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Abstract 

Background  VR (Virtual Reality) has emerged as a recent treatment approach in neurorehabilitation. The feasibility 
of VR-guided therapy in the acute phase after stroke has not been assessed.

Methods  This was a cohort study of consecutive patients with suspected stroke who were admitted to the Essen 
University Hospital Stroke Unit between March 2022 and May 2022. All patients who had an indication for physi-
cal or occupational therapy due to upper extremity sensorimotor, cognitive or perceptual deficits were included 
and considered for VR-guided treatment. We excluded patients with predominant deficits in lower extremity function, 
since these could not be targeted with our VR system. A multidimensional approach was used to assess the feasibil-
ity of VR-guided therapy, which included characterization of eligible patients, resource utilization as well as treatment 
acceptance. For this purpose, we analyzed baseline and clinical characteristics, causes for withholding the treatment 
as well as qualitative and quantitative treatment metrics in patients who received VR-guided therapy.

Results  Out of 326 patients admitted with suspected stroke, n = 172 were included in our final analysis. Of these, 
n = 37 (21.5%) received VR-guided therapy. The most common cause for withholding treatment were neuropsycho-
logical limitations (22.9%), followed by physical impairment, comorbidity and level of consciousness alterations (all 
17.8%). Patients who received VR-guided therapy tended to have better functional status and less severe neurological 
deficits. VR-guided sessions had a median duration of 20 min (IQR 17–29) with additional 13 min (IQR 9–17) of prepa-
ration time. In the majority of patients who received VR-guided therapy, motivation was rated equal or higher as com-
pared with conventional treatment (76%) and therapists considered VR-guided therapy well feasible (65%).

Conclusions  Despite important treatment barriers, VR may provide additional opportunities to enhance functional 
recovery in the acute phase after stroke for selected patients. Our findings could aid in planning further rand-
omized controlled trials which are required to refine approaches and assess the effectiveness of VR-guided therapy 
in the acute setting.
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Introduction
Virtual reality (VR) enables users to experience environ-
ments that appear and feel similar to the real world but 
have been created through technology [1]. Interaction 
and immersion in these virtual environments facilitate 
task-specific exercise with multisensory engagement that 
can be recorded, measured, and tailored to individual 
needs. Thus, among many other areas of application, VR 
provides opportunities to enhance rehabilitation [2]. As 
a result, VR-guided strategies have emerged as a novel 
treatment approach to improve functional recovery and 
reduce impairment in neurological disorders [3, 4].

VR-guided therapies address various aspects of neu-
rorehabilitation, such as patient motivation, engagement 
and adherence [5]. Furthermore, authors have suggested 
positive effects on neural plasticity [6, 7]. VR can also 
be used to facilitate and enhance established therapeu-
tic approaches such as mirror therapy [8, 9]. Another 
area of application is combination of VR with telemedi-
cine, which allows patients to engage in rehabilitation 
programs remotely and thus might also enable better 
resource utilization [10, 11]. Such approaches could 
help to close gaps between acute Stroke Unit treatment 
and limited availability of post-acute rehabilitation ser-
vices, however, differences in health care systems must be 
considered.

Although VR-guided strategies in neurorehabilita-
tion seem auspicious, many of the underlying mecha-
nisms are not completely understood and their clinical 
impact is still uncertain. While numerous approaches 
have been tested, some of the firmest evidence for appli-
cation of VR-guided therapies in neurorehabilitation 
exists for recovery of upper extremity function after 
stroke. A recent overview of systematic reviews on this 
topic suggests that VR with or without conventional 
therapy is superior to conventional therapy on the Fugl 
Meyer Assessment scale for upper extremity (FMA-UE) 
[12]. However, it remains largely elusive when, how and 
in which patients VR-guided strategies might be most 
beneficial.

The vast majority of clinical evidence on VR-guided 
neurorehabilitation has emerged from post-acute stud-
ies. Yet, in neurological disorders and stroke in particular, 
current treatment paradigms emphasize early initiation 
of rehabilitative care [13]. While VR might offer addi-
tional opportunities to enhance and diversify early func-
tional recovery in neurological disorders, its application 
in an acute neurological setting has not been studied so 
far. Thus, our aim was to determine whether VR-guided 
therapy is feasible on a Stroke Unit and to highlight 
treatment barriers as well as potential opportunities by 
characterizing eligible patients, treatment metrics and 
reasons for withholding VR-guided therapy.

Methods
Study Design
We analyzed consecutive patients who were admitted 
to the Essen University Hospital Stroke Unit between 
March 2022 and May 2022. As part of clinical routine, 
patients with a suspected diagnosis of stroke are screened 
by physical and occupational therapists upon admission 
to our Stroke Unit. All patients over 18 years of age who 
had a potential target for VR-guided treatment defined 
as upper extremity sensorimotor, cognitive or perceptual 
deficits with an indication for physical or occupational 
therapy were included. Patients who had predominant 
lower extremity impairment and in whom gait train-
ing was the main therapeutic objective were excluded 
from our analysis, since our VR-guided approach was 
not applicable for these deficits. This study also excluded 
patients who had no clinical neurological deficit upon 
initial screening and thus had no indication for physical 
or occupational therapy. Initiation of VR-guided therapy 
was considered in all patients who were included in addi-
tion to conventional treatment. We pursued a multidi-
mensional approach to assess the feasibility of VR-guided 
therapy on our Stroke Unit. This included characterizing 
eligible patients as well as treatment barriers, resource 
utilization and acceptance by patients and caregivers. In 
case VR-guided treatment was not administered due to 
medical conditions, severe functional impairment or any 
other reason at the discretion of the treating therapist 
(e.g. patient preferences or therapeutic goals), a detailed 
description was required. These patients were treated 
with conventional treatment alone. VR-guided treatment 
was provided via CUREO® software (CUREosity GmbH, 
Düsseldorf, Germany). CUREosity GmbH was not 
involved in this study and did not provide any funding. 
VR-guided treatment sessions were administered at the 
bedside under one-to-one supervision by a physical or 
occupational therapist (no group or remote treatment). 
Three sets of hardware components were available. Each 
of these consisted of a head-mounted Oculus Quest 
device (Meta Platforms Technologies, Irvine, CA, USA), 
two controllers and a tablet serving as an interface for 
therapists to control treatment sessions, which allowed 
them to simultaneously provide hands-on assistance 
when needed. VR-guided treatment was provided via 
six different therapy modules (Stimulate and activate 
attention, Motor training of the upper extremities, Cogni-
tive and sensory training, Fine motor skills of fingers and 
hands, Neuro-regulation and -relaxation, Practice of eve-
ryday skills). Modules could be selected deliberately by 
the treating therapists, based on the patient’s predomi-
nant clinical deficit and therapeutic goals. All therapy 
modules contained a large variety of clinically validated 
exercises. These consisted of playful tasks in a virtual 
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environment with visual as well as auditory feedback 
and different degrees of difficulty. As an example, one 
exercise for upper extremity motor function included 
catching meteors in a space-like environment at vary-
ing degrees of speed and range of motion. All patients in 
the VR-group underwent at least one VR-guided treat-
ment session. However, there was no upper limit for the 
total amount of sessions administered during the hospi-
tal stay. After VR-guided treatment sessions, therapists 
completed a standardized questionnaire to record time 
metrics and the patient’s perceived effort (on a numeric 
rating scale from 0 to 10, graded as very low [0–2], 
moderate [3–5], vigorous [6] and very intense [7–10]). 
Therapists were also asked to rate patient motivation (as 
compared to conventional treatment), feasibility, and 
autonomy in performing the treatment (all on a five-
point visual analog scale ranging from no agreement to 
strong agreement). Data from the standardized question-
naires was then linked to the patient’s medical records 
including diagnosis, comorbidities and stroke symptoms 
at admission and discharge as recorded by National Insti-
tutes of Health Stroke Scale (NIHSS). Functional status 
before admission, at admission and at discharge was esti-
mated according to the modified Rankin Scale (mRS). 
The study was approved by the local ethics committee 
(approval number 22-10534-BO).

Statistical Analyses
We report descriptive statistics of baseline and clini-
cal characteristics for all patients in whom treatment 
with VR was considered. In addition we describe rea-
sons why VR-guided therapy was not performed as well 
as a metrics of VR-guided treatment session. Categorical 
data are reported as counts and percentages, while con-
tinuous data is described as median (interquartile range, 
IQR). Fisher’s exact or Mann–Whitney-U-test were used 
as appropriate for comparing baseline characteristics of 
patients who received VR-guided therapy and those who 
did not despite initial consideration. All statistical tests 
were two sided, and p values of < 0.05 were considered 
statistically significant. No adjustments for multiple test-
ing were made, since this was an exploratory analysis and 
findings should be interpreted as preliminary. Statistical 
analyses were carried out with SPSS, version 29 (IBM 
Corp., Armonk, NY, USA).

Results
Between March 2022 and May 2022, 326 patients were 
admitted to our Stroke Unit due to suspected stroke 
(Fig.  1). After excluding patients without an indication 
for physical or occupational therapy and those with pre-
dominant lower extremity deficits, n = 172 were included 

in our final analysis. Of these, n = 37 (21.5%) received VR-
guided therapy.

Barriers of VR‑guided therapy
Several reasons for withholding VR-guided treatment 
were recorded (Fig.  2). Most commonly, neuropsycho-
logical limitations impeded patients from participating in 
VR-guided treatment sessions (22.9%), followed by physi-
cal impairments, comorbidities and level of conscious-
ness alterations (all 17.8%).

When comparing patients who were treated with VR-
guided therapy and those who did not receive the treat-
ment, no differences in baseline demographic data as well 
as underlying diagnoses were observed (Table 1). Patients 
who received VR-guided therapy tended to have better 
functional status prior to admission (median prehospital 
mRS 0.0, IQR 0.0–1.0 vs. 1.0, IQR 0.0–3.0; U = 1584, Z = 
− 2.6, p = 0.011), at admission (median mRS at admis-
sion 3.0, IQR 1.0–4.75 vs. 4.0, IQR 3.0–5.0; U = 1749, Z = 
− 1.8, p = 0.076) and at discharge (median mRS at dis-
charge 2.0, IQR 1.0–3.75 vs. 3.0, IQR 1.0–4.0; U = 1712, 
Z = − 2.2, p = 0.027) as compared to those who under-
went conventional treatment only. There was also a trend 
towards less severe neurological deficits upon admission 
as measured on the NIHSS in patients who were treated 
with VR (median NIHSS at admission 3.0, IQR 1.0–8.5 
vs. 6.0, IQR 2.0–11.0; U = 1998, Z = − 1.9, p = 0.062).

VR treatment characteristics
A total of 37 patients successfully completed VR-guided 
treatment sessions with a median duration of 20  min 
(IQR 17–29) and additional 13 min (IQR 9–17) for device 
set-up. The median perceived effort was 5/10 (IQR 4.0–
5.5) (Fig.  3). In the majority of cases who received VR-
guided therapy, the treating therapists considered that 
the treatment was well feasible (65%) and rated patient 
motivation equally high or greater as compared with con-
ventional treatment (76%) (Fig.  4). However, VR-guided 
sessions required close supervision and therapists con-
sidered that patients were not able to perform the treat-
ment autonomously in most cases (59%).

Discussion
We analyzed VR-guided therapy in an acute setting and 
our study revealed three major findings: First, more 
than half of patients who were admitted to our Stroke 
Unit for suspected stroke were potential candidates to 
receive treatment with VR. Second, there were substan-
tial treatment barriers and only one in five patients actu-
ally received VR-guided therapy. Third, in the majority 
of patients who were treated with VR-guided therapy, 
motivation was rated equally high or greater as compared 
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with conventional treatment and therapists considered 
the treatment well feasible.

Several barriers of VR-guided therapy were observed in 
our study, many of which resulted as direct consequences 
of an acute disease (mainly severe stroke or intracerebral 
hemorrhage). Treatment barriers included neuropsycho-
logical or physical deficits that impaired patients from 
actively participating in VR-guided treatment sessions 
as well as acute complications such as infections or sei-
zures due to which patients were not considered stable 
enough to receive the treatment. As expected due to our 
patient selection, those who received VR-guided therapy 
correspondingly tended to have better functional status 
and less severe neurological deficits upon admission, 
although baseline risk factors or overall diagnoses did not 
differ between groups. VR-specific reasons for withhold-
ing or discontinuing treatment that have been described 
previously such as motion sickness due to VR expo-
sure (“VR sickness” or “cyber sickness”) [14, 15] played 
a marginal role in our study (less than 2% of patients in 
whom VR-guided therapy was withheld). When further 
examining reasons for withholding VR-guided therapy, 
issues related to the integration of VR into clinical work-
flows seemed to be of minor importance first (device or 

personnel availability restrained treatment in less than 
3%). However, we observed that up to a third of the time 
at the bedside had to be spent on preparation, instruc-
tions and gear mounting. Thus, integration of VR into 
clinical workflows may have significant effects on active 
treatment time and resource burden, especially when 
being applied on a large scale. While improvements 
might be achieved with growing experience, optimization 
of workflows and technical advancements, time require-
ments and resource utilization must therefore be con-
sidered as important factors when evaluating the use of 
VR-guided therapy in an acute setting.

While more than half of patients admitted to our 
Stroke Unit were initially considered as potential candi-
dates for VR-guided treatment, patients with predomi-
nant lower extremity deficits had to be excluded from our 
analysis, since these impairments could not be targeted 
with our treatment approach. These observations reflect 
current standards of VR-guided treatment after stroke, 
which is largely focused on upper extremity function 
[16] and thus misses out an important subgroup of stroke 
patients. However, authors have introduced VR-guided 
approaches in patients with lower extremity deficits and 
studies on this subject are ongoing [17, 18]. Targeting 

Fig. 1  Flow chart of study population. VR Virtual reality
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lower extremity function would address an important 
limitation of many current VR treatment protocols in 
stroke. Hence, such new approaches may open up fur-
ther therapeutic options for a large cohort of patients and 
offer potential to enhance early mobilization after stroke, 
which is crucial to maintain patient autonomy and pre-
vent immobility-related complications.

Our findings also highlight further opportunities of 
VR-guided therapy in an acute setting. In the major-
ity of patients who did receive VR-guided therapy on 
our Stroke Unit, the treatment was regarded well feasi-
ble with moderate to vigorous treatment intensity and 
a higher motivation as compared to conventional treat-
ment was reported. Given that VR is considered safe, 
relatively inexpensive and can be tailored to individual 
patient needs [19], it could be a valuable tool to enhance 
functional recovery early after stroke, when effects of 
exercise might be most beneficial [20]. However, cau-
tion and further investigation are required, since the 
optimal timing and dosage of physical therapy after 

stroke remains uncertain and trials have found signals 
of potential harm in very early high dose mobilization 
[21]. Nonetheless, our findings suggest that a consider-
able subgroup of patients on a Stroke Unit could benefit 
from VR-guided approaches, especially when deficits are 
limited and predominantly affect upper extremity motor 
function.

Important limitations must be considered when inter-
preting our study. This was a single-center approach with 
overall low numbers, especially in the VR-guided therapy 
arm. Treatment allocation was non-randomized and VR-
guided therapy could be withheld at the discretion of the 
treating therapists. Therefore, our study is prone to selec-
tion bias and we cannot exclude that factors such as time 
constraints or personal preferences have contributed to 
our observations. To facilitate the use of VR, our study 
allowed different therapy modules which may be heter-
ogeneous in feasibility and this could also have affected 
findings. Subjective measures were used to character-
ize VR-guided treatment sessions, which can be highly 

Fig. 2  Reasons for withholding VR-guided therapy in n = 135 patients. LOC Level of consciousness. *Deficits in which therapists preferred 
conventional approaches over VR-guided therapy
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variable among individuals and thus limit the generaliz-
ability of our results. For pragmatic reasons, assessment 
of motivation, feasibility and autonomy involved only 

one item each, which ensured simple and quick evalua-
tion at the expense of comprehensiveness and reliability. 
Although we predefined a standardized questionnaire 

Table 1  Baseline and in-hospital characteristics of patients screened for VR-therapy (n = 172)

mRS Modified Rankin Scale, NIHSS National Institutes of Health Stroke Scale, TIA Transient ischemic attack, VR Virtual reality

Data available in an = 120/135 & 36/37; bn = 120/135 & 36/37; cn = 125/135 & 36/37; dn = 134/135 & 35/37

Conventional treatment 
alone (n = 135)

Conventional + VR-guided therapy 
(n = 37)

p value

Baseline characteristics

 Age (years), median (IQR) 72.0 (64.0–83.0) 68.0 (56.0–82.0) 0.187

 Female sex, n (%) 72 (53.3) 17 (45.9) 0.462

 Atrial fibrillation, n (%) 51 (37.8) 11 (29.7) 0.441

 Diabetes, n (%) 37 (27.4) 7 (18.9) 0.396

 Hypertension, n (%) 101 (74.8) 29 (78.4) 0.829

 Prior stroke, n (%) 29 (21.5) 8 (21.6)  > 0.99

 Prehospital grade of disability (mRS)a, median (IQR) 1.0 (0.0–3.0) 0.0 (0.0–1.0) 0.011

Diagnosis, n (%)

 Ischemic stroke or TIA 97 (71.9) 27 (73.0)  > 0.99

 Intracerebral hemorrhage 21 (15.6) 6 (16.2)  > 0.99

 Stroke mimic 17 (12.6) 4 (10.8)  > 0.99

In-hospital characteristics, median (IQR)

 Grade of disability (mRS) at admissionb 4.0 (3.0–5.0) 3.0 (1.0–4.75) 0.076

 Stroke severity (NIHSS) at admission 6.0 (2.0–11.0) 3.0 (1.0–8.5) 0.062

 Grade of disability (mRS) at dischargec 3.0 (1.0–4.0) 2.0 (1.0–3.75) 0.027

 Stroke severity (NIHSS) at discharged 4.0 (2.0–11.0) 3.0 (1.0–9.0) 0.199

 Length of admission (days) 6.0 (4.0–14.0) 8.0 (4.0–19.0) 0.119

Fig. 3  Distribution (%) of perceived effort during treatment sessions on a numeric rating scale from 0 (no effort) to 10 (maximum effort) in patients 
who received VR-guided therapy (n = 37)
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to report treatment, all data were collected during 
clinical routine and thus bear the risk of inaccuracy or 
incompleteness.

However, to our knowledge this is the first study to 
characterize the use of VR-guided therapy on a Stroke 
Unit. Despite important limitations, our analysis pro-
vides a general overview of treatment barriers and poten-
tial opportunities of VR-guided treatment in an acute 
setting. These findings may encourage clinicians to fur-
ther implement and investigate VR-guided methods and 
also aid in planning further randomized controlled trials 
designed to assess treatment efficacy.

Conclusions
Up to half of patients on a Stroke Unit could be poten-
tial candidates for VR-guided therapy. However, current 
approaches in the acute setting face substantial treatment 
barriers. Further studies should focus on refining patient 
selection, timing, and treatment protocols, in order to 
determine if and under which circumstances VR-guided 
therapy in an acute setting can be effective.
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