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Abstract
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in individuals with post-acute stroke: feasibility study
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Abstract:

Introduction: Limited recovery of upper extremity (UE) function including reach-to-grasp
(RTG) actions is one of the most disabling consequences of stroke-related brain
damage. A recently developed treatment approach called Accelerated Skill Acquisition
Program (ASAP), which integrates components of skill acquisition, capacity building, and
motivational enhancements, provides the foundation for effective incorporation of the
paretic UE into life activities. Objectives: to investigate the feasibility of delivering ASAP
during the post-acute interval in mildly to moderately impaired stroke survivors and to
include an assessment of paretic RTG coordination and uses RTG task and cross
correlation analyses and to investigate the persistent gain at 6 months after training.
Method: Two baselines-, post treatment, and 6 month post treatment-evaluations were
performed. Intervention: An individualized arm therapy program using ASAP principles
was administered for a total of 30 hours, 2 hours/ day, and 2-4 days/ week over 5
weeks. Primary outcomes: kinematics of RTG movements including total movement
time, deceleration time, maximum transport velocity, time of maximum transport velocity,
maximum grasp aperture, time of maximum grasp aperture, and RTG coordination
represented by maximum correlation coefficient and associated time lag of the cross
correlation analyses between transport velocity and grasp aperture size. Clinical
outcomes: Total time score of WMFT and three sub-items of the Stroke Impact Scale
(SIS): recovery scale, hand subscale, and social participation subscale. Results: All
seven participants tolerated ASAP well. Comparing between the two baselines, there

were no changes in RTG kinematic or RTG coordination measures. In contrast, after



undergoing ASAP protocol total movement time and deceleration time of RTG actions
markedly decreased, maximum reach (transport) velocity strikingly increased and time of
maximum aperture was accomplished later. Additionally, the time lag of highest cross
correlation coefficient substantially reduced. A similar pattern was observed for the
clinical outcome measures of WMFT and SIS. More importantly, these changes
persisted for at least 6 months compared to post training. Discussion and Conclusion:
The findings demonstrate the feasibility of using an ASAP protocol in patients with 1-4
months post stroke. All participants performed RTG actions faster and demonstrated a
tendency for a more coordinated RTG movement pattern. Additionally, for the first time,

we demonstrate that the training effects persisted for at least 6 months after training.

Keywords: reach-to-grasp coordination, motor learning, neural plasticity, task-

oriented training
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Abstract:

Introduction: Limited recovery of upper extremity (UE) function including reach-to-grasp
(RTG) actions is one of the most disabling consequences of stroke-related brain
damage. A recently developed treatment approach called Accelerated Skill Acquisition
Program (ASAP), which integrates components of skill acquisition, capacity building, and
motivational enhancements, provides the foundation for effective incorporation of the
paretic UE into life activities. Objectives: to investigate the feasibility of delivering ASAP
during the post-acute interval in mildly to moderately impaired stroke survivors and to
include an assessment of paretic RTG coordination and uses RTG task and cross
correlation analyses and to investigate the persistent gain at 6 months after training.
Method: Two baselines-, post treatment, and 6 month post treatment-evaluations were
performed. Intervention: An individualized arm therapy program using ASAP principles
was administered for a total of 30 hours, 2 hours/ day, and 2-4 days/ week over 5
weeks. Primary outcomes: kinematics of RTG movements including total movement
time, deceleration time, maximum transport velocity, time of maximum transport velocity,
maximum grasp aperture, time of maximum grasp aperture, and RTG coordination
represented by maximum correlation coefficient and associated time lag of the cross
correlation analyses between transport velocity and grasp aperture size. Clinical
outcomes: Total time score of WMFT and three sub-items of the Stroke Impact Scale
(SIS): recovery scale, hand subscale, and social participation subscale. Results: All
seven participants tolerated ASAP well. Comparing between the two baselines, there
were no changes in RTG kinematic or RTG coordination measures. In contrast, after
undergoing ASAP protocol total movement time and deceleration time of RTG actions
markedly decreased, maximum reach (transport) velocity strikingly increased and time of
maximum aperture was accomplished later. Additionally, the time lag of highest cross

correlation coefficient substantially reduced. A similar pattern was observed for the



clinical outcome measures of WMFT and SIS. More importantly, these changes
persisted for at least 6 months compared to post training. Discussion and Conclusion:
The findings demonstrate the feasibility of using an ASAP protocol in patients with 1-4
months post stroke. All participants performed RTG actions faster and demonstrated a
tendency for a more coordinated RTG movement pattern. Additionally, for the first time,

we demonstrate that the training effects persisted for at least 6 months after training.

2. Executive summary
Rationale and significance

Stroke is the leading cause of long-term disability worldwide [1-3]. About
780,000 Americans each year suffer a new or recurrent stroke [4]. That means, on
average, a stroke occurs every 40 seconds. In Thailand, there are approximately at
least 150,000 individuals suffering from stroke each year [3]. Thai pay approximately
1,000,000 Baht for stroke-related medical costs and disability. Moreover, stroke is the
No. 3 cause of death behind diseases of the heart and cancer [3, 4]. Therefore, it is
critical to find optimal allocation of therapy services within the approved number of
treatment sessions that will reduce disability, lessen the societal burden, and provide a
standardized evidence-based treatment.

Approximately 75% of stroke survivors have upper extremity (UE) weakness [5].
Among stroke survivors, only 5% regain full arm function whereas 60% regain walking
ability [6, 7]. These statistics attest to the need for intervention strategies to promote UE
recovery after stroke. Accelerated Skill Acquisition Program (ASAP) is an innovative, yet
fully-defined, evidence-based and theoretically defensible therapy program. It is hybrid
combination of constraint-induced therapy and skill-based/impairment-mitigating motor
learning training with embedded motivational enhancements. It is proposed that skill
(motor learning and self-management), capacity (impairment mitigation), and motivation
(intrinsic drive) together form the foundation for effective incorporation of the paretic UE
into life activities. An intervention in this study targeted the immediate post-acute period,
in large part because this timing was considered optimal for several important reasons:
1) it enabled a supportive interaction between processes associated with experience-
dependent and injury-induced cortical reorganization that are known to influence
functional recovery [8, 9], 2) it attenuated the detrimental effects of maladaptive
compensatory strategies (e.g., learned non-use) currently promoted during inpatient
rehabilitation [10] and 3) it was not too early as to be overly aggressive during a more

vulnerable period both physiologically and psychologically [8, 11].



Importance of the knowledge gained

Participants in this study saw improvements in their arm recovery and function.
Such benefits occurred; these data could be used to advance our understanding of this
protocol with the intent of informing and educating clinical practice for individuals post-
stroke. The findings of this study would be a foundation to establish evidence-based
recommendations for the content of outpatient arm therapy and the number of visits
necessary to optimize outcome.

To the best of our knowledge, this was the first phase | trial in upper extremity
stroke neurorehabilitation in Thailand to investigate the feasibility of theoretically
defensible, evidence-based and fully defined therapeutic intervention (ASAP) delivered
during the post-acute outpatient interval (1-3 months) in mildly to moderately impaired
stroke survivors. Although the exact proportion of stroke survivors who are mildly to
moderately impaired was not known, conservative estimates ranged between 5% and
30%. Given at least 150,000 stroke survivors in Thailand, we believed that at least
between 7,500 and 45,000 (5% - 30%) could benefit. This was a significant number of
persons who could potentially benefit from best practice patterns in upper extremity

rehabilitation. Additionally, costs of subsequent medical care could be reduced.

3. Taquizad

To examine the feasibility of a fully-defined, evidence-based and theoretically
defensible therapy program (ASAP) initiated within the earliest post-acute outpatient
interval (1-3 months post stroke) by measuring gains in the primary outcomes of paretic
upper extremity function at post treatment and a persistent gain at 6 month follow up.

4. ATNAaDY

This pilot study was a within-participant, repeated-measure design. Nine
individuals with stroke participated in this study. Prior to participation, two assessments,
i.e. screening and criterion evaluations were established. The screening evaluation was
established to determine if the participant was able to communicate and answer
questions and was within 1-4 months after stroke and criterion evaluation was
conducted to determine if the participant meets the inclusion criteria for study
enroliment. The screening evaluation included questionnaire regarding the stroke onset
and NIH Stroke Scale (NIHSS). The criterion evaluation included UE motor Fugl-Meyer
[12] and cognitive function test using Mini-Cog [13]. A written informed consent form
approved by Mahidol University Institutional Review Board was read and signed prior to

the experiment.



To be eligible in this study, all participants must present with the following

criteria:

1. Ischemic or intraparenchymal hemorrhagic stroke,1 to 3 months after onset

2. Age = 21 years and no upper limit.

3. Persistent hemiparesis leading to impaired upper extremity (UE) motor function
indicated by the UE Fugl-Meyer [12] motor and coordination score no less than
19 out of 66 on the total motor score, but with at least a score of 1 on the hand
item for finger mass extension/grasp release [14].

4. Evidence of preserved cognitive function: indicated by = 4 on the Mini-Cog
[13].

Individuals were excluded from the study if they presented with any of the
following:

1. Mostly resolved UE hemiparesis indicated by > 58/66 on the UE Fugl-Meyer [12]
motor and coordination score.

2. Ataxia out of proportion to weakness, NIHSS Ataxia > 0.

3. Severe upper extremity sensory impairment indicated by anesthesia to light
touch on the UE Fugl-Meyer sensation and proprioception.

4. Neglect, as determined by NIHSS neglect item = 1.

5. Inability to give informed consent for study participation.

6. Severe arthritis or orthopedic problems that limit passive range of motion (ROM)
of upper extremity joints indicated by: shoulder flexion < 90 deg, shoulder
abduction < 90 deg, shoulder external rotation < 45 deg, elbow extension < 20
deg from full flexion, forearm supination and pronation < 45 deg from neutral,
wrist extension < neutral, finger extension < 30 deg from full flexion

7. Pain that interferes with daily activities as indicated on the pain sub component,
pain score of 1 for at least 2 joints on the pain/ROM Fugl-Meyer UE assessment

8. Balance and transfer function that requires more than contact-guard assistant

9. History of sustained alcohol or drug abuse in the last 6 months

10. Previously been enrolled or currently enrolled in other rehabilitation or drug
intervention studies

11. Living too far from the training site to participate reliably

12. Receiving oral or injected antispasticity medications during study treatment

Task and Procedure



Testing evaluations were distributed as follows: first baseline, second baseline,
post-treatment, and 6 months-post treatment. Overall, the procedure lasted 2 hours
each evaluating day. As a control procedure, we performed double baselines (a week
apart) to assess non-specific effects as expectancy of improved extremity function,
spontaneous recovery, initial contact with experimenters, and increased attention to use
of the affected upper extremity. Two baselines- and post treatment-evaluations included
Reach-to-grasp actions, clinical outcome measures including Wolf Motor Function Test
(WMFT) and Stroke Impact Scale (SIS).

Measures of Preliminary Benefit

Primary outcome measures were total movement time of reach-to-grasp action,
reach-to-grasp coordination using maximum correlation coefficient and the associated
time lag of cross correlation analyses between transport velocity and aperture size and
time score of WMFT. Secondary outcome measures were kinematics of reach-to-grasp
action including deceleration time, maximum transport (reach) velocity, time of maximum
transport velocity, maximum grasp aperture, and time of maximum grasp aperture and
the three subitems of SIS including recovery scale, hand subscale, and social
participation subscale.

Reach-to-grasp action was selected as it is a real-world UE functional task. The
basic task was to reach forward from a designated start position, grasp a pre-positioned
cylinder, and lift it of the table “as soon and as quickly as possible” using the thumb and
index finger. Two and a half centimeter-cylinder with 10 cm in height was used for
grasping. Prior to each trial, the cylinder was positioned 30 cm away from the start
switch as described in detail in elsewhere [15]. Each participant sat in a straight-back
chair with the torso secured to the chair’'s back using a belt; the hand rested on a hand
switch, and the thumb and index fingertips were positioned in opposition at the tips.
Upon a “go” signal, each participant performed 12 trials of reach-to-grasp actions with
their paretic limb. To quantify transport (reach)-to-grasp coordination, we performed a
cross correlation analyses using transport velocity and aperture size. Previously, cross
correlation analyses was shown to be sensitive to detect impaired transport-grasp
coordination in individuals with stroke using the ipsilesional hand (non-paretic) compared
to matched non-disabled adults [16]. In addition, the cross correlation analyses reliably
identified within-subject manual asymmetries of transport-grasp coordination in right-
handed matched non-disabled adults [15]. Kinematic data were acquired using the
MotionMonitor (Innsport, Inc.), an electromagnetic motion system with six degree-of-

freedom Mini-Bird sensors (Ascension Technologies). Three sensors were securely



attached with tape to the paretic upper extremity, one on the forearm proximal to the
styloid process of the radius, the other two on the nail beds of the thumb and index
fingers. Position data were captured at 100 Hz. All kinematics data were filtered using a
zero-lag Butterworth low-pass filter with a 20-Hz cut-off frequency. Three-dimensional
displacement was calculated from the wrist sensor position and then was employed to
derive tangential velocity of transport using a finite difference technique [17]. Grasp
aperture was derived from the distance between the thumb and index finger sensors.
Movement initiation was derived as the first bin of a continuous rise in transport velocity.
Movement termination was derived as the time of lowest transport velocity prior to the
object lift off. Total movement time was the time from movement initiation to movement
termination. Grasp behavior was measured using maximum aperture, which was the
maximum value from the aperture displacement trajectory.

The WMFT was chosen as one of the primary outcome measures because (1) it
has a strong psychometric properties in individuals with stroke [18-20], (2) unlike other
assessment tools for stroke, the WMFT consisted of a broad range of tasks, progressing
from simple to complex. The progressive tasks relate to the numbers of joints used to
perform the task, starting with shoulder to functional finger movements [21] as well as
the grip strength, (3) it is typically used in mild to moderate stroke to assess the impact
of specific intervention, such as constraint-induced movement therapy [22], and (4) it
has high inter- and intra-rater reliability [19] as well as criterion validity with the Fugl-
Meyer upper extremity assessment in patients 3-9 months post stroke [20].

The three items of SIS were employed to evaluate self-perceived UE function
and general health status outside of the laboratory in everyday life [23-25]. The SIS-
hand function, SIS-social participation, and SIS-global recovery were administered by
face-to-face interview. We selected the SIS as it is a valid and reliable measure to
address our question [26].

Intervention

Accelerated Skill Acquisition Program (ASAP): each participant received
an individualized arm therapy program based on ASAP#[27, 28]. The patient underwent
arm therapy for a total of 30 hours (15 sessions), 2 hours per day with rest breaks as
needed, but kept to a minimum., and 2-3 days per week over 5-8 weeks. ASAP protocol
parameters: The program began with an orientation session to 1) prepare the
collaborative real-world task list to be used during training; it included 6 tasks the patient
most wanted to perform with at least one a bimanual activity, one a strength-dependent

activity including the most-affected arm, and one activity requiring dexterity of the most



affected hand, 2) designated a priority or benchmark task from the collaborative task
list, 3) determined fundamental impairments and the challenge point(s) or breakdown
point(s) for a minimum of the priority/benchmark task, 4) prepared a collaborative
schedule for the first day of training, 5) oriented the participant to the brief self-efficacy
question, 6) oriented the participant to out-of-lab action plans (i.e., homework).

The training session began with collaborative ordering of the real-world tasks
identified at the orientation session. The real-world tasks changed as interests and goals
evolved, however the priority task remained the same. Task and movement analysis
was performed for each real-world task to determine the key movement dysfunctions or
impairments. The goal of intervention training was to focus attention and effort directly
on the problematic area (i.e. impairment) to facilitate skill acquisition without simply
providing a compensatory strategy as a quick fix to the problem. Classic physiologic-like
overload parameters were used to drive progress. Practice activities within real-world
tasks were selected based on patient preference. Training was collaborative and
interactive with the participant actively participating in problem solving and assessing
performance. Confidence building and empowerment was embedded in the training and
education. Self-efficacy assessment was administered 4 times throughout the training
period using the Brief Self-Efficacy Rating Scale and asking “on a scale of 0-10, how
confident are you that you can (fill in specific Priority activity)?” This is followed by a
question asking, “What can we do this week to make you more confident?” Included in
their responsibilities was to perform inter-session ‘action plans’ or out of lab activities.
The assignments encouraged specific practice in the home or community setting.
Participants were asked to report on the effectiveness of their action plan assignment on
the next day of training before the beginning of the practice session on that day.

Data Analysis

All kinematic and transport-grasp coordination variables were extracted for each
trial using customized automatic computer routines written in MatLab® 7.5.0 (The
MathWorks Inc., Natick, MA). For each participant, the kinematic and transport —grasp
coordination data from 12 trials of reach-to-grasp actions were analyzed for the mean
value, and the WMFT time of 15 items was summed to derive the total WMFT time. The
data of all variables were then calculated and reported as a mean and standard error of
mean across 7 participants at baseline1-, baseline2-, post-treatment, and 6 months

post-treatment evaluations.

5. HAaMInNaaayd



Twenty nine individuals were screened for their stroke onset and
communication ability and 14 of them passed the screening evaluation to
proceed with criterion assessment. Nine participants who passed the criterion
assessment were enrolled, eight completed the protocol and seven completed
all evaluations. There was two drop-outs, one at visit 6 of ASAP and the other at
6 months-post treatment due to moving out of the training area. All eight
participants tolerated ASAP well and none reported any adverse effects during
or after the protocol.

Comparing between the two baselines, there were no changes in RTG
kinematic or RTG coordination measures. In contrast, after undergoing 30 hours
of ASAP protocol, total movement time of RTG actions markedly decreased by
an average of 0.3 seconds, deceleration time reduced by an average of 0.3
seconds, maximum transport velocity strikingly increased by an average of 37.6
centimeters/second and time of maximum aperture was accomplished 8.9%
later. Additionally, the time lag of highest cross correlation coefficient reduced by
average of 145.7 milliseconds from the baseline. Same pattern was observed in
clinical outcome measures for both WMFT and SIS. After ASAP, the total time
of WMFT reduced by an average of 21.2 seconds, and grip strength increased
by an average of 3.8 kilograms. Following ASAP, all SIS sub-items increased by
an average of 12.7% for recovery; 27.2% for hand subscale; and 19% for social
participation subscale. More importantly, these changes persisted for 6 months
compared to post treatment.

6. a‘gﬂuazﬁmitﬁwamsmaao LLamTaLauaLm:ﬁ’m%'mm%%'ﬂuamﬂ@

The findings demonstrate the feasibility of using the ASAP protocol in
patients with 1-4 months post stroke. Additionally, for the first time, we
demonstrate that the training effects persisted for at least 6 months after
training. While the effectiveness of ASAP is inconclusive without a control group,
these findings are promising. We extend previously reported benefits of ASAP
[29] by demonstrating improved kinematics and coordination of paretic arm
reach-to-grasp (RTG) actions in individuals with 1-4 months post stroke.
Following ASAP, WMFT tasks and RTG actions were performed faster with
higher peak transport velocity and more coordinated pattern. Moreover,
individuals improved their grip strength and perceived that they improved the
hand function and social participation. These changes were not observed

between the two baseline evaluations in which non-specific effects such as



expectancy of improved extremity function, spontaneous recovery, initial contact
with experimenters, and increased attention to use of the affected upper
extremity may occur. The following discussion puts our results into the context of
ASAP elements and ASAP principles.

ASAP was constructed with the knowledge that effective interventions for
recovery from stroke have been based upon the acquisition (or re-acquisition) of
skills, typically involving intense, task-specific practice of motor skills and the
learning of appropriate self-management skills for prevention of future problems
and progression of recovery. As expected, our participants not only completed
the reach-to-grasp task with shorter time, but also re-acquired the skill as
evidenced by demonstrating a more coordinated pattern. After undergoing
ASAP, the participants demonstrated a near-normal pattern as time lag of 112.7
seconds deriving from the cross-correlation analyses are comparable to those of
non-disabled adults who completed the same RTG experimental protocol [15].
Indeed, individuals likely relied more on feed-forward control as they reduced the
adjustment in their transport trajectory and shortened their deceleration time [30,
31]. Additionally, individuals grasped an object with time of maximum aperture
59.95% of total movement time. This time of maximum grasp is the same as
those of non-disabled adults, (59.20%) reported in our previous work [15] and
the results of other work published elsewhere [32]. Our findings showing re-
acquisition of skill support the notion that ASAP brings about the recovery of the
movement rather than achieving the outcome through compensation [29]. More
importantly, at 6 months, the participants were able to incorporate the paretic
hand effectively into daily activities as reflected by the persistence of the training
effects. The improvements were shown in WMFT activities and reach-to-grasp
actions. Moreover, individuals improved their grip strength and perceived that
they improved the hand function and social participation. It is plausible that If our
participants acquired the self-management skills embedded in ASAP, those
improvements in arm and hand function should not only persist, but they should
continue to develop through spontaneous use in the home environment [33].

While the effectiveness of ASAP is currently under investigation with the
ICARE ftrial that includes two standard therapy comparison groups, these
findings show promise and warrant further investigation through a systematic

staged approach [34].



Conclusions

To our knowledge, this is the first study to investigate the feasibility of

ASAP delivered during the 1-4 months outpatient interval in mild to moderately

impaired stroke survivors and to include an assessment of reach-to-grasp

coordination using a laboratory-based functional reach-to-grasp task and cross

correlation analyses. Additionally, for the first time, we demonstrate that the

training effects persisted for at least 6 months. Under ASAP, WMFT tasks and

reach-to-grasp actions were performed faster with higher peak transport velocity

and more coordinated reach-to-grasp pattern. While the effectiveness of ASAP

is inconclusive without a control group, these findings demonstrate feasibility and

warrant further investigation.
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