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What Is Known

Task-specific training, including activities of daily living
(ADL), can improve motor function and task perfor-
mance after stroke or spinal cord injury, but progress is
limited in chronic phases. Vagus nerve stimulation
(VNS) enhances synaptic plasticity and improves motor
function when paired with rehabilitative training. Previ-
ous studies show VNS during in-clinic therapy yields
meaningful improvements in recovery.

What Is New

This is the first study to pair VNS with at-home ADL ther-
apy focused on participant-prioritized tasks and compare
task performance across therapy. Findings suggest that
this approach improves performance on high-priority,
real-life tasks with potential to reduce the functional bur-
den of injury and promote independence.
Objective: Vagus nerve stimulation during rehabilitative training can
improve motor function years after stroke or spinal cord injury. This
open-label study examined whether vagus nerve stimulation paired
with participant-selected activities of daily living in a home environ-
ment can improve task performance in participants with chronic stroke
or incomplete cervical spinal cord injury.
Design: Fourteen participants were recruited from our previous ran-
domized studies involving months of vagus nerve stimulation deliv-
ered during in-clinic therapy. Seven participants with chronic stroke
and seven with chronic incomplete spinal cord injury completed 36
additional sessions of vagus nerve stimulation paired with training
on a set of self-selected, high-priority activities of daily living at home.
Each participant trained on 5–10 tasks. Performancewasmeasured be-
fore and after vagus nerve stimulation + ADL therapy.
Results: Vagus nerve stimulation + activity of daily living therapy re-
duced time to complete trained activities of daily living by
19.8 ± 5.2% for participants with stroke and 33.8 ± 4.9% for partici-
pants with spinal cord injury.
Conclusions: The observed gains are clinically meaningful and sug-
gest a reduction in the functional burden of injury, which has the poten-
tial to improve independence and reduce reliance on caregivers. These
initial results are sufficient to justify a randomized, sham-controlled
study to evaluate whether vagus nerve stimulation during task-specific
training can improve task performance and independence.
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S troke and cervical spinal cord injury (SCI) often produce
profound, chronic motor dysfunction of the arm and hand

leading to persistent functional deficits and impaired ability
to complete common activities of daily living (ADLs).1 Task-
oriented therapy, including ADL training, is a typical component
of rehabilitation for these populations, but chronic functional def-
icits can persist despite intervention.2 Vagus nerve stimulation
(VNS) enhances the benefits of therapist-supervised rehabilitative
training in persons with chronic stroke and incomplete SCI3

(NCT04288245, NCT04534556). The addition of VNS to 18
sessions of upper extremity therapy in persons with stroke pro-
duces an additional 2.6 point improvement in the Fugl-Meyer up-
per extremity assessment (UEFM) over equivalent therapy with-
out VNS.3 This observation led the United States Food and Drug
Administration (FDA) to approve VNS during upper-limb motor
therapy to treat moderate to severe motor deficits associated with
chronic ischemic stroke.3 Similarly, the addition of VNS to 18
sessions of upper extremity therapy in persons with chronic in-
complete cervical SCI produces an additional 4.1 point improve-
ment in theGraded andRedefinedAssessment of Strength, Sen-
sibility, and Prehension score over equivalent therapy without
VNS (NCT04288245). This is consistent with extensive preclin-
ical studies in multiple animal models showing that VNS pro-
motes recovery by enhancing the synaptic plasticity produced
by rehabilitative training.4–12

These findings show that VNS, when paired with super-
vised rehabilitation in a controlled clinical setting, is effective.
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Additionally, emerging evidence suggests that extending VNS
therapy to self-directed, at-home use can lead to further, long-
term gains. For example, 2 yrs of VNS delivered during unsu-
pervised, open-loop, home-based rehabilitation produced an
additional 4.7-point improvement on UEFM.13 In this same
study, significant improvements were also observed on the
Wolf Motor Function Test, the Motor Activity Log, and the
hand section of the Stroke Impact Scale. However, while these
improvements indicate enhanced function, there is no direct
evidence that participants translated these gains into meaning-
ful improvements in their self-selected, high-priority ADLs.
The extent to which long-term, home-based rehabilitation with
VNS influences real-world task performance remains unclear.
The observation of cumulative progress occurring over years
long after injury suggests that VNS may help mitigate the pla-
teau effect typically seen in persons with chronic neurological
injury, but further investigation is needed to determine its effect
on personally relevant ADLs.

The aim of the current open-label study was to quantify
whether VNS combinedwith practice of self-selected, high pri-
ority ADLs performed at home can improve the performance
on these tasks in participants with chronic stroke or incomplete
cervical SCI. All participants were implanted with VNS de-
vices as part of earlier randomized studies and had received
many months of previous VNS delivered during in-clinic ther-
apy. For the present study, each participant selected a set of
tasks that they most wanted to perform. The time to complete
a set of trained and untrained ADLs was recorded before and
after 36 sessions of VNS delivered during ADL training. Re-
sults indicate VNS paired with ADL practice at home pro-
duced a significant improvement in performance of the trained
and untrained ADLs and justify a randomized, sham-controlled
study to demonstrate that VNS during task-specific training
can improve task performance.

METHODS

Subjects and Exclusion Criteria
All procedures were approved by the institutional review

board at the University of Texas at Dallas (UTD IRB:
22-563, 023-267). Written informed consent as obtained for
all trial participants. Participants for this study were recruited
from the participants in an earlier randomized controlled trial
(NCT04288245 or NCT04534556), where participants with
upper limb motor impairments due to either stroke or SCI were
previously implanted with a miniature externally powered stim-
ulator (MEPS).14 The MEPS device is not yet FDA-approved
and was used under an investigational device exemption. Seven
TABLE 1. Demographic and clinical characteristics by injury type.
SCI participants grouped by ASIA Impairment Scale (AIS) Score.

Stroke SCI

Classification Ischemic n = 5
Hemorrhagic n = 2

AIS-D n = 5
AIS-B n = 2

Sex 86% male 57% male
Age (yr) 58 ± 6.4 45 ± 5.3
Months since injury 42.2 ± 2.4 135.5 ± 72.0
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participants with chronic stroke ages 27–78 yrs were en-
rolled in this study. The mean time since stroke was 42.-
2 ± 2.4 months. Seven chronic SCI participants’ ages
29–62 yrs were enrolled in this study. The mean time since
SCI was 135.5 ± 72.0 mos (Table 1).
Activities of Daily Living Therapy
Study participants used the MEPS system only during

rehabilitative exercises.14 Participants completed 36 one-
hour sessions of VNS paired with training on 5–10 selected
ADLs. Participants completed the first two to four sessions
in-clinic with trial staff to become familiarized with rehabil-
itation software, hardware, and therapy materials and instruc-
tions. The remaining sessions were completed at the partici-
pants’ homes. One stroke participant completed all 36 sessions
FIGURE 1. VNSwas delivered during a wide variety of ADLs. A, VNS was
delivered during 41 unique ADLs. These 41 ADLs were grouped into 8
categories. The number of occurrences of each ADL is included in
parentheses. B, The occurrence frequency of each ADL category.
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TABLE 2. Therapy and stimulation characteristics by injury type

Stroke SCI

Number of ADLs 6.6 ± 0.4 7.7 ± 0.6
Sessions per week 2.0 ± 0.2 2.0 ± 0.4
% of sessions completed 100 100
Total successful stimulations per session 251 ± 31 239 ± 20
Active minutes per session 62.5 ± 8.5 54.2 ± 1.8
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in-clinic by request. Study staff supervised home sessions at-
home by video call once per week. All assessments were
conducted in-clinic.

At enrollment, each participant self-selected a unique set
of ADLs, which they felt would most improve their inde-
pendence and quality of life. Each set consisted of 5 to 10
ADLs. Task difficulty was graded based on each partici-
pant’s individual abilities and progressed based on criteria
established by study staff to ensure an appropriate level of
challenge. Examples of increasing task difficulty included
extending the reaching distance, increasing the weight or size
of objects, and altering the participant’s position (e.g., sitting
to standing). Participants were instructed to complete as many
repetitions as possible of each ADL within a prescribed
amount of time, typically 5–10 mins. Participants could take
rest breaks. Forty-one unique ADLs were delivered during
therapy (Fig. 1A).

Vagus Nerve Stimulation
TheMEPS system, previously described,14 triggered short

bursts of VNS only while participants were engaged with ADL
practice. Stimulation was only delivered during active rehabil-
itation and was paused during breaks or transitions between
ADLs. Participants received 0.5-sec trains of 30Hz stimulation
(100-μsec biphasic pulses) every 10 secs during active ADL
training. Stimulation intensity was individualized for each per-
son and ranged from 0.4 mA to 1.2 mA. The most common in-
tensity was 0.8 mA delivered to 10 of the participants.

Study Outcomes
The primary outcome for this study was the change in time

to complete trained and untrained ADLs. Performance assess-
ments measured the amount of time taken to complete a set of
instructions specific to each ADL. Time to complete each
ADL was recorded in-person before and after 36 sessions of
therapy using a digital stopwatch. Each assessment was video
recorded. Participants had up to 2 mins to complete the in-
structions for each ADL. Instruction completion time and
the number of successfully completed repetitions were re-
corded. Instruction difficulty was individualized to each partic-
ipant, and participants were reassessed at the same instruction
difficulty at every assessment.

For participants with SCI, the untrained ADL tasks
consisted of each of the Jebsen-Taylor Hand Function test
components, except for writing since some individuals trained
on writing. These tasks were performed using the dominant
hand and the nondominant hand. For participants with stroke,
the untrained ADL tasks consisted of the 9 functional tasks
from the Wolf Motor Function Task, including stacking
checkers, flipping cards, turning a key in a lock, folding a
towel, reaching and retrieving, and lifting a can, pencil, paper
clip, and basket. These tasks were performed using the
hemiparetic hand. All untrained ADLs were assessed on-site
by a licensed physical therapist.

Statistics
Within-subject changes in time to complete the trained

ADLs and the between-subject median percent reduction in
time to complete trained and untrained tasks were analyzed in
© 2026 Wolters Kluwer Health, Inc. All rights reserved.
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MATLAB R2023a using Wilcoxon signed-rank tests. Data
are presented as mean ± standard error of the mean across
study participants.
RESULTS
This open-label study was designed to determine whether

VNS delivered during ADLs can improve performance in
participants with chronic stroke or incomplete cervical
SCI. Seven persons with stroke and seven persons with spi-
nal cord injury were recruited after completion of previous
studies in which they received VNS therapy (NCT04288245
or NCT04534556). Each participant selected the 5–10 ADLs
that they most wanted to improve on. The 14 study participants
selected 41 unique ADLs which were paired with VNS primar-
ily in an at-home setting (Fig. 1A). The ADLs fell into 8 broad
categories, including fine movement, gross movement, reach
and grasp, dressing, tool use, container opening, food-related,
and leisure tasks (Fig. 1B).

Successful VNS Delivery and High Levels of
Compliance Support Intervention Feasibility

Participants were instructed to complete 60 mins of
VNS + ADL therapy and were allowed to take breaks. The aver-
age active time engaged in practice paired with VNS was 58.-
3 ± 4.3 mins per session. The average number of successful stim-
ulation events per session was 245 ± 18 (Table 2). All participants
completed all 36 sessions of training, which were self-paced with
a mean frequency of 2.0 ± 0.2 sessions per week. The average to-
tal time to complete 36 sessions was 21.9 ± 3.2 wks. These find-
ings indicate that VNS can be feasibly combined with a self-
directed, structured exercises program of ADLs at home.

VNS + ADL Therapy Can Improve Performance
on Trained ADLs

The time to complete each task was recorded before and
after the completion of 36 sessions of VNS therapy. Despite
considerable variability in the time to complete each task and
in the degree to which speed improved, there was clear ev-
idence in favor of improvement (Figs. 2A, B; Supplementary
Movies 1-6 [http://links.lww.com/PHM/C902, http://links.lww.
com/PHM/C903, http://links.lww.com/PHM/C904, http://links.
lww.com/PHM/C905, http://links.lww.com/PHM/C906, http://
links.lww.com/PHM/C918]; pretherapy vs. posttherapy P1–
P14; Wilcoxon signed-rank tests results in Table 3). VNS+ADL
therapy reduced the time to complete trained ADLs by
19.8 ± 5.2% for participants with stroke (Fig. 3A; stroke trained
tasks; Wilcoxon signed-rank test, P = 0.016) and by 33.8 ± 4.9%
www.ajpmr.com S59
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FIGURE 2. VNS + ADL therapy reduced time to complete tasks in stroke and SCI participants. A, Individual data for participants with chronic stroke
reduced their time to complete most trained ADLs. Each participant completed a unique set of ADLs that was well-distributed across different
movement categories. (B) Individual data for participants with chronic incomplete cervical SCI reduced their time to complete most trained ADLs. *
indicates P < 0.05.
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for participants with SCI (Fig. 3B; SCI trained tasks; Wilcoxon
signed-rank test, P = 0.016) after 36 sessions of therapy. Qual-
itative records, including handwriting samples, reveal the im-
provement in speed was not due to compromised movement
quality (Fig. 4; Supplementary Movies 1-6 [http://links.lww.
com/PHM/C902, http://links.lww.com/PHM/C903, http://
links.lww.com/PHM/C904, http://links.lww.com/PHM/C905,
http://links.lww.com/PHM/C906, http://links.lww.com/PHM/
C918]). These data indicate that VNS + ADL therapy can im-
prove function on high-priority ADLs in both chronic stroke
and chronic SCI populations.
Benefits FromVNS + ADL TherapyHave Potential
to Generalize to Untrained ADLs

Study participants were also tested on a set of untrained
ADLs to determine whether VNS + ADL therapy could im-
prove function in a manner that might generalize to other tasks.
VNS + ADL therapy significantly reduced the time to com-
plete untrained ADLs by 8.1 ± 2.9% (stroke and SCI untrained
tasks; Wilcoxon signed-rank test, P = 0.01). Participants with
SCI showed a 10.2 ± 3.8% reduction (Fig. 3B; SCI untrained
tasks; Wilcoxon signed-rank test, P = 0.047) while those with
stroke had a 6.0 ± 4.6% reduction, which failed to reach signif-
icance (Fig. 3A; stroke untrained tasks; Wilcoxon signed-rank
test, P = 0.25). These findings suggest that VNS + ADL ther-
apy has the potential to promote generalized functional im-
provements, corroborating previous evidence that this therapy
TABLE 3. Wilcoxon-signed rank test results for participants 01
through 14. * indicated P < 0.05.

Participant ID P01 P02 P03 P04 P05 P06 P07

P-Value 0.015* 0.297 0.156 0.125 0.563 0.438 1

Participant ID P08 P09 P10 P11 P12 P13 P14

P-Value 0.012* 0.109 0.156 0.016* 0.078 0.031* 0.240
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can be effective evenwhen delivered in an at-home setting with
limited supervision.13

DISCUSSION
This open-label follow-on study was designed to determine

whether VNS paired with ADLs can improve task performance
in participants with chronic stroke or incomplete cervical SCI.
VNS paired with ADL practice produced a meaningful im-
provement in performance of the trained ADLs.15 There was
also a more modest but statistically significant improvement
on related, but untrained, tasks. These results suggest that
VNS paired with at-home practice of ADLs may reduce the
functional burden of injury with the potential to improve inde-
pendence and reduce reliance on caregivers. These initial re-
sults justify a randomized, sham-controlled study to demon-
strate that VNS during task-specific training can improve task
performance and independence long after injury.

Participants with stroke exhibited a notable improvement
in trained ADLs, with an average reduction in time to complete
of 19.8 ± 5.2%. Similarly, participants with SCI experienced an
even more substantial improvement, with their time to com-
plete ADLs reducing by 33.8 ± 4.9%. To put these results in
FIGURE 3. VNS + ADL therapy reduced time to complete trained and
untrained ADLs. Participants with chronic stroke (A) and incomplete
cervical SCI (B) reduced their time to complete trained ADLs (red). The
reduction in the time to complete untrained tasks (blue) appears to be
smaller. Stroke n = 7, SCI n = 7. * indicates P < 0.05.
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FIGURE 4. Handwriting samples suggest the improvement in speed was not due to compromised movement quality. Samples were collected before
and after 36 sessions of therapy for participants whose trained ADLs included writing. Most participants improved their time to complete the writing
prompt. Participants used their preferred hand to train writing and used the same hand for the entirety of the study.
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perspective, the minimal detectable change on the Wolf Motor
Function Test—a widely used standardized assessment of
functional movement—is a 16% reduction in time to complete
in the acute stage of the injury.15 Given this benchmark, the ob-
served improvements of 19.8% for participants with stroke and
33.8% for participants with SCI represent not only statistically
significant, but alsomeaningful, progress. Importantly, exceeding
the 16% threshold in the chronic stage of neurological injury,
where functional gains are often harder to achieve, suggests that
this intervention may be driving neuroplastic changes beyond
what is traditionally expected at later stages of recovery. Notably,
we observed no evidence that improvement in performance on ei-
ther trained or untrained tasks was due to reduced precision or
any form of undesirable compensation. These findings reinforce
the potential of VNS + ADL therapy to deliver meaningful and
lasting improvements, even in populations where progress is
typically more limited. Further, these gains were achieved in
ADLs that were individually selected by the participants them-
selves, highlighting that the therapy led to significant enhance-
ments in activities that are directly relevant and impactful in
their daily lives.2 Most of the participants had received years
of rehabilitation following their injuries and yet failed to make
satisfactory progress on these high-priority tasks.

While VNS + ADL therapy did not eliminate impairments
in ADLs, the extent of the improvement suggests a clinically
meaningful reduction in the functional burden of injury. These
improvements can lead to increased independence, potentially
reducing the need for assistance from caregivers and enhancing
the participants’ quality of life. By targeting tasks that matter
most to the individuals, the therapy fosters practical benefits
in everyday functioning and overall autonomy.16
© 2026 Wolters Kluwer Health, Inc. All rights reserved.
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We observed that the magnitude of improvements was
greater in trained than untrained ADLs. Given that repeatedly
pairingVNSwith amovement is known to specifically strengthen
the engagedmotor circuits in animals,4,17 it is perhaps not surpris-
ing that we would observe greater gains in trained versus un-
trained tasks. Despite the specificity of VNS-enhanced plasticity,
generalization to untrained tasks has been observed in animal
models. When the trained and untrained tasks were somewhat
similar, generalization was observed to be high.8 For example, in
a studywhere ratswith stroke receivedVNS pairedwith a task in-
volving reaching through a slot to turn a knob, their ability to
reach through a slot and pull a handle—an untrained task—also
improved despite never pairing this task with VNS, suggesting
VNS-enhanced plasticity can extend to related movements. How-
ever, the tasks in this study were more distinct from each other
compared to the rat study, making the possibility of generalization
less likely. Consequently, it is somewhat surprising to observe a
statistically significant improvement in this set of untrained tasks.

Based on earlier animal studies, the observed improvements
are likely a result of synaptic changes in motor and sensory
networks.6–8,11,18–21 While VNS-induced changes in the human
auditory system have been reported,22 no study to date has docu-
mented VNS-induced changes in the human motor pathway.
VNS-enhanced rehabilitation was approved by the FDA in
2021 and studies to identify plastic changes in the human mo-
tor system are underway23 (NCT06716112, NCT03945851).
Documentation of VNS-induced neural plasticity could prove
difficult given the significant heterogeneity produced by stroke
and SCI.24 Within-subject controls comparing trained and un-
trained tasks provide one method to potentially improve statis-
tical power and identify the biological basis for VNS-enhanced
www.ajpmr.com S61
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recovery. The generalization of task improvement observed in
this study suggests that a future imaging study should select
distinctly different tasks engaging different musculatures to in-
crease the probability of observing training-induced neural
plasticity in the human motor system.

Animal studies have demonstrated that appropriate timing
of VNS in relation to movement onset is critical for producing
therapeutic effects.11,25,26 In the earlier double-blind, sham-
controlled trials3 (NCT04288245, NCT04534556), therapist-
supervised or automated, software-controlled systems were
used to ensure that VNS was delivered during movement. In
the current study, VNS was delivered once every 10 secs dur-
ing active ADL training. This method of delivery facilitated
at-home therapy and allowed the participants to complete ses-
sions unsupervised. Either real-time video monitoring or
sensor-based methods could be used to deliver closed-loop
VNS in an at-home setting.27 Animal studies suggest that a
closed-loop VNS could produce even greater gains than the
open-loop VNS used in this study and in earlier studies of at-
home VNS during motor rehabilitation.3,13,26,28

Historically, when implanted study participants received
VNS during at home ADL training, participants swipe a mag-
net over their device which begins a fixed program of 0.5 sec
VNS bursts every 10 secs for 30 mins regardless of duration
or type of activities the participant engaged in.3,13,28 This
FDA-approved method for at-home stimulation is currently
used in clinical practice for persons implanted with a VNS de-
vice to treat upper extremity motor deficits associated with
chronic ischemic stroke.23 In the current study, participants ini-
tiated VNS and terminated VNS at the beginning and end of
each exercise. As a result, this study collected data about the
precise number of minutes each subject was actively engaged
in ADL training paired with VNS. Thus, while the system
was open-loop in terms of individual movement onsets, VNS
was delivered during at-home ADL training with greater preci-
sion than in previous studies. Future studies will be needed to
determine if at-home VNS systems with closed-loop delivery
capable of precise timing to movement onset and selection of
above average movement precise, speed, or strength can pro-
duce greater gains than open-loop systems.

Despite the encouraging finding that participants with
stroke and SCI can make meaningful improvements on high
priority tasks even many years after injury, there are consider-
able limitations inherent to the design of this open-label,
follow-on study from the earlier randomized controlled trials.
Importantly, data collection for this study was limited due to
a small number of participants. The study was designed based
on a convenience sample drawn from participants who were
willing to engage in an additional follow-on study of VNS-
enhanced rehabilitation after the completion of a double-blind,
sham-controlled trial (NCT04288245 or NCT04534556). The
current study is underpowered to demonstrate that VNS can
improve performance after injury more than identical practice
without VNS. It is possible that the improvements in speed
documented in this study could be attributed to practice alone.
However, in the previous clinical trial, rehabilitation alone did
not drive recovery (NCT04288245), and the self-selected
ADLs are tasks that have been practiced for years before
VNS delivery without observed improvements. In the future,
a randomized, controlled study design will be needed to
S62 www.ajpmr.com
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demonstrate that VNS can improve performance after injury
more than identical practicewithout VNS. Collectively, these re-
sults provide preliminary evidence that VNS delivered during
unsupervised, at-home ADL practice can improve performance
even many years after stroke or SCI. By targeting participant-
selected, high-priority tasks, this approach demonstrates the
potential to reduce the functional burden of injury and enhance
independence. The observed generalization to untrained tasks
further supports its broader applicability. Future studies should
include improved performance of high priority ADLs to assist
people in deciding what therapy options are best suited to pro-
mote their recovery goals.
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