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Abstract

Background and Purpose: Therapeutic strategies that capitalize on the intrinsic capacity for
neurological recovery early post-stroke to improve locomotion are uncertain. Emerging data
suggest that task-specific stepping practice provided at higher cardiovascular intensities may be
critical dosage parameters that could maximize locomotor recovery. The purpose of this
investigation was to determine the comparative effectiveness of providing high-intensity training
on locomotor capacity early post-stroke as compared to usual care.

Methods: A quasi-experimental design was used to compare changes in stepping activity
(StepWatch®), walking, and balance outcomes during usual care (n=56) versus high-intensity
stepping intervention (n=54) in inpatient stroke patients. Primary outcomes assessed weekly
included self-selected and fastest gait speed (SSS, FS), 6-minute walk test (6MWT) and the Berg
Balance Scale (BBS), with secondary outcomes of Swedish Postural Assessment Scale for Stroke-
Norwegian version, Functional Ambulation Category (FAC), 30-s sit-to-stand, strength (average
manual muscle testing) and Barthel Index. Regression analyses identified relationships between
demographics, baseline function, and training activities (steps/day, duration achieved 70-85%
maximum heart rates) and primary outcomes at discharge.
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Results: Following implementation of high-intensity stepping, average steps/day (5777+2784)
was significantly greater than during usual care (39172656, p<0.001). Statistically different and
clinically meaningful changes in SSS (0.39£0.28 vs 0.16+0.26 m/s) and FS (0.47+0.41 vs
0.17+0.38 m/s, both p<0.001) were observed following high-intensity interventions vs usual care,
and at every assessment throughout the length of stay. Changes in BBS and 6MWT were also
statistically and clinically different between groups, while secondary measures of FAC and
strength were also different at discharge. Primary predictors of improved walking capacity were
steps/day, baseline impairments, and age.

Conclusion: Provision of high-intensity stepping training applied during inpatient rehabilitation
resulted in significantly greater walking balance outcomes. This training paradigm should be
further tested in other contexts to determine the generalizability to real world and community
settings.

Keywords
locomotion; rehabilitation; exercise

Introduction

While the majority of people with stroke recover some level of independent walking
function, deficits in strength and postural stability often limit mobility in the home or
community?=3. Improving community mobility is a priority during stroke rehabilitation, as
reduced physical activity is associated with decreased health and increased health-care
costs?. Specific thresholds of locomotor capacity (i.e., gait speed) are associated with greater
levels of community mobility3, which is critical given the increasing stroke incidence in an
aging population.

To improve locomotor capacity, many interventions are employed clinically, although the
efficacy of most strategies is uncertain. Recent practice guidelines® © encourage provision of
task-specific walking training at higher cardiovascular intensities to improve both
cardiovascular health and function. Previous controlled studies also suggest the amount and
intensity of stepping training are related to gains in gait speed and distance’: 8. However,
these trials were performed in patients >1-month post-stroke, and data from animal models
suggest earlier interventions can elicit greater improvements®.

Despite this potential, most observational studies indicate patients early post-stroke receive
limited amounts of stepping practice (250-500 steps/session or steps/day10-12) at low
aerobic intensities, reaching aerobic thresholds <5% of sessions'3-15. While many barriers
to clinical translation exist, the safety of high-intensity training during inpatient
rehabilitation has recently been addressed. Specifically, patients receiving inpatient stroke
rehabilitation performed ~1500 steps/day and achieved higher intensities (~40% of
sessions), with substantial gains in locomotor and non-locomotor outcomes, and no
increased incidence of adverse events16.

While promising, the limitations of those findings include the lack of a control intervention
to evaluate the efficacy of high-intensity training early post-stroke. Strategies to assess
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intervention efficacy typically involve randomized controlled trial designs, although their
utility during inpatient rehabilitation may raise concerns. To begin, evidence for
interventions is typically generated in a laboratory setting, and, if results are positive, are
often referred to as “evidence-based interventions”. A major goal is to implement evidence-
based interventions into the clinical setting once substantial data are generated to support its
efficacy. However, when evidence-based interventions are studied during subacute
rehabilitation they are often provided in addition to usual care, and the subsequent efficacy
of the intervention alone is uncertain due to the clinical therapy provided, which is often not
well-described or documented!’: 18, To understand the impact of the intervention, concerted
efforts of the rehabilitation team are required to ensure the evidence-based interventions are
delivered in manner that is consistent to how they were studied (i.e., fidelity). This may
necessitate replacement of existing, less effective practice patterns (i.e., de-
implementation)® given the fiscal constraints that limit provision of additional therapy.
Most research paradigms do not address implementation strategies needed to integrate
evidence-based interventions into clinical care, although such strategies are critical to
facilitate adaptation of evidence-based practice in the clinical setting.

To mitigate some of these concerns, the present study details a comparative effectiveness
trial using a historical control group to evaluate the benefits of high-intensity training during
inpatient stroke rehabilitation. Using a quasi-experimental design, standardized measures
and daily stepping activity were systematically collected over a 10-month period in patients
with subacute stroke during inpatient rehabilitation, while therapists provided their typical
rehabilitation interventions (i.e. usual care). Following specific implementation strategies,
20, 21 therapists then attempted to provide high-intensity training during clinical inpatient
rehabilitation over the subsequent 11 months, while continuing to monitor outcomes and
stepping activity. The specific aims were to: 1) assess the stepping amounts and associated
functional outcomes achieved during usual care in inpatient rehabilitation; and 2) assess the
impact of high-intensity training on functional outcomes early post-stroke. We hypothesized
that the patients who received high-intensity interventions would have greater gains in
primary outcomes than those receiving usual care.

Materials and Methods

Because of the sensitive nature of the data collected for this study, as well as consent form
restrictions and health privacy laws, requests to access the dataset from qualified researchers
trained in human subject confidentiality protocols may be sent to the corresponding author.

Study Sample and Design

The study represents a quasi-experimental pre-post design2 in which outcomes and stepping
activity were monitored prior to and following implementation of high-intensity training
interventions during standard clinical care. Two separate inpatient rehabilitation units in
Oslo, Norway, that admit patients with many different conditions and diagnoses participated
in this study. Oslo University Hospital (OUH) is a 21-bed specialist health service (5.0
physiotherapy positions). Oslo Municipality Services (OMS) is a 23-bed enhanced
rehabilitation unit (5.0 physiotherapy positions) within Oslo’s primary health service. To
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qualify for treatment, patients required services from >1 specialty (physical, occupational, or
speech therapy). However, the two sites represent different levels of care in the Norwegian
health system, and patients at OUH required services only provided at a specialty hospital.
Often, patients undergoing stroke rehabilitation received inpatient care from the specialty
hospital as well as the primary health services. Data were collected as part of standard
rehabilitation services, which includes one 45-60 minute, physical therapy (PT) session/day,
although the time of PT sessions varied daily to accommodate for all rehabilitation services
offered. The project was approved by the Southeastern Norway Ethics Committee (approval
2016/873). All participants provided written informed consent. Patients were enrolled in the
usual care data collection phase from February-November 2017. Following this phase,
implementation activities (including clinician training, strategies to overcome barriers, etc.)
occurred in November—December 2017. Patients were enrolled in the high-intensity training
phase from January-November 2018. While the assessments and interventions were offered
to all patients undergoing stroke rehabilitation, data were included in the analysis if patients
provided consent for his/her data to be used in research.

Adults (=18 years old) who sustained a stroke within the previous 2 months and were
receiving inpatient stroke rehabilitation on either unit with goals to improve walking
function were included. Exclusion criteria were: FAC scores of 5; BBS score on item #3
(sitting balance) < 2 at admission; the inability to provide consent; use of bracing or
instrumentation that limited walking (e.g. ventilator); uncontrolled cardiopulmonary,
metabolic, infectious or psychiatric disorders; or previous history of orthopedic or additional
neurologic injury that limited walking > 50 m prior to stroke.

Both usual care and high-intensity training phases included collection of outcomes and daily
stepping activity for participants throughout inpatient rehabilitation. Clinicians were trained
to administer a standardized assessment battery prior to the usual-care phase. Weekly
assessments included the 10-meter walk test at self-selected (SSS) and fastest possible
speeds (FS), 6-minute walk test (6MWT), and the Berg Balance Scale (BBS). Secondary
outcomes tested at admission and discharge included the Swedish Postural Assessment Scale
for Stroke-Norwegian Version (SWEPASS-NV), number of sit-to-stand transfers in 30 sec
(STS), Barthel Index (Barthel), and Functional Ambulation Capacity (FAC). Additional
secondary measures included Patient Reported Outcome Measures Information Systems
(PROMIS) scores from anxiety, depression, fatigue and sleep short-forms. Daily stepping
activity was recorded during the patients” waking hours using the StepWatch (Modus Inc,
Washington DC) worn on the paretic ankle, with validation studies performed previously.
23-25 gteps/session were also estimated, and steps/min calculated as minutes during sessions
when stepping practice occurred (=10 steps/min).

Interventions

Treatments provided during usual care were unaffected by study participation, as therapists
were not adequately trained to deliver high-intensity training. A one-day educational session
was provided ~8 months prior to starting data collection (June 2016), although managerial
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staff verified no changes in interventions occurred. Most efforts during usual care focused on
processes to ensure documentation of outcomes and collection of stepping data.

During the implementation phase, the research team and clinicians collaborated to ensure
delivery of the high-intensity stepping program during clinical practice. Therapists focused
on prioritizing stepping practice at higher aerobic intensities during scheduled treatments.”
The amount of personnel or time allotted to physical therapy sessions was consistent with
the usual care phase (i.e. no additional personnel or time resources allocated for high-
intensity training). The details of this training paradigm have been described
previously26-28: stepping was performed on treadmills and over ground, with safety harness
systems and body-weight support only as needed to ensure successful stepping (e.g., positive
step lengths and lack of limb collapse or postural instability). Specific tasks included
walking in different directions, over obstacles or on uneven, compliant surfaces, and on
stairs/steps. Tasks were progressed by increasing task difficulty as determined by the
therapist. Physical assistance was provided as needed to continue stepping but did not focus
on normalizing gait kinematics. Accordingly, practice of non-walking tasks performed
during physiotherapy, including bed mobility, transfers, and standing balance/pre-gait
activities, was limited. Practice of transfer tasks was reserved for family training or during
weekly assessments.

A key feature of the intervention was the focus on achieving higher intensities, defined as
70-85% age-predicted maximum heart rate [HRnax; calculated as 211-(age x 0.64)].2° Heart
rates were monitored continuously using the OH1 or H10 (Polar, USA). The Borg Rating of
Perceived Exertion30 (RPE; 6-20 scale) was also assessed, with scores >14 (“somewhat
hard”) targeted, and used in situations when targeted HRs were difficult to achieve due to
inter-individual differences, medications, or mobility limitations. Peak HRs and RPEs, and
amount of time >70% HRp,,x and =14 RPE, were documented each session. Monitoring
HRs and RPEs was purposely not performed during usual care to minimize therapists’ desire
to change interventions based on previous education regarding the importance of exercise
intensity.

Statistical Analysis

All demographic, training and outcome data were tabulated, with missing weekly outcomes
imputed from the previous week, and data were not considered if admission scores were not
recorded. Data in tables indicate means + standard deviations with figures depicting means
and confidence intervals. Differences in baseline measures were assessed using unpaired
comparisons (unpaired t-tests or Mann-Whitney U, T'2 analyses). Data were tested for
normality using Shapiro-Wilk tests. Changes in primary measures (SSS, FS, 6MWT, and
BBS) from admission to week 1 and discharge were assessed using two-way, repeated
measures ANOVA with intervention and time (repeated) as main factors. Given differences
in length of stay (LOS) between the groups (Table 1), additional repeated-measures
ANOVAs were performed comparing 3-week (~22 days) outcomes during high-intensity
stepping to usual care discharge outcomes (mean 23 days). Unpaired comparisons of change
scores at each time point were performed if ANOVAs were significant. Secondary outcomes
were compared only between baseline and discharge. We also calculated the percentage of
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individuals in each phase who achieved SSS thresholds associated with full community
ambulation (0.93 m/s)3. The ratio was determined only for those <0.93 m/s at admission,
and was determined at week 1, week 3, and discharge.

Associations between selected demographic, training, and admission data with primary and
secondary outcomes at discharge and change (&) scores from admission were assessed with
Pearson and Spearman correlation analyses. Additional regression analyses were performed
for 3-week outcomes. Stepwise, multiple linear regression models were calculated to
estimate the contributions of independent predictors to discharge and change in outcomes.
Specific factors included age, gender, duration post-stroke, LOS, type (ischemic or
hemorrhagic) or side (right/left/bilateral) of stroke, steps/day, and admission scores for mean
paretic leg strength (averaged for muscles tested), BBS, and the primary outcome.
Collinearity was monitored, with variance inflation factors <3.0 considered acceptable.

Conditional logistic regressions were performed to evaluate contributions of independent
predictors to achieving specific community mobility thresholds. For this analysis, we also
computed the differences between admission SSS and 0.93 m/s to determine their
contributions towards surpassing this threshold, consistent with previous work3?.

Over the 2-year period of time, a total of 350 patients were admitted with the diagnosis of
stroke (usual care n = 150; high-intensity stepping n = 200). Data were collected on 110
patients throughout the 2-year period (usual care, n=56; high-intensity stepping, n=54).
Approximately 37% of stroke admissions were enrolled during usual care and 27% during
high-intensity stepping. The primary reasons for the increased number of exclusions during
the high-intensity phase were an increased number of uncontrolled cardiopulmonary,
metabolic, infectious or psychiatric disorders. Reasons for exclusion are listed in
Supplementary Table 1. Tables 1-2 detail demographic data and admission measures for
both patient cohorts, indicating similar baseline impairments and functional capacity. The
results are organized by changes in training activities, and therapy-related changes in
primary and secondary outcome measures.

Training Activities

Training activities are detailed in Table 1. Differences in daily stepping (e.g., steps/day)
between cohorts were observed, with nearly 1800 greater steps/day during high-intensity
stepping vs usual care (577712784 vs 3917+2656 steps/day, p< 0.001). Single-day examples
of stepping activity at day 7 post-admission in two individuals with similar admission BBS
scores are depicted in Fig 1, with dotted lines indicating stepping during the highest
frequency stepping hour which we presume represents a physical therapy session.
Differences in the amounts and rates of stepping activity during the highest frequency hour
are evident between the usual care (Fig 1A) and high-intensity stepping phases (Fig 1B),
consistent with average data across participants (Table 1).

Daily stepping provided in either cohort was related to baseline BBS (Fig 2A) and paretic
leg strength (Fig 2B). Regressions for these relationships demonstrate large baseline (e.g., y-
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intercept) shifts between cohorts, with smaller differences in gains (e.g., slopes), indicating
consistently greater stepping post-implementation across patients with varying levels of
impairment.

Details of cardiovascular intensity measured following implementation (Table 1) suggests
patients reached relatively higher HRs throughout training and were able to maintain
cardiovascular demands within 70-85% HRyax for over 30% of each session. Monitoring of
adverse events was conducted throughout the project, with falls outside of therapy reported
most frequently, including 9 non-injury incidents in 8 patients during usual care and 11 falls
in 6 patients during high-intensity stepping. Other adverse events occurred only during usual
care, including infection (n=1) and transfers to acute care for medical issues (n=4), syncope
(n=1), and unknown reasons (n=2).

During the study, many patients were transferred between the two inpatient sites. When this
occurred, the combined LOS at the two sites were added together to calculate the patient
LOS. There were significant differences in the patient LOS during inpatient rehabilitation
favoring high-intensity training vs usual care (3517 vs 23+9.7 days, p<0.01). This
difference was likely due to improved coordination between the two sites, as OUH more
frequently discharged to OMS in the high-intensity training (n=25) vs. usual care phase
(n=4). Conversely, during usual care, patients were often discharged to other inpatient
locations and not tracked further. However, the average stay at each site (i.e. site LOS) was
not significantly different in the two phases of the project. The OUH LOS was 21+7.8 days
during usual care and 24+10 days during high-intensity training (p=0.15). The OMS LOS
was mean (SD) 22+12 days during usual care and 27+13 days during high-intensity stepping
(p=0.16).

Primary and secondary outcomes

Changes in primary and secondary outcome measures are delineated in Table 2 and Figure 3.
Repeated measures ANOVA and post-hoc unpaired comparisons indicate significant
between-group differences in primary outcomes for all walking measures at week 1 and
discharge (p<0.05), including gains in SSS (0.39+0.28 vs 0.16+0.26 m/s), FS (0.47+0.41 vs
0.17£0.38 m/s), and 6MWT (130£113 vs 64+93 m) at discharge. For BBS, significant
differences were observed at discharge (15+11 vs 8.8+8.8), with no differences at week 1.
All differences in changes between high-intensity training and usual care were above
thresholds considered clinically meaningful.32 Accounting for differences in LOS by
comparing week 3 high-intensity stepping vs usual care at DC, differences in SSS (p=0.03)
and FS (p=0.02) were observed, with no differences in 6BMWT (p=0.07) and BBS (p=0.42).
Additional secondary outcomes measured at admission and discharge indicate that changes
in FAC were different between groups (Table 2). While PROMIS sleep disturbance, anxiety,
and depression demonstrated a trend toward improvements during high-intensity training, no
significant differences occurred (Table 2).

To estimate the population of patients who were likely able to ambulate in the community at
discharge, we determined the number of participants who surpassed published SSS
thresholds associated with full community mobility (SSS > 0.93 m/s).2 Only 6/49
participants (12%) during usual care surpassed this threshold at week 1, and 13 (26%) at
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discharge. During high-intensity stepping, 9/45 (20%) surpassed the threshold at week 1, 17
(38%) at week 3 and 26 (58%) at discharge, with significant differences only at discharge
(p<0.01).

Correlation and regression analyses (Table 3, Equations 1-3) examined associations between
primary outcomes at discharge and changes from baseline with demographics, impairments
and functional deficits at admission, and training characteristics. Moderate to strong
correlations were observed between primary discharge outcomes and impairments or
functional deficits at admission. For training variables, only steps/day was consistently
related to discharge outcomes. For change scores, low negative correlations were observed
with admission impairments and function, with positive low to moderate associations with
LOS and steps/day. Of the demographic variables, only age was consistently correlated with
walking outcomes.

Subsequent regression analyses revealed significant associations between steps/day and
admission scores, with additional contributions from age, paretic strength, and LOS.
Equations 1 and 2 represent regression equations for discharge and changes in SSS, with
other regressions for primary variables in the Supplementary Table 2. Regression analyses
determining changes in primary outcomes at week 3 for usual care and high-intensity
stepping revealed similar predictors for most all variables, with non-significant influences of
LOS.

DischargeSSS = 0.071 % steps/day/l 000 + 0.48* (Admission SS.S)

Equation 1:
—0.004 * age — 0.07* FAC + 0.08 * (paretic strength) + 0.51; % =0.69.

Change SSS = 0.071 * steps/ d“y/looo —0.52* (Admission S'S'S)

Equation 2:
—0.004 * age — 0.07 * FAC + 0.08 * (pareticstrength) + 0.51; > = 0.54.

Conditional logistic regressions were performed to identify predictors of the ability to
achieve SSS thresholds associated with community mobility. The primary determinant was
steps/day with secondary contributions of age (Equation 3). Recalculation of the logistic
regressions using 3-week data also indicate similar predictors but also includes the
difference from admission SSS to 0.93 m/s (hot shown).

ln(ﬁ/l _ 1’)‘) =0.54* StePS/d‘W/looo —0.05* (age) + 0.97. Equation 3:

Discussion

This study evaluated the comparative effectiveness of high-intensity training during inpatient
stroke rehabilitation as compared to a historical usual-care cohort. Consistent with previous
efforts16, therapists increased stepping activity and HRs during physical therapy sessions,
without increased incidence of adverse events. Outcomes included greater changes in SSS
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and FS at each assessment, with predictors of improved walking function including
steps/day and admission scores, as well as age, baseline deficits, and LOS.

The primary predictors of walking outcomes are consistent with previous implementation
studies applied to patients post-strokel8, and the contributions of steps/day reemphasize the
potential impact of a modifiable training variable on gains in locomotor capacity.
Importantly, prioritizing stepping practice during standard treatment resulted in less attention
to other motor skills (balance and transfers), although these outcomes were not
compromised (BBS, STS), with no differences between cohorts28. Increasing the intensity of
stepping training can influence the stepping amount and rate, which can enhance
neuromuscular and cardiopulmonary function.

Of specific interest is the large amounts of stepping activity performed as compared to
studies of inpatient stroke rehabilitation. Observational studies at separate institutions
revealed that the amount of stepping activity achieved during conventional inpatient therapy
sessions was only ~250 steps/session% 11, In our previous attempts to implement high-
intensity training, stepping activity increased to ~1500 steps/day'8, which is in stark contrast
with the amounts of stepping performed in usual care or high-intensity stepping. Differences
may be due to the clinicians attending an educational session regarding high-intensity
training provided 8 months prior to the usual care phase, although one-time didactic
educational sessions typically do not impact clinical practice33. Greater stepping activity
observed during usual care may be due to differences in severity of motor impairments, as
admission BBS scores were higher here than those observed previously during inpatient
implementation efforts1®. Daily stepping achieved is consistent with previous studies
assessing the preliminary utility of high-intensity training in variable contexts in patients > 1
month post-stroke26-28, but with similar baseline impairments. Interestingly, during the
high-intensity stepping phase, increases in stepping within sessions (~700 steps/sessions) did
not completely account for the changes in daily stepping (~1800 steps/day). Reasons
underlying this discrepancy are unclear, and daily activity patterns outside of therapy were
not documented. Observational data suggest that levels of daily physical activity in
Norwegians may be relatively higher as compared to age-matched counterparts in other
nations34, which may have contributed to altered exercise tolerance, habits, or patient
motivation in this cohort. Regardless, this practice likely accounted for gains in recovery and
monitoring of activities outside of therapies should be documented in future studies.

An additional variable of interest was the difference in the patient LOS between the usual
care and high-intensity training phases (i.e., 12 days), which appeared to contribute
positively to locomator recovery. These data contrast directly with previous research
suggesting greater LOS during inpatient rehabilitation is negatively correlated with walking
outcomes?6. However, the positive contributions of LOS observed here were likely a result
of improved coordination between the two levels of care that participated in the study (i.e.
specialty and primary care), as patients were more frequently discharged from OUH to OMS
instead of other inpatient facilities. Additionally, the LOS at each site was not significantly
different between phases. This improved coordination between the specialty and primary
services also demonstrates an important health system level impact. In Norway, a current
health system goal is to improve cooperation and coordination between these two levels of
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care. Therefore, in this project, the two sites successfully achieved better cooperation
between specialty and primary care as demonstrated by the increased number of transfers
from OUH to OMS during the high-intensity training phase. Further, by using the same
assessments and interventions, the two sites collectively demonstrated the patients’
outcomes from the entire inpatient care episode. Clinicians also anecdotally reported that
they perceived that transferring from OUH to OMS, as well as extending the patient’s access
to high-intensity training, would result in a greater functional capacity to actively contribute
to society and participate in life. This uncontrolled factor is a limitation, although these
types of confounders are not uncommon during implementation studies performed in clinical
practice.3 The contributions of high-intensity training are still evident when attempting to
control for LOS differences by comparing week 3 outcomes.

Additional limitations include the sample size and the lack of a contemporaneous control
condition, as changes in medical or other rehabilitation services could have influenced
recovery. While high-intensity stepping was offered to all patients who met the inclusion
criteria, data were only analyzed for patients who consented for the study. In addition, an
increased number of admitted patients with stroke were excluded for uncontrolled
cardiopulmonary, metabolic, infectious or psychiatric disorders in the high-intensity training
phase. While these additional inclusions occurred, the Charlson Comorbidity Index was not
significantly different between phases. Regardless, we must be cautious when considering
how these results would generalize to all patients undergoing stroke rehabilitation. The
context in which high-intensity training program was delivered should also be considered, as
the patient population and administrative support may have influenced therapist performance
and patient outcomes. Since this project was conducted within clinical practice, a potential
bias may have been introduced since the clinicians providing the treatment also collected the
outcome data. In order to achieve a high dose of stepping, practice priorities shifted to target
mainly gait function in patients with gait-related goals. While secondary outcome measures
that assessed ADL tasks were collected at admission and discharge, these data do not reflect
potential differences that may have occurred at week 3. Further, data on upper extremity
function were not collected. Therefore, the specific impact of shifting practice priorities in
physiotherapy away from improving upper extremity function is unknown. Additional
implementation trials should consider the influence of duration post-stroke and levels of
function. Another limitation is the lack of long-term follow-up, which is critical to
understand the durability of gains achieved early post-stroke, particularly when discharged
to community settings. The calculation of patients who achieved community mobility
thresholds is a positive finding, but does not truly capture actual physical activity.

In summary, these data suggest that delivery of large amounts of stepping practice with
focus on achieving higher cardiovascular intensities may result in greater locomotor
performance and selected non-locomotor gains as compared to usual care during inpatient
stroke rehabilitation. Further work is required to adequately assess the efficacy and
effectiveness of these strategies to improve long-term outcomes of patients early post-stroke.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Depiction of single days of daily stepping in two patients with similar admission and

walking scores during A) usual care vs B) high-intensity stepping. Dotted lines indicate
physical therapy sessions.
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Relations between average steps/day and baseline BBS (1A) and mean paretic leg strength
(1B).
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Figure 3.

Changes in primary outcomes throughout the LOS, including SSS (2A) and FS (2B), 6MWT
(2C), and BBS (2D). (* indicate p<0.05)
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Table 1.

Demographics, baseline characteristics, and training characteristics.

Usual care (n=56)

Demographics/baseline characteristics

Age (years)

Gender (male/female, n)

Paretic side (right/left, n)

Ischemic/hemorrhagic (n)

Duration post-stroke (days)

CCl (a.u.)

Modified Rankin Scale (a.u.)

Paretic leg strength (a.u.)
Training characteristics

LOS (days)

Stepping activity (steps/day)

Steps/session

Steps/min during sessions

Peak HR (% predicted max)

Mean HR (% predicted max)

74+14
29/27
36/18
41/13
15+11
4.3+2.0
3.4+0.78
3.4+1.1

23+9.7
3917+2656
1167+612

44+10

Time in HR range (% session) -

High-intensity Training (n=54)

73+10
35/20
32124
41/15
13+10
4.6+2.0
3.3+0.87
3.5¢1.0

3517
5776+2784
1866+653
55+10
79+8.3
66+7.4
3427

p-values

p=0.69
p=0.25
p=0.47
p=1.00
p=0.30
p=0.58
p=0.69
p=0.72

p<0.001
p<0.001
p<0.001
p<0.001
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Table 3.

Results of Pearson and Spearman correlation analyses determining associations between primary discharge
outcomes and changes in outcomes with demographics, impairments and functional deficits at admission, and
training characteristics.

sss FS 6MWT BBS

DC A DC A DC A DC A
Age 015 [ —024% [ -0.20" [ -0.24™ | -0.25% | -0.37 | ~0.05 [ -0.07
Gender 022* | 015 | go0* | 011 | go0* | 009 | -002 | -0.04
Type -005 | 003 | -007 | 005 | -005 | 005 | 006 | 0.16
Side 011 | 008 | 012 | 008 | 013 | 009 | 008 | -0.08
Duration -0,10 | -0.06 | -0.05 | 015 | 003 | 016 | -017 | o0.01
ccl -0.06 [ -0.18 | -0.03 | -0.12 | -0.14 | _g9p* | -0.09 | -0.19
Strength 054% [ 002 | 053" | =001 | 949 | -002 | 043" | -0.32"
BBS 059 [ 010 | os52* | -026™| 059 | -0.24 | 073" | -0.69"
FAC 045™ | -023*| 043* | 033 | 048* | 029 | 052" | 054"
Initial scores 970 | —0.22* [ 067™ | 7032 [ 074 | —0.27™| - -
LOS -0.22" | 024" | 014 | 033" | 020 | 031" | 019 | 056"
Steps/day 074 | 034" | 063" | 016 | 071 | 015 | 066" | -0.27"

DC indicates the association of the variable with discharge score, A indicates association with change in outcomes, and

s

indicates significant finding (p<.05).
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