortions. The Neuroradiologists involved in the 
study confirmed that the imaging outputs from the two 
scanners had comparable quality.

From MRI scans, brain lesions were manually 
reconstructed on T1 scans in MRIcroGL [40]. Brain 
scans and lesion maps were normalized onto an age-
appropriate template by means of the “MR segment-
normalize” function of the Clinical Toolbox [41] for 
Statistical Parametric Mapping (SPM12) [42], in MAT-
LAB 2019b (The MathWorks Inc., 2019). We extracted 
the mean lesion volume (cm3) and the lesion extension 
(i.e., number of voxels) within cerebral areas according 
to the Automated Anatomical Labelling atlas (AAL) 
[43]. Moreover, we calculated the overall lesion exten-
sion of the occipital, temporal, and parietal lobes by 
summing the lesion extension of single areas [21, 44]. 
Pre-processing of DTI data was performed with FSL. 
Diffusion-weighted images were first corrected for 
movement artefacts, physiological noise, geometric 
distortions, and eddy currents. The obtained images 
were co-registered with the anatomical ones, applying 
a rigid transformation. By using MRtrix, we obtained 
Fractional Anisotropy (FA) and Mean Diffusivity ani-
sotropy (MDiff ) maps; white matter tracts were then 
reconstructed. Here, we applied a probabilistic algo-
rithm based on Constrained Spherical Deconvolution 
(CSD) [45–47], selecting a maximum of 1000 tracts. 
Subsequently, regions of interests were delineated on 
T1 scans to identify tracts following anatomical land-
marks: the cortico-spinal tract (CST), chosen as a ref-
erence tract since it is usually spared in people with 
HFVDs, the inferior longitudinal fasciculus (ILF), the 
superior longitudinal fasciculus (SLF), the inferior 
fronto-occipital fasciculus (IFOF), the optic radiations 
(OR), and the optic tract (OT). FA and MDiff were cal-
culated for all tracts in both hemispheres.

Statistical analysis
Analyses were performed with jamovi 2.4.14 [48]. α was 
set at 0.05.

Baseline performance stability
In order to assess the stability of deficits before the treat-
ment, we performed Wilcoxon tests comparing the two 
baselines (Pre-1 and Pre) of the WL group, in terms of 
visual search tests performance (Accuracy and RTs), 
reading performance, functional burden in the ADLs, 
depressive symptoms, and visual field size.

Treatment effects
All participants (n = 26) were included in the analyses. To 
determine treatment’s effects (i.e., changes in accuracy 
during the training, as well as post-training changes in 
neuropsychological, neuro-ophthalmological, and neu-
roimaging variables; see below), different mixed mod-
els were used depending on distribution of residuals, by 
Q-Q plot inspection and Kolmogorov–Smirnov test of 
normality. Linear Mixed Models (LMMs) were used in 
case of normally or quasi-normally distributed residu-
als, whereas generalized mixed models (GMMs) fitting 
gamma distribution were used in case of or severely 
skewed data [44, 49]. For LMMs, degrees of freedom and 
p-values were calculated with the Satterthwaite method. 
For all models, random intercepts were calculated for 
participants and significant interactions were explored 
with Holm-corrected post-hocs.

Audio‑visual detections during the training
To assess the improvements during the 3 weeks of train-
ing, we analyzed accuracy changes in the detection of 
audio-visual stimuli (i.e., the percentage of correct audio-
visual detections) by comparing accuracy on Day 1 and 
Day 15 of the training. A GMM was run with Day (Day 1 
and Day 15) and Hemifield (Blind and Sighted) as within-
subject fixed factors. The accuracy on catch trials was 
analyzed by means of a GMM with Day as within-subject 
factor.

Neuropsychological outcomes
Median accuracy in visual search were analyzed for the 
EF and the Triangles tests by means of an LMM with 
Timepoint (Pre, Post, FU1, and FU6) and Test (EF and 
Triangles) as within-subject fixed factors. Changes in 
visual search speed were analyzed considering median 
RTs in the Numbers test, which were used as dependent 
variable in a LMM with Timepoint as fixed factor (see 
the Supplementary Material for the RTs analysis of the 
EF and the Triangles tests). Reading performance (i.e., 
the number of errors and reading speed in syllables/s), as 
well as the total scores of the v-ADLs questionnaire and 
the HDRS scale were entered as dependent variables in 
separate mixed-models with Timepoint as fixed factor. 
As for the measure of multisensory integration (i.e., the 
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amplitude of the TBW), we performed a Wilcoxon test 
between the Pre and the Post values.

Neuro‑ophthalmological outcomes
To investigate changes in visual field size, we ran an 
LMM on the MD values with Timepoint (Pre, Post, FU1, 
and FU6) as fixed factor. The amplitude and latency of 
the P100 component of PEVs were entered as dependent 
variables in two different LMMs, with fixed factors Time-
point (Pre, Post, and FU6) and Hemifield (i.e., blinded 
and sighted).

Neuroimaging data
Post-treatment changes in MDiff and FA of white-mat-
ter tracts in the lesioned hemisphere were analyzed by 
means of LMMs with Timepoint (Pre and Post) and Tract 
(CST, ILF, SLF, IFOF, OR, and OT) as within-subject 
fixed factors.

Predictors of AVT efficacy
To reveal possible characteristics associated with AVT 
clinical benefits, Spearman correlations were used to 
assess significant correlations between AVT-induced 
improvement in visual search accuracy (EF and Trian-
gles test), speed (Numbers test), and v-ADLs (the average 
of post-treatment scores minus baseline scores, ΔPost-
Pre) with different variables collected at baseline. These 
included: clinical-demographic variables (age and disease 
duration), baseline performance on visual search and the 
v-ADLs questionnaire, neuro-ophthalmological (MD 
in 30–2 assessment, amplitude, and latency of the P100 
evoked from the blind hemifield) and neuroimaging data 
(total lesion volume, extension of occipital, temporal, 
and parietal lobe damage, as well as FA and MDiff of the 
lesioned hemisphere tracts).

Results
Baseline performance stability
No significant changes were observed between baselines 
in the WL group, with a small trend for the EF test (all 
Ws > 6, all ps > 0.05; Table 2).

Audio‑visual detections during the training
The GMM analyses showed only a main effect of Hemi-
field (X2 = 41.37, p < 0.001), with overall lower accuracies 
in the blind hemifield. Effects of Day (X2 = 0.58, p = 0.45) 
and Day*Hemifield interaction (X2 = 0.26, p = 0.61) 
did not attain the significance level, showing only a 
mild global improvement during the training (Day 1, 
mean ± Standard Error = 89.5% ± 2.2% vs. Day 15, end of 
the 3rd week of AVT = 91.4% ± 2.2%).

Catch trials rate was low (6% ± 7.8%) and stable during 
the training (Day: X2 = 1.94, p = 0.38), showing that 
participants, overall, did not press the button in absence 
of visual stimuli.

Neuropsychological outcomes
Regarding the accuracy in the visual search tests (EF 
and Triangles tests, see Fig.  4), the LMM analyses 
revealed a significant effect of Timepoint (F3,163 = 5.33, 
p = 0.002), showing an improvement from baseline 
(82.2% ± 1.9%) to post-treatments up to 1-month FU 
(Post = 88.8% ± 1.9%, p = 0.004; FU1 = 88.9% ± 1.9%, 
p = 0.004); from FU1 to the 6-months FU, performance 
remained stable (p = 0.99). We also observed an effect 
of Test (F1,161 = 30.47, p < 0.001), indicating overall 
higher accuracies in the EF test (90.7% ± 1.7%) than in 
the Triangles test (83% ± 1.7%). The interaction was not 
significant (F3,161 = 0.15, p = 0.93).

A speed-up of visual search (RTs) emerged in the 
Numbers test, as shown by the significant effect of 
Timepoint (F3,68.3 = 7.07, p < 0.001). Compared to pre-
treatment (34  s ± 2.5  s) participants showed faster 
exploration times immediately after the treatment 
(30.7 s ± 2.5 s, p = 0.003), at FU1 (31.6 s ± 2 s, p = 0.035), 
and up to the 6-month follow-up (29.8 s ± 2 s, p < 0.001).

In the reading test, the LMM analysis revealed an 
effect Timepoint (F3,55 = 7.09, p < 0.001), showing an 
improvement of reading time at 1-month (4.08 ± 0.4 
syllable/s, p < 0.001) and the 6-month follow-ups 
(4.05 ± 0.4 syllable/s, p = 0.015), as compared to baseline 
(3.8 ± 0.4 syllable/s). In terms of errors, the main effect of 
Timepoint (X2 = 9.4, p = 0.025) showed improved scores 

Table 2  Baseline stability in the wait-list (WL) group

For the visual exploration tests (EF, Triangles, and Numbers), the visual field 
assessment, and the vision-dependent activities of daily living (v-ADLs) 
questionnaire, n = 13 participants were analyzed. Twelve participants completed 
the Hamilton Depression Rating Scale (HDRS) and 10 participants completed 
the reading test. Those participants who could not complete the latter tests had 
reading impairments due to left-hemispheric lesion

MD, mean deviation in decibels at 30–2 visual field testing; Pre, baseline 
assessment immediately before the beginning of treatment; Pre-1, additional 
baseline assessment one month before the beginning of the treatment; 
RTs, response times

Variable Pre-1 Pre Comparison

EF test–accuracy 83.4 ± 16.7% 88.3 ± 12.2% p = 0.06

Triangles test–accuracy 72.6 ± 15.4% 77.2 ± 15.4% p = 0.17

Numbers Test–RTs (ms) 35.17 ± 10.47 34.08 ± 12.28 p = 0.31

Reading speed (syll/s) 3.6 ± 1.5 3.6 ± 1.5 p = 0.99

Visual field size (MD, db) − 13.2 ± 4 − 14 ± 2.7 p = 0.15

v-ADLs 9.5 ± 4.6 9.2 ± 4.6 p = 0.47

HDRS 7.7 ± 6.8 7 ± 6 p = 0.48
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at the follow-up at 6  months only (21.9 ± 4.1, p = 0.033), 
compared to the baseline performance (24.2 ± 4.1).

With respect to v-ADLs, a significant reduction 
of vision-related burden was found (F3,68.2 = 10.7, 

p < 0.001): compared to pre-treatment scores 
(10.4 ± 1.2) participants experienced a reduced 
visual-related disability immediately at the end of the 

Fig. 4  Changes in neuropsychological measures. All participants (n = 26) were included in the analysis. Error bars depict the Standard Error 
(SE). RTs, response times; v-ADLs, vision-dependent activities of daily living; HDRS, Hamilton Depression Rating Scale. Pre, baseline values, 
before the treatment; Post, assessment immediately after the treatment, FU1, 1-month follow-up; FU6 = 6-month follow-up. Comparisons 
with baseline (Pre): *p < 0.05, **p < 0.01, ***p < 0.001
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treatment (7.1 ± 1.2, p < 0.001), stable at the follow-ups 
(FU1 = 6.6 ± 1.2, p < 0.001, FU6 = 7.6 ± 1.2, p = 0.004).

Finally, the LMM of the HDRS revealed a reduction 
of depressive symptoms (F3,61.7 = 4.81, p = 0.004) at FU1 
(5.1 ± 0.9, p = 0.02) and FU6 (4.62 ± 0.9, p = 0.007), com-
pared to the baseline scores (7.1 ± 0.9).

As for the multisensory integration, the amplitude of 
the temporal binding window was calculated for n = 20, 
i.e., those who completed the task both before and after 
the treatment. The Wilcoxon test did not yield significant 
pre-post differences (W = 146, p = 0.133).

Neuro‑ophthalmological outcomes
The LMM analysis of the MD values from visual field 
perimetry showed an effect of Timepoint (F3,68.2 = 3.32, 
p = 0.025), suggesting an improvement in visual field size 
that however did not survive the multiple comparisons 
(all ps > 0.07).

The LMMs of VEPs showed no significant effects of 
Timepoint on P100 latency (F2,115 = 0.98, p = 0.38) and 
an effect on the amplitude (F2,115 = 3.3, p = 0.04), sug-
gesting a decrease immediately after the treatment 
(Post: 6 ± 0.5  µV; p = 0.052), with no changes at FU6 
(6.2 ± 0.5 µV; p = 0.14), as compared to the baseline (Pre: 
7 ± 0.5  µV). An effect of Hemifield was also observed 
both for the amplitude (F1,114 = 44.18, p < 0.001) and the 
latency (F1,111 = 11.68, p < 0.001), indicating reduced 
amplitude and increased latency in the blind compared 
to the sighted hemifield. No significant interactions were 
observed (all Fs < 2.2, all ps > 0.11).

Neuroimaging data
Four participants could not undergo the MRI procedures, 
because of counterindications. Moreover, tracts could be 
reconstructed for 21 participants, whose lesion pattern 
allowed the computation of FA and MDiff.

The LMM analyses of white-matter structural con-
nectivity metrics revealed no effects of Timepoint (FA: 
F1,210 = 1.37, p = 0.24; MDiff: F1,210 = 1.51, p = 0.22) or 
Timepoint*Tract interaction (FA: F5,210 = 0.24, p = 0.95; 
MDiff: F5,210 = 0.12, p = 0.99). Nonetheless, we observed 
differences in FA between tracts (F5,210 = 23.11, p < 0.22): 
compared to the control tract CST (0.3 ± 0.01), lower FA 
was observed in all other tracts relevant to visuospatial 
functions (all ps < 0.007): the IFOF (0.24 ± 0.01), the ILF 
(0.18 ± 0.01), the OR (0.26 ± 0.01), the OT (0.25 ± 0.01), 
and the SLF (0.24 ± 0.01). Moreover, lower FA was 
detected in the ILF, as compared to OR, OT, and SLF 
(all ps < 0.001). A similar effect of Tract was observed for 
the MDiff values (F5,210 = 15.60, p < 0.001), with the IFOF 
(0.73 ± 0.03), the ILF (0.79 ± 0.03), the OR (0.8 ± 0.03), the 
OT (0.82 ± 0.03), and the SLF (0.74 ± 0.03) showing higher 
MDiffs compared to the CST (0.67 ± 0.03; all ps < 0.008). 

Finally, MDiff of the IFOF was lower as compared to the 
ILF, the OT, the OR (all ps < 0.009), as well as lower values 
of the SLF compared to the OT, the OR, and the ILF (all 
ps < 0.043).

Predictors of AVT efficacy
Spearman correlations showed a negative association 
between baseline performances and the respective post-
treatment improvements (i.e., calculated as Δ Post minus 
Pre scores). This association emerged when considering 
the accuracy in the EF (rs =—0.76, p < 0.001), and the 
Triangles (rs =—0.62, p < 0.001) tests, and v-ADL scores 
(rs =—0.54, p = 0.005): larger gains were present in partic-
ipants who were more impaired before the AVT. Moreo-
ver, improvements in visual search accuracy were larger 
in those participants with more impaired functionality 
of the visual pathways, namely, those presenting with 
longer P100 latency (Triangles test; rs =—0.5, p = 0.01) 
and smaller P100 amplitude (EF test; rs =—0.45, p = 0.02). 
We also observed an effect of multisensory integration 
abilities, i.e., a narrower TBW (reflecting better multisen-
sory integration) was associated to larger improvements 
in the EF test (EF test; rs =—0.49, p = 0.03). Finally, post-
treatment improvements in visual search speed (RTs 
in the Numbers test) were larger in those participants 
with reduced structural connectivity of the OR (MDiff; 
rs = 0.57, p = 0.008). No other significant correlations 
emerged (all rs < 0.47, all ps > 0.06; all correlations are 
reported in Table S2 of the Supplementary Material).

Study 2: Comparison of home‑based and in‑person 
versions of the AVT
The behavioral effects of the home-based AVT were 
compared to those of a 2-week in-person outpatient 
AVT (IP group) carried out by a different sample of par-
ticipants with chronic HVFDs (N = 16; 11 males and 5 
females; mean age = 50 ± 13  years; mean disease dura-
tion = 454.2 ± 353  days; 9 ischemic strokes, 7 hemor-
rhagic strokes; 10 right hemianopias, 4 left hemianopias 
and 1 left inferior quadrantanopia). These data, which 
have never been published, were collected in the context 
of specialization thesis work of C.C., for which partici-
pants gave their informed consent.

For the home-based AVT (HB, from now on), we 
selected a sub-group of participants from the main 
experiment (i.e., those who started the treatment imme-
diately after the Pre evaluation; n = 13) because they per-
formed the assessment with the very same timeline as 
the IP group (i.e., Pre, Post, FU1, and FU6). As outcome 
measures, we considered scores on EF, Triangles, and 
Number tests, and v-ADLs questionnaire.

The in-person, hospital-based, AVT consisted in 
the detection of audio-visual stimuli delivered on a 
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training board (central 1 × 2  m part, with two 2 × 0.5  m 
side wings tilted 45° inward) with 48 red LEDs, 
diameter = 1  cm, luminance = 90  cd m2) arranged in 
six horizontal rows (eight lights per row), distributed 
on the board; 48 piezoelectric speakers (0.4 W, 8 Ω; 
auditory stimulus = 80  dB) were arranged at the LEDs 
location. Each audio-visual unit was separated by 12° of 
visual angle, i.e., the panel covered 84° horizontally × 64° 
vertically (EMS srl, Bologna, Italy; www.​emsme​dical.​net). 
During the training, spatially and temporally coincident 
audio-visual stimuli (100  ms) were randomly presented, 
one at a time, at one of 48 locations (24 locations for 
each hemifield). The participants were instructed to 
look at the central fixation point (2°) and move their 
eyes toward the audio-visual stimulus, indicating the 
detection of the visual stimulus by pressing the button 
of a wireless mouse. The experimenter monitored the 
participants’ gaze throughout the training and started 
the next trial only after the participant’s eyes returned 
to the central fixation point; for details, see [14, 21, 44]. 
The AVT consisted of 10 daily sessions (Monday to 
Friday) in which blocks of 96 audio-visual trials were 
administered (two trials per spatial location; average 
block duration = 10  min). In each session, the number 
of blocks varied according to the participant’s speed or 
fatigue. Each daily session lasted 2 h.

Statistical analysis
Audio‑visual detections during the training
Improvements during the trainings were analyzed by 
comparing the detection accuracy of audio-visual stimuli 
(i.e., the percentage of correct audio-visual detections) 
on the first day of training and the last day of training in 
the two groups. Thus, an LMM was run with Day (first 
and last days of AVT), Group (HB and IP), and Hemifield 
(Blind and Sighted) as fixed factors.

Neuropsychological outcomes
Post-treatment effects were analyzed by considering 
visual search median accuracy (EF and Triangles tests; 
see the Supplementary Material for the RTs analyses of 
these tests) and speed (RTs in the Numbers tests), as well 
as v-ADLs. By means of LMM analyses, we compared 
changes between the two Groups (HB vs. IP), at different 
Timepoints (Pre, Post, FU1, and FU6), both fixed factors 
of the models. The LMM on visual search accuracy also 
included the fixed factor Test (EF and Triangles test). 
Finally, for the analysis of the v-ADL questionnaire, 
we considered only Pre, FU1, and FU6, to match the 
assessments of the IP group (i.e., v-ADL had not been 
tested at Post in the IP group, according to the respective 
research protocol). For all models, degrees of freedom 
and p-values were calculated with the Satterthwaite 

method and random intercepts were calculated for 
participants. Significant interactions were explored with 
Holm-corrected post-hocs.

Results
Audio‑visual detections during the training
The LMM analysis of audio-visual detections during 
the trainings (see Fig.  5A) showed a significant effects 
of Day (F1,81 = 11.64, p < 0.001) and Group (F1,27 = 43.12, 
p < 0.001), as well as of their interaction (F1,81 = 5.28, 
p = 0.024): only the IP group, which on the first day of the 
training showed a worse performance (IP = 40.8% ± 3.1% 
vs. HB = 82.3% ± 3.5%), significantly improved at the 
end of the training (difference between the first vs. 
the last day of training = + 12.3% ± 2.9%; p < 0.001), 
whereas the HB did not (+ 2.4% ± 3.2%; p = 0.99). We 
also found significant effects of Hemifield (F1,27 = 43.12, 
p < 0.001), Hemifield*Day (F1,81 = 6.08, p = 0.016) 
and Hemifield*Group (F1,81 = 48.97, p < 0.001). The 
Group*Hemifield*Day was not significant (F1,81 = 2.87, 
p = 0.09).

Neuropsychological outcomes
The analysis of visual search accuracy highlighted the 
effect of Timepoint (F3, 184 = 8.62, p < 0.001) show-
ing that both groups improved after the training (Post: 
87% ± 1.7%; FU1: 86% ± 1.7%; FU6: 87% ± 1.8%; all 
ps < 0.001) as compared to the baseline performance 
(80% ± 1.7%; see Fig. 5B). The effect of Test was also sig-
nificant (F1,182.9 = 33.39, p < 0.001, higher accuracies in the 
EF test), but no effect of Group (F1,27.1 = 1.17, p = 0.29) or 
Test*Group interaction (all Fs < 1.17, all ps > 0.28) were 
found.

Similar results emerged in terms of visual search 
speed (RTs in the Number test), with a significant main 
effect of Timepoint (F3, 78.2 = 6.43, p < 0.001), no dif-
ferences between Groups (F1,27.1 = 0.02, p = 0.88) or 
Timepoint*Group interaction (F3,78.2 = 0.2, p = 0.9): com-
pared to baseline (34.3  s ± 2.6  s), both groups showed 
faster visual explorations immediately after the treatment 
(30.2 s ± 2.6 s; p = 0.015), and at the follow-up of 6 months 
(28.3 s ± 2.6 s; p < 0.001; see Fig. 5C).

Finally, as indicated by the effect of Timepoint 
(F2,51.2 = 27.2, p < 0.001), both groups (Group: F1, 

26.9 = 0.001, p = 0.95; Group*Timepoint: F2,51.2 = 1.62, 
p = 0.21) showed a significant reduction of vision-related 
burden in v-ADLs that persisted up to FU6 (Pre: 12.3 ± 1.1 
vs. FU1: 7.1 ± 1.1 and FU6: 6.3 ± 1.1; both ps < 0.001; see 
Fig. 5D).

https://www.emsmedical.net
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Discussion
The present proof-of principle feasibility study shows the 
efficacy of a remote-monitored, home-based AVT for 
persons with chronic HVFDs (average time since brain 
lesion ~ 29  months, range = 6–118  months). All partici-
pants complied with and adhered to the AVT without 
any interruption of the treatment; no adverse events or 
technical issues were reported.

In particular, the home-based AVT improves ocu-
lomotor visual scanning behavior (performance in the 
visual search tests, i.e., primary outcome) and reading, 
with positive outcomes on daily activities (v-ADLs) and 
mood. The effects of the training on reading and mood 
emerged over the long term. This finding suggests that 
the AVT benefits in daily life consolidate gradually after 
the end of treatment and then can persist up to 6 months 
post-training. Bolognini et  al. [14] also demonstrated 
that the daily use of oculomotor compensation strategies 
implemented during treatment results in further gradual 

improvements in the ADLs on the long run, even months 
after the treatment completion.

Regarding mood, our study is the first to demonstrate a 
positive impact of the AVT on mood, although it should 
be noted that the sample did not exhibit a clinically sig-
nificant depressive state prior to the training (mean 
baseline HDRS = 7.1). In contrast, a recent study [50] 
that investigated the long-term effects of a compensa-
tory training on depression, as measured by the Geriatric 
Depression Scale [51], did not observe a treatment ben-
efit on mood. However, even in that case, the presence of 
depressive symptoms in the sample was very low.

Of note, post-AVT improvements emerge net of the 
change observed during the training itself (namely, we did 
not detect a significant increase in audio-visual detection 
from Day 1 to Day 15 of the AVT). All participants were 
engaged in active training of saccadic eye movements 
towards various locations in the visual field. This daily 
exercise on a multisensory basis seems necessary to foster 

Fig. 5  Comparisons of home-based (HB) and in-person (IP) audio-visual trainings (AVT). A Audio-visual detection accuracy between the first day 
of training (in black) and the last day of training (in grey) for both groups and hemifields. Significant post-treatment changes in B visual search 
accuracy, C visual search times (RTs), and D vision-related activities of daily living (v-ADLs). Black lines represent the HB group, whereas grey lines 
the IP group. Error bars represent the SE. Pre, baseline values, before the treatment; Post, assessment immediately after the treatment, FU1, 1-month 
follow-up, FU6 = 6-month follow-up. *p < 0.05, ***p < 0.001
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generalization to untrained visual scanning functions, as 
shown also in previous research [14, 15]. Overall, these 
findings confirm previous evidence on the efficacy of eye 
movement therapies based on multisensory stimulation 
[14, 15, 18, 19, 22], now documenting its clinical validity 
even when delivered at home under remote supervision. 
On the other hand, no enlargement of the visual field 
size or changes in VEPs (P100 latency and amplitude) or 
neuroimaging measurement were induced by the AVT, 
confirming its compensatory nature. However, only the 
most central 30 degrees of visual field were tested for 
each eye, so changes in the periphery cannot be excluded.

Interestingly, the baseline visual search performance 
(i.e., EF and Triangle tests) and the v-ADL score are both 
associated with post-treatment improvements: the more 
severe the visual exploration deficit and disability in daily 
life, the greater the training-induced benefits on both of 
these parameters. This finding is of key relevance because 
it suggests that greater benefits can be achieved in indi-
viduals presenting with severe deficits in visual scanning 
behavior, which preclude the development of successful 
oculomotor compensatory strategies.

The association between the severity of visual impair-
ment and post-treatment improvements is further sup-
ported by the correlations between neurophysiological 
and neuroimaging data and post-treatment scanning 
abilities. Indeed, the participants with longer P100 laten-
cies, smaller P100 amplitudes, or reduced optic radiation 
connectivity at baseline—which reflect more severe dis-
turbances of low-level visual processing—exhibit greater 
post-AVT visual search improvements (EF and Number 
tests).

The efficacy of the AVT also relies on individual mul-
tisensory abilities: the more efficient the multisensory 
integration, as reflected by a narrower temporal bind-
ing window for audio-visual interactions [25, 52, 53], the 
greater the improvement in visual search brought about 
by the AVT. This last new finding is of main interest 
because it indicates the importance of assessing multi-
sensory integration for choosing the optimal rehabilita-
tion approach: if audio-visual stimuli cannot be efficiently 
integrated, their use for facilitating visual search and 
detection may be meaningless [23, 54]. In this regard, 
Frassinetti et  al. [55] demonstrated that patients with 
HVFD show substantially spared multisensory integra-
tion abilities that aids visual perception in the blind hemi-
field. But if hemianopia is associated with visuo-spatial 
hemineglect [56], or if the lesion extends from occipital 
to parietal areas, multisensory stimuli have no facilitatory 
effect on visual perception.

The results of our second study further document 
that the effects produced by telerehabilitation with AVT 
are comparable to those achievable with the outpatient 

version of the  AVT. It is worth noting that the AVT 
apparatus of the in-presence version subtended a 
larger portion of the visual field on the vertical axis and 
trained oculomotor responses to a larger number of 
spatial locations. This latter aspect probably explains the 
differences found between the two groups in terms of 
audio-visual detections during the training: participants 
in the in-person AVT had greater difficulty in detecting 
audio-visual stimuli in the blind hemifield, as compared 
to the accuracy rate of the participants who underwent 
the AVT at home. This also explains why, during the 
training, the improvement was detected in the in-person 
group (IP) but not in the home-trained group (HP  see 
significant Group by Timepoint interaction, along with 
the significant main factor Group, indicating that audio-
visual detections overall increase in both groups). We 
cannot exclude that if the HB group had been assessed 
and trained with same audio-visual panel as that of the 
IP group, we would have observed comparable results. 
Nonetheless, at baseline, the two groups did not differ in 
any visual search measure or v-ADL score, indicating a 
similar impact of vision loss on visual scanning and daily 
life.

Another difference between the HB and the IP 
treatments concerns the duration, two weeks for 
the outpatient AVT, three weeks for the in-person 
version. This difference was determined by clinical 
necessity: outpatient treatment duration is dictated by 
hospital organizational requirements. Future studies 
are needed to verify whether outpatient and at-home 
treatments, which are similar in intensity and structure, 
have the same effectiveness. However, we believe that 
telerehabilitation has the great advantage of allowing 
more intensive treatments at home, which might in any 
case be preferred to shorter outpatient treatments.

On the advantages of telerehabilitation for HVFDs
In-person visual trainings are usually demanding and 
require travelling to the clinic several days a week, 
with a daily commitment of various hours, which may 
prevent acceptance of the treatment or adherence to it. 
This poses logistical problems for people in the chronic 
phase of the disease presenting with persistent deficits 
of visual exploration, who could benefit from additional 
treatment sessions to optimize their compensation 
strategies. Indeed, in-person therapies are usually 
incompatible with the daily routine that people with 
chronic HVFDs try to resume after discharge from the 
rehabilitation unit. Furthermore, living in rural and 
remote areas, or having severely reduced mobility with 
difficulty or inability to travel, poses additional logistical 
difficulties in reaching specialized rehabilitation centers, 
which are not particularly common when it comes to 
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HVFDs. Telerehabilitation allows overcoming these and 
other limits, allowing the provision of clinical services 
to patients at remote locations via information and 
communication technologies [57]. The advantages of 
telerehabilitation are widely recognized for neurological 
disorders [31], and clinical trials testing its efficacy 
for post-stroke motor and cognitive impairments are 
increasing [29], in contrast with the paucity of attempts 
to verify its potential in the field of visual rehabilitation. 
The present study represents the first effort in this 
direction.

Our home-based AVT has the advantage of being 
easily transportable: the person with HVFD takes the 
AvDesk device home, which is rolled up and placed 
in a handy padded case that also contains the laptop 
computer that delivers the stimuli, records the data and 
sends it to the online server. Learning how to use the 
AvDesk requires a single short (approximately 30  min) 
training session. Importantly, the system allows constant 
remote supervision to monitor individual progress 
(hence possibly adjusting the therapy) and adherence 
to treatment, as well as to provide remote assistance for 
sudden technical problems. In terms of feasibility, in the 
present study, all participants managed to complete the 
training; only some of them, the older ones less familiar 
with the technology, needed the help of a caregiver 
to mount the setup at home. Overall, all the recruited 
participants demonstrated a good compliance: all of 
them followed the recommended training instructions 
and none of them dropped out during the treatment. 
The home-based AVT allows exercising in an intensive 
and active way, in a familiar context and with the chance 
to choose when performing the training during the day. 
This gives the person a sense of control and autonomy 
which contributes to compliance. On the other hand, the 
constant remote supervision also favors the feeling of 
being supported and not left alone. All these factors likely 
contribute to enhancing clinical outcomes, positively 
impacting mood, as shown here. In future studies, it will 
be important to evaluate how functional improvements 
in daily life translate into actual improvements in 
subjectively perceived quality of life, which is often 
reduced by vision loss following brain injury [7].

Conclusion
The present study demonstrates the feasibility and the 
clinical efficacy of a novel telerehabilitation approach 
for chronic HVFDs. A 3-week, home-based, remotely-
supervised AVT promotes the development of more 
efficient visual search to compensate for visual field loss, 
with long-lasting improvements and a positive impact 
on mood and vision-related disabilities in everyday 
life. The study also shows that the severity of visual 

scanning deficits and subsequent disability in activities 
of daily living, as well as the efficiency of multisensory 
integration, predict the treatment effects. These results 
shed light, for the first time, on predictors of the 
effectiveness of AVT, considering that these factors may 
be helpful in identifying the best candidates for this type 
of visual therapy.
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