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Editorial on the Research Topic

Transitional and long-term continuous care & rehabilitation

after stroke

Stroke incidence and prevalence are increasing, causing substantial socioeconomic

burdens and loss of healthy life-years worldwide (1). Timely acute treatment, such

as thrombolysis, is crucial to reduce mortality and disability; however, many stroke

survivors have to live with disabilities after acute care (1–4). Therefore, continuous

rehabilitation and long-term care to meet the needs of individual stroke survivors

is mandatory.

Establishing novel therapeutics to promote the recovery and management to avoid

complications along with adequate rehabilitation in acute and subacute phases is

important because the time window for recovery after stroke is limited (5). After

adequate intensive rehabilitation, many stroke survivors and their caregivers lack a

personalized long-term continuous care plan. Moreover, important information has

often not been provided at the time of discharge from acute treatment. Because such need

for long-term care is unmet in many cases, subjective and objective outcomes remain

unfavorable (6). Therefore, adequate transitional and long-term care strategies and

therapeutics to compensate or reduce the effect of impairments after stroke are required.

The Research Topic “Transitional and Long-term Continuous Care & Rehabilitation

After Stroke” included 14 manuscripts, ranging from a study protocol, case report and

observational study to randomized controlled trials, a mini-review, systematic review,

and meta-analysis. These timely contributions offer an interesting insight from acute

rehabilitation to transitional and long-term care in patients with stroke.
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Effective rehabilitation and medical management to

promote functional recovery and reduce complications are

important, and three related papers in this area were presented.

A large randomized controlled trial (AVERT) showed that early

mobilization within 24 h of stroke onset was feasible but not

effective in terms of favorable outcomes defined as a modified

Rankin Scale (mRS) score of 0–2 at 3 months post-stroke (7).

However, the prespecified dose–response analysis from the

AVERT revealed that shorter and more frequent mobilization

early after acute stroke can be beneficial (8). One randomized

controlled trial on intracerebral hemorrhage demonstrated

that early rehabilitation within 48 h can improve functional

outcomes and reduce mortality (9). A recent randomized

controlled trial in patients with mild and moderate intracerebral

hemorrhage also revealed that early mobilization within

24 to 72 h of stroke onset can improve the early functional

independence (10). Therefore, the study aimed to investigate

the effect of early mobilization after stroke in various stroke

patients’ group in terms of stroke type or severity and using

different mobilization protocol in terms of timing, frequency,

session duration is needed. Wang et al. conducted a randomized

controlled trial investigating the effect of early out-of-bed

mobilization within 48 h of stroke symptom onset compared

to the conventional rehabilitation group in the unique patient

group who underwent mechanical thrombectomy. In this

study, early mobilization reduced non-fatal complications

3 months post-stroke and improved the activities of daily

living at 3 months and 1-year post-stroke, although the

effects on mortality and mRS were comparable with that of

conventional rehabilitation.

Dysphagia is a common impairment after stroke that is

considered important due to its association with the incidence

of pneumonia as confirmed by Chang M. et al. (OR 9.60; 95%

CI 5.75–16.05) in their systematic review and meta-analysis of

five studies.

Statins have a potential to promote recovery after stroke by

their possible pleiotropic effects; however, their results in human

studies are controversial (11–13). Mele et al. retrospectively

analyzed the data of 413 patients with stroke from a single

neurorehabilitation center and reported that statin therapy

was not associated with recovery and functional outcomes but

associated with a lower incidence of bone fractures.

Earlier subacute stroke rehabilitation trials are necessary,

considering the preclinical studies reporting that earlier

rehabilitation after stroke is better for neuromotor recovery

(14, 15). However, previous stroke rehabilitation trials have

conventionally focused on patients at >3–6 months post-stroke.

Geed et al. reported screening and enrollment data from the

Critical Periods After Stroke Study (CPASS), which recruited

Abbreviations: mRS, modified Rankin scale; CPASS, critical

periods after stroke study; ESD, early supported discharge; BCI,

brain–computer interface.

patients within 30 days of stroke (16). In an acute care setting,

a short length of stay and prior stroke were the major reasons

for exclusion in CPASS. In an inpatient rehabilitation setting,

“too late” to participate in an early stroke trial, prior stroke

and too mild impairment were the major reasons for exclusion.

The Mean Action Research Arm Test score for the affected

upper extremity in a patient with mild impairment (NIH

stroke scale for motor arm item = 0 or 1) was 39 (max

score = 57), which indicates significant impairment having a

potential benefit from participation in upper limb rehabilitation

trials. Therefore, patients with stroke should be screened when

they are in the acute care phase, and screening of patients

with mild impairment should be conducted using a motor

function specific scale for successful recruitment for early stroke

rehabilitation trials.

Our topic includes four manuscripts regarding the issues

in transitional care strategies or systems after stroke. One of

the transitional care strategies after stroke is “early supported

discharge (ESD)” aiming to expedite home discharge after stroke

by providing adequate management and rehabilitation services

after discharge in the patient’s home. ESD has been known

to reduce long-term dependency and length of the hospital

stay; however, most studies on ESD have been conducted in

western countries (17). Moreover, the recent meta-analysis (18

studies from western countries and two studies from eastern

countries) by Jee et al. reported that ESD and transitional

care in patients with stroke did not have significant beneficial

effects on functional outcomes, mortality, caregiver strain, and

length of hospital stay. ESD or transitional care services should

be implemented in accordance with each specific national

medical rehabilitation pathways. Chang W. et al. proposed the

study protocol for a multicenter randomized controlled trial to

investigate the effect of ESD compared with the conventional

rehabilitation on activities of daily living, patient- or caregiver-

reported outcomes, and socioeconomic outcomes in 90 Korean

patients with post-acute stroke withmild-to-moderate disability.

Kinoshita et al. and Leigh et al. elaborated on the transitional and

long-term care system in Japan and South Korea, respectively,

which will be helpful for making comparisons to improve long-

term stroke care.

Stroke survivors can have long-term stroke-related

impairments or complications associated with poor quality of

life. Kim et al. conducted a face-to-face cross-sectional survey

to investigate the unmet needs for rehabilitative management in

common health-related problems after stroke. Approximately

half of the respondents reported at least one unmet need, and

the total number of unmet needs was significantly associated

with a poor health-related quality of life after adjusting for age,

sex, and mRS.

Post-stroke spasticity is associated with complications such

as contractures pressure ulcers or pain and poor quality of life

(18, 19). Adequate treatments for spasticity can improve patient

function and quality of life (20, 21). Zhang et al. conducted
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a multicenter randomized controlled trial to investigate the

effect of dry needling at the myofascial trigger point (30min

in each session for a total of five sessions for 4 weeks) on

hand spasticity in 210 patients with chronic stroke. The dry

needling demonstrated significantly better immediate spasticity

relief than sham needling and control groups, and the spasticity

relief persisted at 4 weeks after baseline. Fan et al. presented

a randomized, double-blind, sham-controlled trial protocol

to investigate the short-term effects of radial extracorporeal

shock wave therapy on flexor spasticity of the upper limb

in 100 patients with >1 month first-ever stroke and elbow

joint spasticity grade >1, determined using the modified

Ashworth scale.

The incidence of sarcopenia in patients with stroke ranges

from 14 to 54% and is associated with poor outcomes

(22). Park et al. prospectively enrolled patients with <3

months after stroke, who ingested dietary supplement power

containing 6 g of branched-chain amino acids twice a day for

1 month. They selected the control group by a retrospective

medical chart review to balance the age and stroke lesions

with the intervention group. The branched-chain amino

acid supplementation group demonstrated better improvement

in skeletal muscle index measured by dual-energy X-ray

absorptiometry and in functional scales such as the modified

Barthel index.

Novel therapeutics for stroke motor recovery or

compensating the impaired function are needed especially

for patients with more severe impairments considering their

poor recovery potentials (23). Singh et al. reported a case

of a 52-year-old woman with a 9-year chronic stroke, who

received 20 therapy sessions (45 min/session) with robotic

exoskeleton assistance to extend the wrist and flex the fingers

in the affected upper limb triggered by electromyography

activity of the extensor digitorum communis. She demonstrated

improvements in the Fugl–Meyer Assessment score, Barthel

index, and modified Ashworth scale with relevant changes

in neurophysiologic parameters. Finally, Angerhöfer et al.

reviewed the need for brain–computer interface (BCI)-enabled

neurorehabilitation in severe upper limb paresis. Specifically,

the authors discussed how BCI-based long-term treatment

strategies could be established in Germany and outlined the

challenges in this process. This review will be an excellent

reference for researchers who are interested in effective BCI

applications and their clinical implementation.
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Background: Recruitment of patients in early subacute rehabilitation trials (<30 days

post-stroke) presents unique challenges compared to conventional stroke trials recruiting

individuals >6 months post-stroke. Preclinical studies suggest treatments be initiated

sooner after stroke, thus requiring stroke rehabilitation trials be conducted within days

post-stroke. How do specific inclusion and exclusion criteria affect trial recruitment rates

for early stroke rehabilitation trials?

Objectives: Provide estimates of trial recruitment based on screening and enrollment

data from a phase II early stroke rehabilitation trial.

Methods: CPASS, a phase II intervention trial screened ischemic stroke patients in acute

care (18-months, N = 395) and inpatient rehabilitation (22-months, N = 673). Patients

were stratified by upper extremity (UE) impairment into mild (NIHSS motor arm = 0, 1);

moderate (NIHSS = 2, 3); severe (NIHSS = 4) and numbers of patients disqualified due

to CPASS exclusion criteria determined. We also examined if a motor-specific evaluation

(Action Research Arm Test, ARAT) increases the pool of eligible patients disqualified by

the NIHSS motor arm item.

Results: CPASS recruitment in acute care (5.3%) and inpatient rehabilitation (5%)

was comparable to prior trials. In acute care, a short stay (7–17-days), prior stroke

(13.5% in moderately; 13.2% in severely impaired) disqualified the majority. In inpatient

rehabilitation, the majority (40.8%) were excluded for “too mild” impairment. The next

majority were disqualified for reaching inpatient rehabilitation “too late” to participate in

an early stroke trial (15% in moderately; 24% in severely impaired). Mean ARAT in the

“too mild” showed significant impairment and potential to benefit from participation in

select UE rehabilitation trials.

Conclusions: Screening of ischemic stroke patients while they are still in acute care

is crucial to successful recruitment for early stroke rehabilitation trials. A significant

proportion of eligible patients are lost to “short length of stay” in acute care, and arrive

to inpatient rehabilitation “too late” for an early rehabilitation trial. Additional screening

of mildly impaired patients using a motor function specific scale will benefit the trial

recruitment and generalizability.

Trial Registration Number: http://www.clinicaltrials.gov Identifier: NCT02235974.

Keywords: prospective study, rehabilitation, clinical trial, stroke, trial design
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INTRODUCTION

Stroke rehabilitation trials have conventionally focused on
individuals whose motor recovery has plateaued at more than
3–6 months post-stroke (1–5) so that spontaneous post-stroke
recovery does not confound intervention-related recovery (6).
However, preclinical studies increasingly suggest that post-stroke
rehabilitation intervention trials need to be conducted within
days of stroke onset for better neuromotor outcomes (2, 7–
9). In traditional stroke rehabilitation trials, investigators have
a long window of recruitment often lasting up to several years
post stroke because patients who are more than 6-months
post stroke are included. Additionally, rehabilitation trialists
have conventionally recruited from outpatient stroke clinics
and community centers that offer multiple opportunities with
repeated contact to enroll the same individuals.

To enable acute (<7 days) and early-subacute (8–90 days post
stroke) trials (10, 11), rehabilitation trial recruitment methods
need to adapt by shifting into the acute care and inpatient
rehabilitation settings where patient stays are limited for 2 weeks
post stroke on average (12). Thus, early stroke rehabilitation
trialists have a brief window of identifying and enrolling
eligible patients in trials. This brief period coincides with a
particularly confusing time in patients’ lives given their recent
stroke diagnosis and the long commitment required of them to
participate in a stroke rehabilitation trial with a typical follow
up at 12-months post randomization (5, 7, 13–15). Even small
efficiencies in patient screening and enrollment in this scenario
can make large differences in the eventual trial recruitment rates
and costs. However, there are no data at present that give reliable
estimates of how trial inclusion and exclusion criteria affect the
pool of eligible patients in a US healthcare setting for an early
stroke rehabilitation trial.

Lasagna’s law (16) notes that “the incidence of any disease
decreases sharply as soon as a clinical trial begins and returns
to its original level as soon as the trial is completed.” No matter
how conservative one is about their recruitment goals, it is
difficult to recruit study participants according to expectations.
Incorrect estimates of trial recruitment lead to delays in study
completion, abandoned studies, and mismanagement of research
funds (17). Underpowered studies increase the probability of type
II errors affecting study integrity and validity. Inadequate trial
inclusion/exclusion criteria negatively affect generalizability and
internal validity of the study. Thus, reliable estimates of trial
recruitment rates are central to any trial’s planning and logistics.

Here, we report screening and enrollment data from the phase
II Critical Periods After Stroke Study (CPASS), an early stroke
rehabilitation trial designed to identify optimal timing of upper
extremity (UE) motor rehabilitation after stroke (7, 18). CPASS
recruited individuals within 30 days of stroke and followed
participants up to 12 months post randomization. CPASS
screening data are from an urban safety-net acute-care hospital
and an inpatient rehabilitation setting that used StrokeNet
(19) resources. We also report the trial inclusion/exclusion
criteria that most affected trial recruitment rates to help future
investigators re-evaluate their own trial inclusion and exclusion
to aid trial recruitment. Finally, UE stroke rehabilitation trial
screening often relies on a prescreen (an easily available measure

of motor function from medical history or charts to filter the
patients for evaluation with the full trial inclusion/exclusion
criteria), e.g., scores on the National Institutes of Health (NIHSS)
Stroke Scale items (2, 20). Using CPASS data, we asked if stroke
rehabilitation trial recruitment rates would benefit from using a
motor function-specific screening tool over the commonly used
NIHSS. This is a first report to our knowledge that highlights
the typical characteristics of patients recruited or excluded for
an early-subacute stroke neurorehabilitation trial in the US
healthcare setting.

METHODS

Study procedures were approved by the Institutional
Review Board at the MedStar Health Research Institute.
The trial was registered at http://www.clinicaltrials.gov
(Identifier: NCT02235974). Registry data from inpatients at
MedStar Washington Hospital Center and MedStar National
Rehabilitation Hospital (NRH) were used. The registry identifies
potential participants for post-acute stroke studies at 24–48 h
after admission. Data from neuroimaging-confirmed ischemic
stroke survivors were extracted; additionally, data on the
earliest available National Institutes of Health Stroke Scale
(NIHSS) score, demographics, thrombectomy status, tissue
plasminogen activator (tPA) administration, duration of stay,
and discharge location were extracted. Patients entering inpatient
rehabilitation at NRH are evaluated using the Action Research
Arm Test (ARAT), a UE motor function specific assessment
(21–24) as part of their intake evaluation; these ARAT scores
were also extracted. We report CPASS screening data for an
18-month (02/2016 – 07/2017) duration from acute care, and
22-month duration (06/2015 — 04/2017) from the inpatient
rehabilitation setting.

UE rehabilitation trials typically stratify enrolled participants
using severity of UE motor impairment (2, 5, 7, 14, 25).
Therefore, to examine the effect of motor severity on trial
eligibility rates, we used NIHSS arm motor score to categorize
UE impairment intomild (NIHSS= 0, 1),moderate (NIHSS= 2,
3), or severe (NIHSS= 4) impairment (12).

To examine the impact of other trial inclusion/exclusion
criteria on trial qualification rate, we used the medical, disability,
and social support criteria from CPASS (Table 1). CPASS
criteria are similar to multiple major stroke rehabilitation trial
inclusion/exclusion criteria, including, VECTORS (2), ICARE
(5), EXCITE (14), and LEAPS (4), and TRANSPORT-2.

Even a single exclusion criterion will put the patient out
of the “qualified” pool of participants during screening. We
followed a similar strategy to quantify patients excluded from
the pool of eligible patients, but it is likely a patient in a given
category has multiple exclusionary characteristics. Further, not
all patients qualifying for the trial will eventually be enrolled.
We therefore report the actual enrollment numbers in CPASS
from acute care and inpatient rehabilitation to give trialists an
estimate of the total numbers of patients screened for the number
enrolled in the trial. Specifically, the results report the numbers
of patients excluded due to each trial exclusion criteria from the
acute care and inpatient rehabilitation screening. To determine
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TABLE 1 | CPASS trial inclusion and exclusion criteria.

Inclusion criteria

1. Ischemic or hemorrhagic stroke (with confirmatory neuroimaging) within 28

days of admission to inpatient rehabilitation

2. Age ≥21 years

3. Able to participate in first study-related treatment session within 30 days of

stroke onset

4. Able to participate in all study-related activities, including 1 year follow up and

blood draws

5. Persistent hemiparesis leading to impaired UE function as indicated by a score

≥1 on the NIHSS motor arm score, and motor impairment judged clinically

appropriate as defined by one or more of the following:

a. Proximal UE voluntary activity indicated by a score of ≥3 on the upper arm

item of the motor assessment scale; wrist and finger movements are not

required

b. Manual muscle test (MMT) score ≥2 on shoulder flexion and either elbow

flexion or extension or

c. Active range of motion (AROM) to at least 50% of range in gravity eliminated

position for shoulder flexion or abduction, and for any of the following

motions: elbow flexion, elbow extension, wrist flexion, wrist extension, finger

flexion or finger extension

6. Score of≤8 on the Short BlessedMemory Orientation and Concentration scale

7. Follows 2-step commands

8. No upper extremity injury or conditions that limited use prior to the stroke

9. Pre-stroke independence: Modified Rankin Scale score of 0 or 1

Exclusion criteria

1. Inability to give informed consent.

2. Prior stroke with persistent motor impairment or other disabling neurologic

conditions such as multiple sclerosis, Parkinsonism, ALS, dementia requiring

medication.

3. Rapidly evolving motor function.

4. Clinically significant fluctuations in mental status in the 72 hours prior to

randomization.

5. Hemispatial neglect as determined by an asymmetry>3 errors on the Mesulam

symbol cancellation test.

6. Not independent prior to stroke (determined by scores of <95 on Barthel Index

or >1 on modified Rankin scale.

7. Dense sensory loss indicated by a score of 2 on NIHSS sensory item.

8. Ataxia out of proportion to weakness in the affected arm as defined by a score

≥1 on the NIHSS limb ataxia item.

9. Active or prior (within 2 years) psychosis.

10. Active or prior (within 2 years) substance abuse.

11. Not expected to survive 1 year due to other illnesses (cardiac disease,

malignancy, etc.).

21. Received UE botulinum toxin within 6 months (other meds do not exclude).

the added benefit of using a UE motor-function specific scale
on trial qualification rate, we examined the ARAT, in patients
that were disqualified from CPASS due to their UE being “too
mild” (NIHSS motor arm score<1). Descriptive statistics on the
ARAT scores in patients with NIHSS motor arm score < 1
were computed.

RESULTS

In Acute Care, Short Length of Stay and
Prior Stroke Lead to the Most Exclusions
We identified 395 ischemic stroke survivors with an available
NIHSS motor arm score from the acute care registry over the 18-
month screening duration. Mean NIHSS total score was 9.1 ±

TABLE 2 | Length of Stay and Discharge locations in Acute Care and Inpatient

Rehabilitation.

Mild Moderate Severe

Acute Inpatient Acute Inpatient Acute Inpatient

Length of stay

(days)

6.9 13.7 13.6 20.5 17.2 32.1

Discharge home,

no service (%)

36.7 45.9 10.7 32.5 6.2 16.3

Discharge home,

home health (%)

11.3 5.8 4.0 2.5 6.2 4.9

Discharge home,

outpatient OT/PT

(%)

5.1 30.2 1.3 37.5 0.0 28.5

Acute inpatient

rehabilitation (%)

34.0 0.7 49.3 0.8 30.8 2.4

Subacute

rehabilitation/SNF

(%)

9.4 13.3 17.3 19.2 32.3 35.0

Another acute

care hospital (%)

0.0 3.6 2.7 6.7 4.6 12.2

Hospice (%) 0.8 0.2 4.0 0.8 0.0 0.0

Death (%) 1.6 0.2 9.3 0.0 20.0 0.8

Other (%) 0.0 0.0 1.3 0.0 0.0 0.0

9.3. Of these, 46.6% were male, and 77.2% identified as African
American (12.3% as White, and 1.4% as Asian with the rest
Unknown or Refused to identify). Of the 395 patients, 21.2%
received tPA, and 8.2% received a thrombectomy. Examining
the degree of motor impairment, 64.8% had mildly impaired UE
(NIHSS motor arm = 0 or 1), 18.3% had moderately impaired
UE (NIHSS motor arm = 2 or 3), and 15.6% had severe UE
impairment (NIHSS motor arm = 4). Overall, 5.3% of the 395
individuals identified in screening eventually enrolled in CPASS
from acute care.

To determine the average window of time to enroll patients,
we examined patients’ average length of stay. The length of stay
in acute care and discharge locations for the three groups (mild,
moderate, and severely impaired) is shown in Table 2. Length of
stay correlated with degree of UE impairment, mild impairment
= 6.9 ± 6.9 days, moderate = 13.6 ± 15.4 days, and severe =

17.2 ± 13.1 days. Only 34% of the mildly impaired, 49% of the
moderately impaired, and 31% of the severely impaired patients
were discharged to an inpatient rehabilitation facility, which
opens a second window to recruit these patients if the trialist
implements screening resources at acute care and inpatient
rehabilitation. 83/395 ischemic stroke patients screened in this
acute care report were admitted to inpatient rehabilitation at
NRH and are included in the data on inpatient rehabilitation
screening data as well to maintain integrity of the independent
screening numbers at acute care and inpatient rehabilitation. A
majority (54%) were discharged home or to a skilled nursing
facility. Unless a trial budgets for outreach to enroll patients
discharged home, this large majority of potentially eligible
patients may be entirely lost to trial enrollment if not recruited
during their short hospital stay (6–17 days).

Frontiers in Neurology | www.frontiersin.org 3 June 2021 | Volume 12 | Article 67423711

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Geed et al. Recruitment in Early Stroke Rehabilitation Trials

FIGURE 1 | Cumulative impact of study criteria on trial recruitment rates in acute care. Bar graphs show % of individuals screened that were disqualified because of

given trial exclusion criteria. “Qualify” shows % of those screened who qualified for CPASS-like trial. Cumulative effects of the exclusion criteria result in a progressively

smaller pool of patients that will qualify for a trial.

Figure 1 shows the impact of trial exclusion criteria on
the pool of eligible patients from the mild, moderate, and
severe UE impairment groups. In patients with mild impairment
(Figure 1A), 73.5% would potentially qualify for motor studies
recruiting subjects with NIHSS motor arm score = 0 or 1.
Examination of general medical, disability, and social criteria
showed that main reasons for ineligibility include “in another
study” (4.7%), and “inability to follow 2-step commands” (4.1%).
In patients with a moderately-impaired arm (Figure 1B), a mere
14.4% (3.7% of all ischemic stroke patients) would qualify for
a CPASS-like UE trial. In this moderately-impaired cohort,
“rapidly improving motor function” (22%), “disabled prior to
stroke” (16.3%), and “prior stroke with persistent impairments”
(13.5%) were the most frequent exclusions. In the severely
impaired group (Figure 1C), 89.9% of patients were eliminated
by medical, disability, and social criteria. Patients with severe

UE impairment were most frequently excluded by prior stroke
(13.2%), or pre-stroke disability (11.6%). Overall, 64% of patients
with moderately-impaired (and 70% of those with severely
impaired) UE’s were excluded not by stroke, but rather inability
to consent, substance abuse, prior stroke, pre-stroke disability, or
rapid clinical improvement.

At Inpatient Rehabilitation, Arriving Too
Late, Mild Impairment, and Prior Stroke
Lead to the Most Exclusions
We identified 673 ischemic stroke survivors with an available
NIHSS motor arm score during the 22-month screening for
CPASS. Mean NIHSS total score was 6.6 ± 5. Of these 53.9%
were male, 65.1% identified as African American, 16.8% as
White, 0.9 and remaining as Asian, Other, or Refused to
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FIGURE 2 | Cumulative impact of study criteria on trial recruitment rates in inpatient rehabilitation. Bar graphs show % of individuals screened that were disqualified

because of given trial exclusion criteria. “Qualify” shows % of those screened who qualified for CPASS trial.

identify. Overall, 5% of the 673 individuals screened enrolled
in CPASS.

Examining the degree of motor impairment, 62.1% showed
Mild, 19.7%Moderate, and 18.2% showed severe UE impairment.
Average length of stay correlated with the degree of motor
impairment; patients with mild impairment were inpatients for
13.7 ± 13.4 days, moderate impairment for 20.5 ± 15.6 days,
and patients with severe impairment were inpatients for 32.1 ±

20.4 days. Discharge locations by degree of motor impairment are
shown in Table 2.

Figure 2 shows the impact of trial exclusion criteria on the
available pool of qualified patients for the UE trial. Of all the
mildly impaired participants, 40.8% of patients in inpatient
rehabilitation were excluded because their impairment was too
mild for the subacute intervention study (NIHSS motor arm
score = 0 or 1). The next largest group (12.5%) was disqualified
for being “too late,” i.e., they arrived at inpatient rehabilitation

too late and would not receive the first study-related treatment
session within 30-days of stroke onset. Ten percentage of mild
inpatients were disqualified because their arm was recovering too
rapidly for the context of this trial, e.g., the chart sheet recorded
NIHSS motor arm item score = 2 but in-person screening
showed little to no deficit in the UE. The next largest group,
7.6% were disqualified for being unable to consent because of
language issues, inability to understand the consent process, or
aphasia. Lastly, “prior stroke” disqualified 6.3% of the patients.
Of all the moderately impaired patients (NIHSS = 2 or 3),
the largest percentage (17.2%) were disqualified because of a
prior stroke. The next largest group (14.9%) were disqualified
because they arrived at inpatient rehabilitation “too late.” Of all
the severely impaired patients, the largest disqualification rate
(33.3%) came from patients being too severe for the CPASS
trial (enrolling mild-moderately impaired), and 24.2% of patients
were disqualified for being “too late” to inpatient rehabilitation.
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FIGURE 3 | ARAT scores in mildly impaired patients (NIHSS = 0 or 1). Left

y-axis represents the ARAT sub scores for grasp, grip, pinch, and gross. Right

y-axis shows the scale for ARAT total score (max = 57). Participants typically

disqualified from a study seeking moderately impaired UE (NIHSS motor arm

< 1) show potential for clinically meaningful recovery given their mean ARAT

score = 39/57. White lines in boxplots show the mean score. There is some

benefit in completing a motor specific screening like the ARAT for UE stroke

rehabilitation trials to engage a subset of patients typically disqualified with the

NIHSS screening criteria.

Screening With ARAT Instead of NIHSS
Motor Arm Item Benefits Trial Recruitment
A large percentage of all patients admitted to acute care (64.8%)
and inpatient rehabilitation (62.1%) that were screened for
CPASS were disqualified for what would be classified as a “mildly
impaired arm (NIHSS = 0 or 1).” These patients would be
automatically disqualified from UE stroke rehabilitation trials if
screening were completed using only the NIHSS motor arm item
and CPASS-like rehabilitation trial Inclusion/Exclusion criteria.
Given the large percentages disqualified due to a “too mild”
score on NIHSS motor arm item, we evaluated if there is any
added benefit in numbers of patients qualifying for a UE stroke
study if screening were done using a dedicated motor function
specific scale like the ARAT. The distribution of ARAT scores
in a random selection of 389/438 patients screened at inpatient
rehabilitation is shown in Figure 3. Mean ARAT score for the
affected UE was 39.41±18.6, and 52.7±9.9 for the unaffected UE
(max score= 57).

DISCUSSION

Of the 395 ischemic stroke patients screened in acute care
over 18 months, 5.3% were enrolled in CPASS. On the

inpatient rehabilitation side, of the 673 ischemic stroke
patients screened over 22 months, 5% were enrolled in
CPASS. These single-digit recruitment rates are comparable
with major stroke rehabilitation trials. ICARE (5) recruiting
patients in the subacute stage screened 11,051 patients to
randomize 361 patients (recruitment rate of 3.2%), EXCITE
recruiting patients in the subacute phase (14, 26) screened
3,626 patients to randomize 222 patients (6.1%), AVERT (17)
screened 25,237 patients in the hyperacute stage, to randomize
2,104 (8.3%). Thus, trial recruitment rates have remained
in the single-digits for a majority of large multisite stroke
rehabilitation trials.

Randomized controlled trials are the gold standard for
evaluating treatment effectiveness. Major stroke rehabilitation
trials so far have shown only marginal effectiveness in
improvement of motor function compared to the standard of
care (2, 5, 27–36). In the US, a stroke occurs every 40 sec (37);
most individuals survive but with long-term motor impairments
that seriously limit independent living. Nearly two thirds of
stroke survivors are unable to use their affected arm even at 6
months post stroke (38–40). Thus, there is an urgent need for
effective UE neurorehabilitation. Single-digit recruitment rates
significantly slow down translation of preclinical to phase II/III
studies while increasing the costs of stroke rehabilitation trials.
Stroke trial recruitment rates have remained unchanged, in single
digits between 1990 and 2014 (41) necessitating a systematic
examination of how specific trial inclusion/exclusion criteria
affect recruitment.

Recruitment logistics for acute-and early subacute stroke
rehabilitation trials (<30-days post) contrast sharply with
conventional stroke rehabilitation trials typically conducted in
the chronic phase (>6-months post-stroke). This early trial
recruitment is challenging because patients are admitted for short
duration (6–17 days). Patients’ medical status changes rapidly
during this time including their degree of motor arm impairment
as shown by the large fractions of patients excluded because of
a rapidly recovering UE. Correctly estimating if future motor
impairment will be suitable for the trial, given patients’ current
motor function status is difficult (42, 43). This is especially
relevant in the neurorehabilitation where interventions involve
daily sessions for weeks and follow-ups at 12-months post-stroke
(5, 7, 13–15, 26, 44).

Given the unique challenges in recruiting for neurorehab
studies early after stroke, we presented prospectively collected
estimates of how specific trial inclusion and exclusion criteria
affect trial recruitment rates. Based on our data, we also
provide recommendations for best practices in optimizing
trial inclusion/exclusion criteria to strike a balance between
trial generalizability and maintaining a homogenous enough
sample in the trial (Box 1). Importantly, multisite trials need
to conduct thorough screening of potential recruitment sites
prior to commencing trials such as CPASS to ensure that the
site has adequate patient throughput and to identify potential
site-specific barriers to recruitment (2). Patients’ length of
stay, transfer from acute care to inpatient rehabilitation or
community rehabilitation services affects access to patients
for recruitment.
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BOX 1 | Recommendations for best practices in screening for acute and

early subacute trials.

1. Prescreening with a motor function specific tool like SAFE or ARATmay be

better than NIHSS motor arm item alone, especially for the mildly impaired

patients as it leads to a large percentage of exclusions.

2. Patients excluded for being too mild based on NIHSS criteria alone should

be considered for inclusion in trials as their mean ARAT score (39.4±18.6)

is substantially lower than the ARAT ceiling of 57. The difference between

mean ARAT in mildly-impaired and ARAT’s ceiling is greater than the ARAT

MCID, suggesting these patients are likely to benefit from participating in

the trial, and show clinically meaningful improvement.

3. Screening and recruitment efforts must begin in acute care as a large

percentage arrive to inpatient rehabilitation too late to be enrolled in early

stroke trials.

4. Prior strokes lead to a large percentage of exclusions. Trialists need a

pragmatic definition for which patients should be excluded given the large

percentages of second strokes. For phase II/III motor function intervention

trials, “prior stroke without residual motor impairment” may be acceptable;

translational neurophysiological studies may need prior strokes to be fully

excluded.

5. Multisite trials selecting sites for trials need to evaluate screening data from

local studies to determine site-specific barriers to recruitment, transfer

from acute care to inpatient rehabilitation or community services which

may enhance recruitment potential of a site.

In Acute Care: Short Length of Stay,
mRS>1, and Prior Stroke Limit
Recruitment
CPASS screening data from the acute care setting showed
patients’ length of stay varied from 6 days for the mildly impaired
to 17 days for the severely impaired patients. On average, the
moderately impaired were admitted for 13.6 days. A majority of
these moderately-impaired (49%) were discharged to Inpatient
rehabilitation, which opened another window to recruit them for
stroke trials, but the remaining 32% discharged to home (15%)
or to a skilled nursing facility (17%) would be lost to recruitment
forever unless a trial developed extensive outreach resources to
recruit them from the community. These lengths of stay and
discharge data are specific to an urban safety net hospital in the
US where CPASS screening was conducted. Similar exhaustive
data on recruitment for rehabilitation trials from across the US
are missing at this time. Recently [29)], screening for acute
stroke patients at the University Hospital Zurich in Switzerland
reported on the eligibility criteria for a comparable UE trial.
The typical length of stay (mean = 8; range 4–12 days; not
stratified by severity as in the present report) was consistent with
the brief length of stay we found with CPASS screening. It is
critical for early stroke rehabilitation trials to develop efficient
screening methods to rapidly identify eligible patients at the
earliest time point after stroke. Other exclusion criteria that led to
most exclusions in acute care included “rapidly improving motor
function,” “unable to follow two-step commands,” “prior stroke,”
and “modified Rankin score (mRS)>1;” many of these are
unmodifiable. Prior stroke led to exclusion of a large proportion
of potentially eligible patients in our cohort. Similar findings
have been reported in the European setting, 17% excluded due

to “recurrent stroke” (45). Given the incidence of recurrent
and silent strokes, a judicious definition of “prior stroke” is
necessary to not miss out on an otherwise large majority of
eligible participants. For motor function studies, “prior strokes
without residual impairment” may be an acceptable definition,
although these depend on the specific research questions and
trial phase. Similarly, a blanket exclusion based on mRS may be
impractical for stroke rehabilitation trials since nearly 20% of
all moderately impaired individuals were disqualified due to this
single exclusion criteria.

In Inpatient Rehabilitation: Too Mild, Prior
Stroke, Arriving to Rehabilitation Too Late
for The Study
A large fraction of patients screened at inpatient rehabilitation
were excluded because they were already out of the enrollment
window when they arrived at the inpatient facility. CPASS
enrolled patients <30-days post stroke, nearly 12% were
disqualified because they could not be identified as eligible
within this timeframe. Thus, it is recommended to screen
eligible patients while they are still admitted to acute care;
it is crucial to develop streamlined screening, chart review,
and identification of potentially eligible patients at the earliest.
Inability to consent due to language or aphasia led to another
potentially modifiable exclusion criteria (7% in mildly impaired;
9% in severely impaired).

Nearly 62% of individuals with ischemic stroke arriving
to inpatient rehabilitation were “too mild” (NIHSS motor
arm item<1) for an early neurorehabilitation trial and thus
disqualified from CPASS. Given the large percentage disqualified
due to this single exclusion criteria, we examined patients’ arm
impairment using a dedicated motor function impairment test,
the ARAT. ARAT evaluates fine motor function and reaching
to grasp and ARAT sub-scores are highly relevant to UE stroke
trials. The mean ARAT score in this cohort was 39.41±18.6 (max
= 57). The minimal clinically important difference (MCID), the
minimal change in score for patients to perceive an improvement
in their UE motor function with the ARAT is 5.7 points (46).
Thus, although classified ineligible, individuals with an NIHSS
motor arm score <1 show potential for UE motor recovery
and are not at the ceiling of their UE motor function. Trials
may benefit from performing additional screening using a motor
function-specific measure like the ARAT or SAFE for a subset of
individuals. This is particularly important because prior studies
have also highlighted that disqualifying “too mild” impairment in
stroke trials excludes large proportions of stroke patients (41, 45).
Alternately, motor-specific (pre-screening) measures such as the
SAFE score have shown good predictive validity at 1 year and
may be more sensitive than the NIHSS motor item score or
mRS in the context of UE neurorehabilitation trials (47, 48).
Similar screening data (as presented in the present report) from
trials implementing the SAFE score as a prescreening measure
for trial recruitment will fill an important gap for trialists. Our
data on NIHSS and ARAT highlight the need for a simple,
quick, motor-function specific prescreening tool that is sensitive
throughout the range of UE motor impairment and shows
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good predictive validity for motor outcomes at 12-months or
more post stroke (the typical primary outcome in post-stroke
UE trials).

LIMITATIONS

Although we present a first set of exhaustive data on trial
recruitment statistics in an early subacute stroke rehabilitation
trials in the US, it must be noted that these recruitment data
come from a single-site phase II stroke trial. Patients were
screened at a single site, an urban safety net hospital and
inpatient rehabilitation facility and as such is limited to trial
recruitment and patient behaviors within the US. Generalizability
to other recruitment settings needs more data. Patients were
screened using the motor arm item of the NIHSS, which was
adequate for CPASS inclusion/exclusion criteria as shown by
CPASS recruitment rates that remained comparable to similar
trials, but trialists should consider adding a more sensitive
motor-specific screening tool such as the SAFE score or ARAT
given the relatively large numbers of patients’ with demonstrated
impairment on the ARAT excluded from the trial for being
“too mild.”

CONCLUSIONS

A large percentage of trial eligible patients are excluded because
trialists do not get to patients in time, before discharge from
acute care, and patients arrive to inpatients rehabilitation too
late for trial recruitment. Trialists performing early stroke
rehabilitation trials therefore need to develop streamlined
screening and recruitment pipeline to engage patients while
they are still in acute care. For a subset of mildly impaired

patients, trialists will benefit from performing a motor function
specific test like the ARAT in addition to using the NIHSS
motor arm item during in-person screening for a subset
of patients.
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Background: In this study, a novel electromechanical robotic exoskeleton was

developed for the rehabilitation of distal joints. The objective was to explore the

functional MRI and the neurophysiological changes in cortical-excitability in response

to exoskeleton training for a 9-year chronic stroke patient.

Case-Report: The study involved a 52-year old female patient with a 9-year chronic

stroke of the right hemisphere, who underwent 20 therapy sessions of 45min each.

Cortical-excitability and clinical-scales: Fugl-Mayer (FM), Modified Ashworth Scale (MAS),

Brunnstrom-Stage (BS), Barthel-Index (BI), Range of Motion (ROM), were assessed

pre-and post-therapy to quantitatively assess the motor recovery.

Clinical Rehabilitation Impact: Increase in FMwrist/hand by 6, BI by 10, and decrease

in MAS by 1 were reported. Ipsilesional Motor Evoked Potential (MEP) (obtained using

Transcranial Magnetic Stimulation) was increased by 98 µV with a decrease in RMT by

6% and contralesional MEP was increased by 43 µV with a decrease in RMT by 4%.

Laterality Index of Sensorimotor Cortex (SMC) reduced in precentral- gyrus (from 0.152

to −0.707) and in postcentral-gyrus (from 0.203 to −0.632).

Conclusion: The novel exoskeleton-based training showed improved motor outcomes,

cortical excitability, and neuronal activation. The research encourages the further

investigation of the potential of exoskeleton training.

Keywords: case report, robotic exoskeleton, stroke, rehabilitation, electromyogram, cortical excitability, fMRI
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INTRODUCTION

Post-stroke motor recovery follows a non-linear trajectory (1).
Although, there is a period of enhanced plasticity or spontaneous
recovery of motor function following a stroke, it is insufficient
and often negligible in patients with chronic-stroke. Intensive
therapeutic and rehabilitative interventions primarily lead to
functional restoration in chronic-stroke survivors (2). While
research studies have explored neuronal and motor recovery,
patients with chronic-stroke often manifest long-term disability
and limitations in the activities of daily living (3). The exact
behavior of neurophysiological aspects at a neuronal level
showing enhanced responsiveness to treatment in chronic-stroke
is not clear yet (1).

Robotic-training for physical therapy is now becoming a new
normal for the rehabilitation community (4). It might share
a good amount of the clinical load of the therapist and can
substantially facilitate the phenomenon of functional neuro-
rehabilitation and recovery. An electro-mechanical robotic-
exoskeleton was developed for distal joints that synchronize
wrist-extension with Metacarpophalangeal (MCP) flexion and
wrist-flexion with MCP-extension (4). The exoskeleton targets
spasticity through a synergy-based rehabilitation approach while
also maintaining patient-initiated therapy through residual
muscle activity using Electromyogram (EMG) for maximizing
voluntary effort. Here, we present the case of a 52-year old female
with late chronic-stroke of 9 years, who had a partial recovery,
and its convergent association of potential brain reorganization
in response to the novel exoskeleton. The objective of this
case study was to explore the neurophysiological repertoire of
behavior behind motor recovery in response to the goal-directed
treatment using exoskeleton for a patient with chronic-stroke.

CASE DESCRIPTION

The Institutional Review Board (IRB) at the All India Institute of
Medical Sciences, New Delhi, India approved the study (protocol
number: IEC/NP-99/13.03.2015). The patient provided written
informed consent before enrolling in the study.

Patient
The 52-year old female patient (right-handed) is henceforth
referred to as Mrs. X. She was well-educated and an airline pilot
by profession. She has a family history of stroke; her mother
suffered from a stroke. There was no other relevant genetic or
psychosocial history. She survived acute right Anterior Cerebral
Artery (ACA) and Middle Cerebral Artery (MCA) ischemic
infarct and a small left ACA infarct in April 2009. She was
conscious at the time of stroke onset. She was immediately
admitted to ICU in a local hospital in Delhi. She was conscious,
oriented, and cooperative. Her MRA, MRV, and neck angio,
ECG, ECHO, and Holter monitoring were normal. She had gaze
preference to right. After 2.5 h of admission, she developed jerky
movements in the left upper-limb and was loaded with injection
epsolin 1,000mg. The infarct resulted in left hemiparesis, less
control, and functional outcomes in the left-limb with power-0/5.
The power in the right-limb was 5/5. She also presented left facial

palsy, weak left eye closure, and slurring of speech. She did not
have health issues like hypertension, diabetes, tobacco smoking,
or alcohol but had a history of diabetes in the family (mother).

She was moved to the ward after 4 days and discharged to
home in stable condition after 15 days. She was on antiplatelet
therapy for 5 years and later she continued prophylactic
antiplatelet therapy (details in Supplementary Material).
She underwent physiotherapy immediately following her
discharge and had acupressure-therapy, acupuncture-therapy,
home-based exercises for an initial few (∼5) years before
enrolling in this study, (Timeline Figure 1, full details in
Supplementary Material).

At the enrolment in 2018, the volume of the lesion was
11.72 cm3, Edinburg laterality-index was 90 (non-dominant
hand affected) and Mini-Mental Score Examination (MMSE)
was 30. She was given physiotherapy exercises for home (details
in Supplementary Material). The patient scored Modified
Ashworth-Scale (MAS) 2 at wrist-joint, Brunnstrom Stages (BS)
4, Modified Rankin Scale (MRS) 2, Barthel Index (BI) 85, upper-
limb Fugl Meyer (FM) scale 43/66, lower-limb FM scale 29/34,
at wrist joint Passive ROM (PROM) 45◦, and Active ROM
(AROM) 25◦.

Therapy Protocol
Robotic-Therapy-Sessions
The device (Supplementary Figure 1) is actively initiated by
EMG activity of Extensor Digitorum Communis (EDC) muscle
with robot motion triggered only if the EMG thresholds are
crossed and it provides an interactive adaptive performance
visual biofeedback in real-time. At baseline position, the patient
tries to extend the wrist voluntarily for the first 3 s after the
green LED cue. If the EMG crosses the predefined threshold, the
exoskeleton will be triggered for an assisted wrist extension and
finger flexion movement. Once it reaches the final position, the
exoskeleton then assists the patient’s hand back to the baseline
position, wrist flexion with finger extension. Simultaneous with
this motion assistance, the performance feedback is given to
the patient in real-time. The device was patient-specific as
has flexibility in accommodating patients as per the varying
clinical presentation, with customizable motion-parameters: (i)
initial-position for a range of motion (ROM), (ii) final-position
for ROM, (iii) speed, (iv) residual muscle-activity, and (v)
height of finger-support (4). It is a simple and easy-to-operate
exoskeleton with a user friendly interface of LCD and knobs
for inputs, as presented in the device paper by Singh et al.
(4). The configurability of the threshold was adjusted during
the study manually and individually using the BIOPAC MP150
EMG acquisition software according to the residual EMG
activity of an individual patient with the advantage of making
the system patient-specific by including patients with minimal
residual muscle-activity in the protocol. Pre to post-therapy,
the amplitude of the EMG threshold changed from 0.4 to 0.6V
(amplified with gain = 2,000, Band Pass Filter = 10–500Hz,
Notch Filter= 50Hz, Sampling Frequency= 1,000Hz) (4).

Robotic training was given for 45-min a day for 20 sessions,
with∼250 trials of 10 s each undertaken (4). The therapy sessions
were given by the trained physiotherapists with more than 5
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FIGURE 1 | Timeline with relevant data from the episode of care, *details in Supplementary Material.

years of experience in stroke rehabilitation.Mrs. X completed this
therapy in clinical settings in 31-days with pre-to-post-therapy
clinical data acquired on day-1 and day-32, respectively. She
adhered well to the therapy and tolerated therapy with no adverse
effects. There was no change in the therapy session for the whole
20 sessions. As the device is easy to operate, she took interest
in operating it on her own. The patient’s peripheral vision was
very strong, probably because of her occupation (airline pilot by
profession) and she was able to see visual feedback even when she
was not actively watching it. Though, she had no contractures,
she chose 45◦ as range-of-motion (ROM) on day-1 with speed
being constant (30◦/s), as she felt comfortable. Due to flexor-
hypertonia, active-ROM (AROM) of the wrist was 30◦, started
from −5◦ flexion to 25◦ extension. While wearing the robotic
exoskeleton in baseline position with wrist and fingers tied up
with Velcro-straps, her wrist was maintained at−5◦ flexion. The
time required by the patient to put the exoskeleton on was 105-s
and taking off the exoskeleton took 22-s on day 1.

Pre and Post-therapy Clinical-Data Acquisition
Clinical scales including MAS, BS, MRS, BI, FM scale, Passive
ROM, and Active ROM, were acquired at day 1 and day
32. On day-32, a self-designed subjective feedback-form, and
System Usability Scale (SUS), and question-answer session were
also undertaken to gain the patient’s perspective of the device
(Supplementary Tables 1, 2 and Subjective Questions). SUS
form, a standard reliable method for measuring product usability
of a novel developed product across a wide range of industries
(5), was also obtained from the patient. The SUS scores ranged
from 80 to 100, a score of 87.5 from the patient, reflecting the

promising scope of “acceptance” and usability from the patient
score, which ranged from 80 to 100 (Supplementary Table 2).

Mrs. X was compliable with Transcranial Magnetic
Stimulation (TMS). Single-pulse TMS stimuli were applied
at 100% Motor Threshold with the procedure widely used
(6), using a flat 70mm figure-of-eight coil [type-D70
(AC), Magstim Rapid2, UK] from EDC muscle (Details
in Supplementary Material). Five MEP signals out of 10
consecutive trials were averaged. Cortical-excitability measures,
Resting Motor-Threshold (RMT), and Motor Evoked Potential
(MEP) on cortical representation area of EDC muscle on the
ipsilesional and contralesional-hemisphere, were obtained as per
the procedure described in the literature including our previous
study (6).

Structural T1 image (Supplementary Figure 2) and fMRI
BOLD images were acquired for affected and unaffected hand
movement, using 3T MR-scanner (Achieva 3T TX, M/s. Philips
Healthcare). Patient repeated self-paced sequential-maximum
extension and flexion of the wrist in block-design paradigm using
the affected and unaffected hand (separately). Data-analysis (in
SPM12) included realignment by aligning images tomean-image,
co-registration using T1-image, normalized and smoothing with
8 × 8 × 8 Full Width at Half-Maximum (FWHM) filter on pre-
and post-BOLD acquisitions. The Talairach client was used to
correlate the MNI coordinates for further analysis.

Clinical Rehabilitation Impact
The protocol was smooth and Mrs. X tolerated the therapy
sessions well and had no complaints. An SUS score value of 87.5,
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TABLE 1 | Details of clinical scales, cortical excitability measures.

Clinical scales Pre Post Difference Cortical excitability Pre Post Difference

FM 43 52 9 (↑) Ipsilateral MEP (µV) 108 206 98 (↑)

FM (W/H) 9 15 6 (↑)

F M (S/E) 34 37 3 (↑) Ipsilateral RMT (%) 85 79 6 (↓)

MAS 2 1 1 (↓)

BS 4 4 0 Contralateral MEP (µV) 84 127 43 (↑)

BI 85 95 10 (↑)

MRS 2 2 0 Contralateral RMT (%) 80 76 4 (↓)

AROM *25◦ **30◦ 5◦ (↑)

PROM 45◦ 60◦ 15◦ (↑) Normalization (RMT ratio) 1.062 1.039 0.023 (↓)

FMA (max 66): Fugl-Meyer Assessment, FM W/H (max 24): Wrist / Hand component of FMA, S/E (max 42): Shoulder/Elbow component of FMA, MAS (0–4): Modified Ashworth Score,

BS (max 7): Brunnstrom Stages, BI (max 100): Barthel Index, MRS (max 5): Modified Rankin Scale, Passive ROM (max 70): Active ROM (max 70), MEP: Motor Evoked Potential (in µV),

RMT: Resting Motor threshold (in %, max 100), Normalization (RMT ratio) = Ipsilateral RMT/Contralateral RMT.

*Starts from −5◦ wrist flexion.

**Starts from 0◦, (↑) indicates increase, (↓) indicates decrease.

subjective feedback, and questions-answers were obtained after
20 sessions (Supplementary Tables 1, 2).

Clinical Scores
Clinical scales and cortical-excitability measures for the patient
pre-and post-therapy are outlined in Table 1. The reduction
in impairment was quantitatively observed to be increased in
upper-limb FM scale value by 9 units, an increase in the distal-
component of FMW/Hwas 6 units. Spasticity decreased from the
MAS value from 3 to 2 (Table 1). BI increased from a value of 85
to 95 with no change in BS and Mrs. X PROM was observed to
improve by 15◦ at wrist joint. AROM was observed to increase
by 5◦ at wrist joint. Pre-therapy, she used to start wrist-flexion
from −5◦, however, in post-therapy-sessions she was able to
start the wrist-extension from 0◦ only, because of release in
flexor hypertonia. After the 20th therapy session, she had set the
ROM of the robotic-exoskeleton at 60◦ (day-1 ROM 45◦) at the
same speed.

Cortical-Excitability Measures
Pre- to post-therapy, the ipsilesional RMT was decreased by
6%, and MEP amplitude was increased by 98 µV with muscle
contraction response being observed in the dorsal wrist and third
digit in more than 5 out of 10 consecutive attempts. Pre to post-
therapy, the contralesional RMT decreased by 4%, and MEP
amplitude increased by 43 µV with muscle contraction response
observed in the dorsal wrist (Table 1). The relative % change,
expressed in terms of percentages as the ratio of the difference
between post-therapy and pre-therapy scales normalized to their
pre-therapy scales, pre to post-therapy, for MEP amplitude
showed a 90.7% increase for ipsilateral-hemisphere and 51.1%
increase for the contralateral-hemisphere, and for RMT was
7% decrease for ipsilateral-hemisphere and 5% decrease for the
contralateral-hemisphere. RMT-asymmetry, a ratio of ipsilateral
RMT and contralateral RMT, indicated a trend towards normality
(close to 1) decreasing from 1.062 to 1.039 post-therapy (Table 1).

fMRI Measures
Post-therapy, during the affected-hand trial, the number of
activated voxels were observed to substantially decrease in

ipsilesional sensorimotor-cortex (SMC) - precentral (from 1346
to 114) and postcentral-gyrus (from 914 to 100) (Figure 2,
Table 2). Reduction in contralesional precentral (from 991 to
665) and postcentral-gyrus (from 605 to 444) were also observed.
Though, there was a decrease in ipsilateral activated voxels, a
considerable reduction in Laterality-index (LI), ranged from 1.0
(all contralateral activation) to −1.0 (all ipsilateral activation),
of sensorimotor-cortex (SMC) was also observed in precentral
(from 0.152 to −0.707) and postcentral-gyrus (from 0.203
to −0.632). This decrease in laterality index demonstrates a
substantial decrease in the number of contralateral activated
voxels. A large activation increase in ipsilateral-cerebellum
(CBM) exterior (from 1908 to 3395) and a decrease in
contralateral-CBM exterior (from 4502 to 2261) was observed
post-therapy. An activation decrease in contralateral CBM
white-matter (from 999 to 462) was also observed. Ipsilateral
cerebellum-ratio was observed to substantially increase in CBM
exterior (from 0.298 to 0.6) and CBM white-matter (0.528 to
0.69), indicating an increased ipsilateral CBM activation.

Post-therapy, during the unaffected hand trial, the number of
activated voxels were decreased in contralateral/contralesional
SMC - precentral (from 930 to 168) and postcentral-
gyrus (from 655 to 58) (Figure 2, Table 2). Reduction in
ipsilateral/ipsilesional precentral (from 247 to 0) and postcentral-
gyrus (from 13 to 0) were also observed. With ipsilateral voxels
reduced to zero, the LI of the SMC was observed to increase in
precentral (from 0.58 to 1) and postcentral-gyrus (from 0.961 to
1). Ipsilateral cerebellum-ratio was observed to decrease in the
CBM exterior (from 0.98 to 0.94) and CBM white-matter (from
1 to 0.91).

DISCUSSION

Changes in Clinical Scores
Mrs. X demonstrated a substantial reduction in impairment as
seen with the improvement in clinical scales: increase in FMU/L
by 9, BI by 10, and decrease in MAS by 1. Out of a total 9
units increase in FMU/L, the Wrist/Hand component of FM
increased by 6 units indicating an enhanced distal functionality
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FIGURE 2 | BOLD images for wrist extension task with voxel level threshold p < 0.05 (FWE-corrected) and cluster size threshold of 10 voxels. Thirty-one ascending

transversal slices, repetition time (TR): 2,000ms, field of view (FOV): 230 × 230 × 155mm, Flip-angle: 90 degrees, voxel size: 1.8 × 1.8 × 5mm and echo time (TE) =

30ms. Presentation on MR compatible 20” LCD monitor (Esys in vivo eprime 1.1) with projection on mirror attached to head coil where image-of-hand notifies the

active-block and cross on image-of-hand represents the rest-block. Data-analysis (in SPM12) included realignment by aligning images to mean-image, co-registration

using T1-image, normalized, and smoothing with 8 × 8 × 8 Full Width at Half-Maximum (FWHM) filter on pre and post-BOLD images. Talairach-client was used to

correlate MNI-coordinates with gray and white matter. (a,c) are pre-robotic training images, (b,d) are post-robotic training images during affected-hand trial, (e,g) are

pre-robotic training images and, (f,h) are post-robotic training images of masked regions cerebellum (−52:8: −20 slices) and sensorimotorcortex (48:6:72 slices)

during the unaffected-hand trial (p < 0.05).

TABLE 2 | Pre and post-robotic sessions Blood Oxygen Level Dependent (BOLD) activation pattern in affected and unaffected hand trials in mask regions.

Mask regions Pre-therapy Post-therapy

No. of voxels Threshold No. of voxels Threshold LI/Ips CB ratio No. of voxels Threshold No. of voxels Threshold LI/Ips CB ratio

Task by the affected hand

Hemisphere Right Left Right Left

Precentral gyrus 1,346 14 991 14.8 0.152 114 9.4 665 13.1 −0.707

Postcentral gyrus 914 14.2 605 9.5 0.203 100 9.7 444 10.9 −0.632

CBM exterior 4,502 20.3 1,908 17.5 0.298 2,261 12.3 3,395 14.5 0.6

CBM white matter 999 15.2 1,116 17.1 0.528 462 10.2 1,030 13.6 0.69

Task by the unaffected hand

Precentral gyrus 247 8.6 930 19.9 0.580 0 0 168 9.5 1

Postcentral gyrus 13 5.5 655 17.4 0.961 0 0 58 6.2 1

CBM exterior 1,760 14.7 27 7.6 0.98 341 11.1 19 6.7 0.94

CBM white matter 320 9.7 0 0 1 83 7.7 8 5.2 0.91

CBM, Cerebellum; Laterality Index (LI) = (contralateral voxels – Ipsilateral voxels)/(contralateral voxels + Ipsilateral voxels); Ipsilateral cerebellum (Ips CBM) ratio = Ipsilateral cerebellum

voxels/(Ipsilateral cerebellum voxels + Contralateral cerebellum voxels).

post-therapy. As shown in the studies by Gladstone et al. (7) and
Shin et al. (8), a value of 6.6 on a scale of 66 (FMU/L) reflects
the potential Minimally Clinically Important Difference (MCID)
and in this study, FMU/L and FMW/H reached the MCID. An
increase in passive and active ROM gave increased the degree
of movement in the wrist to confidently participate in ADL, as
evidenced by an increase in BI by 10 units. She was able to do
activities such as opening and closing clips (for drying clothes),

held the plates straight while carrying them, etc., which she was
not able to do pre-therapy.

Changes in Cortical-Excitability
An increase in cortical-excitability in both hemispheres might
suggest an increase in neuroplasticity and motor-cortex
excitability in terms of a decrease in RMT and an increase
in MEP amplitude for EDC muscle cortical-representation
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(hotspot), a muscle involved in exoskeleton-training (9). The
changes in the threshold were most likely due to the intervention
received rather than inter-session variability as MEPs, which
were acquired at two time points with an interval of 31 days: day
1 (pre-therapy) and day 32 (post-therapy) (10–13). Moreover,
critical studies like that by Hendrics et al., and Jong et al., have
established MEP as a sensitive and valid prognostic marker of
motor recovery after stroke (14–16). For cortical-excitability
to be increased in the ipsilesional-hemisphere for patients
with stroke (after recovery), the ipsilesional-RMT should be
decreased from pre-to-post-therapy and hence, normalization
or RMT ratio (RMT Ipsilesional/RMT contralesional) should
decrease to approach normalization (17–20). A reduction in
interhemispheric-asymmetry was observed in the normalization
ratio, from pre-to-post-therapy (Table 1), from 1.062 to 1.039
with a mean decrease of 0.023, indicated toward a trend of
normalization. A potential increase in cortical-excitability in
the ipsilesional-hemisphere might suggest restoration and
improvement in the functional integrity of corticospinal tract
as functional recovery potential in chronic-stroke depends
largely on the integrity of these tract (21). The recruitment
of perilesional areas or exploitation of preserved functional
recovery reservoir in the ipsilesional-hemisphere may be
attributed to the normalization of the RMT ratio (17, 22).

Changes in fMRI Activations
Increased cortical excitability was paralleled by the observed
reduced BOLD signal intensity in both hemispheres. With intact
MEP at the ipsilesional-hemisphere pre-therapy, ipsilesional-
SMC displaying substantially reduced activation after the
intervention; putatively reflects improved synaptic efficiency
(23). Reduction in motor-cortex activations post-therapy might
correspond to strengthened synaptic efficiency modulated by
repetitive task-oriented exoskeleton training. The laterality-
index of SMC was also observed to decrease in precentral
(from 0.152 to −0.707) and postcentral gyrus (from 0.203 to
−0.632) which might be demonstrating a substantial decrease
in the number of contralateral activated voxels and shifting
of cortical-reorganization from contra to ipsilateral-hemisphere.
A considerable reduction in LI of SMC (change in LI: 1LI
postcentral = 0.835 and 1LI precentral = 0.859), especially
with decreased contralateral-hemisphere activations indicates
that the patient achieved skilled motor performance (24). To
the best of our knowledge, a change of ∼0.85 in LI has
never been reported in the literature with any intervention or
conventional therapy, however, any direct comparison would
be inappropriate, considering different factors like chronicity,
site of lesion, age, etc. It is plausible that exoskeleton training
might have promoted use-dependent reorganization during
motor training, resulting in shifting of activation from contra
to ipsilateral corresponding to good recovery (vicariation) (18).
It might indicate that with focused exoskeleton training the
potential recovery might be accelerated. Few studies in the wider
literature have explored LI through fMRI activation for affected-
hand pre and post rehabilitation intervention, except Brain
Computer Interface (reported 1LI∼0.23), Constrain Induced
movement therapy (1LI∼0.25), and low-frequency repetitive

TMS over the contralateral hemisphere of the primarymotor area
(1LI∼0.14) (25–27).

Prominently increased cerebellar-motor activation in the
Left-CBM exterior ipsilateral to the affected hand could
be associated with the recovery process reinforcing CBM’s
postulated role in motor learning (28). The increased ipsilateral
cerebellum-ratio during the affected-hand trial could potentially
be a possible consequence of increased cerebellar-cerebral
functional connectivity (28). SUS score (of ∼87.5), falling in the
“excellent-acceptability” category, along with subjective feedback
and question answers exhibited acceptance of the robotic-
exoskeleton in clinical settings (Supplementary Tables 1, 2,
Subjective Questions asked).

Compared with other available wrist rehabilitation devices,
the HWARD robot saw an improvement in FMW/H (∼4)
post-therapy. The SMC laterality index represents a shift in
interhemispheric balance over time from the contralateral
to the ipsilateral side (29). The Hand Mentor Pro robot
observed improvement with FMW/H being 5.6, FMU/L 10.33
in combination with a home exercise program (which alone
reported FMW/H 4.9 and FMU/L 9.3) in 99 patients with stroke
(30). The reported gain post Constraint-Induced Movement
therapy (CIMT), was FMU/L ∼13 and BI ∼13.5 (31).
Furthermore, a meta-analysis and systematic review of CIMT
evidenced an enhancement in FMU/L and Action Research
Arm Test (ARAT) scores with improved hand control, arm
placement, and increased strength as compared to standard
therapy in patients with subacute and chronic-stroke (32).
With sparse literature exploring cortical-excitability changes in
the lower-limb (33) and upper-limb (34), virtual mirror task
with biofeedback observed an increased MEP by up to 46.3%
(95% CI: 30.4∼80.0) compared with the real mirror task (34).
The observed increase in FMW/H of patients with chronic-
stroke in robotic-assisted wrist-training and dose-matched
conventional intervention was≤4 (8, 35–38), however, any direct
comparison would be inappropriate considering different factors
like chronicity, site of lesion, and age, etc.

Although there are research studies targeting improvement
in motor functions in chronic stroke survivors, most of the
patients are left with long-term disabilities (3). Our data
imply that 4 weeks of focused motor-learning training (with
only 20 sessions of 45min each) using novel voluntary
muscle-activity triggered goal-directed exoskeleton is capable of
producing clinically relevant neuroplasticity in terms of cortical-
excitability and LI change (of ∼0.85 in SMC) in functional MRI
activation even in chronic-stroke as long as 9 years when any
improvement in motor performance is likely to be attributed
to being exercise-induced rather than spontaneous recovery.
Various strategies could have enhanced the clinically relevant
neuroplasticity e.g., target movement of robotic-exoskeleton
was specific, measurable, achievable, repetitive, and timed (39),
reinforced with maximizing voluntary residual muscle-activity
combined with real-time visual performance-biofeedback and
proprioceptive-feedback for sensorimotor-integration in every
cycle of the movement as was also reported by (40, 41).
However, the exoskeleton is in the prototype stage, and the
Biopac EMG system was used in the data acquisition for
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research and validation. In the future, the EMG system should
be replaced by a lightweight EMG amplifier to make the whole
system compact. The device needs to be further optimized in
terms of weight and aesthetics in order to be used for home-
based rehabilitation in the future. This case study provided
distinct dynamics of post-stroke recovery that deserve further
investigation using a larger sample and examining the potential
of the exoskeleton.

Limitations
The study lacks mid-term clinical assessment, and long-term
follow-up of the patient, and activity level measurements like
Wolf-Motor Function test and Action-Research Arm Test,
Functional Independence Measure, Motor Activity Log, and
Stroke Impact Scale, etc.,

CONCLUSION

The potential of the robotic exoskeleton must be considered
further for accelerating post-stroke motor recovery.
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Introduction: Early supported discharge (ESD) is a transitional care model aimed

at facilitating post-acute stroke patients’ discharge to home. Previous studies have

demonstrated that ESD provides equivalent patient and caregiver outcomeswith superior

cost-effectiveness compared to conventional rehabilitation (CR). This study intends to

examine the feasibility of ESD in Korea.

Methods and Analysis: This study is designed as a multicenter assessor-blinded,

randomized controlled trial. Ninety post-acute stroke patients with mild to moderate

disability (modified Rankin Scale 1–3) will be recruited from three university hospitals (30

patients per hospital) in Korea and allocated to either the ESD group or the CR group

in a 1:1 ratio. Patients in the ESD group will receive individualized discharge planning

and goal setting, a 4-week home-based rehabilitation program, and liaison service to

community-based resources by a multidisciplinary team. Patients in the CR group will

receive rehabilitation practices according to their current hospital policy.

Outcomes: The primary outcome is the Korean version of the modified Barthel Index,

and the primary endpoint was post-onset 3 months. Clinical outcomes, patient/caregiver

reported outcomes, and socioeconomic outcomes will be measured at baseline, 1month

after discharge, 2 months after discharge, and 3 months after onset.

Discussion: The efficacy and cost-effectiveness of ESD can vary according to

the healthcare system and sociocultural aspects. To establish ESD as an alternative

transitional care model for post-acute stroke patients in Korea, its feasibility needs to

be examined in prior. This study will add evidence on the applicability of ESD in Korea.
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Ethical Considerations: The study protocol was reviewed and approved by the

Institutional Review Board of Seoul National University Bundang Hospital (IRB number

B-2012/654-308). The study protocol was registered at ClinicalTrials.gov (Identifier

NCT04720820). Disseminations will include submission to peer-reviewed journals and

presentations at conferences.

Keywords: stroke, transitional care, early supported discharge, randomized controlled trials, quality of life, Korea

INTRODUCTION

Stroke is a significant global healthcare problem, accounting
for the second largest disease burden (1) and major health
service costs (2). The numbers of both post-stroke survivors and
associated healthcare costs are expected to increase in the future
(3), which will lead to a strong need for the establishment of an
efficient and effective transitional stroke care model.

Early supported discharge (ESD) is an approach that aims
to accelerate the home discharge of post-acute stroke patients
by providing an equivalent level of rehabilitation services in the
patient’s home setting by a specialized multidisciplinary team
(4, 5). A recent meta-analysis study has shown that a well-
organized ESD can reduce long-term dependency and admission
to institutional care of stroke patients as well as reduce the
length of hospital stay (6). However, studies on ESD have mostly
been conducted in European countries (7–12), Canada (13), and
Australia (14), and the effectiveness of ESD can vary in non-
European countries due to differences in medical systems and
costs, allocation of rehabilitation resources, and cultural aspects
(15). Thus, the applicability of the ESDmodel in Asian countries,
namely Korea, remains unclear and requires further validation.

This study aims to examine the effectiveness and economic
impact of ESD in post-acute stroke patients in Korea by
comparing it with conventional rehabilitation (CR) through a
multi-center assessor-blinded randomized controlled trial.

MATERIALS AND METHODS

Study Design
This study is designed as a multi-center assessor-blinded,
randomized controlled trial. Patients will be recruited from
three national university hospitals in Korea: Seoul National
University Bundang Hospital (Seongnam-si, Gyeonggi-do,
Korea), Chungnam National University Hospital (Jung-gu,
Daejeon, Korea), and Pusan National University Yangsan
Hospital (Yangsan-si, Gyeongsangnam-do, Korea). Figure 1

shows an overall flowchart of the proposed study.

Aim and Primary Hypothesis
This study aims to examine the effectiveness of ESD services
in stroke patients with mild to moderate disability in
Korea and establish it as an alternative to conventional
rehabilitation services.

The primary hypothesis of the study is that the functional
outcome of the patients in the ESD group would be non-inferior
to those in the CR group, which was based on previous results of

ESD trials (9, 13, 14). Producing equivalent functional outcomes
with possibly reduced healthcare-related costs will prove that
ESD is a feasible option for patients with stroke.

Recruitment, Randomization, and Group
Allocation
Patients will be screened for eligibility when referred to
the rehabilitation department during acute stroke inpatient
treatment. Eligible patients will be informed and enrolled by the
study team. After the patient is enrolled, the patient will undergo
baseline evaluation by the assessor and will be randomly allocated
by the coordinator into either the ESD group or the CR group
in a 1:1 ratio (total 30 patients per hospital). Randomization
sequences were computer-generated using mixed block sizes
of two and four, without stratification by the institution’s
biostatistician who is independent of the study team and will
be managed by the coordinator in an opaque-sealed envelope at
each study site. The patients’ allocated group will be informed to
the study team by the coordinator after the baseline evaluation
is done. Patients’ follow-up arrangements are managed by the
study coordinator.

Blinding
All evaluations (except for the ESD program satisfaction
questionnaires) will be performed at each hospital by designated
occupational therapist who is independent from the ESD team.
The assessor will be blinded to the patients’ intervention group
throughout the study.

Eligibility
This study aims to recruit acute stroke patients with mild to
moderate disabilities who can be directly discharged to home
after acute stroke treatment at the hospital. Major inclusion
criteria are as follows: age > 20 years, planned to be discharged
to home within 30 days from onset, initial modified Rankin
Scale score 1–3, functional ambulation category score 3 or above,
and no deficit of consciousness. Major exclusion criteria are as
follows: transient ischemic attack, medically unstable, psycho-
behavioral problems, or severe cognitive deficits that hinder
participation in the ESD service. The detailed inclusion and
exclusion criteria are listed in Table 1.

Interventions
The ESD team at each hospital is comprised of a rehabilitation
physiatrist, a physiotherapist, an occupational therapist, and a
social worker (optional) who have experience in stroke patient
care. The ESD service consists of individualized discharge
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FIGURE 1 | Flowchart of the study design.

planning and goal setting, 4-weeks of home-based tailor-made
rehabilitation program, including at least 30min of visiting
physical therapy (PT) and occupational therapy (OT) sessions
each at the patients’ homes per week, additional PT, OT, and
speech therapy (ST) at the hospital outpatient settings if needed,
and liaison service to community-based resources as required.
The team will discuss each patient’s ESD program biweekly
and modify the ESD program, if necessary. ESD programs will
be set to meet patients’ needs, with emphasis on adjusting to
community living (16).

Patients in the CR group will receive current practices on
post-acute stroke patients regarding discharge planning and
follow-up rehabilitation services. Patients will receive outpatient-
based PT, OT, and ST after discharge, if needed. Referral to
community-based resources will be done according to the current
hospital policy.

Safety of the Health Professionals and the
Patients
To secure the safety of health professionals during home
rehabilitation services, ESD team will visit the patients’ home
in team of two or more people. Also the patients’ caregiver
will be mandatory to stay at home during the visit. ESD
services will be terminated if there is significant risk to the
team regarding safety. To minimize the risk of COVID-19
infection, ESD team will use personal protective equipment

TABLE 1 | Inclusion and exclusion criteria.

Inclusion criteria

1. Patient who is admitted with clinical diagnosis of stroke

2. Patient who will be discharged to home within 30 days from onset

3. Patient who lives within 30-min distance from the discharged hospital with

caregiver

4. Patient who’s initial functional status is (measured within 14 days from onset)

1) Mild to moderate disability (mRS score 1–3)

2) Able to walk of transfer with on-man assist (FAC 3 or above)

3) No deficit of consciousness (K-NIHSS 1a, 1b, and 1c score 0)

Exclusion criteria

1. Patient who had TIA

2. Patient who is medically unstable

3. Patient who has indwelling catheter

4. Patient who’s oral food intake is prohibited

5. Patient who has uncontrolled pain (with usage of NSAIDs or Opioids)

6. Patient who has psychobehavioral problems

7. Patient who has severe cognitive deficit (K-MMSE <15)

8. Patient who is unable to participate post-stroke rehabilitation program

mRS, modified Rankin Scale; K-MBI, Korean version of modified Barthel Index; FAC,

Functional Ambulation Category; K-NIHSS, Korean version of the National Institute

of Health Stroke Scale; TIA, Transient Ischemic Attack; NSAIDs, Non-Steroidal Anti-

Inflammatory Drugs; K-MMSE, Korean version of the Mini-Mental State Exam.

such as gloves and masks during the home rehabilitation
services. The ESD services will be provided in accordance with
the Korean government and the hospital’s infection control
policies.
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Measures
There are several types of outcome measures in this study:
clinical outcomes, patient and caregiver reported outcomes, and
socioeconomic outcomes. Measures will be evaluated at baseline,
1 month after discharge, 2 months after discharge (if necessary),
and 3 months after onset. Since the length of hospital stay is
expected to be different in both groups (6), we have set the
primary endpoint as 3 months after onset. The detailed outcome
measures and evaluation timetable are shown in Table 2.

Primary Outcome
The primary outcome of this study is the Korean version of
the Modified Barthel Index (K-MBI) (17). The K-MBI is a
scale consisting of 10 items that measure the ability to perform
activities of daily living (ADL). The K-MBI is widely used to
assess the degree of function in stroke patients, and the score
ranges from 0 to 100, with higher scores indicating better
function of the patient.

Secondary Outcomes—Clinical Outcomes
Clinical secondary outcomes include the modified Rankin Scale,
Korean version of Instrumental Activities of Daily Living, fall
experience, readmission, and mortality rates.

The modified Rankin Scale (mRS) is a clinician-reported
ordinal scale that measures global disability. mRS is widely used
to evaluate the gross functional outcomes of stroke patients (18).

mRS ranges from 0 to 6 with 0 indicating no symptoms at all and
6 indicating death.

The Korean version of Instrumental Activities of Daily Living
(K-IADL) measures a person’s ability to perform activities that
are required to live independently in the community (19). The
K-IADL consists of 11 items (shopping, mode of transportation,
ability to handle finances, housekeeping, preparing food, ability
to use a telephone, responsibility for own medication, recent
memory, hobbies, watching television, and fixing around the
house). K-IADL ranges from 0 to 33, with lowerr scores
indicating better ability.

Fall experience, readmission, and mortality rates are outcomes
that are related to the safety and long-term dependency of
community-dwelling post-stroke patients. Patients will be asked
whether they had experienced a fall or serious fall-related injury,
which is defined as an injury that requires medical treatment as
a consequence of a fall (20). Readmission and mortality rates
will be monitored by questioning the patient or caregiver at each
follow-up schedule.

Secondary Outcomes—Patient/Caregiver
Reported Outcomes
The Patient Health Questionnaire-9 (PHQ-9) is a brief 9-item
depression module used for screening depression (21). The

TABLE 2 | Timetable and measures to be made.

Measures Screening Baseline 1 months 2months+ 3 months

Primary outcome

modified Barthel Index (K-MBI)
√ √ √

Secondary outcomes—clinical

modified Rankin Scale (mRS)
√ √ √ √

Instrumental Activities of Daily Living (K-IADL)
√ √

Fall experience
√ √

Readmission rate
√ √

Mortality rate
√ √

Secondary outcomes—patient reported outcomes

Patient Health Questionnaire-9 (PHQ-9)
√ √ √

Reintegration to Normal Living Index (K-RNLI)
√ √

Stroke Impact Scale 3.0 (K-SIS)
√ √

EuroQoL-5D-5L (EQ-5D-5L)
√ √ √

Zarit Burden Interview (K-ZBI 22)
√ √

ESD Program satisfaction questionnaires*
√ √

Secondary outcomes—socioeconomic

Length of Hospital stay
√

Direct cost (Hospital cost, Home-based rehabilitation cost)
√ √ √

Indirect cost (Transportation cost, Caregiver cost)
√ √ √

Productivity loss
√

Other measures

Demographic/Social information
√ √

Medical History
√ √

ESD program participation rate
√

*Early Supported Discharge group only.
+Measurement can be skipped if the time interval between 2 months after discharge and 3 months after onset is <2 weeks.
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PHQ-9 score ranges from 0 to 27, with higher scores indicating
more severe depressive symptoms.

The Korean version of the Reintegration to Normal Living Index
(K-RNLI) assesses the consequences of disease on the restoration
of normal life with 11 domains scored using a visual analog
scale (22).

The Korean version of the Stroke Impact Scale 3.0 (K-SIS) is
used to identify patients’ needs in multiple dimensions regarding
health-related quality of life (HRQoL) (23). The scale consists of
nine domains with each domain score ranging from 0 to 100.
Higher scores indicate a better quality of life.

EuroQoL-5D-5L (EQ-5D-5L) is a globally used self-reported
health status measure with five dimensions: mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression.
Each dimension has five levels: no problems, slight problems,
moderate problems, severe problems, and extreme problems.

The Korean version of the Zarit Burden Interview (K-ZBI 22) is
the most widely used instrument for measuring caregiver burden
(24). This scale contains 22-items and has 5 subscales assessing
the subjective burden of caregivers: general strain, isolation,
disappointment, emotional involvement, and environment. All
items are scored on a scale from 1 to 4, with higher scores
indicating a higher caregiver burden.

Secondary Outcomes—Socioeconomic
The length of hospital stay will be obtained from electronic
medical records (EMR). Both the total number of bed days and
the number of days after randomization will be documented.

Direct cost includes the cost of hospital admission, outpatient
clinic visits, and rehabilitation therapy (both home-based and
outpatient-based). The cost generated at the study-site hospital
will be acquired from EMR, while costs occurring at other
hospitals or clinics will be obtained using a patient questionnaire.
Indirect cost consists of transportation cost for visiting a hospital
or clinic, caregiver cost (if a caregiver is employed to help the
patient), and cost of modifying home to assist ADL (for example,
installing a handrail on the wall to assist transfer). Indirect costs
will be obtained using patient questionnaires.

Productivity loss will be calculated based on the human capital
approach (25) determined by calculating the average monthly
working hours and the average monthly wage obtained with the
patient questionnaire.

Data Collection and Management
Data from all patients will be collected by research team
members and entered into iCReaT (http://icreat.nih.go.kr), a
web-based clinical research and trial database management
program developed by the Korea Centers for Disease Control and
Prevention. The coordinating investigator will have access to the
final study dataset, and the anonymized dataset will be available
upon reasonable request to the corresponding author.

Sample Size Estimation
The sample size of this study was estimated based on our primary
hypothesis. The non-inferiority margin was defined as 50% of
the changes in MBI scores from baseline to 3 months after onset
from a previous ESD trial (14). With a non-inferiority margin
of 6.2 and standard deviation of 10.6, the minimum sample size

determined using PASS 2020 (NCSS, LLC. Kaysville, Utah, USA)
was 37 patients in each group after applying a 5% probability of
type 1 error and 80% statistical power. Allowing 18% of attrition
per group, a total of 90 patients will be required for the study.

Statistical Analysis
For the statistical analysis, the Student t-test or Mann-Whitney
U-test will be used to analyze numeric variables according to
the parametricity of the distribution. Chi-squire test will be used
to analyze categorical variables. Subgroup analysis based on the
baseline mRS scores (1–3) will be performed if there are sufficient
participants in all three subgroups. For primary analysis, both
the intent-to-treat (ITT) approach and per-protocol analysis
approach will be applied. If the dropout rate exceeds 20% of
the total patients in the final stage, ITT-based analysis will
be performed after multiple imputations of missing data. P <

0.05 will be considered as statistically significant. The data will
be analyzed using R software (version 4.0.2; R Foundation for
Statistical Computing, Vienna, Austria).

DISCUSSION

ESD is currently considered an acceptable, cost-effective
transitional care model for post-acute stroke patients in Europe,
Canada, and Australia (6). However, the feasibility of ESD needs
to be examined in the healthcare system environment of Korea,
since the applicability of ESD depends on the healthcare system,
stroke-related cost, and cultural aspect of the country it is
implemented (15).

The healthcare system of Korea offers inpatient medical
services at a relatively low cost with good accessibility compared
to other developed countries (26) thus, the ESD program might
not be an attractive option for stroke patients with moderate
to severe disabilities. Therefore, we chose the target population
of stroke patients with mild to moderate disabilities, which has
been proven to have benefitted from ESD service (16). Another
aspect that needs to be mentioned is the cultural perception
of caregiving in Korea. It has been speculated that filial piety
and familism of Asian culture have a positive effect on reducing
caregiving burden (27), which can be advantageous in reducing
the potential risk of increased caregiver burden caused by
ESD (14).

The primary hypothesis of this study was set to test the non-
inferiority of functional outcomes in patients undergoing ESD,
compared with CR. This was based on previous studies (9, 12–
14), and the results showed no significant difference in functional
outcomes between the groups. Moreover, considering that our
target population is post-acute stroke patients with mild to
moderate disabilities, we expect the ability to performADL at our
primary endpoint, 3 months after onset, will not be significantly
different in both groups.

Current post-acute stroke rehabilitation in Korea is highly
dependent on inpatient rehabilitation, resulting in a long hospital
stay for stroke patients (28, 29). Since the economic burden
of stroke in Korea is increasing (30) with productivity loss
accounting for the largest portion (31), a search for a new model
of post-acute stroke transitional care that could facilitate patients’
reintegration to the community is essential.
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In this study, we plan to investigate the impact of ESD
on various dimensions; not only the functional outcomes and
economic efficiency but also the social and cultural aspects.
Sociocultural aspect is an important factor when implementing
ESD into existing stroke care system (32). By assessing the impact
of ESD in various aspects, our results will provide comprehensive
information on its applicability.

In conclusion, this study aimed to examine the feasibility
of ESD in post-acute patients with mild to moderate disability
by comparing its efficacy and socioeconomic impact with the
current rehabilitation system. This study provides evidence on
the applicability of ESD in Korea.
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Background: Flexor spasticity of the upper limb is common in poststroke patients and

seriously affects the recovery of upper limb function. However, there are no standard

management protocols for this condition. Radial extracorporeal shock wave therapy

(rESWT) is widely used for various diseases, some studies reported the effects of ESWT

on reducing spasticity, but the mechanism of ESWT to reduce spasticity by affecting the

excitability of stretch reflex or non-neural rheological components in spastic muscles or

both is not yet clear. A large randomized controlled trial with comprehensive evaluation

indicators is still needed. The study is to observe the effect of rESWT on flexor spasticity

of the upper limb after stroke and explore its mechanism.

Methods: A prospective, randomized, double-blind controlled trial is to be performed.

One hundred participants will be recruited from the Inpatient Department of Zhujiang

Hospital. Eligible patients will be randomly allocated to either receive three sessions

of active rESWT (group A) or sham-placebo rESWT (group B) with 3-day intervals

between each session. Assessment will be performed at baseline and at 24 h after

each rESWT (t1, t2, and t3). The primary assessment outcome will be the Modified

Ashworth Scale, and other assessments include surface electromyography, MyotonPRO

digital muscle function evaluation, and infrared thermal imaging. All data will be analyzed

using intention-to-treat principles. Multiple imputation by chained equations will be used

to address missing data caused by loss to follow-up and nonresponses. Per protocol,

analyses will also be performed on the participants who complete other assessments.

Statistical analysis will be performed using SPSS software (version 20.0) and the

significance level set at p < 0.05.

Discussion: This trial aims to analyze the application of rESWT for the

management of spasticity after stroke via appropriate assessments. We hypothesized

that after receiving active rESWT, patients would show greater improvement of

upper limb muscles compared with patients within the sham-placebo group.
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The rESWT would be an alternative to traditional methods, and the results of this study

may provide support for the further study of potential mechanisms.

Clinical Trial Registration: www.chictr.org.cn, identifier: ChiCTR1800016144.

Keywords: extracorporeal shock wave therapy, stroke, hemiplegia, spasticity, neurorehabilitation

BACKGROUND

Spasticity is a form of muscle hypertonia that results
in the pyramidal tract when corticoreticulospinal fibers
(extrapyramidal tract) are damaged, which gives an upper motor
neuron syndrome due to a lesion of the central nervous system
(brain and/or spinal cord) (1). After central nervous system
injury, the inhibition of cerebral cortex and other higher centers
is lost, and the excitability of γ-motor neurons is enhanced
so that the excitability and sensitivity of muscle spindle are
increased. Through the α-γ loop, the α-motor neurons in the
anterior horn of the spinal cord are overexcited, resulting in an
excessive increase in the stretch reflex. Continuous contractions
of spasmodic muscles can lead to contracture, pain, limited
joint movement, and joint deformity (2). Flexor spasticity is
common in poststroke patients with upper limb dysfunction, and
uncontrolled spasticity often leads to secondary complications
such as pain and contractures (3) while placing a significant
mental and financial burden on the patient, caregivers, and
society (4). The mechanisms underlying this disorder may be due
to the hyperexcitable stretch reflexes caused by the imbalance
of supraspinal inhibitory and excitatory inputs after the upper
motor neuron lesion (1) and also involve the changes in muscle
properties (5, 6) (e.g., stiffness, fibrosis, and atrophy), which
is referred as intrinsic hypertonia. Aggressive and appropriate
spasticity management contributes to motor relearning and
function recovery during chronic stages (4, 7). Currently,
mainstream interventions for upper limb hypertonia include
stretching, oral anti-spasticity medications, focal botulinum
toxin (BTX) injections, and surgical treatment (7–10). However,
the treatment methods mentioned earlier have advantages
or drawbacks in their effectiveness and safety (8, 11–13). For
example, BTX injection therapy is more effective but invasive
and more expensive. Surgical treatment is more traumatic, and
the risk is higher.

An extracorporeal shock wave is defined as a sequence of
single sonic pulses with high peak pressure (14, 15), which can
cause energy gradient differences and torsional tension between
tissues of different densities through energy conversion and
transmission, and form a cavitation effect, which induces a

Abbreviations: AE, adverse event; BM, musculus biceps brachii; BTX,
botulinum toxin; CR, co-contraction ratio; CRFs, Case report forms; DMC,
Data Monitoring Committee; EC, Ethics Committee; EMG, Electromyography;
ESWT, Extracorporeal shock wave therapy; fESWT, focused extracorporeal shock
wave therapy; H-max, the maximal amplitude of H-reflex; iEMG, Integrated
electromyogram; IRT, infrared thermal imaging; MAS, Modified Ashworth Scale;
MCV, motor nerve conduction velocity; MIVC, maximum isometric voluntary
contraction; M-max, the maximal amplitude of M-response; rESWT, radial
extracorporeal shock wave therapy; RMS, root mean square; sEMG, surface
electromyography; TM, musculus triceps brachii.

biological effect (16). During the past few decades, extracorporeal
shock wave lithotripsy (17) has been widely used and has evolved
to be standard therapy used for urinary calculi due to its excellent
efficacy, non-invasiveness, and lack of obvious complications.
At present, extracorporeal shock wave therapy (ESWT) has also
been widely used for the treatment of various neurological and
musculoskeletal diseases (18, 19), such as cerebral palsy (20),
multiple sclerosis (21), tendinopathy (22), chronic tennis elbow
(23), and nonunion of long bone fracture (24). Recently, several
studies (25–27) have indicated that ESWT could be used for
decreasing hypertonia in strokes. However, only a few convincing
studies have been published; a systematic review (28) in 2020
evaluated the scientific reliability and methodological quality
of recent clinical trials according to their level of evidence
and found that among enrolled 17 studies, only seven studies
obtained Sackett’s grading system’s highest level 1 of evidence
(studies scoring 6–10). A most recent overview (29) in 2021
concluded that an ESWT effectively reduced spasticity after
stroke without adverse effects, but the mechanism of action
of ESWT on spasticity muscles and standard parameters of
ESWT (regarding frequency, energy flux density, location, and
total ESWT sessions) in poststroke spasticity remained unclear.
Therefore, a prospective large-sample randomized, double-blind
controlled trial with a comprehensive assessment method is
needed to further confirm its efficacy and explore the underlying
mechanism of ESWT on spasticity. There are two types of
ESWT: focused extracorporeal shock wave therapy (fESWT) and
radial extracorporeal shock wave therapy (rESWT). According to
differences of mechanical properties in fESWT and rESWT and
combine the study outcomes ofWu et al. (30), which was the only
one to directly compare the effect of rESWT and fESWT so far, we
chose rESWT device for the management of upper limb spasticity
after stroke in this study.

The Modified Ashworth Scale (MAS) (31, 32) is the most
widely used clinical scale to grade spasticity and shows high
inter- and intra-rater reliability for the assessment of muscle
tone of upper extremities. H reflex can objectively evaluate
changes in the excitability of α-motor neurons before and
after treatment. Motor nerve conduction velocity (MCV)
is a diagnostic technique used to assess peripheral nerve
conduction function. By detecting the MCV of the median
nerve before and after rESWT intervention, we can observe
whether the peripheral nerve has been damaged and determine
the safety of the ESWT procedure. Surface electromyography
(sEMG) can reflect the overall situation of muscle activity by
placing surface electrodes on the muscle to collect electrical
signals (33). The sEMG indexes of root mean square (RMS),
integrated electromyogram (iEMG), and co-contraction ratio
(CR) (34–36) can be used to assess muscle spasms objectively
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FIGURE 1 | CONSORT flow diagram of study.

and quantitatively. The MyotonPRO digital muscle function
assessment system is a new non-invasive instrument that can
be used to evaluate the functional status of skeletal muscles
and biological soft tissue. It can quantitatively measure muscle
tension, elasticity, stiffness, and other functional conditions (37,
38). A previous study by Dymarek et al. (39) has shown that
ESWT can improve trophic conditions of spastic muscles. The
infrared thermal imaging (IRT) system detects local trophic
condition changes in spasmodic muscles of the upper limbs,
which are associated with blood microcirculation and surface
temperature distribution (40, 41). The assessment techniques
mentioned earlier can reflect the changes of upper limb
spasm, muscle tension, nerve excitability, muscle elasticity, and
surface temperature of stroke patients from different perspectives
and can comprehensively reflect the effects of ESWT from
multiple perspectives. Therefore, this trial is designed to use the
assessment techniques mentioned earlier to examine the efficacy
(rESWT can relieve upper limb spasticity after stroke) and safety
(rESWT has no harm to nerve, muscle, and other tissues and
organs) of rESWT for the treatment of upper limb spasticity
after stroke.

METHODS/DESIGN

Trial Design
This study is a prospective, double-blind, and randomized
controlled trial that conformed to Standard Protocol Items
of the Recommendations for Interventional Trials guidelines
(42) (Additional file 1). The flow diagram of the study to be
followed in this study is shown in Figure 1. The participants
are observed during their hospital stay and are randomly
assigned to either receive three rounds of treatment with
active rESWT (group A) or sham-placebo rESWT (group
B). Assessments including MAS, H reflex, MCV, sEMG,
myotonometer, and IRT are to be performed at baseline and at
24 h after intervention.

Study Setting
The study setting is the Department of Rehabilitation Medicine
at the Zhujiang Hospital of Southern Medical University,
Guangzhou, China. The first patient was recruited onOctober 18,
2018, and the recruitment was planned to be completed within
3 years.
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Patient and Public Involvement
To have scientifically rigorous clinical trials and reliable results,
patients in this trial will not be involved in the design,
recruitment, or conduction of the study. After the last visit, the
patients will be informed by the study’s physician of the results in
the form of pictures and text.

Inclusion Criteria
Participants will be qualified for inclusion when they meet the
following criteria: (1) meeting the “criteria for the diagnosis
of cerebrovascular diseases” adopted by the Fourth Academic
Conference on Cerebrovascular Diseases in 1995 (43) and
confirmed using computed tomography or magnetic resonance
imaging examination of the head; (2) age between 35 and 75 years
old, with a first episode > 1 month and being in a stable clinical
condition; (3) the presence of hemiplegic or hemiparesis with
elbow joint spasticity grade > 1, determined by MAS (31); (4)
no obvious cognitive impairment; and (5) the informed consent
form being completed by the patient.

Exclusion Criteria
The exclusion criteria are as follows: (1) having received oral
antispasmodic drugs, BTX injections, and local block or surgical
treatments for decreasing spasticity; (2) fixed elbow joint muscle
contracture; (3) uncontrolled hypertension; (4) patients with
chronic heart failure, malignant arrhythmia, and other severe
organic heart diseases; (5) patients with a pacemaker and other
electronic implants; (6) the presence of coagulation dysfunction;
(7) patients with local infections and skin rupture; and (8) refusal
to participate in this study.

Interventions
Active Radial Extracorporeal Shock Wave Therapy

Intervention (Group A): An rESW device (Power Shocker
LGT-2510A, Guangzhou Longest Science & Technology Co.,
Ltd., China) was used for shock wave therapy. Study participants
were treated in the supine position on the area of the biceps
brachii, the flexor carpi radialis, and the pronator teres muscle

TABLE 1 | Definitions of MAS for grading muscle spasticity.

Grade Modified ashworth scale (28) Values

0 No increase in muscle tone; 0

1 Slight increase in muscle tone, manifested by a catch and

release or by minimal resistance at the end of the range of

motion when the affected part is moved in flexion or

extension;

1

1+ Slight increase in muscle tone, manifested by a catch,

followed by minimal resistance throughout the remaining

(less than half) range of motion;

2

2 More marked increase in muscle tone through most of the

range of motion, but affected part easily moved;

3

3 Considerable increase in muscle tone, passive movement

difficult;

4

4 Affected part(s) rigid in flexion or extension. 5

For convenience of statistical analysis, a Modified Ashworth Scale grade 1+ is to be

substituted with a value of 2, and grade 2, 3 and 4 are matched to 3, 4, and 5, respectively.

after their affected side has been marked and the skin has been
cleaned by soaking with alcohol.

The coupling gel as a contact medium is evenly applied onto
the treatment probe to reduce tissue resistance, and a medium-
to high-intensity pressure was applied to keep the probe close
to each muscle belly. The following protocol is to be used: 2,000
shots, an energy flux density of 0.03 mJ/mm2, a pressure of 0.2
MPa (two bars), and a frequency of 8Hz is delivered to each
marked position, for a total of three rounds of treatment, once
in 3 days.

Sham Radial Extracorporeal Shock Wave Therapy

Intervention (Group B): The protocol to be used is the
same as that of “group A,” except that pressure is one bar and no
coupling gel is used on the treatment site, whereas a thick layer
of gauze is placed between the skin and the probe instead, with
no pressure applied.

The physiotherapist who is to perform the intervention should
have received standardized training and must be familiar with
the process and details of the intervention. The patients are
all required to undergo the same routine therapeutic program
(including common physical therapy and occupational therapy).

Outcome Measures
Primary Outcome Measure: Modified Ashworth Scale
The scale is graded in six stages, ranging from 0 (no increase
in tone) to 4 (limb rigid in flexion or extension). For the
convenience of statistical analysis, a MAS grade of 1+ is to be
substituted with a value of 2, whereas grades 2, 3, and 4 are to be
substituted with values of 3, 4, and 5, respectively Table 1.

(1) Recovery: Muscle tension had completely returned
to normal;

(2) Obvious effect: The muscle tension had not returned to
normal, but muscle tension had decreased by two levels;

(3) Effective: Muscle tension had decreased by 1 level;
(4) Inefficacy: No change inmuscle tone pre- and posttreatment.

Secondary Outcome Measures
Electromyography (EMG), surface electromyography (sEMG),
MyotonPRO digital muscle function evaluation system, and
infrared thermal imaging (IRT) are to be used for the evaluation.

1. H reflex: H reflex of the median nerve is to be detected
using the Schwarzer topas EMG system (Natus Medical
Incorporated, Pleasanton, CA, USA). The recording must
be conducted from the flexor carpi radialis as follows: the
recording electrode is to be placed at the mid-upper 1/3
junction of the medial humeral epicondyle and the radial
styloid process line, the reference electrode is to be placed
at the tendon, the ground electrode is to be placed at the
olecranon, and the stimulation electrode is to be placed at
the median nerve proximally to the elbow. The maximal
amplitude of H-reflex (H-max) and M-response (M-max)
are to be recorded. The H-max/M-max value, which can
reflect the excitability change of the α-motor neuron, is to be
calculated to detect changes in response to the effect of rESWT
on the spasmodic muscle.
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2. Motor Nerve Conduction Velocity: The same apparatus is to
be used, but the electrodes are to be placed differently. The
recording electrodes must be placed on the abductor pollicis
brevis muscle belly, and the stimulating electrode must be
placed on the median nerve at wrist and elbow level to record
distal motor latency, MCV, and amplitude. This assessment
is aimed at determining whether rESWT causes nerve injury
and evaluating its safety.

3. Root-Mean-Square Value: An sEMG recording is to
be obtained using bipolar Ag/AgCl surface electrodes
(MyoMove, Northam Electric Co., Ltd., Shanghai, China) for
the sEMG assessment. The patient is to be treated while in a
sitting position. The electrodes are to be placed on the fullest
part of the upper limbs muscle belly. The locations at which
the stimulating and recording electrodes are to be placed
must be rubbed with 70% alcohol to reduce skin impedance.
Electrode placement is to be done as recommended by Surface
EMG Non-invasive Muscle Assessment and the International
Society of Electrophysiology and Kinesiology. With the upper
limbs of a patient comfortably placed on the treatment table,
the resting sEMG activity of the musculus biceps brachii
(BM) and flexor carpi radialis are to be measured under
stable and static conditions for 30 s at a time. Also, the RMS
of biceps brachii and flexor carpi radialis is calculated. RMS
can be used to objectively and quantitatively evaluate the
condition of muscle spasms, with a higher value indicating a
more severe muscle spasm.

4. Integrated Electromyogram and Co-contraction Ratio: The
patient is seated with the upper body fixed to the seat with
a wide nylon strap. The elbow of the patient is at a 45◦

flexed position and wrist in a neutral position, and the hand
holds the handle of the arm strength test joystick of Biodex
System 3 R© dynamometer (Biodex Medical Systems, Shirley,
NY, USA). The electrodes are to be placed on the muscle

belly of BM and musculus triceps brachii (TM). Training
is to be performed for 1min before the assessment to help
patients familiarize themselves with the process. During the
test, the patients are to be asked to stretch the elbow joint with
maximum strength for 10 s to measure maximum isometric
voluntary contraction (MIVC) of TM (44). The iEMG and CR
of BM and TM are to be recorded for 20 and 5 s before and
after contraction, respectively, as the basic control. The test is
to be carried out three times, with an interval of 5min between
each application, and the maximum value is to be recorded.
The assessment includes the iEMG of the BM and TM when
the elbow is stretched forMIVC, and then the CR is calculated.
The iEMG value can reflect the total amount of muscle
discharge per unit time and is mainly used to analyze the
contraction characteristics of muscles per unit time. CR refers
to the proportion of antagonist muscles during the process
of active muscle contraction (34), although it is well known
that increased synergistic contraction of antagonistic muscles
is a common phenomenon in stroke patients. The decrease
of CR within MIVC of the elbow indicates a reduction in the
strength of the biceps tendon.

CR =
iEMG of BM

iEMG of BM + iEMG of TM
× 100%

5. MyotonPRO Digital Muscle Function Assessment System:
The MyotonPRO system (Muomeetria Ltd., Tallinn, Estonia,
EU) performs a noninvasive measurement of the functional
state of skeletal muscles and biological soft tissues, which can
quantitatively assess the functional status of muscle tension
and elasticity (45, 46). The patient is asked to completely
relax while lying in the supine position on a mat, with the
forearm in the mid position and the elbow joint extended (if
themuscles cannot be fully extended, the forearm is supported

TABLE 2 | Flow chart of the study.

Items/Time points Enrollment Allocation Post-allocation

-t1 Baseline t1 t2 t3

Basic medical history ×

Eligibility screen ×

Informed consent ×

Allocation(Group A/Group B) ×

Intervention(Group A/Group B) ×

Assessments MAS × × × ×

H reflex × ×

MCV × ×

RMS × × × ×

iEMG × × × ×

CR × × × ×

MyotonPRO × × × ×

IRT × × × ×

Group A, active rESWT; Group B, sham-placebo rESWT; MAS, Modified Ashworth Scale; MCV, Motor nerve conduction velocity; RMS, Root mean square value; iEMG, Integrated

electromyogram; CR, co-contraction ratio; IRT, Infrared Thermal Imaging; t1/ t2/ t3, at 24 hours after the first/ second/ third radial extracorporeal shock wave therapy.
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on both sides to maintain the forearm neutral position).
The measurement point of the BM is tested perpendicular
to the skin surface. Measurement is taken once every 1min,
for three times in total, and the average is obtained. The
parameters required are (47): F—natural damped oscillation
frequency (hertz) to describe muscle tension; C—Creep is
the ratio of muscle relaxation time to deformation time,
also called Deborah number; R—Muscle internal mechanical
pressure release time (millisecond); and C and R reaction to
the viscoelasticity of the muscle.

6. Infrared Thermal Imaging: A non-invasive and non-contact
infrared thermal imaging system (Baotonghua Medical
Devices Co., Ltd. Chongqing, China) is to be used to
detect changes in local trophic conditions related to blood
microcirculation and surface temperature distribution. The
instrument has a thermal sensitivity of 0.1 ◦C. Before
measurement, all clothes covering the area to be examined
must be removed, and the patients are allowed to adapt to
the room for 15–20min. The room is to be kept quiet with
a temperature ranging from 22 to 27 ◦C and relative humidity
below 45%. Then, a thermovision camera is positioned
perpendicular to the area of the biceps surface on the
anterior side of the arm at a distance of 1m. The IRT
value is obtained in degrees Celsius. The lower the surface
temperature, the worse local blood circulation and trophic
conditions of muscles.

Participants
Patients with flexor spasticity of the upper limb after stroke
(Table 2).

Recruitment
Direct recruitment from Zhujiang Hospital.

Sample Size Calculation
The known effectiveness of poststroke spasticity treatment
using conventional methods is 64.5%, whereas preliminary
experiments with ESWT have shown expected effectiveness of
80%, with two-tailed tests of a significance level of α = 0.05 and
β = 0.1, which is expected to fall off at a rate of 10%, using
professional software Advisor nQuery sample size estimation, for
a sample size of 45 cases in each group, which can be considered
as a loss rate of approximately 10%. Therefore, for this study, a
sample size of 50 cases in each group was decided on, with a total
sample size of 100 cases.

Randomization
Eligible patients are to be numbered sequentially based on
enrollment sequence and randomly assigned to group A (active
rESWT) or group B (sham-placebo rESWT), with a total of 50
patients in each. Random numbers are to be generated using a
computer software program run by an external statistician. Each
of the random numbers and the group assignment are to be
written on a piece of paper and enclosed in a sealed envelope.

Blinding
This study uses a double-blinded design, in which interventions
are performed by one physiotherapist and patients are evaluated

by another physician who is unaware of the treatment or
grouping. Neither of them will participate in the subsequent
data analysis.

After the statistical judgment is completed, unblinding will
be performed to expose the experimental group and the control
group. In general, emergency unblinding is not considered.

Data Collection Methods
The evaluation index is to be collected before and after treatment
is performed on all patients, with raw data recorded on case
report forms (CRFs) in a timely, complete, accurate, and clear
manner. To improve subject compliance, subjects who can
complete the entire procedure in accordance with the protocol
are to be provided with additional rehabilitation assessments
and rehabilitation recommendations. If a participant chooses to
withdraw, they will be asked to provide reasons, and the reasons
for withdrawal are to be recorded.

Data Management
An EPIDATA 3.2 database will be used to manage data, for which
input and proofreading will be performed by two researchers
independently, leading to double data entry and storage.

Statistical Methods
The primary comparisons for MAS will be made using repeated
measures mixed-effect model with terms of treatment, time, and
corresponding baseline values as covariates.We will first examine
the intervention by time interaction and then proceed to themain
effects model with only group and time.

Repeated analysis of variance with post-hoc test will be used to
compare changes between active rESWT intervention and sham
rESWT intervention groups from baseline to the end of follow-
up when data are normally distributed, and the Mann–Whitney
U-test will be used when data are not normally distributed. A
chi-square test will be used for dichotomous variables.

In secondary analyses, repeated measures mixed model
will also be used to examine the associations between
treatments and repeated measures outcomes. Additionally, linear
regression and/or logistic regression analyses will be used to
assess the associations between treatments and changes or
increases in outcomes from baseline to the end of follow-
up in univariate and multivariate modeling adjusted for
relevant covariates.

All data will be analyzed using intention-to-treat principles.
Multiple imputation by chained equations will be used to address
missing data caused by loss to follow-up and non-responses.
Per protocol analyses will also be performed in the participants
who complete other assessments, including Hmax/Mmax, MCV,
RMS, iEMG, CR, MyotonPRO, and IRT. Statistical analysis
will be performed using SPSS software (version 20.0) and the
significance level set at p < 0.05.

Data and Safety Monitoring
Original CRFs will be archived and stored with corresponding
subject codes after the completion of data entry and review. A
DataMonitoring Committee (DMC), composed of clinicians and
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biostatisticians, without any competing interests, will monitor
the safety and progress of the trial.

Harm and Audit
The researchers are obliged to take necessary measures to protect
the safety of the subjects. The subjects are informed that there
may be adverse events (AEs) such as pain and hematomas during
and after ESWT through oral notification and informed consent
form. If an AE occurs during the trial, the investigator should
take appropriate measures, record it in the CRF, and explain
whether it has a correlation with the intervention. The incidence
of AEs between groups A and B should be compared after the
trial. If serious adverse events occur during the clinical trials,
the investigator should immediately take appropriate treatment
measures and report to the sponsor, the Ethics Committee (EC),
and DMC in a timely manner.

During the trial, Tao Fan will be responsible for
communicating with relevant parties (such as other investigators,
trial participants, journals, and regulatory authorities) if there is
a need for subsequent modification of important experimental
protocols, and any modification of the trial protocol should
be approved by the EC. The EC and DMC will periodically
review the experimental behavior to safeguard the rights of the
subjects involved in the clinical trial, to ensure the accuracy and
completeness of the test records and reported data, and to ensure
consistency with the protocol approved. If serious adverse events
caused by interventions occur during the trial, the EC has the
right to propose a modification of the trial protocol or even
terminate the trial.

Trial Status
This is the second version of the study protocol dated October
20, 2017. This trial was registered on May 14, 2018. The
first patient was recruited on October 18, 2018. At the time
of manuscript submission, a total of 50 patients have been
recruited, and we hope to complete recruitment within 3
years. After patient recruitment is completed, all data will be
statistically analyzed, and a research article will be written
and submitted.

Additional File
Additional file 1: Standard Protocol Items: Recommendations
for Interventional Trials 2013 Checklist: recommended items to
be addressed in a clinical trial protocol and related documents.∗

DISCUSSION

Stroke survivors with spasticity suffer substantial mental,
physical, and financial stress. Effective spasticity treatment will
likely increase their functioning and their health-related quality
of life. Clinical studies (48–50) have shown that ESWT may
improve the muscle spasm of stroke patients without serious
adverse reactions. A meta-analysis (51) found that adding the
ESWT to conventional therapy provides an additional benefit for
reducing upper limb spasticity, and the results may be optimal
given the ESWT at the subacute phase, but the mechanism
remains unclear. Many studies conducted in recent years have

been investigating the biological effects of ESWT (52–55). In the
past, the mechanism by which ESWT acts on musculoskeletal
diseases was assumed to be mechanical decomposition, just
like extracorporeal shock wave lithotripsy. However, further
clinical observations and experimental results have suggested
that ESWT can promote neovascularization, the release of
growth factors, the differentiation of mesenchymal stem cells,
and the production of endogenous nitric oxides (15, 56, 57),
which can decrease the intrinsic stiffness of connective tissue,
increase muscle elongation, improve tissue microcirculation,
and change the formation of neuromuscular junctions of the
peripheral nervous system (55, 58, 59), to achieve encouraging
clinical results.

We know that poststroke spasticity is related to the
hyperexcitability of stretch reflexes and the changes in muscle
properties (60). There are a few hypotheses that attempt
to explain the effect of ESWT reducing spasticity. Daliri
et al. (48) reported a significant improvement of the wrist
flexor muscles spasticity assessed by the α-motor neuron
excitability and the H-reflex (H-max/M-max value) of post-
ESWT after stroke. However, some studies (61, 62) found
that the effect of ESWT did not relate to α-motor neuron
excitability. The hypothesis on spinal cord excitability seems
to be weak, which adds some support to the hypothesis
that ESWT affects periphery biomechanical properties of
the hypertonic muscles. Lee et al. (63) assessed the effect
of a single session of ESWT on patients with stroke by
an ultrasonographic assessment on gastrocnemius before the
treatment and 30min and 1 and 4 weeks after treatment,
and they found that the mean scores of Achilles tendon
length, muscle thickness, and pennation angle were decreased,
whereas muscle fascicle length increased in the ESWT group
at any follow-up time. The study showed that muscular
architecture parameters related to muscle fiber mechanics
were improved after ESWT. Also, this may be due to the
mechanical vibration of ESWT reducing intrinsic stiffness of
connective tissue and promoting the local release of angiogenetic
factors and growth factors, resulting in the addition of
sarcomere and increased muscle length. Furthermore, ESWT
can induce nitric oxides, which seem to play an important
role in spasticity relieving mechanisms through involving in
the formation of neuromuscular junction formation in the
peripheral nervous system and in physiological functions of
the central nervous system (15, 59). A new study by Leng
et al. (64) applied passive torque measurement combined
with biomechanical modeling, myotonometer measurements,
and electrical impedance myography to assess the changes
of muscle properties induced by ESW in the spastic wrist
joint, then concluded that both the neural and peripheral
components played a role in muscle spasticity, and ESWT may
be more effective in addressing the peripheral component of
spasticity muscle.

Based on the propagation pattern and device of the waves,
ESWT can be classified as fESWT and rESWT. There are
some common mechanisms of biological action for fESWT
and rESWT, but they also differ in penetration depth and
other physical properties related to clinical effect. rESWT lacks
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the characteristic features of shock waves, such as short rise-
time, high peak pressure, and non-linearity (65). In addition,
rESWT had a more superficial effect compared with focused
shock waves that penetrated and can focus their energies much
deeper into the tissue (16). Compared with fESWT, which can
penetrate and focus its energies more rapid and much deeper
into the tissue (pressure increasing under 10 ns, reaching 100–
1,000 bars with absorption to 12 cm), the pressure of rESWT
increases slowly and has a more superficial effect (pressure
increasing up to 5 µs, reaching 1–10 bars and absorbed to
3 cm). Wu et al. (30) compared the effect of fESWT and rESWT
for the treatment of spastic equinus in patients with stroke;
they concluded that the effect of rESWT was superior to the
fESWT in improving the ankle passive range of motion and
plantar contact area during gait, whereas both of them showed
similar improvement in the spasticity of the gastrocnemius
muscle; there was no significant difference in changes for MAS
scores between the two groups. Other significant differences of
rESWT and fESWT in the clinical application effects are still
being observed.

Through the use of new assessment techniques, this trial
is designed to generate a considerable amount of outcome
data to clarify its effects on the neural and peripheral
contribution of muscle spasticity and provide strong supporting
evidence for the effectiveness of rESWT for the management
of spasticity after stroke. We hypothesize that after active
rESWT, patients will show greater improvement in upper limb
muscles compared with patients who have received sham-
placebo rESWT treatment. rESWT would be an attractive
alternative to traditional methods, and the results could
provide guidance and support for the further study of
potential mechanisms.

Our study also has some limitations. First, this study is a
single-center clinical study, which was slow to collect subjects.
Second, the rESWT interference only three sessions due to
limited length of hospital stay, which may affect clinical curative

during the treatment phase. Third, the follow-up time of this
study is short due to the short hospital stay of the patients.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the Institutional Ethics Committee of
the Zhujiang Hospital of Southern Medical University has
approved our study (Reference Number: 2017-KFYXK-003). The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

All authors contributed to the design of the study protocol.
TF is responsible for this study. GH conceived and developed
the study design. XYZ and RC drafted the trial protocol and
prepared the manuscript. PCH, PZ, and MYW revised the
protocol. XJZ, RDL, RHL, and XZ are responsible for data
acquisition and analyses. All authors have read and approved the
final manuscript.

FUNDING

Guangdong Provincial Science and Technology Department
self-financing fund science and technology plan project
(2017ZC0121). This research project has been peer-reviewed by
the Guangdong Provincial Science and Technology Department
and has been approved for set up, but there is no fund
sponsorship from it for this project.

ACKNOWLEDGMENTS

We thank the Department of Biostatistics, School of Public
Health, Southern Medical University for statistical advice. We
also thank all patients who will be participating in this study.

REFERENCES

1. Thibaut A, Chatelle C, Ziegler E, BrunoMA, Laureys S, Gosseries O. Spasticity
after stroke: physiology, assessment and treatment. Brain Inj. (2013) 27:1093–
105. doi: 10.3109/02699052.2013.804202

2. Malhotra S, Pandyan AD, Rosewilliam S, Roffe C, Hermens H. Spasticity and
contractures at the wrist after stroke: time course of development and their
association with functional recovery of the upper limb, Clin Rehabilit. (2011)
25:184–91. doi: 10.1177/0269215510381620

3. Marciniak C. Poststroke hypertonicity: upper limb assessment and treatment.
Top Stroke Rehabil. (2011) 18:179–94. doi: 10.1310/tsr1803-179

4. Zorowitz RD, Gillard PJ, Brainin M. Poststroke spasticity: sequelae and
burden on stroke survivors and caregivers. Neurology. (2013) 80:45–
52. doi: 10.1212/WNL.0b013e3182764c86

5. Dietz V, Sinkjaer T. Spastic movement disorder: impaired reflex
function and altered muscle mechanics. Lancet Neurol. (2007)
6:725–33. doi: 10.1016/S1474-4422(07)70193-X

6. Dietz V, Trippel M, Berger W. Reflex activity and muscle tone during elbow
movements in patients with spastic paresis. Ann Neurol. (1991) 30:767–
79. doi: 10.1002/ana.410300605

7. Li S. Spasticity, motor recovery, and neural plasticity after stroke. Front
Neurol. (2017) 8:120. doi: 10.3389/fneur.2017.00120

8. Francisco GE, Mcguire JR. Poststroke spasticity management. Stroke. (2012)
43:3132–6. doi: 10.1161/STROKEAHA.111.639831

9. Bethoux F. Spasticity management after stroke. Phys Med Rehabil Clin N Am.

(2015) 26:625–39. doi: 10.1016/j.pmr.2015.07.003
10. Sandrini G, Baricich A, Cisari C, Paolucci S, Smania N, Picelli A. Management

of spasticity with onabotulinumtoxinA: practical guidance based on the
italian real-life post-stroke spasticity survey. Funct Neurol. (2018) 33:37–
43. doi: 10.11138/FNeur/2018.33.1.037

11. Landau W M. Oral antispastic drugs in nonprogressive
neurologic diseases: a systematic review. Neurology. (2005)
64:1989–90. doi: 10.1212/WNL.64.11.1989-b

12. Baizabal-Carvallo JF, Jankovic J, Feld J. Flu-like symptoms and associated
immunological response following therapy with botulinum toxins. Neurotox
Res. (2013) 24:298–306. doi: 10.1007/s12640-013-9400-9

13. Salazar AP, Pinto C, Ruschel MJ, Figueiro B, Lukrafka JL, Pagnussat AS.
Effectiveness of static stretching positioning on post-stroke upper-limb
spasticity and mobility: systematic review with meta-analysis. Ann Phys

Rehabil Med. (2019) 62:274–82. doi: 10.1016/j.rehab.2018.11.004

Frontiers in Neurology | www.frontiersin.org 8 September 2021 | Volume 12 | Article 71251240

https://doi.org/10.3109/02699052.2013.804202
https://doi.org/10.1177/0269215510381620
https://doi.org/10.1310/tsr1803-179
https://doi.org/10.1212/WNL.0b013e3182764c86
https://doi.org/10.1016/S1474-4422(07)70193-X
https://doi.org/10.1002/ana.410300605
https://doi.org/10.3389/fneur.2017.00120
https://doi.org/10.1161/STROKEAHA.111.639831
https://doi.org/10.1016/j.pmr.2015.07.003
https://doi.org/10.11138/FNeur/2018.33.1.037
https://doi.org/10.1212/WNL.64.11.1989-b
https://doi.org/10.1007/s12640-013-9400-9
https://doi.org/10.1016/j.rehab.2018.11.004
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Fan et al. rESWT for Flexor Spasticity

14. Ogden JA, Toth-Kischkat A, Schultheiss R. Principles of
shock wave therapy. Clin Orthop Relat Res. (2001) 387:8–
17. doi: 10.1097/00003086-200106000-00003

15. Mariotto S, de Prati AC, Cavalieri E, Amelio E, Marlinghaus E, Suzuki
H. Extracorporeal shock wave therapy in inflammatory diseases: molecular
mechanism that triggers anti-inflammatory action. Curr Med Chem. (2009)
16:2366–72. doi: 10.2174/092986709788682119

16. Speed C, A. systematic review of shockwave therapies in soft tissue
conditions: focusing on the evidence. Br J Sports Med. (2014) 48:1538–
42. doi: 10.1136/bjsports-2012-091961

17. Drach G W, Dretler S, Fair W, Finlayson B, Gillenwater J, Griffith D, et al.
Report of the United States cooperative study of extracorporeal shock wave
lithotripsy. J Urol. (1986) 135:1127–33. doi: 10.1016/S0022-5347(17)46015-0

18. Wang C J. Extracorporeal shockwave therapy in musculoskeletal disorders. J
Orthop Surg Res. (2012) 7:11. doi: 10.1186/1749-799X-7-11

19. Korakakis V, Whiteley R, Tzavara A, Malliaropoulos N. The effectiveness
of extracorporeal shockwave therapy in common lower limb conditions: a
systematic review including quantification of patient-rated pain reduction. Br
J Sports Med. (2018) 52:387–407. doi: 10.1136/bjsports-2016-097347

20. Corrado B, Di Luise C, Servodio I C. Management of muscle spasticity
in children with cerebral palsy by means of extracorporeal shockwave
therapy: a systematic review of the literature. Dev Neurorehabil. (2019) 24:1–
7. doi: 10.1080/17518423.2019.1683908

21. Marinelli L, Mori L, Solaro C, Uccelli A, Pelosin E, Curra A, et al. Effect
of radial shock wave therapy on pain and muscle hypertonia: a double-
blind study in patients with multiple sclerosis. Mult Scler. (2015) 21:622–
9. doi: 10.1177/1352458514549566

22. Mani-Babu S,Morrissey D,Waugh C, ScreenH, Barton C. The effectiveness of
extracorporeal shock wave therapy in lower limb tendinopathy: a systematic
review. Am J Sports Med. (2015) 43:752–61. doi: 10.1177/0363546514531911

23. Chung B, Wiley J, Rose M. Long-term effectiveness of
extracorporeal shockwave therapy in the treatment of previously
untreated lateral epicondylitis. Clin J Sport Med. (2005) 15:305–
12. doi: 10.1097/01.jsm.0000179137.69598.7e

24. Haffner N, Antonic V, Smolen D, Slezak P, Schaden W, Mittermayr R,
et al. Extracorporeal shockwave therapy (ESWT) ameliorates healing of tibial
fracture non-union unresponsive to conventional therapy. Injury. (2016)
47:1506–13. doi: 10.1016/j.injury.2016.04.010

25. Li T Y, Chang C Y, Chou Y C, Chen L C, Chu H Y, Chiang S L, et al.
Effect of radial shock wave therapy on spasticity of the upper limb in patients
with chronic stroke: a prospective, randomized, single blind, controlled trial.
Medicine (Baltimore). (2016) 95:e3544. doi: 10.1097/MD.0000000000003544

26. Radinmehr H, Nakhostin A N, Naghdi S, Olyaei G, Tabatabaei A. Effects
of one session radial extracorporeal shockwave therapy on post-stroke
plantarflexor spasticity: a single-blind clinical trial. Disabil Rehabil. (2017)
39:483–90. doi: 10.3109/09638288.2016.1148785

27. Kim Y, Shin J, Yoon J, Kim Y, Lee S. Usefulness of radial extracorporeal shock
wave therapy for the spasticity of the subscapularis in patients with stroke: a
pilot study. Chin Med J. (2013) 126:4638–43.

28. Dymarek R, Ptaszkowski K, Ptaszkowska L, Kowal M, Sopel M, Taradaj
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Objective: Statins exert pleiotropic effects by influencing several mechanisms, including

synaptogenesis, neurogenesis, cerebral flow regulation, and angiogenesis. Results from

in vitro and animal models suggest that statins could have beneficial effect on functional

recovery and outcome after stroke events. However, results in human studies are still

controversial. The aim of our study was to evaluate the role of statin in influencing

functional outcome and subsequent clinical follow-up in a large cohort of post-stroke

rehabilitation patients.

Methods: This retrospective study consecutively enrolled 413 adult patients with stroke

event, admitted to the division of Neurorehabilitation of the IRCCS ICS Maugeri, Veruno

(Italy), for an individual rehabilitation program between 2015 and 2017. Follow-up lasted

3–5 years after discharge. Demographic data, etiology, classification, and anatomical

site of stroke lesion, functional assessment, use and duration of statin therapy, and

death during hospitalization were collected at baseline and on discharge. Clinical data

on subsequent follow-up were also evaluated, considering these as variables: stroke

recurrence, bone fractures, cardiovascular complications, and death.

Results: In our cohort, 177 patients (42.9%) were prescribed statin therapy, of whom

50 (28.2%) before the stroke event and 127 (71.8%) at the beginning of the rehabilitation

process. The use and type of statin therapy as well as the duration of treatment were not

associated with recovery and functional outcome, regardless of confounders including

sex, age, etiology, and site of stroke lesion, and initial functional level. For what concern

post-discharge clinical follow-up, the use of statin therapy was significantly associated

with a lower risk of bone fractures (OR = 0.095, CI 95%: 0.012–0.743, p = 0.01)

independently from age, sex, initial and final functional level, and comorbidities.

Conclusions: The use of statins does not seem to influence the functional outcome in

post-stroke patients. However, they could exert a protective role against bone fractures

during post-discharge follow-up, suggesting further evaluation on this topic.
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INTRODUCTION

Statins, also known as HMG-CoA reductase inhibitors, represent
a widely used class of cholesterol-lowering medications, able
to reduce morbidity and mortality in individuals at high
risk of cardiovascular diseases (1). Several randomized clinical
trials demonstrated that statin prevents stroke in patients with
cardiovascular risk factors and in survivors of first stroke (2, 3).

Stroke events are often associated with short- and long-
term disability including immobilization, gait and balance
impairment, cognitive deficits, and increased risk of falling and
bone fractures (4, 5).

Results from animal models suggested that statins could
have beneficial effects on functional and clinical outcomes
in post-stroke patients (6–10). Studies on mouse models of
acute stroke demonstrated that statin therapy is able to reduce
infarct volume and functional disability, enhancing neurological
function, synaptogenesis, angiogenesis, and migration of
neuronal progenitor cells in the infarct region (6–10). Several
pleiotropic properties of statin, including antithrombotic,
antioxidant, anti-inflammatory, and neuroprotective effects,
probably mediate these benefits (11). However, evidences from
clinical studies investigating the effects of statins on post-stroke
neurological and functional outcomes are conflicting, and several
potential confounders often complicate the interpretation of
results (12–16).

Stroke represents also a major risk factor for osteoporosis
and bone fractures, which can negatively affect functional
recovery, thus increasing disability and mortality risk (5, 17).
An interesting beneficial effect of statins on bone metabolism
has been documented. The potential association between statins
and bone health was described by Mundy et al. (18). The
authors observed that statins promote bone formation, through
increasing the production of bonemorphogenic protein-2 (BMP-
2) in mouse bone cells. More recent studies reported that
statin could exert anabolic and antiresorptive effects by reducing
osteoclast formation and preserving osteoblasts (19–21). Even
in this context, results of clinical studies are conflicting (22–
27). In fact, several observational studies in humans reported a
lower risk of bone fractures in patients treated with statins (22–
24), whereas a cohort study in Japanese population observed an
inverse association between statin use and bone mineral density
(BMD) (26).

To date, it is unclear whether the use of statins in humans can
actually improve functional outcome and reduce the risk of bone
fractures. Therefore, the aim of our study was to evaluate the role
of statins in influencing the functional outcome, the subsequent
clinical follow-up, and the risk of fractures in a large cohort of
post-stroke rehabilitation patients.

MATERIALS AND METHODS

Study Design and Population
In this observational retrospective study, we included all
patients with stroke consecutively admitted to the division
of Early Intensive Neurorehabilitation Unit of the IRCCS
ICS Maugeri of Veruno, Italy, between January 1, 2015 and

December 31, 2017. Collection and analysis of clinical data
were performed after approval by the ethics committee of
ICS Maugeri and in accordance with the ethical standards
laid down in the Declaration of Helsinki. Participants, or
authorized representatives, signed a written informed consent
before admission to Neurorehabilitation unit.

The inclusion criteria were the following: (1) age ≥ 18
years, (2) diagnosis of stroke on presentation, (3) admission
to a hospital emergency department within 24 h of injury, (4)
admission within 1 month from the injury to the rehabilitation
unit to continue clinical care and rehabilitation program, (5) up
to 2 months of observation in the rehabilitation setting, and (6)
availability of clinical information on post-discharge follow-up.

Exclusion criteria were pre-existing neurological diseases
and/or functional disability and pregnancy.

Variables, Data Sources, and
Measurements
From patients’ hospital electronic records, age at occurrence of
stroke event, sex, etiology and anatomical site of stroke lesion,
comorbidities, functional assessments, use and duration of statin
therapy, death during hospitalization were collected at baseline,
during the rehabilitation workup and on discharge. Clinical data
on post-discharge follow-up were also evaluated.

Stroke Classifications
Strokes were primarily classified into the two main types:
ischemic or hemorrhagic. Stroke type and location were assessed
using radiological imaging including computed tomography
(CT) and/or magnetic resonance imaging (MRI).

The ischemic stroke subtypes were determined by the
Trial of Org 10172 in Acute Stroke Treatment (TOAST)
classification (28), which includes five categories: (1) large-artery
atherosclerosis, (2) cardioembolism, (3) small-artery occlusion
(lacune), (4) stroke of other determined etiology, and (5)
stroke of undetermined etiology. Diagnoses are based on clinical
features and on data collected by tests such as brain imaging
(CT/MRI), cardiac imaging (echocardiography, etc.), duplex
imaging of extracranial arteries, arteriography, and laboratory
assessments for a prothrombotic state. Ischemic stroke events
were also classified into four categories according to the brain
territory involved using the Oxfordshire Community Stroke
Project (OCSP) (29): (1) total anterior circulation infarct (TACI),
(2) partial anterior circulation infarct (PACI), (3) posterior
circulation infarct (POCI), or lacunar infarct (LACI) based on
their maximum neurological defects.

Hemorrhagic strokes were classified according to the type
and location of bleeding: (1) typical intracerebral hemorrhage,
(2) atypical intracerebral hemorrhage, (3) subarachnoid
hemorrhage (SAH).

Comorbidities
Comorbidity at the time of admission to our neurorehabilitation
unit was assessed with the Cumulative Illness Rating Scale
Geriatric Version (CIRS-G) (30). CIRS-G is a valid instrument in
younger and elderly patients (31). The score differentiates among
14 organ systems. Every comorbidity of a patient was assigned to
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one of the organ systems and rated from 1 (mild comorbidity) to
4 (extremely severe comorbidity).

Rehabilitation Outcome and Follow-Up
Rehabilitation outcomes were evaluated through the Functional
Independence Measure (FIM) scale, an 18-item measurement
tool that explores the physical, psychological, and social function
of an individual (32, 33). The tool is used to assess the patient’s
level of disability as well as change in patient status in response
to rehabilitation or medical intervention (34). FIM scale was
evaluated on admission and at discharge.

All patients were followed up from 3 to 5 years after discharge.
Data about the occurrence of bone fractures, stroke recurrence,
cardiovascular (CV) complications, and death were collected.

Statistical Analysis
Values are expressed as median and interquartile range (IQR) or
absolute number and percentage. Data were tested for normality
of distribution with the Shapiro–Wilk test and log-transformed
when needed in order to correct for skewness. Mann–Whitney
and chi-square tests were used for comparisons between groups.
Multiple linear regression analysis was used to evaluate the
predictive role of the use and duration of statin therapy on
functional outcome, adjusted for age, sex, etiology and site
of stroke lesion, initial functional level and comorbidities. A
multinomial regression model was also used to evaluate the
association between the post-discharge bone fractures occurrence
and the use of statin therapy. A value of p < 0.05 was considered
as statistically significant. All statistical analyses were performed
using SPSS Statistics 21 (IBM Corporation, Somers, NY, USA).

RESULTS

A total of 413 adult patients with stroke event were consecutively
admitted to our Neurorehabilitation Unit for an individual
rehabilitation program from January 2015 to December 2017.

Clinical characteristics, functional outcome, and follow-up
data of the whole population are summarized in Table 1. Most
of patients (85.5%) were over 65 years of age at the time of stroke
event. Male sex was more prevalent than female (54.5 vs. 45.5%).

Overall, an ischemic lesion was detected in 341 patients
(82.6%) whereas a hemorrhagic lesion in 72 patients (17.4%). As
regard the localization of the stroke lesion, most patients (41.2%)
presented multiple site lesions, with basal ganglia (31.4%) being
the most involved. According to the TOAST classification,
the most prevalent ischemic stroke etiology was the small-
artery occlusion (33.7%), followed by cardioembolism and large-
artery atherosclerosis (28.4 and 26.7%, respectively). According
to OCSP classification, the brain territory most frequently
involved in ischemic lesions was LACI (43.7%). In case of
hemorrhagic lesions, atypical intracerebral hemorrhages were the
most represented (51.4%).

Approximately half of the patients (42.9%) were prescribed
statin therapy, of whom 50 (28.2%) before the stroke event
and 127 (71.8%) at the beginning of the rehabilitation process.
The most prescribed statin was atorvastatin (85.9%), followed
by simvastatin (11.3%), and rosuvastatin (2.8%). There were no

severe drug-related toxic effects during hospitalization and statin
therapy was continued for the entire course of the hospital stay in
the rehabilitation unit and after discharge.

Death during rehabilitative hospitalization was observed in 31
patients (7.5%).

For what concern post-discharge follow-up, stroke recurrence
was observed in 42 patients (10.2%), bone fracture in 16 patients
(3.9%), cardiovascular complications in 13 patients (3.1%) and
death in two cases.

Comparison analyses were conducted between patients with
and without statin therapy (Table 1). As expected, statin therapy
was more frequently prescribed in ischemic stroke than in
hemorrhagic events (χ2 = 17.3, p < 0.0001). No significant
differences were found between the two groups in terms of
demographic, clinical, and functional outcomes, whereas patients
using statin therapy had a significant lower prevalence of bone
fractures during post-discharge follow-up compared with those
who were not using statin therapy (χ2 = 9.1, p= 0.002).

By analyzing functional outcome and post-discharge follow-
up in patients treated with statin subgrouped according to the
beginning of treatment, no significant differences were found in
terms of FIM and post-discharge complications between patients
who started statin therapy before stroke event and patients
who started treatment at the beginning of rehabilitation process
(Table 2).

Associative Analyses
Multiple linear regression analysis was conducted to evaluate
the predictive role of the use of statin therapy on functional
outcome. The use and type of statin therapy were not
associated with the recovery and functional outcome in terms
of FIM total score T1, regardless of confounders including
age, sex, etiology and site of stroke lesion, initial functional
level expressed as basal FIM and comorbidities (CIRS-G)
(Supplementary Table 1). A secondary analysis was performed
in the subgroup of statin users to evaluate the association
between the duration of statin treatment and functional
outcome. Also, the duration of treatment did not represent a
predictor of recovery and functional outcome, independently
from the potential confounding variables mentioned above
(Supplementary Table 2). Basal FIM (FIM total score T0)
emerged as the only independent predictor of recovery and
functional outcome among the included variables.

For what concern post-discharge clinical follow-up, the use
of statin therapy, in particular atorvastatin, was significantly
associated with a lower risk of bone fractures (OR = 0.095, CI
95%: 0.012–0.743, and p = 0.01) independently from age, sex,
initial and final functional level, and comorbidities (Table 3).

DISCUSSION

The results of our study show that the use and type of statin
therapy as well as the duration of treatment were not significantly
associated with the recovery and functional outcome in terms of
FIM, regardless of confounders including sex, age, etiology, and
site of stroke lesion, initial functional level, and comorbidities.
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TABLE 1 | Clinical, rehabilitation, and follow-up characteristics of the population as a whole and subdivided into two groups according to the use or not of statin therapy.

Variables Whole population

(n = 413)

Statin

(n = 177, 42.9%)

No statin

(n = 236, 57.1%)

p-value

Age (years), median (IQR) 78 (69–84) 78 (71–83) 79 (69–84) 0.27

Sex M 225 (54.5%) 100 (56.5%) 125 (53.0%) 0.47

F 188 (45.5%) 77 (43.5%) 111 (47.0%)

Statin—active substance Simvastatin – 20 (11.3%) – –

Atorvastatin – 152 (85.9%) – –

Rosuvastatin – 5 (2.8%) – –

Type of lesion Ischemic 341 (82.6%) 162 (91.5%) 179 (75.8%) <0.0001

Haemorrhagic 72 (17.4%) 15 (8.5%) 57 (24.2%)

TOAST

(for ischaemic stroke only)

Large-artery atherosclerosis 91 (26.7%) 48 (29.6%) 42 (23.5%) 0.20

Cardioembolism 97 (28.4%) 40 (24.7%) 56 (31.3%) 0.18

Small-artery occlusion 115 (33.7%) 58 (35.8%) 53 (29.6%) 0.22

Other etiology 34 (10.0%) 16 (9.9%) 24 (13.4%) 0.31

Undetermined 4 (1.2%) 0 (0.0%) 4 (2.2%) 0.06

OCSP

(for ischaemic stroke only)

TACI 86 (25.2%) 36 (22.2%) 50 (27.9%) 0.23

PACI 49 (14.4%) 29 (17.9%) 20 (11.2%) 0.09

POCI 57 (16.7%) 24 (14.8%) 33 (18.4%) 0.37

LACI 149 (43.7%) 73 (45.1%) 76 (42.5%) 0.63

Haemorrhagic stroke etiology Typical ICH 24 (33.3%) 5 (33.3%) 19 (33.3%) 1.00

Atypical ICH 37 (51.4%) 8 (53.3%) 29 (50.9%) 0.86

SAH 11 (15.3%) 2 (13.4%) 9 (15.8%) 0.81

Location Frontal lobe 22 (5.3%) 8 (4.5%) 14 (5.9%) 0.53

Parietal lobe 33 (8.0%) 16 (9.0%) 17 (7.2%) 0.49

Temporal lobe 11 (2.7%) 1 (0.6%) 10 (4.2%) 0.06

Occipital lobe 11 (2.7%) 4 (2.3%) 7 (3.0%) 0.66

Cerebellum 19 (4.6%) 7 (4.0%) 12 (5.1%) 0.59

Basal Ganglia 130 (31.4%) 62 (35.0%) 68 (28.8%) 0.18

Brain stem 17 (4.1%) 9 (5.1%) 8 (3.4%) 0.39

Multiple 170 (41.2%) 70 (39.5%) 100 (42.4%) 0.56

CIRS-G,

median (IQR)

Total score 18 (13–22) 17 (14–21) 18 (13–22) 0.73

Severity index 1.3 (0.9–1.6) 1.3 (1.0–1.6) 1.3 (0.9–1.6) 0.42

FIM,

median (IQR)

Total score T0 52 (33–74) 52 (28–73) 53 (37–75) 0.24

Total score T1 82 (51–106) 82 (52–105) 82 (51–107) 0.69

1 total score 19 (8–35) 20 (10–34) 18 (7–35) 0.24

Motor score T0 25 (16–43) 24 (14–43) 25 (17–44) 0.35

Motor score T1 55 (30–74) 52 (29–73) 55 (32–75) 0.86

1 motor score 16 (6–30) 17 (8–31) 16 (6–30) 0.34

Cognitive score T0 27 (16–33) 27 (15–33) 27 (18–33) 0.49

Cognitive score T1 30 (22–34) 30 (21–34) 30 (22–34) 0.78

1 cognitive score 1 (0–4) 1 (0–4) 1 (0–3) 0.19

Death during hospitalization 31 (7.5%) 14 (7.9%) 17 (7.2%) 0.79

Post-discharge

follow-up

Stroke recurrence 42 (10.2%) 16 (9.0%) 26 (11.0%) 0.51

Bone fractures 16 (3.9%) 1 (0.6%) 15 (6.4%) 0.002

CV complications 13 (3.1%) 4 (2.3%) 9 (3.8%) 0.37

Death 2 (0.5%) 0 (0.0%) 2 (0.8%) 0.22

Data are expressed as median and interquartile range (IQR) or absolute number and percentage. Comparison between groups were performed with χ2 or Mann–Whitney tests.

TACI, total anterior circulation infarct; PACI, partial anterior circulation infarct; POCI, posterior circulation infarct; LACI, lacunar infarct; ICH, intracerebral hemorrhage; T0 on admission

to neurorehabilitation, T1 at discharge; CV, cardiovascular; TOAST, Trial of Org 10172 in Acute Stroke Treatment; OCSP, Oxfordshire Community Stroke Project; SAH, subarachnoid

hemorrhage; CIRS-G, Cumulative Illness Rating Scale-Geriatric; FIM, Functional Independence Measure scale.

Significant differences are shown in bold characters.
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TABLE 2 | Rehabilitative and follow-up characteristics of patients treated with statin subdivided into two groups according to the beginning of treatment: patients who

started statin therapy before stroke even and patients who started treatment at the beginning of rehabilitation process.

Variables Statin

before stroke

(n = 50)

Statin during

rehabilitation

(n = 127)

p-value

CIRS-G,

median (IQR)

Total score 19 (15–22) 17 (13–20) 0.11

Severity index 1.4 (1.1–1.6) 1.3 (1.0–1.6) 0.87

FIM,

median (IQR)

Total score T0 53 (32–72) 52 (28–73) 0.99

Total score T1 78 (60–103) 83 (52–107) 0.95

1 total score 19 (8–38) 21 (11–34) 0.79

Motor score T0 24 (15–43) 24 (14–43) 0.82

Motor score T1 49 (33–70) 54 (29–75) 0.78

1 motor score 17 (8–30) 17 (8–31) 0.81

Cognitive score T0 29 (19–33) 27 (13–32) 0.59

Cognitive score T1 30 (24–33) 30 (20–34) 0.40

1 cognitive score 1 (0–3) 1 (0–4) 0.87

Death during hospitalization 4 (8.0%) 10 (7.9%) 0.91

Post-discharge

follow-up

Stroke recurrence 2 (4.0%) 14 (11.0%) 0.26

Bone fractures 0 (0.0%) 1 (0.8%) 0.11

CV complications 1 (2.0%) 3 (2.4%) 0.88

Death 0 (0.0%) 0 (0.0%) –

Data are expressed as median and interquartile range (IQR) or absolute number and percentage. Comparison between groups were performed with χ2 or Mann–Whitney tests.

T0 on admission to neurorehabilitation, T1 at discharge.

TABLE 3 | Multinomial regression model evaluating the negative association

between statin therapy and bone fractures.

Covariates Bone fractures

OR CI 95% p-value

Age 1.014 0.963–1.068 0.59

Sex M 0.785 0.347–4.064 0.78

F 1 – Reference

CIRS-G total score 0.929 0.836–1.033 0.18

FIM total score T0 1.004 0.962–1.048 0.86

FIM total score T1 1.018 0.988–1.050 0.24

Statin therapy Yes 0.095 0.012–0.743 0.01

No 1 – Reference

Dependent variable: bone fractures (No = 0, Yes = 1), covariates: age, sex, CIRS-G total

score, FIM total score T0 and T1, statin therapy (No = 0, Yes = 1).

TACI, total anterior circulation infarct; PACI, partial anterior circulation infarct; POCI,

posterior circulation infarct; LACI, lacunar infarct; ICH, Intracerebral hemorrhage; T0 on

admission to neurorehabilitation, T1 at discharge.

Significant differences are shown in bold characters.

However, during post-discharge clinical follow-up, statin users
were found to be at lower risk of developing bone fractures.

Despite currently available treatment options for stroke
events, patients often face the prospect of substantial post-stroke
disability that could influence the occurrence of other clinical
complications and impact quality of life (35). Randomized
controlled trials demonstrated that statins are able to prevent
ischemic stroke in high-risk patients and in survivors of first

stroke (2, 3). More recently, some evidences suggest that statin
therapy could improve rehabilitation and functional outcomes
after both ischemic and hemorrhagic stroke (12, 15, 16).
Animal stroke models showed that statins have microvascular
and neuroprotective properties. In mice, pre-treatment with
high-dose statin enhances an upregulation of endothelial nitric
oxide synthase (eNOS), thus promoting cerebral blood flow
and a reduction of infarct volume, and improving neurological
function (7, 36). In mice with embolic stroke, low atorvastatin
doses are able to induce the expression of vascular endothelial
growth factor (VEGF), thus promoting neovascularization, and
improve neurological function by enhancing synaptogenesis and
proliferation of neural progenitor cells (10). Neuroprotective
effects of statins, including antioxidative, anti-inflammatory,
angiogenic, neurogenic, and antiapoptotic properties, have also
been demonstrated in animals with hemorrhagic stroke (37).
All these findings led to hypothesized that statin administration
may positively influence cerebral repair after injury acting on
neurogenesis and angiogenesis (7, 9, 10, 16, 36).

However, evidences from clinical studies evaluating the effects
of statins on stroke rehabilitation and functional outcome are
conflicting, and the interpretation of results is often difficult
because of small sample size, possible bias, and confounders
(12–16). Whereas several observational studies observed a
decreased mortality rate or improved functional outcomes in
patients treated with statins, these beneficial effects were not
demonstrated in other studies (13–16, 38–40). Also, results from
randomized controlled trials andmeta-analysis were not univocal
(12, 41–43).With the aim of clarifying this issue, we evaluated the
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possible role of statins in influencing the functional outcome in
terms of FIM in a large cohort of stroke patients with different
etiology, by using a multinomial logistic regression analysis in
order to eliminate the effect of possible confounders including
age, sex, etiology and site of stroke lesion, initial functional level,
and comorbidities.

It is important to point out that most of previous studies used
modified Rankin scale (mRS) to evaluate functional outcome.
The mRS is a single-item scale for assessing levels of functional
independence among stroke survivors. It is used to categorize
level of functional independence with reference to pre-stroke
activities rather than on observed performance of a specific
task (44). Our study evaluated functional outcome using FIM
that represents a widely accepted functional assessment measure
applied during inpatient rehabilitation (44, 45). The FIM is an 18-
item ordinal scale, used with all diagnoses within a rehabilitation
population and measures independent performance in self-care,
sphincter control, transfers, locomotion, communication, and
social cognition (45). With respect to mRS, FIM addresses a
greater number of items and an accurate evaluation of several
aspects both in motor and cognitive functions.

In contrast to our expectation that statin treatment has a
significant beneficial effect on functional outcome after stroke,
our results show that the use and type of statin therapy as
well as the duration of treatment did not significantly influence
the recovery and functional outcome, in agreement with other
previous clinical studies (38, 40, 42). Despite the well-known
pleiotropic effects of statins and its potential role in influencing
rehabilitation and functional outcome in animal models, in
clinical practice patients generally havemany potential individual
and clinical factors that could influence rehabilitation, thus
masking the effect of statins. Moreover, most of clinical studies,
including ours, evaluated only a short-term functional outcome.
Therefore, further clinical trials and experimental model data will
be required to elucidate the potential role and effect of statin
treatment on short-term and long-term functional outcome.

Our study also evaluated post-discharge clinical follow-up
lasted 3–5 years after discharge in terms of stroke recurrence,
bone fractures, CV complications, and death. Our results
suggest that statin users were at lower risk of developing
bone fractures. Many evidences suggest that stroke represent
a major risk factor for bone fracture and osteoporosis, as
it induces immobilization, balance impairment, gait disability,
and increases fall risk (5, 17). Fractures can further impair
functional recovery, increasing disability, and mortality risk in
these patients (4, 46). Several studies hypothesized a further
pleiotropic effect of statins in reducing osteoporosis and bone
fractures, but controversial results have been reported (22–27).
The potential source of the conflicting results could be related to
many factors including ethnicity, the individual predisposition
to develop osteoporosis, as well as dosage and duration of
statin therapy. A meta-analysis of Jin et al. (47) that included
studies on general population showed that statin therapy is
significantly associated with a decreased risk of overall fractures.
Recently, Lin et al. (24), in a retrospective study specifically
focused on stroke patients, reported that statin therapy is able
to decrease the risk of osteoporosis and bone fractures of about

30% with a dose effect-relationship. However, these studies
did not consider comorbidities as well as the initial and final
functional level, which could represent potential confounders.
Our results show that the use of statin therapy, and in particular
atorvastatin, was significantly associated with a lower risk
of bone fractures in post-stroke patients, independently from
age, sex, initial and final functional level, and comorbidities,
suggesting a potential intrinsic effect of the statin molecule on
bone metabolism. The mechanisms underlying the relationship
between statins, osteoporosis, and bone fractures have not yet
been elucidated. In vitro and in vivo studies demonstrated that
statins increase expression of BMP-2, which has a key role in
the processes of bone formation, promote osteogenic activity,
and simultaneously inhibit osteoblast activity through different
molecular pathways (19–21).

Our study has several limitations, which should be pointed
out. First, the retrospective nature of the study does not allow
us to draw any conclusion about the mechanisms involved in
the negative association between statin and bone metabolism.
Second, we did not assess all the individual risk factors that
could influence the lack of association between statin use and
functional outcome.

In conclusion, in our cohort of post-stroke patients, the use
of statins does not seem to influence the functional outcome.
However, they could exert a protective role against bone fractures
during post-discharge follow-up, suggesting further evaluation
on this topic.
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Patients: A Multicenter Randomized
Controlled Trial
Zengqiao Zhang 1,2†, Wu Wang 3†, Yongjia Song 2†, Tianjun Zhai 2, Yan Zhu 3, Liming Jiang 1,
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Background: Hand spasticity after stroke influences the rehabilitation of hand function.

Immediate and effective relief of spasticity potentially creates conditions for later

rehabilitation training, which has far-reaching significance in the smooth transition of

patients to the recovery period.

Objective: To evaluate the immediate effect of dry needling (DN) at myofascial trigger

point on hand spasticity in stroke patients.

Methods: This was a prospective, evaluator blind, multicenter, randomized controlled

study. A total of 210 participants were randomly divided into DN group (DN, N = 70),

sham dry needling group (SDN, N = 70), and control group (N = 70). Participants in the

DN group were treated with DN at myofascial trigger point five times (30min each time)

every week for 4 weeks. Subjects in the SDN group were manipulated the same way as

in the DN group, except that the acupuncture site was located in the area adjacent to

the myofascial trigger point, which constituted a SDN. Routine rehabilitation treatment

was performed for participants in the two groups and in the control group. The primary

evaluation index was the immediate effect of hand spasticity relief. Secondary evaluation

indicators included the cumulative effect of hand spasticity relief from baseline to week 4,

and the changes in flexion angles of the wrist, thumb, and fingers 2–5 in the rest position

before, immediately after, and 4 weeks after intervention.

Results: The immediate effective rate of spasticity relief (thumb, fingers 2–5, and wrist)

of patients with different degrees of spasticity in the DN group was higher than that in the

control and SDN groups (thumb, χ
2 = 55.833, P < 0.001; fingers 2–5, χ

2 = 68.096, P

< 0.001; wrist, χ2 = 49.180, P < 0.001) (P < 0.05). The effective rate of spasticity relief

from baseline to 4 weeks in the DN group exceeded that in the control group and SDN

groups (thumb, χ
2 = 8.806, P = 0.012; fingers 2–5, χ

2 = 8.087, P = 0.018; and wrist,

χ
2 = 8.653, P= 0.013) (P< 0.05). No difference in immediate and cumulative effect was

found between the control group and SDN group. The change of joints flexion angles in
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resting position before and after each treatment in the DN group was higher than that in

the control and SDN groups (P < 0.05), but it was not significantly different between the

control group and SDN group. At 4 weeks, although the change in the DN group was

higher than that in the control group and SDN group, this difference was not statistically

significant (P > 0.05).

Conclusion: Dry needling can relieve varying degrees of hand spasticity instantly

in post-stroke.

Trial Registration: www.chictr.org.cn, ChiCTR1900022379.

Keywords: stroke, hand spasticity, dry needling, myofascial trigger point, immediate effect

INTRODUCTION

Stroke is a common disease that has seen an unprecedented
rise in incidence, disability, and mortality (1). In spite of the
declining mortality of stroke over the years, the disability rate is
still soaring (2). The predominant association between physical
disability and muscle spasticity delay the recovery time of limb
function of patients (3). The incidence of spasticity can reach
42.6% in the chronic phase (>3 months post-stroke) (4). And
there are different strategies by which spasticity can obstruct
the improvement of hand function. As such, treating spasticity
is a crucial approach to post-stroke management. In most
cases, management of hypertonia occupies the majority of each
rehabilitation session, and this reduces therapeutic efficiency
greatly. This process is so distressing that patients consider
discontinuing treatment, underscoring the need for immediate
spasm relief, which is a prerequisite for rehabilitation of hand
function with subsequent therapeutic approaches.

Conventional therapies for post-stroke spasticity primarily
comprise physical therapy, surgical intervention, and
pharmacotherapy (5). Physical therapy has demonstrated
promising results in the management of post-stroke patients
with limb spasticity. However, corresponding standards or
clinical guidelines to guide the implementation of physical
therapy, such as frequency or duration, are lacking. In addition,
the majority of physical therapy interventions take a long
duration, resulting in poor patient compliance and greatly
reduced treatment efficacy (5). Although pharmacotherapy
exerts some beneficial effects in post-stroke patients with limb
spasticity, prolonged use of anti-spasmodics poses a risk of
adverse effects and drug resistance; also, the high cost limits
their application (6, 7). Surgical intervention can be a reliable
option for post-stroke patients with severe spasticity; however,
surgical treatment currently has few clinical applications because
it is associated with high risk, numerous complications, and
inaccurate effects (8). Therefore, a facile, cost-effective, and
effective method is needed to offer immediate spasm relief and
set the stage for rehabilitation training.

The DN technique was first put forward by Janet Travell in
the 1940s. The American Physical Therapy Association (APTA)
defined DN as a common intervention approach that entails the
penetration of the skin with thin needles at the myofascial trigger
point, muscle, and connective tissue to relieve musculoskeletal

pain and dyskinesia (9). In recent years, mounting evidence
supports a role for dry acupuncture at myofascial trigger points
in improving dystonia in patients with neurological diseases (10).
Although DN had a positive effect on lower limb spasticity in
stroke patients, it had a negative effect on upper limb spasticity
(11, 12). However, these results are derived from studies with
low quality. Therefore, further high-quality studies are needed
to confirm or refute the effect of DN on spasticity at the
trigger point.

In our previous clinical practice, we found that the myofascial
trigger point was repeatedly touched between the first metacarpal
bone and the second metacarpal bone in post-stroke patients
with hand spasticity. Dry needling (DN) at this myofascial
trigger point elicited immediate relief from spasm, but a
robust randomized controlled trial to provide further supportive
evidence was lacking. In the present work, we performed a
multicenter, prospective, randomized controlled trial to further
evaluate the immediate efficacy of DN at myofascial trigger point
in post-stroke patients with hand spasticity.

MATERIALS AND METHODS

Study Design
This prospective, multicenter, three-arm, randomized controlled
clinical trial was performed in line with the criteria of
relevant trial guidelines and was approved by the Institutional
Review Board and the Ethical Committee (2018-IRBQYYS).
We registered the clinical trial on the Chinese clinical trial
registry (ChiCTR1900022379) before the enrolment of the
first participant.

Participants
Participants were recruited from the Seventh People’s Hospital
Affiliated with the Shanghai University of traditional Chinese
medicine, Shanghai Second rehabilitation hospital, and Shanghai
Hudong hospital through the web platform, outpatient, and
inpatient clinical poster advertisements.

The Inclusion Criteria Were as Follows
1 Clinically diagnosed with stroke (13); 2 Brunnstrom stages
ranged from II to IV; 3 spasticity of the hand [Modified
Ashworth Scale (MAS) score 1+-3); 4 aged between 50 and 70
years; 5 could understand the content of the scale and cooperate
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with the evaluation and treatment; 6 agreed to engage in the
trial and signed the informed consent.

The Exclusion Criteria Were as Follows
1 Secondary Parkinson’s disease; 2 aphasia, conscious, or
cognitive impairment; 3 severe bleeding tendency or infection
of treatment site; 4 received other related treatment in the past
3 months; 5 other causes of hand spasticity; 6 combined with
muscle contracture or joint deformity; 7 pregnant and lactating
women; 8 fear of acupuncture or fainting.

Researchers in our team selected the qualified participants
according to the relevant standards. Eligible participants were
informed of the research plan and signed informed consent after
preliminary screening were further assessed by a therapist.

Randomization and Masking
Eligible participants were allocated in a 1:1:1 ratio. Nine
randomized groups were stratified in three hospitals. The
random sequence was performed using a computer-generated
code generated using SAS software version 9.4 (SAS Institute)
with a random seed of 2,118 generated centrally at the
Clinical Trials Center of Shanghai Seventh People’s hospital.
The generated random sequence was kept by a specially
designated person. The clinical research coordinator recorded
the information of participants, obtained random numbers, and
determined their allocation. The research assistant screened
and recruited participants and assigned them random numbers
in the entire research process. The evaluator of the results
was responsible for recording the scale data. All rehabilitation
therapists, outcome assessors, and statisticians were blind to
group assignment.

Study Interventions
All interventions were performed by practitioners with relevant
legal qualifications and extensive clinical experience.

Dry Needling Group
Participants in this group were treated with DN at myofascial
trigger point five times a week (30min each time) for 4 weeks.
In addition, they were given routine rehabilitation therapy at the
same frequency and intensity as the control group.

The location of myofascial trigger point: The patient remained
seated or supine, with the doctor standing on the patient’s side.
Briefly, the operator’s thumb and the area between the first
metacarpal bone and the second metacarpal bone on the back
of the patient’s hand were disinfected with a 75% alcohol cotton
ball. Subsequently, the operator applied unidirectional pressure
from the distal end to the proximal end in the area between the
first metacarpal bone and the second metacarpal bone on the
dorsal side of the patient’s palm with the sterilized screw surface
of the thumb. In this process, the operator touched the cord
like nodules, and the patient would feel an obvious pain. Deep
pressure led to distal referred pain, which is themyofascial trigger
point (Figure 1).

Method of needling: After routine disinfection, the operator
swiftly penetrated a sterile needle (0.3mm ∗ 25mm) vertically
into the myofascial trigger point. The success criteria of

acupuncture were local pain, distal finger pain, and finger twitch.
The needle was kept for 30min following the induction of a
convulsive reaction.

Sham Dry Needling Group
Participants in this group received sham dry acupuncture five
times a week (30min each time) for 4 weeks. The acupuncture
needle was inserted 2mm lateral to myofascial trigger point to
a depth of 2mm without manual stimulation (14). In addition,
subjects received routine rehabilitation therapy at the same
frequency and intensity as the control group.

Control Group
The participants in this group received routine rehabilitation
treatment, including recumbent position, neurodevelopmental
treatment, and activities of daily living (ADL) treatment, five
times a week for 4 weeks. The participants were also given routine
anti-stroke treatment.

Outcome Measures
Primary Outcome Measurement
The primary outcome was the immediate effect of DN at
myofascial trigger point on thumb spasticity relief. The spasticity
grade of flexor muscles was assessed with MAS before and
immediately after each treatment. Treatment was considered
effective when MAS score was reduced by at least one grade.

Secondary Outcome Measures
Secondary outcomes included the immediate effect of DN at
myofascial trigger point on fingers 2–5 and wrist spasticity relief,
the cumulative effect of hand (thumb, fingers 2–5, and wrist)
spasticity relief from baseline to week 4, and changes of the
flexion angles of the wrist, thumb (metacarpophalangeal joint,
interphalangeal joint), and fingers 2–5 (metacarpophalangeal
joint, proximal interphalangeal joint, distal interphalangeal joint)
of the affected hand before and right after each treatment and
at the end of 4-week intervention. Participants were asked to
adopt a natural position during the assessments. In this study,
joint angle was measured at the condition that patients were in
a supine position with their arms placed on both sides of body,
elbow stretched, and palm up. Then fix the protractor so that
its axis was aligned with the center of the joint. In addition,
subgroup analysis was performed to provide further evidence for
our findings.

Statistical Analyses
The purpose of this study was to explore whether there was any
difference in the effective rate of immediate relief in post-stroke
patients with hand spasticity among the DN group, the sham
dry needling (SDN) group, and the control group. According
to our preliminary study, the effective rates of immediate
remission of thumb spasm after each treatment were assumed
to be 55% (control group), 80% (DN group), and 50% (SDN
group), respectively. Herein, assuming a dropout rate of 20%, the
allowable error of 5%, and the test power of 90%, we needed a
sample size of 210 (70 in each group).

Descriptive statistics were performed on the baseline
characteristics of patients. Student t-test or one-way ANOVA
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FIGURE 1 | Flowchart of the screening, enrollment, and randomization.

were applied for those who fit a normal distribution to
continuous variables, whereas Kruskal–Wallis H-test was used
for others. For categorical variables, the chi-square test or
Fisher exact test were used. P-value <0.05 denoted statistical
significance. Notably, to avoid type I error when performing
multiple comparisons, adjusted P-value was calculated as P-value
of 0.05 divided by the number of comparisons.

RESULTS

Study Participants
After screening 500 subjects, 290 were eligible for inclusion, but
we ended up enrolling 210 participants since some did not meet
inclusion criteria (90 patients) or lacked interest in participation
(72 patients), feared acupuncture (112 patients), or other reasons
(16 patients). Figure 2 present a flow chart of patient screening,
enrollment, and randomization. Baseline characteristics of the
randomized patients were well-balanced in the three treatment
groups (Table 1). There was no significant difference in baseline
characteristics among the three groups.

FIGURE 2 | The location of myofascial trigger point.

Primary Outcome
According to the MAS, the effective rate of thumb spasticity
relief from baseline to after each treatment in the DN group was
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TABLE 1 | Baseline characteristics.

Characteristics DN group (n = 70) SDN group (n = 70) CON group (n = 70) χ
2 P

Age, mean (SD), years 66.17 (9.84) 62.97 (11.53) 65.07 (8.50) 1.837 0.162

Gender, No (%)

Female 23 (32.90) 26 (37.10) 22 (31.40) 0.553 0.758

Male 47 (67.10) 44 (62.90) 48 (68.60)

Duration of illness, mean (SD), month 12.67 (3.09) 13.41 (2.98) 12.54 (3.04) 1.662 0.192

MAS score§, No (%)

1+ 37 (52.90) 31 (44.30) 36 (51.40) 1.378 0.848

2 26 (37.10) 29 (41.40) 26 (37.10)

3 7 (10.00) 10 (14.30) 8 (11.40)

Types of stroke, No (%)

Cerebral ischemic stroke 52 (74.30) 46 (65.70) 47 (67.10) 1.381 0.501

Cerebral hemorrhagic stroke 18 (25.70) 24 (34.30) 23 (32.90)

Affected limb, No (%)

Left 34 (48.60) 33 (47.10) 37 (52.90) 0.495 0.781

Right 36 (51.40) 37 (52.90) 33 (47.10)

DN, dry needling; SDN, sham dry needling; CON, control.
§MAS, Modified Ashworth Scale, The Modified Ashworth Scale is a measure of spasticity (muscle tone) in the paralyzed arm; scores range from 0 to 4 at each joints, with higher scores

indicating more severe spasticity; P-value of <0.05 was considered significant.

TABLE 2 | Effective rate of thumb spasticity relief from baseline to after each

treatment.

Group N Effective cases Effective rate (%)γ χ
2 P-value

DN 70 67 95.71 55.833 <0.001

SDN 70 30 42.86※

CON 70 29 41.43※#

N, number of cases included in each group; DN, dry needling; SDN, sham dry needling;

CON, control.
γBonferroni correction was used for multiple comparisons between groups, α = 0.05/3

= 0.017.
※ Statistically significant difference from DN group.
#No statistical significance as compared to SDN group; P-value of <0.05 was

considered significant.

higher than that in control and SDN groups (χ2 = 55.833, P <

0.001) (Table 2); however, no significant difference was reported
between the control group and SDN group.

Secondary Outcomes
Effective Rate of Spasticity Relief From Baseline to

After Each Treatment in Fingers 2–5 and Wrist
According to the MAS, the effective rate of fingers 2–5 and
wrist spasticity relief from baseline to after each treatment in
the DN group was higher than that in control and SDN groups
(fingers 2–5, χ

2 = 68.096, P < 0.001; wrist, χ
2 = 49.180, P <

0.001) (Table 3); however, no significant difference was reported
between the control group and SDN group.

Subgroup Analysis of the Immediate Effective Rate of

Different Degrees of Hand Spasticity
The immediate effective rate of thumb spasticity relief (Table 4)
of patients with different degrees of spasticity in the DN group

was higher than that in the control and SDN groups (1+, χ
2

= 8.682, P = 0.013; 2, χ
2 = 35.533, P < 0.001; 3, P = 0.001),

however, no significant difference was reported between the
control group and SDN group. This tendency was also seen in
fingers 2–5 (Table 5) and wrist (Table 6).

The Effective Rate of Spasticity Relief From Baseline

to Four Weeks
According to the MAS, the effective rate of spasticity relief from
baseline to 4 weeks in the DN group was higher than that in
control and SDN groups (thumb, χ2 = 8.806, P = 0.012; fingers
2–5, χ

2 = 8.087, P = 0.018; and wrist, χ
2 = 8.653, P = 0.013)

(Table 7); however, no significant difference was found between
the control group and SDN group.

Changes of Joint Angles of Hand in Rest Position
Mean rank of joint angle change in hand rest position from
baseline to after each treatment in the DN group were 148.97,
163.59, 160.28, 170.07, 169.27, and 169.91 at the wrist, MCP
and IP of the thumb, MCP, DIP, and the PIP of the fingers 2–
5, respectively; the corresponding changes in the control group
were 85.38, 76.44, 78.53, 72.20, 72.34, 73.06 and 82.15, 76.48,
77.69, 74.23, 74.89, 73.53 in the SDN group. There was statistical
significance in the DN group compared to the control group and
SDN group, while P > 0.05 for comparisons between the control
group and SDN group (Table 8). At 4 weeks, although the mean
rank of the DN group was higher than that of the control group
and SDN group, the difference was not statistically significant (P
> 0.05), except for the comparison between the DN group and
SDN group in the proximal interphalangeal joint of the fingers
2–5 (P = 0.026) (Table 9).
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TABLE 3 | Effective rate of spasticity relief from baseline to after each treatment in fingers 2–5 and wrist.

Sites Group N Effective cases Effective rate (%)γ χ
2 P-value

Fingers 2–5 flexor spasticity DN 70 69 98.57 68.096 <0.001

SDN 70 29 41.43※

CON 70 26 37.14※#

Wrist flexor spasticity DN 70 64 91.43 49.180 <0.001

SDN 70 28 40.00※

CON 70 29 41.43※#

N, number of cases included in each group; DN, dry needling; SDN, sham dry needling; CON, control.
γBonferroni correction was used for multiple comparisons between groups, α = 0.05/3 = 0.017.
※Statistically significant difference from DN group.
#No statistical significance as compared to SDN group. P-value of <0.05 was considered significant.

TABLE 4 | Immediate effective rate of thumb spasticity relief in patients with different degree of spasticity.

MAS score§ Group N Effective cases Effective rate (%)γ χ
2 P-value

1+ DN 37 36 97.30 8.682 0.013

SDN 31 24 77.42※

CON 36 26 72.22※#

2 DN 26 20 76.92 35.533 <0.001

SDN 29 4 13.79※

CON 26 2 7.69※#

3 DN 7 6 85.71 NA 0.001η

SDN 10 1 10.00※

CON 8 1 12.50※#

N, number of cases included in each group; DN, dry needling; SDN, sham dry needling; CON, control.
§MAS, Modified Ashworth Scale, The Modified Ashworth Scale is a measure of spasticity (muscle tone) in the paralyzed arm; scores range from 0 to 4 at each joints, with higher scores

indicating more severe spasticity.
γBonferroni correction was used for multiple comparisons between groups, α = 0.05/3 = 0.017.
※ Statistically significant difference from DN group.
#No statistical significance as compared to SDN group; P-value of < 0.05 was considered significant.
ηFisher’s exact test.

NA, Not Available.

TABLE 5 | Immediate effective rate of fingers 2–5 spasticity relief in patients with different degree of spasticity.

MAS score§ Group N Effective cases Effective rate (%)γ χ
2 P-value

1+ DN 37 37 100.00 20.342 <0.001

SDN 31 22 70.97※

CON 36 20 55.56※#

2 DN 26 22 84.62 32.625 <0.001

SDN 29 5 17.24※

CON 26 5 19.23※#

3 DN 7 7 100.00 NA <0.001η

SDN 10 2 20.00※

CON 8 1 12.50※#

N, number of cases included in each group; DN, dry needling; SDN, sham dry needling; CON, control.
§MAS, Modified Ashworth Scale, The Modified Ashworth Scale is a measure of spasticity (muscle tone) in the paralyzed arm; scores range from 0 to 4 at each joints, with higher scores

indicating more severe spasticity.
γBonferroni correction was used for multiple comparisons between groups, α = 0.05/3 = 0.017.
※Statistically significant difference from DN group.
#No statistical significance as compared to SDN group.

P-value of <0.05 was considered significant.
ηFisher’s exact test.

NA, Not Available.
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TABLE 6 | Immediate effective rate of wrist spasticity relief in patients with different degree of spasticity.

MAS score§ Group N Effective cases Effective rate (%)γ χ
2 P-value

1+ DN 37 35 94.59 10.114 0.006

SDN 31 21 67.74※

CON 36 24 66.67※#

2 DN 26 17 65.38 16.09 <0.001

SDN 29 6 20.69※

CON 26 5 19.23※#

3 DN 7 5 71.43 NA 0.004η

SDN 10 1 10.00※

CON 8 0 0.00※#

N, number of cases included in each group; DN, dry needling; SDN, sham dry needling; CON, control.
§MAS, Modified Ashworth Scale, The Modified Ashworth Scale is a measure of spasticity (muscle tone) in the paralyzed arm; scores range from 0 to 4 at each joints, with higher scores

indicating more severe spasticity.
γBonferroni correction was used for multiple comparisons between groups, α = 0.05/3 = 0.017.
※Statistically significant difference from DN group.
#No statistical significance as compared to SDN group; P-value of <0.05 was considered significant.
ηFisher’s exact test.

NA, Not Available.

TABLE 7 | Effective rate of spasticity relief from baseline to week 4.

Sites Group N Effective casesγ Effective rate(%) 6= χ
2 P-value

Thumb flexor spasticity DN 70 55 78.57 8.806 0.012

SDN 70 41 58.57※

CON 70 40 57.14※#

Fingers 2–5 flexor spasticity DN 70 57 81.43 8.087 0.018

SDN 70 43 61.43※

CON 70 44 62.86※#

Wrist flexor spasticity DN 70 54 77.14 8.653 0.013

SDN 70 39 55.71※

CON 70 40 57.14※#

N, number of cases included in each group; DN, dry needling; SDN, sham dry needling; CON, control.
6= Intention-to-Treat Analysis, 2 dropped out in DN group, 3 dropped out in SDN group, 3 dropped out in control group.
γBonferroni correction was used for multiple comparisons between groups, α = 0.05/3 = 0.017.
※ Statistically significant difference from DN group.
#No statistical significance as compared to SDN group; P-value of <0.05 was considered significant.

Adverse Events
No serious adverse events requiring withdrawal were reported
across the three groups (Table 10).

DISCUSSION

The immediate efficacy of DN at the trigger point in the
treatment of hand spasticity after stroke has been evaluated. In
our clinical trial, DN could effectively relieve different degrees
of hand spasticity in patients with stroke after each treatment.
It also reduced the flexion angle of joints (wrist joint, thumb,
and fingers 2–5) in the rest position of the hand. The results
of this study showed that the effective rate of spasticity relief
(immediate or 4 weeks) in the SDN group was equivalent to
that in the control group. We speculated that this might be
related to the distinctive location and manipulation of myofascial

trigger points. Acupuncture at the non-myofascial trigger points
was difficult to produce curative effect, excluding the placebo
effect caused by acupuncture behavior itself. By discontinuing
the intervention after 4 weeks, some level of cumulative effect
was realized although it was not significant. Considering that
the intervention cycle is too short, we speculate that it takes a
certain time for the accumulation of stimulation effect before it
reaches levels that produce best treatment effects. Because the
curative effect of acupuncture is a gradual accumulation process,
that is, the therapeutic effect improves gradually as the treatment
course of acupuncture increases, this is termed as accumulation
of post acupuncture effect. Based on previous research, we plan
to increase the acupuncture and needle retention time, prolong
the observation period, explore the time-effect relationship
in acupuncture, longitudinally study the whole action cycle
of acupuncture, and determine a more reasonable treatment
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TABLE 8 | Change of joint flexion angles in resting position before and after each treatment.

Joint Group Median (P25, P75) Mean rankγ Kruskal–Wallis H-test

H P-value

Wrist DN 31.50 (17.25, 40.25) 148.97 58.133 <0.001

SDN 0.00 (0.00, 26.25) 82.15※

CON 0.00 (0.00, 27.25) 85.38※#

MCP of thumb DN 20.00 (15.00, 25.00) 163.59 101.389 <0.001

SDN 0.00 (0.00, 9.25) 76.48※

CON 0.00 (0.00, 9.25) 76.44※#

IP of thumb DN 39.00 (30.00, 53.00) 160.28 90.427 <0.001

SDN 0.00 (0.00, 30.00) 77.69※

CON 0.00 (0.00, 28.00) 78.53※#

MCP of fingers 2–5 DN 22.00 (17.00, 28.00) 170.07 125.889 <0.001

SDN 0.00 (0.00, 8.25) 74.23※

CON 0.00 (0.00, 7.25) 72.2※#

PIP of fingers 2–5 DN 42.00 (36.00, 52.00) 169.27 122.796 <0.001

SDN 0.00 (0.00, 26.25) 74.89※

CON 0.00 (0.00, 25.25) 72.34※#

DIP of fingers 2–5 DN 35.00 (33.00, 51.00) 169.91 125.233 <0.001

SDN 0.00 (0.00, 22.00) 73.53※

CON 0.00 (0.00, 24.00) 73.06※#

DN, dry needling; SDN, sham dry needling; CON, control; MCP, metacarpophalangeal joint; IP, interphalangeal joint; DIP, distal interphalangeal joint; PIP, proximal interphalangeal joint.
γBonferroni correction was used for multiple comparisons between groups, α = 0.05/3 = 0.017.
※ Statistically significant difference from DN group.
#No statistical significance as compared to SDN group; P-value of <0.05 was considered significant.

TABLE 9 | Change of joint flexion angles in resting position from baseline to week 4.

Joint Group Median (P25, P75) Mean rankγ Kruskal–Wallis H-test

H P-value

Wrist DN 14.50 (4.25, 30.00) 119.78#φ 6.108 0.047

SDN 8.00 (0.00, 29.00) 98.67φ

CON 8.00 (0.00, 26.00) 98.05

MCP of thumb DN 10.00 (5.00, 14.00) 117.38 4.209 0.122

SDN 8.50 (0.00, 12.00) 99.39

CON 6.00 (0.00, 13.00) 99.74

IP of thumb DN 26.50 (5.75, 30.00) 120.79#φ 6.965 0.031

SDN 23.00 (0.00, 29.00) 98.06φ

CON 23.00 (0.00, 29.00) 97.65

MCP of fingers 2–5 DN 10.00 (5.00, 13.00) 116.38 3.513 0.173

SDN 8.00 (0.00, 14.00) 100.95

CON 8.00 (0.00, 13.00) 99.17

PIP of fingers 2–5 DN 25.00 (17.75, 30.00) 121.84φ 8.004 0.018

SDN 20.00 (0.00, 26.00) 95.28※

CON 20.00 (0.00, 28.00) 99.38#

DIP of fingers 2–5 DN 24.50 (18.75, 26.25) 117.9 5.022 0.081

SDN 21.00 (0.00, 25.25) 95.72

CON 22.00 (0.00, 27.00) 102.88

DN, dry needling; SDN, sham dry needling; CON, control; MCP, metacarpophalangeal joint; IP, interphalangeal joint; DIP, distal interphalangeal joint; PIP, proximal interphalangeal joint.
γBonferroni correction was used for multiple comparisons between groups, α = 0.05/3 = 0.017.
※ Statistically significant difference from DN group.
#No statistical significance as compared to SDN group.
φNo statistical significance as compared to CON group; P-value of <0.05 was considered significant.
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TABLE 10 | Adverse events related to treatment.

Adverse eventa Participant, No (%)

DN (n = 70) SDN (n = 70) CON (n = 70)

Overall 1 (1.43) 2 (2.86) 0

Severe adverse events 0 0 0

Subcutaneous hematoma 1 (1.43) 1 (1.43) 0

Fainting 0 0 0

Sharp pain 0 1 (1.43) 0

Instrument fracture 0 0 0

Sticking of needle 0 0 0

a: Adverse events were analyzed in all participants who received treatment. Adverse

events were counted by type rather than frequency in the same participant. Adverse

events with different types occurring in a single participant were defined as independent

adverse events. An adverse event with multiple occurrences in a single participant was

defined as 1 adverse event. DN, dry needling; SDN, sham dry needling; CON, control.

scheme. DN treatment primarily reduces muscle tension to
relieve limb spasms and create conditions for later rehabilitation
training. These effects are beneficial to patients to develop in
the direction of separation and coordination, and to allow their
smooth transition to the recovery period.

Emerging evidence has implicated DN in the management of
muscle spasticity in nervous system diseases, including spastic
quadriplegia and post-stroke spasticity. The meta-analysis of
Fernández-de-Las-Peñas et al. (11) found that the effect of DN
on spasticity was mainly in the lower extremities, though the
effect on related pain and motor function was inconclusive in
the short-term follow-up. Elsewhere, Ghannadi et al. (15) found
that deep DN exerts short-term effects by reducing the muscle
spasm of stroke survivors and improving the lower limb function
and gait. More evidence from Salom-Moreno’s work showed
that a single DN not only reduces the spasticity and extensive
pressure sensitivity of patients with spasticity after stroke but
also changes the plantar pressure by increasing the support
surface and reducing the average pressure (16). Núñez-Cortés
et al. (17) found that DN, either alone in combination with
multimodal therapy, could effectively reduce stroke spasticity and
improve passive range of motion in a short period. Echoing the
above reports, Sánchez-Mila et al. (18) demonstrated that DN
combined with Bobath therapy could effectively reduce spasticity,
improve balance, range of motion, and maintain stable accuracy
in stroke patients.

Although DN had a positive effect on lower limb spasticity of
stroke patients, it had negative effects on upper limb spasticity.
Mendigutia-Gómez et al. (12) revealed that DN, incorporated
in the multimodal rehabilitation program, reduced the local
pressure sensitivity and improved the range of motion of
shoulder joint in stroke patients effectively; however, they
reported no significant difference in muscle spasm relief. In
another study, Cuenca Zaldívar et al. (19) found that addition
of DN treatment to the standard physical therapy reduced the
spasticity of the affected arm better but did not show additional
effects in function, pain, and quality of life. More pieces of
research by Ansari, Ghaffari, and Fakhari have shown that DN

can reduce the upper limb spasm, improve the range of motion,
and promote the recovery of joint function (20–22). In support of
these findings, Lu et al. (23) demonstrated DN could immediately
relieve finger flexor spasm, increase range of motion, and reduce
motor unit action potential (MUAP), suggesting that there may
be potential trigger points in spastic muscles of chronic stroke,
which are related to spastic hypertension of flexor digitorum.
These observations confirm our results that DN at the trigger
point of the hand can effectively relieve hand spasticity after
stroke. Additionally, Hernández-Ortiz et al. (24) found that the
effect of DN on muscle tension (spasm) and upper limb function
in stroke patients was not related to the intervention in and
out of trigger points region. More research is warranted to
further confirm or refute the effect of DN at the trigger point on
muscle spasms.

Of note, the results presented here should be treated with
caution because the majority of previous studies were scattered
case reports or systematic reviews with low quality of data. In
addition, the number of included cases was small and lacks
the control group, and therefore were not eligible to prove the
efficacy and safety of DN. It was not possible to explore the effect
of DN alone because it was applied as a multimodal treatment.
Contrary to previous studies, the present work used a larger
sample size to conduct multicenter randomized controlled trials.
The control group and sham acupuncture group were set up
to exclude the effect of comfort treatment due to psychological
factors, to better judge the curative effect of DN. Secondly,
independent DN intervention and instant assessment of spasms
were administered before routine rehabilitation training. This
design is beneficial in the assessment of the effect of DN
alone. In addition to the immediate effect, we also evaluated
the cumulative effect and conducted a priori subgroup analysis
(prior) to validate the internal consistency of clinical trial results
and explore the most suitable beneficiary population. The results
demonstrated that DN intervention at a single site myofascial
trigger point could immediately relieve hand spasm after stroke.
This approach is convenient and easy to promote.

Although the results of our multicenter randomized
controlled trials are encouraging, potential limitations should
be recognized. First, because we collected short-term results,
whether the observed changes will last longer and whether
the continuous stimulation given by the improvement of the
needle can continuously relieve spasms remain elusive. A
larger cohort and longer follow-up study are warranted in the
future. Additionally, it would be imperative to fully clarify the
mechanism of DN in alleviating muscle spasms.

CONCLUSION

Dry needling can relieve varying degrees of hand spasticity
instantly in post-stroke patients.
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Severe upper limb paresis can represent an immense burden for stroke survivors. Given

the rising prevalence of stroke, restoration of severe upper limb motor impairment

remains a major challenge for rehabilitation medicine because effective treatment

strategies are lacking. Commonly applied interventions in Germany, such as mirror

therapy and impairment-oriented training, are limited in efficacy, demanding for new

strategies to be found. By translating brain signals into control commands of external

devices, brain-computer interfaces (BCIs) and brain-machine interfaces (BMIs) represent

promising, neurotechnology-based alternatives for stroke patients with highly restricted

arm and hand function. In this mini-review, we outline perspectives on how BCI-based

therapy can be integrated into the different stages of neurorehabilitation in Germany to

meet a long-term treatment approach: We found that it is most appropriate to start

therapy with BCI-based neurofeedback immediately after early rehabilitation. BCI-driven

functional electrical stimulation (FES) and BMI robotic therapy are well suited for

subsequent post hospital curative treatment in the subacute stage. BCI-based hand

exoskeleton training can be continued within outpatient occupational therapy to further

improve hand function and address motivational issues in chronic stroke patients. Once

the rehabilitation potential is exhausted, BCI technology can be used to drive assistive

devices to compensate for impaired function. However, there are several challenges yet

to overcome before such long-term treatment strategies can be implemented within

broad clinical application: 1. developing reliable BCI systems with better usability; 2.

conducting more research to improve BCI training paradigms and 3. establishing reliable

methods to identify suitable patients.

Keywords: brain-computer interface, severe upper limb paresis, neurorehabilitation, long-term treatment,

neurotechnology
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INTRODUCTION

Stroke is a leading cause for long-term disability and often results
in poor quality of life (1). In 2017, there were around 260,000
in-patient cases of stroke registered in German hospitals (2).
While the incidence in Germany mostly remained constant (3),
the probability to survive an acute stroke significantly improved
over the last two decades (4). With a growing number of stroke
survivors, the number of patients facing post-stroke impairments
is increasing. Besides impairments in cognition, speech, mood
regulation or sexual function, loss of motor function, especially
in the upper extremity, is a severe burden after stroke.

Upper limb impairment occurs in approximately 80% of
stroke survivors (5). Here, the initial severity of motor
impairment often predicts chances for recovery (6). While there
is a good chance for full recovery from mild paresis, this is
less likely for severe upper limb paresis (7). In 30–50% of all
stroke survivors, the affected arm is still severely impaired 6
months after stroke (8, 9). This group face immense difficulties in
performing activities of daily living (ADLs) and must often rely
on family support or caregivers (10). Given the rising burden of
stroke, there is a pressing need for innovative tools that foster
successful restoration of motor function.

REHABILITATION OF SEVERE UPPER
LIMB PARESIS

Constraint-induced movement training (CIMT) represents an
effectivemotor intervention in upper limb rehabilitation (11–13).
However, as voluntary wrist and finger extension is a minimum
requirement for CIMT, it is only applicable in a limited number
of stroke patients, usually excluding those with severe upper
limb paresis (14). The treatment repertoire for patients with
severe motor impairment is small. Classical physiotherapy is
often applied as standard therapy. Mirror therapy has shown
to improve arm and hand function (13, 15, 16). In mirror
therapy, the unimpaired hand is observed in a mirror projected
onto the side of the impaired hand. Since such training does
not require remaining motor function in the paretic limb,
it is recommended as a complementary approach for stroke
survivors with severe arm paralysis (17). Arm-BASIS-Training
(ABT) is a method of impairment-oriented training that aims
at restoring motoric innervation by selectively training specific
arm movements (e.g., shoulder joint movements, elbow joint
movements, wrist joint movements), exclusively designed for the
rehabilitation of severe upper limb paresis (18). In a systematic
review by Urton et al. (19), ABT was the only intervention that
improved arm mobility in addition to standard physiotherapy,
receiving recommendation grade A. The use of external devices
(robotics) allows to train movements with high repetition rates
which cannot be performed by the patient independently. It was
shown that robotic-aided therapy can improve arm function,
force and mobility in stroke patients with severe upper limb
paresis (20, 21).

While there are well-evidenced motor interventions for mild
paralysis, successful rehabilitation of severe upper limb paresis is

still an unsolved problem: For classical physiotherapy, evidence
of efficacy is not convincing (12, 22, 23). Impairment-oriented
training was shown to improve selective arm mobility, but not
arm function (18). Robotics-guided therapy is useful in the
subacute stage, but there is still a controversy whether also
chronic patients benefit from this therapy. Furthermore, it is not
clear yet whether it can also improve ADL skills and thus reduce
or prevent the necessity of long-term care (24, 25). The same has
also not been conclusively clarified for mirror therapy (16, 26).
With the lack of standardized and convincing treatment options,
there is high demand to find new strategies to restore severe
upper limp paresis in stroke survivors.

BRAIN-COMPUTER INTERFACE AND
BRAIN-MACHINE INTERFACE

Brain computer interfaces (BCIs) use the modulation of
neurometabolic or neuroelectric signals to control external
devices (27). By analyzing changes in brain activity, BCI
technology can convert the user’s intention into control
commands of digital devices or tools usually delivering some
form of sensory feedback. A sub-form of BCI systems enabling
volitional control of machines, e.g., exoskeletons or prostheses,
are usually termed brain-machine interfaces (BMIs). The most
established BCI paradigms are based on electroencephalography
(EEG), due to its low cost and easy handling (28). In BCI
and BMI applications for motor rehabilitation, EEG is typically
used to record the sensorimotor rhythm (SMR), generated by
neuronal cell populations of the sensorimotor cortex (29). During
motor attempt or imagination, power of SMR decreases and this
modulation, called event-related-desynchronization (ERD), can
be translated into a control command for an external device.
Since even stroke survivors with severe chronic motor deficits
can modulate their SMR (30), and no actual physical movement
is required to control BCI-based devices, they represent a
promising rehabilitation strategy for stroke patients with severe
upper limb paresis.

BCI technology addresses important physiological
fundamentals of neurorehabilitation. Based on Hebbian
learning principles, such systems can induce neuroplasticity
by effectively coupling efferent brains signals to afferent input
(e.g., caused by a closing exoskeleton) (31). This way, neural
assemblies are activated in an associative manner, strengthening
cortical connections, as evidenced by increased motor evoked
potentials (MEP) in stroke survivors using a BCI (32). Linking
central motor output to peripheral input in real-time closes
the sensorimotor feedback loop, which can promote the
integration of affected corticospinal connections (33) and foster
voluntary motor control (34). Moreover, BCIs improve the
ability to activate affected brain areas by visualizing changes in
brain activity in real-time (a paradigm termed neurofeedback)
(34). This was shown to result in greater involvement of
the ipsilesional hemisphere compared to random feedback
(35). Apart from influencing neurophysiological parameters
reflecting neuroplasticity, BMI applications also showed to
induce functional improvement (36–39).
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Although BCI-based approaches appear to be promising for
upper limb rehabilitation, sufficient evidence for broad clinical
application is still lacking and more research is needed. However,
conducting studies according to principles of evidence-based
medicine (EBM) is often difficult due to the heterogeneity
of stroke patients. Further, BCI-based motor therapy involves
far more variables than just dose and timing, and double
blinding is difficult to implement. Therefore, Coscia et al.
(40) suggest investigating BCI applications in personalized
longitudinal studies in contrast to randomized controlled trials
(RCTs). In such a design, patients receive specific treatment until
a functional plateau is reached, before continuing with another
intervention. The primary aim of such approach is to improve the
individual outcome in patient populations that usually have poor
prospects for recovery and rarely show spontaneous remission
(40). In this context, it is crucial to find long-term treatment
strategies that can be well integrated throughout the different
phases of neurorehabilitation. Beyond research, such strategies
are of great importance for clinicians who apply BCI-based
therapy as early-adopters to expand treatment options. Since
BCI-based therapy addresses several aspects of motor learning
(neurofeedback, training of repetitive tasks, active behavior in
therapy), this provides good reason for early application (41) –
especially as there are only few alternatives for restoring severe
upper limb paresis in stroke patients.

BCI-BASED LONG-TERM TREATMENT
STRATEGIES IN GERMANY

Thanks to its various applications, BCI-based therapy can be
embedded in many stages of stroke rehabilitation. Here, based
on a literature review, we derived the best strategies to facilitate
and accelerate the integration of BCI-based therapy into the
German process of neurorehabilitation. We include studies
that assess the impact of BCI-based interventions on motor
recovery of stroke patients with severe upper limb paresis,
either in the subacute (<6 months) or chronic stage (>6
months). Study outcomes were either functional scores and/or
neurophysiological parameters. Case studies and studies with
small sample size (<10 participants) were not included. In
Germany, the process of neurological rehabilitation is divided
into 6 phases (A to F): Phase A represents the emergency care
on a stroke unit, followed by phase B which is equivalent to early
rehabilitation. In Phase C, patients can actively participate in
rehabilitation interventions, however, there is still high demand
for medical treatment. In Phase D, patients receive medical
rehabilitation in specialized rehabilitation centers (Phase D),
which corresponds to the concept of post hospital curative
treatment. In Phase E, outpatient occupational reintegration is
pursued and, in case long-time care is necessary, Phase F is
initiated to support and maintain function (42).

In acute care and early rehabilitation (Phase A and B), BCI-
based applications often cannot be applied due to patient’s
reduced vigilance and impaired cooperativity (43). However,
as soon as active participation is possible (Phase C), BCI-
based training can be started. At the beginning, it is advisable
to familiarize patients with BCI technology by providing

neurofeedback on SMR modulation related to motor imagery
(MI). As shown by Pichiorri et al. (35) and Mihara et al. (44),
BCI assisted neurofeedback on MI can contribute to functional
recovery and enhance neural connectivity on the affected brain
hemisphere in subacute stroke patients. Compared to visual
feedback, somatosensory and/or proprioceptive feedback seems
advantageous in rehabilitation (45). Furthermore, dailyMI-based
neurofeedback training has been shown to improve SMR control
(46), facilitating the control of BMI motor interventions later on.
Since patients do not have to be mobilized for neurofeedback
training, this can be applied on bedside, increasing accessibility.
In phase C, the patient’s state of health is often still unstable,
and exhaustion caused by intensive motor therapy could domore
harm than good.

Although there are no RCTs comparing early vs. late onset, a
general recommendation is that the earlier motor interventions
start, the better (17). Thus, BCI therapy should advance once
SMR control is well established, and the patient’s clinical
condition allows. In a next step, EEG-based BMI systems can
be used to control robotic therapy devices to effectively link
repetitive exercise training with cortical motor output. Ang
et al. (36) showed that such a BMI system coupled with the
MIT-Manus, a robotic arm that initiates and guides upper
limb movements, enhances arm and hand function in stroke
patients with severe upper limb paresis. It was reported that
such therapy is well tolerated by patients and no adverse
effects occur, making it an effective and safe method for
upper limb rehabilitation. As BMI robotic training requires
expensive equipment and specialized staff, it seems best to apply
such therapy in specialized rehabilitation centers (Phase D).
Here, subacute stroke patients come together in large numbers,
guaranteeing maximum capacity utilization and effective use.
Besides brain controlled robotic therapy, BCIs can be applied
for exoskeleton control and FES. Exoskeletons are portable
devices that support or completely imitate movement, while
FES uses electrical pulses to stimulate muscle contractions,
enabling the movement of paralyzed limbs. Biasiucci et al.
(37) showed that BCI-driven FES can reduce severe upper
limb impairment in subacute stroke patients. Most notably,
functional improvement prevailed 6 months after therapy,
making it a promising strategy for a curative treatment approach
(Phase D).

There are good reasons to continue BCI therapy in chronic
stroke patients that already showed some degree of motor
recovery. In patients with initial hemiparesis but returning arm
control, EEG-based hand exoskeletons can be used to restore
hand function. It was shown that the application of a BCI-driven
hand exoskeleton in chronic stroke patients reduces complete
finger paralysis (39), improves grip function (47) and results
in an increased use of the paralyzed hand in ADL tasks (48).
A major advantage of BCI-based exoskeleton control is that
it allows patients to perform grasping movements with their
paralyzed hand and enables them to perform bimanual tasks
in training sessions (e.g., eating with cutlery), counteracting
the learned non-use of the paralyzed limb. The high relation
of such exercises to everyday life situations promotes patient’s
motivation to continue therapy. This is especially important
as depression and reduced drive are severe complications
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following stroke (49). Considering the reduced effort needed
in comparison to robotic-guided therapy, the applicability
in chronic patients and the practicability in bimanual tasks,
BMI hand exoskeleton training is well suited for outpatient
occupational therapy (Phase E). This way, a continuous
treatment is pursued even after medical rehabilitation (Phase D)
is completed.

In case no sufficient improvement can be achieved,
nursing or family care (Phase F) is often unavoidable for
patients with remaining severe upper limb impairment.
Although the rehabilitative potential might be exhausted in
these cases, the BCI approach can be used to compensate
for lost function by controlling assistive devices, e.g.,
exoskeletons or robotic prostheses (assistive BCIs). Bundy
et al. (50) have demonstrated the feasibility of a BCI-based
hand exoskeleton for home use in chronic stroke patients,
using EEG signals of the unaffected hemisphere. Applied
in a home-based setting, assistive BCIs allow patients to
perform important ADLs such as eating and drinking
independently (51). This way, patients become less reliant
on family or caregiver support and can regain quality
of life.

CURRENT CHALLENGES AND
LIMITATIONS

Attaching and calibrating BCI systems currently requires the
support of specially trained personnel and takes considerable
amount of time (52). Since time is a scarce commodity in clinical
practice, preparation for BCI-based therapy must become quick
and easy, e.g., through intuitive graphical user interfaces and
fast automatic calibration systems. For assistive BCIs applied
in a home-based setting, the need of a supervisor contradicts
the idea of giving back independency. Although improvements
have been made to enhance practicability by implementing
veto commands (53), establishing hybrid control paradigms (54)
and developing user-friendly EEG systems (55, 56), assistive
BCI systems that can be applied by the user without any
external help are still missing. Another drawback of BCI-based
interventions lies in the high acquisition costs of the technical
devices. BCI-based therapy must yet prove its clear effectiveness
to justify the high expenses, otherwise it will not find entrance
in clinical practice. Consequently, efforts need to be made
to drive technical development, lower cost of production and
conduct studies that thoroughly investigate the benefit of BCI
technology (33).

BCIs can fail to detect modulation of brain activity in up
to 20% of individuals (57). While some speak of BCI-illiteracy,
Vidaurre et al. (58) showed that machine learning approaches
can considerably reduce the number of BCI “illiterates.” This
should encourage researchers to improve BCI classification and
paradigms rather than to attribute the fault to the user (59).
Current training approaches for brain modulation often seem
inappropriate, e.g., lacking clear instructions, specific learning
objectives and meaningful feedback. This affects BCI robustness
and requires new training procedures (60). Stroke patients in

particular may have difficulty modulating their cortical activity
due to the brain lesion, potentially leading to frustration when
trying to control BCI-based devices (61). In this context, it
may be advantageous to individually adapt session time of BCI-
based therapy since fatigue and lack of concentration can affect
BCI control substantially (62, 63). While heart rate variability
(HRV) (64) and task-related theta-band activity (65) have been
proposed as possible biomarkers to monitor patient’s mental
capacity during BCI sessions, there is still much work needed
to establish parameters that reliably anticipate mental workload
and fatigue. Overall, more research assessing user experience
with BCIs needs to be conducted, especially considering hedonic
quality aspects such as motivation and frustration since they
play an important role in stroke rehabilitation (66). Also,
neuroplasticity mechanisms induced by BCI-based application
need to be better understood, with regards to so far less
studied aspects such as wide-spread neural networks and cortical
excitability (67, 68).

For motor interventions to be most effective, it has been
suggested to move from a “one-fits-all” approach toward
customized rehabilitative interventions (69). In this context,
identification of stroke patients that will benefit most from
BCI therapy needs to be realized. So far, it has been shown
that functional connectivity assessed by functional magnetic
resonance imaging (fMRI) predicts motor recovery and outcome
of sensorimotor function scores (70, 71). In this light, it may
be reasonable to use fMRI to determine patient’s potential
for motor recovery and his/her eligibility to benefit from BCI
therapy (33). Sannelli et al. (72) suggested to group BCI
users according to their calibration and feedback performance
to select subjects and allow customized training. Overall,
however, it is not yet possible to precisely estimate how many
stroke survivors can directly benefit from BCI-based therapy.
Only largescale, longitudinal clinical studies will provide the
necessary data to infer the underlying mechanisms of BCI-
related recovery and to identify predictors of individual BCI-
training response.

CONCLUSIONS

With its capability to advance motor recovery, BCI-based
motor interventions provide a good argument to be
implemented in stroke rehabilitation in Germany. BCI-
based neurofeedback training is well suited to promote
neural and functional recovery in early rehabilitation.
BCI-based motor interventions showed efficiency in
both subacute and chronic stroke patients, making
them suitable for post hospital curative treatment and
outpatient occupational therapy. Once a plateau in motor
recovery is reached, assistive BCI-based devices can be
applied in a home setting to improve quality of life. Put
together, BCIs represent a promising approach for long-
term treatment of severe upper limb paresis in stroke
patients. Nevertheless, there are still some obstacles to
overcome before BCI-based therapies can be applied in
routine clinical practice.
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Purpose: Community-dwelling stroke survivors have various unmet needs for

rehabilitative management, but there is a lack of in-depth investigations on common

health problems after stroke. Moreover, the association between unmet needs and

health-related quality of life (HRQoL) has not been thoroughly investigated. This study

aimed to investigate the unmet needs for rehabilitative management in common

problems after stroke and their associations with HRQoL among community-dwelling

stroke survivors.

Methods: A face-to-face cross-sectional survey was conducted among community-

dwelling stroke survivors visiting outpatient clinics of rehabilitation departments between

June and October 2020 in three university-affiliated hospitals. Unmet needs for common

problems after stroke were assessed across eight domains based on the post-stroke

checklist: spasticity, dysphagia, communication, cognition, ambulation, pain/discomfort,

anxiety/depression, and self-care. HRQoL was measured using the EuroQoL-5D three

level (EQ-5D). The prevalence of unmet needs for rehabilitative management and their

associations with the EQ-5D index were analyzed.

Results: Among the 239 participants who responded to the survey, 63% (n = 150)

were men. The mean age was 63 ± 13 years, and the mean duration of stroke onset

was 55.6 months. Overall, 49% reported at least one unmet need, and the most

frequently reported unmet needs were anxiety/depression (20.9%), self-care (20.9%),

and pain/discomfort (18.0%). The highest proportion of unmet needs was in the

anxiety/depression, communication, and cognition domains. Patients with unmet needs

for cognition and pain/discomfort showed a significantly lower EQ-5D index, even after
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adjusting for age, sex, and modified Rankin scale scores. The total number of unmet

needs was significantly correlated with a lower EQ-5D index (Pearson’s r = −0.329, p <

0.001) in the multivariate linear regression model.

Conclusions: Unmet rehabilitative needs are prevalent among community-dwelling

stroke survivors, and the proportion of unmet needs was high among non-physical

domains such as anxiety/depression. The number of unmet needs is an independent

negative predictor of HRQoL. Systematic approaches to identify unmet needs and

provide appropriate rehabilitative management are required in long-term stroke survivors.

Keywords: stroke, unmet need, community-dwelling, rehabilitation, post-stroke checklist, quality of life,

transitional care

INTRODUCTION

Stroke is one of the leading causes of mortality and long-term
physical, psychological, and social disabilities (1, 2). Although the
incidence of stroke is increasing, its mortality has been decreasing
owing to improved acute stroke care. Consequently, the number
of stroke survivors living with disabilities who need long-term
care is also increasing (2–4) and its socioeconomic burden (5).

Stroke survivors have various long-term health problems,
such as reduced physical functioning (6), spasticity (7), memory
loss (8), urinary incontinence (9), communication (10), and
mood (11), which can lead to increased socioeconomic burden,
participation restriction, and worse health-related quality of
life (HRQoL) (12). These long-term health problems in stroke
survivors are often not properly managed and remain as unmet
needs. A national survey of long-term needs of stroke survivors in
the UK showed that over half of patients have unmet needs (13).
Andrew et al. also demonstrated that 84% of stroke survivors
reported having unmet needs at a median 2 years after stroke
(14). Accordingly, various studies have investigated a wide range
of multidimensional unmet needs after stroke (15–20). However,
previous studies did not focus on the unmet need for care in
specific health-related problems after stroke.

In this study, we developed a questionnaire based on a post-
stroke checklist (PSC) to assess unmet needs for rehabilitation
management in common health-related problems after stroke.
The PSC is a set of questionnaires developed by the Global Stroke
Community Advisory Panel to identify long-term problems in
stroke survivors (21). It examines 11 domains of long-term
problems, including, secondary prevention, activities of daily
living, mobility, spasticity, pain, incontinence, communication,
mood, cognition, life after stroke, and relationships with
caregivers. It focuses on the areas where intervention can
have a large impact on HRQoL and has been recognized as a
standardized tool for assessing long-term unmet needs in clinical
practice (22).

In addition, although there have been many reports on the
prevalence of unmet needs among stroke survivors, only few
studies have investigated their association with HRQoL. Im et
al. reported that worsening of mobility and communication
problems was significantly associated with worse HRQoL in
stroke survivors at the 12-month follow-up (23). Andrew et
al. (24) also reported that pain and activity limitation were

related to long-term unmet needs at 90 and 180 days following
stroke. Nonetheless, the prevalence of long-term unmet needs
and their impact on HRQoL remains unclear among chronic
community-dwelling stroke survivors. Additionally, identifying
the prevalence of unmet needs and their relationship with
HRQoL using a conveniently administrable questionnaire will
help physicians quickly recognize unmet needs and provide
proper management in clinical settings.

This study aimed to investigate the unmet needs for
rehabilitation services in the domains of common health
problems after stroke in community-dwelling stroke survivors
and establish the relationship between unmet needs for
rehabilitative management and HRQoL. To achieve this goal, we
developed a questionnaire based on the PSC for unmet needs,
specifically for the rehabilitative management of common health-
related problems after stroke.

MATERIALS AND METHODS

Participants and Study Design
This study included 239 community-dwelling post-stroke
patients aged over 18 years who visited the outpatient
clinics of the Department of Rehabilitation Medicine at Seoul
National University Bundang Hospital (Seongnam-si, Gyeonggi-
do, Korea), Chungnam National University Hospital (Jung-
gu, Daejeon, Korea), and Pusan National University Yangsan
Hospital (Yangsan-si, Gyeongsangnam-do, Korea) between June
and October 2020. The cross-sectional survey was conducted
using structured questionnaires and face-to-face interviews of the
patients or their proxies (e.g., parents, spouse, siblings, children,
relatives, and other caregivers). The surveyors provided an oral
presentation and obtained informed consent from the patient
before the interview. If the patients could not participate due
to severe cognitive or communication impairments, the oral
presentation and written informed consent form were provided
to the proxies. When proxies responded to the questionnaires,
they were instructed to answer each question on behalf of
the participant.

This study was approved by the Institutional Review
Board of Seoul National University Bundang Hospital (IRB
No. B-1910/572-303). All participants provided written
informed consent.
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Measures
Unmet Needs for Rehabilitative Management
A survey questionnaire was developed to investigate the
unmet needs for rehabilitation management of common post-
stroke problems based on the PSC (21). Eight items (i.e.,
spasticity, dysphagia, communication, cognition, ambulation,
pain/discomfort, mood [anxiety/depression], and self-care)
were included in the survey. Through the questionnaire,
the respondents were asked whether they have a need for
rehabilitative management regarding each category. If the
participants had a need for such, we asked whether sufficient
treatment was received. Unmet needs were defined as a response
of not receiving sufficient rehabilitative managements despite
having the need for such. Meanwhile, met needs were defined as a
participant response of not needing rehabilitative managements
or receiving sufficient managements. The total number of unmet
needs for each participant was then calculated.

Quality of Life
The HRQoL of participants was measured using the EuroQoL-
5D three level (EQ-5D-3L). EQ-5D-3L consists of five domains:
mobility, self-care, usual activity, pain/discomfort, and
anxiety/depression (25). Each domain is reported on a three-
point Likert scale: no problem, moderate problem, and severe
problem (25). The EQ-5D index was calculated using the Korean
valuation set (26, 27).

Other Variables
Baseline demographics, including age, sex, marital status
(married, widow/separated, single), living alone (yes/no),
household income, type of health insurance (national health
insurance [employed], and national health insurance [self-
employed], medical aid) were obtained. The clinical data of
participants, including time since the onset of stroke, type of
stroke (ischemic or hemorrhagic), and modified Rankin Scale
score (mRS) (0 to 2 / 3 to 6) assessed using a simplified mRS
questionnaire (28), were investigated. The degree of disability
was also surveyed and categorized as mild (grades 4–7), severe
(grade 1–3), or not registered. The post-stroke grade of disability
was determined based on the Korean version of the modified
Barthel index score (29). We also asked the participants whether
they experienced unexpected re-admission within 3 months after
home discharge.

Statistical Analyses
The baseline characteristics are presented as numbers and
percentages. The prevalence of needs and unmet needs for
rehabilitative management in common problems after stroke and
unexpected readmission within 3 months after home discharge
were also presented as numbers and percentages. Analysis of
covariance adjusting for age, sex, and mRS was performed to
compare the EQ-5D index per problem between the met and
unmet need groups.

To determine the final model for the EQ-5D index, univariate
analyses were initially performed using a single linear regression.
The EQ-5D index was set as a dependent variable, while
baseline characteristics and the total number of unmet needs

were set as independent variables. Then, significant variables
in the univariate analyses (p-value < 0.05) were entered into a
forward stepwise multiple linear regression model, with entry
condition of p-value < 0.05 and removal condition of p-value
> 0.10. Age was included as a continuous variable, while all
other characteristics were included as categorical variables. All
models were tested for collinearity, and a variance inflation
factor <10 was considered acceptable. Pearson correlation
analysis was performed to investigate the correlation between
the number of unmet needs and the EQ-5D index. All analyses
were conducted using SPSS v.21.0 (IBM Corp, Armonk, NY,
USA), and a two-sided p-value of < 0.05 was considered
statistically significant.

RESULTS

Participant Characteristics
A total of 239 stroke survivors completed the survey. Responses
were provided directly by 147 patients (61.5%) and 92 proxies
(38.5%). The baseline characteristics are presented in Table 1.
The mean age was 63.0 ± 12.9 years, and 62.8% (n = 150) were
men. Approximately 77.0% (n = 184) of the participants were in
the chronic phase (i.e., more than 1 year after stroke onset), with
a mean stroke onset duration of 55.7 ± 51.1 months. The mean
mRS was 2.7 ± 1.7, and nearly half (n = 107) belonged to a low-
income household (i.e., monthly incomes of ≤ 2 million won).

Unmet Needs for Rehabilitative
Managements
In total, 118 (49.3%) participants reported at least one unmet
need for rehabilitative management, with a mean of 2.6 ±

2.0 participants. The most prevalent need for rehabilitative
management was for ambulation (50.2%), followed by self-care
(44.8%), spasticity (43.5%), and pain/discomfort (42.1%). The
most prevalent unmet needs were for anxiety/depression (20.9%),
self-care (20.9%), and pain/discomfort (18.0%) (Figure 1).
The proportion of unmet needs was the highest in the
anxiety/depression domain (74.6%), followed by communication
(61.9%) and cognition (59.7%).

Unmet Needs for Rehabilitative
Managements and HRQoL
The unmet need group showed worse HRQoL than the met
need group across all domains after adjusting for age and
sex (Figure 2). Additionally, after adjusting for mRS, unmet
needs for cognition and pain/discomfort were associated with
worse HRQoL.

The increased number of unmet needs was associated with
a lower EQ-5D index (Pearson’s r = −0.329, P < 0.001). Five
variables were fit in our final model (R2 = 0.602, F = 67.73, P <

0.001). Among them, mRS, age, and the number of unmet needs
showed significant negative correlations with the EQ-5D index,
while disability grade and household income showed significant
positive correlations with the EQ-5D index (Table 2).
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TABLE 1 | Baseline patient characteristics (n = 239).

Characteristics n (%)

Age, years

<40 11 (4.6)

40–59 79 (33.1)

60–69 70 (29.3)

≥70 79 (33.1)

Sex

Male 150 (62.8)

Female 89 (37.2)

Time since strokea, years

<1 53 (22.4)a

1 to <5 78 (32.6)a

5 to <10 81 (34.2)a

≥10 25 (10.5)a

Type of strokeb

Ischemic 139 (58.9)b

Hemorrhagic 97 (41.1)b

Modified Rankin Scale scorec

0–2 112 (47.1)c

3–6 126 (53.9)c

Household income (KRW)/month)d

<2000 107 (45.5)d

2000 to <3000 61 (26.)d

3000 to <5000 45 (19.1)d

5000 to <7000 12 (5.1)d

≥7000 10 (4.3)d

Health insurancec

National health insurance (employed) 86 (36.1)c

National health insurance (self-employed) 125 (52.5)c

Medical aid 27 (11.3)c

Marital statusc

Married 158 (66.4)c

Widow or separated 51 (21.4)c

Single 29 (12.2)c

Living alonea

Yes 36 (15.2)a

No 201 (84.8)a

Disability gradea

Severe 83 (35.0)a

Mild 61 (25.7)a

Not registered 93 (39.2)a

an = 237; bn = 236; cn = 238; dn = 235.

Unexpected Readmission Within 3 Months
After Home Discharge
In total, 17.6% (n = 42) of the participants were readmitted
within 3 months after home discharge. Among them, 23.8% (n=
10) were re-admitted due to stroke-related problems (e.g., stroke
recurrence, decline in activities of daily living, pressure ulcers,
and infections); 37.5% (n = 15), internal and surgical reasons;
and another 37.5% (n = 15), other non-medical reasons such as
difficulty in home care and transfer.

DISCUSSION

The association between unmet needs and HRQoL among
community-dwelling stroke survivors remains unclear. In this
study, 49.3% of the community-dwelling stroke survivors had at
least one unmet need for rehabilitative management in common
problems after stroke. Stroke survivors who had unmet needs,
specifically for cognition and pain/discomfort showed worse
HRQoL, even after adjusting for age, sex, and mRS. The total
number of unmet needs was a significant predictor of worse
HRQoL in the final multiple linear regression model.

The prevalence of unmet needs in our study was consistent
with those of previous studies (13, 14); however, it was also
significantly lower than those of other studies that reported
>70% prevalence of unmet needs (15, 17, 19). A recent review
article showed that the prevalence of unmet needs among stroke
survivors varies widely from 19.8 to 91.7% (30). We assumed
that this heterogeneity could be due to the differences in patient
demographics, definition of unmet needs, and scope of the
assessment tools used. In this study, we defined “unmet need”
as a post-stroke problem that needs rehabilitative management
but is not treated sufficiently. Meanwhile, other studies defined
“unmet needs” to a wider extent, including no or insufficient help
for difficulty or a problem that has not been addressed sufficiently
(14, 19). Moreover, our study focused on identifying health-
related unmet needs; thus, the unmet needs in other domains,
such as leisure, work, and other socioeconomic domains were
not included.

The mean age of the participants in our study was 63 years,
which is younger than that of previously reported studies by
Andrew et al. and Mckevitt et al. (13, 14). This may be related
to possible selection bias. However, similar results have been
reported in tertiary hospital outpatient clinics (31). Concerning
the relationship between age and unmet needs, Kersten et al.
(32) reported no difference in the number of unmet needs
among age groups. Andrew et al. (14) have reported that age is
negatively associated with unmet needs in the living, support,
and financial categories, but not regarding health. Our study
investigated health-related unmet needs and did not show a
significant association between unmet needs and age.

Among the various health-related needs of stroke survivors,
ambulation, self-care, and spasticity were the most frequently
identified rehabilitative needs. These physical problems are
associated with motor impairment, which is a common sequela
of stroke (7, 33, 34). Moreover, these problems have been
reported to be prominent in community-dwelling environments
than in hospitals (23), resulting in a high prevalence of
rehabilitative management needs among community-dwelling
stroke survivors. In this study, the most frequently reported
unmet rehabilitative need was for self-care, followed by
anxiety/depression and pain/discomfort. Among participants
who needed rehabilitative management, the highest proportion
of unmet needs was for anxiety/depression (74.6%), followed by
communication (61.9%) and cognition (59.7%). These results
imply that non-physical needs were less likely to be met than
physical needs, despite physical needs being more common. For
example, in the domains of spasticity and ambulation, the rate
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FIGURE 1 | Prevalence of met and unmet needs according to the common problems after stroke.

FIGURE 2 | EQ-5D index according to the presence of unmet need for each common problem after stroke. Values are presented as the mean and standard error. *p

< 0.05, after adjusting for age and sex.
†
p < 0.05, after adjusting for age, sex, and modified Rankin Scale.

of met needs was high, while the rate of unmet needs was low.
However, contradicting results were obtained in the domains of
anxiety/depression, communication, and cognition.

Under-recognition of non-physical problems might be one
explanation for the high proportion of unmet rehabilitative

needs. More than 50% of patients experience emotional
disturbances after stroke (35), and these are associated with
worsened quality of life and increased burden on caregivers (36,
37). Despite its high prevalence, anxiety/depression problems
have not been adequately addressed (14). A national audit of
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TABLE 2 | Final multiple linear regression model for health-related quality of life.

Variables β ± SE 95% CI p-value

Modified Rankin Scale score −0.099 ± 0.009 −0.117, −0.082 <0.001

Disability gradea 0.072 ± 0.017 0.038, −0.105 <0.001

Household incomeb 0.027 ± 0.011 0.004, 0.049 0.020

Age −0.002 ± 0.001 -0.004, 0.000 0.035

Number of unmet needs −0.015 ± 0.007 −0.028, −0.001 0.037

F = 67.73 (p < 0.001), Adjusted R² for model = 0.602. aDisability grade is defined

as an ordinal variable in the following order: severe/mild/not registered. bHousehold

income is defined as an ordinal variable in the following order: ≤2000 KRW/2000-3000

KRW/3000-5000 KRW/5000-7000 KRW/≥7000 KRW.

inpatient rehabilitation in Australia reported that approximately
only half of stroke patients received an assessment for mood
(38). For communication problems, up to one-third of stroke
survivors experience communication difficulties, such as aphasia
(39). Communication problems in stroke survivors are highly
related to their psychosocial well-being; (40) thus, understanding
the full impact of communication disorders using a traditional
approach based on specific impairments may be insufficient
(41). Lastly, cognitive problems negatively impact self-esteem,
confidence, and functional recovery, consequently increasing
the long-term burden of stroke (42). Despite its importance,
the underlying nature of cognitive problems is less understood
than that of physical problems, including among clinicians
and caregivers (43). Hence, these non-physical problems are
often not recognized sufficiently and require more attention
from clinicians.

The mean EQ-5D index was significantly lower in patients
with unmet needs after adjusting for age and sex in all
domains. However, only cognition and pain/discomfort showed
a significantly lower EQ-5D index after additionally adjusting for
mRS. Cognitive impairment negatively impacts the quality of life
of stroke survivors (44–46). Pain is also known to be associated
with HRQoL. Choi-Kwon et al. reported that musculoskeletal
and central pain were closely associated with HRQoL at 1 year
post-stroke, and the presence of central post-stroke pain was
an important explanatory factor for overall QoL 3 years after
stroke (47, 48). Notably, we found that these two domains were
related to the EQ-5D index after adjusting for mRS, implying that
unmet needs for cognition and pain/discomfort are associated
with worse HRQoL independent of the respondents’ overall
functional status.

The number of unmet needs showed a significant negative
correlation with the mean EQ-5D index. The Australian Stroke
Clinical Registry reported a similar trend in which a negative
exponential relationship was observed between the EQ-5D VAS
scores and the number of unmet needs between 90 and 180 days
after stroke (24). Our study results confirmed that this negative
correlation is also applicable among long-term community-
dwelling stroke survivors. Multivariate linear regression analysis
showed that the number of unmet needs along with mRS,
household income, degree of disability registration, and marital
status were significant factors correlated with HRQoL. This
result demonstrates the importance of recognizing the unmet

needs of community-dwelling stroke survivors and providing
proper intervention, as the number of unmet needs is negatively
correlated with HRQoL.

Among the community-dwelling stroke survivors, 17.5% had
unexpected re-admission within 3 months after home discharge;
in total, 35 and 30% of these readmissions were due to internal
or surgical medical causes and non-medical causes, respectively.
Our study’s unexpected re-admission rate was higher than those
reported in the previous studies. Two reasons may contribute
to this finding. First, in the study by the Kilkenny et al. (49)
and Lin H-J et al. (50), readmission due to non-medical causes
was excluded. In our case, non-medical cause such as difficulty
of patient care accounted for 37.5% of total unexpected re-
admissions. After excluding readmission due to non-medical
causes, the unexpected re-admission rate is dropped to 11% (27
out of 239 participants). Additionally, considering the survey
was performed in the outpatient setting of tertiary hospitals,
our study participants may have greater disability severity than
those of previous studies. Kilkenny et al. (49) have identified
limited access to information, health, and community services
as a risk factor for re-admission after home discharge in stroke
patients. Moreover, caregiver burden is an important factor for
re-admission, especially for those due to non-medical causes.
Many caregivers of community-dwelling stroke survivors have
increased burden, which negatively affects the patient’s quality
of life, leading to re-admission (51, 52). Providing adequate
social support to lower the burden of caregivers and increasing
accessibility to information and community services may be
helpful in reducing unexpected readmissions.

Selection bias may have occurred in our study, as it was
conducted at the outpatient clinics of tertiary hospitals. Thus,
the survivors who required rehabilitative management but could
not visit the clinic due to accessibility issues, including those
with a severe disability who do not have a caregiver to bring
the patient to the clinic, poor economic status, and long-term
institutionalization, were likely to be excluded. However, in our
study, the percentage of participants with mRS of 3–5 was
53.9%, which is higher than the results of a 3-month mRS from
a multicenter study in Korea (53), signifying that our sample
may represent the patients who could visit the rehabilitation
outpatient clinic, regardless of their disability severity.

Moreover, the possibility of bias due to responder-type may
also exist. Several studies have reported that proxy-responders
report more disabilities and worse HRQoL than patients (54,
55). We have investigated whether there is a difference in the
prevalence of unmet needs according to the responder type
(participant vs. proxy-responder) and found none in terms
of communication and cognition. The correlation between
EQ-5D-3L and mRS, EQ-5D-3L with the number of unmet
needs was also similar between the participant and surrogate
responder groups, implying that the assessment of proxy-
responders was comparable to that of the participants. Our
study has a few other limitations. First, our survey did not
cover the comprehensive scope of unmet needs, including
social activities, finances, housing, community services, and
employment. However, the in-depth investigation of unmet
needs in a specific domain of rehabilitation management
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overcame these limitations and provided additional information.
Second, the definition of an unmet need in our study was
based on the participant’s self-reported questionnaire and
did not include additional information regarding the actual
dosage or quality of rehabilitation management received by
the participants. Therefore, although we identified the patient’s
unmet needs subjectively, we were unable to differentiate
between unmet and unresolved needs based on the questionnaire.
Third, our study did not investigate the comorbidities of the
participants. It has been reported that concurrent comorbidities
are negatively associated with HRQoL (56). Our study examined
the relationship between the number of unmet needs and
HRQoL along with functional impairment, disability, age, and
income, which have been reported as independent determinants
of long-term HRQoL in stroke survivors (12). Finally, a causal
relationship between unmet needs and HRQoL could not be
established because of the limitations of the cross-sectional
study design.

Nonetheless, the strength of our study is that we implemented
an easily administrable self-reported questionnaire to identify
long-term unmet needs in various categories, which may be
improved with proper intervention. The results demonstrate a
high prevalence of unmet needs in non-physical categories of
long-term stroke survivors. Physicians can easily recognize these
unmet needs using a questionnaire similar to that proposed
in this study. Considering non-physical unmet needs are often
underrecognized in clinical settings, our study emphasizes the
demand to identify these unmet needs and plan for appropriative
rehabilitation management in out-patient clinics. In conclusion,
among community-dwelling stroke survivors, there is a high
proportion of unmet needs in non-physical domains, such as
anxiety/depression, communication, and cognition. Further, the
number of unmet needs is an independent predictor of HRQoL.

Systematic approaches to identify unmet needs and provide
appropriate rehabilitative management are required in long-term
stroke survivors.
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In Japan, the national medical insurance system and long-term care insurance (LTCI)

system cover rehabilitation therapy for patients with acute, convalescent, and chronic

stroke. Medical insurance covers early and multidisciplinary rehabilitation therapy during

acute phase hospitalizations. Patients requiring assistance in their activities of daily living

(ADL) after hospitalization are transferred to kaifukuki (convalescent) rehabilitation wards

(KRW), which the medical insurance system has also covered. In these wards, patients

can receive intensive and multidisciplinary rehabilitation therapy to improve their ADL

and transition to a smooth home discharge. After discharge from these hospitals, elderly

patients with stroke can receive outpatient (day-care) rehabilitation and home-based

rehabilitation using the LTCI system. The Japanese government has proposed building

a community-based integrated care system by 2025 to provide comprehensive medical

services, long-term care, preventive care, housing, and livelihood support for patients.

This policy aims to promote smooth coordination between medical insurance services

and LTCI providers. Accordingly, themedical insurance system allows hospitals to receive

additional fees by providing patient information to rehabilitation service providers in the

LTCI system. A comprehensive database on acute, convalescent, and chronic phase

stroke patients and seamless cooperation between the medical care system and LTCI

system is expected to be established in the future. There are only 2,613 board-certified

physiatrists in Japan, and many medical schools lack a department for rehabilitation

medicine; establishing such a department at each school is encouraged to teach

students efficient medical care procedures, to conduct research, and to facilitate the

training of personnel in comprehensive stroke rehabilitation.

Keywords: cerebrovascular disease, rehabilitation, long-term care insurance, acute phase, convalescent phase,

chronic phase
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INTRODUCTION

Historically, stroke has been the number one cause of death
among Japanese people, but has shifted to the fourth most
common cause in recent years due to decreasing mortality rates,
with cancer as the first, heart disease second, and senility third.
These numbers reflect fewer deaths due to improved emergency
medical services and advances in treatment methods, such as the
use of recombinant tissue-type plasminogen activators (rt-PA)
and mechanical thrombectomy. However, the overall number of
patients with stroke remains high. In Japan, ∼220,000 people
experience a new stroke and ∼290,000 people have recurring
strokes annually (1). Endovascular treatment or neurosurgery is
administered to 9.1% of patients, and 73% of patients receive
rehabilitation. Another characteristic of stroke is that the number
of patients affected increases with age. According to the 2019
surveys from the Ministry of Health, Labor, and Welfare,
cerebrovascular disease accounted for 16.1% of primary causes,
requiring long-term care (2). These diseases are serious problems
for public life and health, despite being preventable, to a certain
extent, through lifestyle improvements.

The clinical importance of rehabilitation therapy for patients
with stroke is well-established. Rehabilitation must be provided
in a timely and appropriate manner during acute, convalescent,
and chronic phases. It is also important to transition seamlessly
between the treatments for each phase to improve and maintain
the function of patients with stroke. In Japan, the national
medical insurance system and long-term care insurance (LTCI)
system were established to provide rehabilitation services for
patients with stroke (Figure 1). In fact, Japan’s insurance system
is unique. Furthermore, the length of hospital stay for patients
with acute stroke in Japan is longer than in other countries,
and medical costs are higher. It would be useful to introduce
the transitional and long-term care system for rehabilitation of
patients with stroke in Japan, where the population is aging to
consider the adequate transitional and long-term care strategies
after stroke in different health care systems.

The purpose of this mini-review is to outline the transitional
and long-term care system in Japan and the current challenges
for the rehabilitation of patients with stroke at each phase.

ACUTE PHASE

The main purpose of acute rehabilitation treatment for stroke
is to prevent complications associated with immobility, to
prevent systemic complications, and to promote functional
reorganization of the brain. For this reason, mobilization, basic
movement training, gait training, and activities of daily living
(ADL) training are implemented as early rehabilitation. In Japan,
in recent years, the importance of early rehabilitation for the
treatment of acute stroke has been increasingly recognized,
and its practice has become widespread. Evidence for these
treatments is being collected, which leads to improved knowledge
about early rehabilitation therapy (3). In observational studies
from Japan (4, 5), very early mobilization was associated
with functional recovery of patients with stroke. Initiating
rehabilitative care within 24 h of stroke is safe and useful if

provided by skilled therapists under physiatrist supervision.
Using the Japanese Diagnosis Procedure Combination database, a
cohort study analyzed 100,719 consecutive patients with ischemic
stroke (6). Their results suggested that early and intensive
rehabilitation improved patient ADL during hospitalization.
Another study using the Diagnosis Procedure Combination
database analyzed 4,266 patients with acute stroke who received
intravenous thrombolysis using rt-PA (7). The results showed
that a good prognosis at discharge was more likely in the
group of patients who started rehabilitation treatment on the
day of or after admission. In addition to timing (how early
to start), the frequency (how often care is provided) is also
important in early rehabilitation treatment (8). Using the Japan
Rehabilitation Database, a cohort study of 8,033 patients with
the acute cerebrovascular disease showed that high-frequency
rehabilitation care (7 days a week for patients with early-onset
acute stroke) was associated with better functional recovery (9).
In fact, in most cases, rehabilitation was started the day after
the onset of symptoms. The percentage of patients receiving
rehabilitation 7 days a week was 35.%. The average length of
rehabilitation provided per day was 76.7min. In addition, the
average length of stay in the hospital was 29.5 days (10). Based
on these results, the medical insurance system can facilitate
early rehabilitation therapy for patients with acute stroke in
hospitals. Hospitals can charge an additional fee if they provide
rehabilitation earlier in the course of the disease. The medical
insurance system also assigns rehabilitation staff to intensive
care units.

For acute rehabilitation, multidisciplinary cooperation is
important for the functional recovery of patients with stroke.
For example, early assessment of swallowing function after
the stroke onset helps prevent aspiration pneumonia and to
promote early oral intake (11). Aoki et al. (12) reported
that the activities of a multidisciplinary swallowing team,
consisting of nurses, speech therapists, occupational therapists,
audiologists, dieticians, dental hygienists, and pharmacists,
reduced the incidence of pneumonia in patients with acute
cerebrovascular disease. Such amultidisciplinary team, facilitated
by the medical insurance system, should be able to assess and
manage swallowing function during the acute stroke phase.

CONVALESCENT PHASE

After acute hospitalization, patients who require ADL assistance
are transferred to the kaifukuki (convalescent) rehabilitation
wards (KRW), which have been covered by themedical insurance
system since 2000 (13, 14). Patients with disabling conditions,
including stroke, traumatic brain injury, and other neurological
diseases, as well as orthopedic diseases, such as hip fractures,
are eligible for KRW admission. Under the health insurance
system in Japan, rehabilitation therapy (physical, occupational,
and speech therapy) is limited to 3 h per day, and the maximum
length of stay for patients with stroke in the KRW is limited
to 150 days. When rehabilitation goals are met and home or
institutional care services are available, the physiatrist can decide
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FIGURE 1 | Transitional and long-term care system for rehabilitation of patients with stroke in Japan. In Japan, the medical insurance system covers rehabilitation

services for stroke patients in acute and convalescent phases, while the long-term care insurance (LTCI) system covers chronic phase rehabilitation services. In the

acute and convalescent phases, the main purpose of rehabilitation is to improve functional recovery and activities of daily living (ADL) of patients with stroke. In the

chronic phase, the main aim of rehabilitation services is to maintain physical and cognitive functions and ADL, while improving the engagement of patients with stroke.

to discharge a patient from the KRW. The basic hospitalization
fee for the KRW stay is based on the number of medical
staff, the provision of rehabilitation on holidays, the percentage
of seriously ill patients, the home discharge rate, and motor
Functional Independence Measure (FIM) efficiency adjusted by
the length of the hospital stay.

The KRW association annual survey reported almost 85,000
KRWbeds in 1,500 hospitals in 2019 (15), with an average patient
stay length of 67.5 days. The mean patient age was 76.6 years, and
57.8% of patients were female. Stroke was the cause of 36.9% of
cases in the KRW. The average time from the stroke onset to the
admission to the KRW was 24.2 days. An average of 137.4min
of rehabilitation therapy was provided per day. When the ADL
gain of patients with stroke was analyzed in terms of the change
in FIM between admission and discharge, the average FIM was
determined to be 61.5 points at admission and 84.6 points at
discharge, with an average FIM improvement of 23.1 points. Of
these, 60.6% of patients were discharged to their homes.

A variety of cutting-edge rehabilitation therapies have been
developed and practiced in the KRW. According to a cohort
study analyzing 2,325 patients (16), intensive rehabilitation
therapy, defined as rehabilitation therapy for more than 15 h
per week,was provided for 862 patients (37.1%). Intensive
rehabilitation therapy was significantly associated with increased
functional gain in elderly patients with stroke in the KRW.

Regarding the collaboration between acute care and convalescent
rehabilitation, a shorter interval between the stroke onset and
admission to the KRW contributes to improved outcomes in
patients with ischemic stroke, including ADL, dysphagia, and
home discharge rate (17). Prognostic predictions based on
a large database have been developed to assess outcomes of
patients with stroke (18, 19). Multidisciplinary collaboration
from the International Classification of Functioning, Disability,
and Health is also practiced according to patient assessment
and information sharing (20, 21). Furthermore, innovative
rehabilitation using advanced technology, such as robotics,
is also becoming more widely developed and practiced (22).
Therefore, IRT, collaborations between acute and chronic phase
rehabilitation practices, and rehabilitation using innovative
techniques are being developed and conducted in KRWs to
improve the function of patients with stroke.

CHRONIC PHASE

Japan has an unprecedented aging population that affects health
and long-term care systems. The LTCI system was introduced
in Japan in 2000 to address the demands of older people with
disabilities based on a user-oriented social insurance system
supporting independence (23). Older people with certified LTCI
service needs can utilize facility services, in-home services, and
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community-based services. Following its implementation, the
mean length of stay for patients with stroke in rehabilitation
hospitals decreased (24). Furthermore, the Japanese government
proposed establishing a community-based integrated care system
by 2025 to comprehensively provide health care, nursing care,
preventive care, housing, and livelihood support for patients (25).
This national policy promotes the smooth coordination between
medical insurance services and LTCI providers.

There are twomain types of rehabilitation services in the LTCI
system: home-based rehabilitation and outpatient (day-care)
rehabilitation (26, 27). Home-based rehabilitation is provided
by rehabilitation staff who visit patient homes. In 2019, there
were ∼4,600 facilities and 115,000 recipients for home-based
rehabilitation (28). Forty min a day, two times a week is a
typical service provision for home-based rehabilitation. During
outpatient (day-care) rehabilitation, nursing care services, such
as meals and bathing, are provided along with hospital-based
rehabilitation. In 2019, there were ∼8,000 facilities and 600,000
recipients for outpatient (day-care) rehabilitation (29). The
outpatient (day-care) rehabilitation is generally provided one
time or two times a week for 6–7 h each time. In outpatient
(day-care) rehabilitation, rehabilitation to improve physical
functions, such as muscle strength training and gait training, is
often conducted.

To use LTCI services, a person must be certified as needing
long-term care based on their physical and cognitive functions,
as well as the status of their nursing care and medical treatment.
For certified patients, the system requires that they use LTCI
rehabilitation services instead of medical insurance, except when
they are hospitalized or in the early stages of their illness.
In addition, the medical insurance also covers the outpatient
rehabilitation for younger patients with stroke and elderly
patients who were not certified as needing long-term care in
the chronic phase. Among rehabilitation services after returning
home from the KRW, outpatient rehabilitation through medical
insurance, outpatient (day-care) rehabilitation through LTCI,
and home-based rehabilitation through LTCI each account for
∼10% of discharged patients (15).

In the LTCI system, using information and communication
technology devices to collaborate with other professions is
encouraged. If service providers provide information from
medical insurance service centers to LTCI rehabilitation
centers, they can charge an additional fee for linking the
information using information and communication technology.
Furthermore, holding conferences with other professionals
within LTCI rehabilitation services is recommended, which
also would allow the use of these technologies, such as video
teleconferencing systems.

Scientific evidence is necessary to promote high-quality long-
term care services. Therefore, the Japanese Ministry of Health,
Labor, and Welfare launched a database for LTCI services, the
Long-Term Care Information System for Evidence (LIFE), in
April 2021. This database stores information on diseases, physical
and cognitive functions, rehabilitation goals and interventions,
ADL, instrumental ADL, and nutritional status. The purpose of
this database is to provide feedback for users and facilities, as well
as promote high-quality evidence-based services. Furthermore,

by using the LIFE database, service providers can charge another
additional fee within the LTCI system. Data from the LIFE
database could allow the establishment of evidence for higher
quality rehabilitation services for elderly patients, who also suffer
from stroke. Although it is possible to link the National Database
of medical claims data with the LIFE database in the LTCI system
(30), there are no unified outcome measures for rehabilitation
with medical insurance and LTCI. Moreover, since there are no
standardized codes for individual rehabilitation interventions,
it is difficult to clarify effective rehabilitation methods using a
database.We hope comprehensive and standardized intervention
methods and outcome measures are established for acute,
convalescent, and chronic stroke phases.

FUTURE PERSPECTIVE

“The Cerebrovascular and Cardiovascular Disease Control
Act” was enacted in December 2019 to control national
cerebrovascular diseases. “The Japanese National Plan for
Promotion of Cardiovascular Disease Control” based on this
law set out three goals: prevention of cerebrovascular diseases
and dissemination of correct knowledge; improvement of the
service delivery system for health, medical care, and welfare; and
promotion of research on cerebrovascular diseases (31, 32). By
achieving these three goals, the basic plan thus aims to extend
healthy life expectancy by 3 or more years and reduce the age-
adjusted mortality rate for cerebrovascular diseases by 2040,
which is when the elderly population in Japan will reach its
peak. This law and basic plan state that coordination between
the treatments for acute, convalescent, and chronic phases is
important, and that appropriate services related to medical
care, nursing care, and welfare should be provided. Since these
require governments and prefectures to promote the control
of cerebrovascular diseases, it is expected that the transitional
and long-term care systems for stroke rehabilitation will be
further developed.

Providing appropriate rehabilitation for patients with stroke
requires active physiatrist participation. Physiatrists are usually
involved in the clinical management of a multidisciplinary
rehabilitation team that consists of nurses, physical therapists,
occupational therapists, speech therapists, and medical social
workers (33). The physiatrist is expected to implement the
management of patients with stroke as a leader of the
rehabilitation team. Board-certificated physiatrists with sufficient
knowledge and experience about stroke rehabilitation are
recommended to be the primary care providers for patients with
stroke. A retrospective cohort study with the Japan Rehabilitation
Database identified that the clinical management provided by
board-certified physiatrists in the form of early rehabilitation
for patients with acute and convalescent stroke is a significant
predictor of a good functional prognosis (10, 34). In Japan,
however, stroke rehabilitation is not always provided by a board-
certified physiatrist. At some hospitals or facilities, physicians
with other specialties lead the rehabilitation team. This is, in part,
due to a shortage in the number of board-certified physiatrists.
There were only 2,613 in 2021, and many medical schools
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lack a department for rehabilitation medicine. Establishing
such a department in each medical school would help teach
students medicine and efficient medical care, enable research,
and facilitate the training of personnel in comprehensive
stroke rehabilitation.

Innovative neurorehabilitation techniques, such as non-
invasive brain stimulation, are effective in functional
recovery, primarily in patients with chronic stroke. Our
group developed a combined protocol using repetitive
transcranial magnetic stimulation (rTMS) and IRT that can
effectively improve the function of patients with chronic
stroke (35). This protocol is now being implemented in
many facilities throughout Japan (36). Although the efficacy
of non-invasive brain stimulation for patients with stroke
in the acute and convalescent phases is controversial, it
may be possible to perform it effectively according to brain
condition, such as in the case of interhemispheric inhibition,
by using functional brain imaging (37–39). We hope non-
invasive brain stimulation and other neurorehabilitation

techniques will become more widely implemented in
the rehabilitation of patients with stroke for acute and
convalescent phases.
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Background: Stroke-related sarcopenia is caused by various factors, such as brain

damage, systemic catabolic state, skeletal muscle imbalance, and malnutrition. In

the long-term care plan after stroke, appropriate rehabilitation strategies to achieve

maximum functional improvement and prevent the development of sarcopenia are

important. This study has investigated the effect of branched-chain amino acid (BCAA)

supplementation on sarcopenia after stroke. We also evaluated the effect of BCAA on

functional improvement during the intensive rehabilitation period.

Methods: Patients with subacute stroke with stroke-related disabilities were enrolled

and given dietary supplement powder containing BCAAs for 1month. These BCAAswere

supplied through the nutrition team during feeding time. Patients whose age, sex, and

stroke lesions were similar to those of the study group were enrolled in the control group

through medical record review. Both groups received personalized intensive inpatient

rehabilitation therapy in a single-unit rehabilitation center. All patients’ target calories

were calculated regularly by the nutritional support team in our institution. Sarcopenia

status was evaluated using grip strength and the skeletal muscle index (SMI), which was

assessed by dual-energy X-ray absorptiometry (DEXA). The functional status associated

with stroke was evaluated every month, including activities of daily living, balance, gait,

and swallowing.

Results: A total of 54 patients were enrolled, with 27 patients in each of the two groups.

The study group showed significantly greater improvement in SMI after intervention than

the control group. Both groups improved functionally over time, but the improvement in

the study group was significantly greater than that in the control group. Univariate analysis

revealed that patients with better functional status had a greater SMI with a combination

of BCAA supplementation and intensive rehabilitation therapy.

Conclusion: Our results showed a positive effect of BCAA supplementation on

sarcopenia after stroke. We also found that nutritional support helps functional

improvement during neurological recovery. These results suggest that comprehensive

rehabilitation intervention combined with BCAA supplementation could be a helpful

option during the critical period of post-stroke neurological recovery.

Keywords: stroke, sarcopenia, rehabilitation, branched-chain amino acids, skeletal muscle index, function
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INTRODUCTION

Stroke-related sarcopenia occurs due to a variety of factors,
such as brain damage, systemic catabolic state, skeletal muscle
imbalance, and malnutrition (1). Rosenberg defined “sarcopenia”
as an age-related decline in lean body mass (LBM), muscle mass,
and function (2); similar changes are also seen after stroke.
Brain lesions in patients with a stroke lead to complex systemic
metabolic changes, characterized by weight loss and anabolic
catabolic imbalance (3). According to current studies, it was
estimated that the incidence of sarcopenia in patients with stroke
has been reported to range from 14 to 54% (4).

Stroke-related sarcopenia can be distinguished from
sarcopenia itself (1), and it is related to direct catabolic
signals from stroke injury, a rapid decline in muscle mass, and
structural muscle alterations. However, multiple factors related
to stroke accelerate functional disabilities and decrease muscle
mass that causes stroke-related sarcopenia.

In stroke, brain lesions cause various neurological deficits and
functional impairments. The US National Longitudinal Health
and Retirement Study confirmed the findings of previous studies
that stroke is the most frequent cause of functional impairment
(5). Approximately 50% of patients are disabled, and 30% of
the remaining patients are unable to walk (1, 6). Swallowing
difficulties are present in 30–50% of patients after stroke, leading
to malnutrition (4, 7, 8).

Brain lesions also activate the systemic catabolic pathway.
Muscle structural changes develop within hours after stroke,
followed by a rapid reduction in muscle mass. As early as 3 weeks
after stroke, a significant decrease inmusclemass can be observed
(9). Within 1 year after stroke, up to 3% of the lean mass of the
paretic limb is lost (10) and within 6–12 months after stroke, a
decrease in the muscle volume of the paretic limb of up to 24%
has been observed (11).

Furthermore, stroke-related sarcopenia may accelerate these
disadvantages and the massive burden in all areas, such as
delaying the poststroke rehabilitation period, worsening the
patients’ functional recovery (3), lengthening the hospital stay,
and increasing economic burden (4, 12). Thus, strategies
to prevent the development of sarcopenia after stroke
are important.

To improve the functions of patients with stroke, various
rehabilitation interventions have been implemented (13, 14).
Previously recommended, management of stroke-related
sarcopenia should include rehabilitation intervention and
nutritional support. Recent review studies have emphasized
the consumption of branched-chain amino acids (BCAAs)
by sarcopenic patients (15). BCAAs are essential amino acids
that induce a muscle protein anabolic response and stimulate
muscle mass growth (16). It could also resolve malnutrition
after stroke. However, few studies have investigated the BCAA
supplementation and stroke-related sarcopenia.

As neurological recovery after stroke does not follow
a linear but a logarithm pattern (13), early appropriate,
multiple rehabilitation interventions are important formaximum
functional improvement after stroke (14). We hypothesized that
consuming BCAAs after stroke could prevent rapid muscle loss

after stroke and lead to functional improvement during the
important neurological recovery periods.

The aim of this study was to investigate the effect of BCAA
supplementation on sarcopenia after stroke. We also evaluated
the effect of BCAA on functional improvement during the
intensive rehabilitation period after stroke.

MATERIALS AND METHODS

Participants
Patients with subacute stroke who had stroke-related disabilities
and needed intensive rehabilitation intervention were registered.
The following patients were included:

(1) Those with subacute stroke within 3 months after stroke.
(2) Those with stroke-related disabilities (> 3 mRS, which

correlate moderate disability).
(3) Those with neurologically stable condition, without reattack

and reinfarction-related stroke.
(4) Those who were medically stable and able to receive

intensive rehabilitation therapy (>3 h/day).

The following patients were excluded:

(1) Those with chronic kidney disease (> CKD stage 2, which
represent kidney damage with mild loss of kidney function).

(2) Those with elevated blood urea nitrogen (BUN) levels (over
the normal range: 6–20 mg/dl).

(3) Those with elevated creatine (Cr) levels (over the normal
range: 0.5–1.2 mg/dl).

(4) Those with uncontrolled infectious status, which needs
antibiotic therapy and unstable vital sign (high temperature
over 37.8◦C, and lower or elevated heart rate, and pulse).

The study group was prospectively enrolled for ingesting BCAAs
between January 2021 and June 2021; since the BCAAs were
supplied through the nutrition support team during feeding time,
this study could not be blinded with respect to the administration
of the BCAAs. Patients whose age and stroke lesions were similar
to those in the study group were enrolled in the control group
through a retrospective medical record review between 2019 and
2020; those for whom dual-energy X-ray absorptiometry (DEXA)
had not been performed were also excluded. This is a non-
randomized, non-blinded as well as age, sex, and stroke lesion-
matched comparative study. All patients were selected from the
department of a rehabilitation unit in a single hospital and treated
with the same intensive routine rehabilitation therapy for stroke.
The study protocol was approved by the institutional review
board of our hospital (DC21RISI0014).

Interventions
Patients in the study group were given 30 g of Seniup R©

(Enterogenomics Co., Daejeon, Korea) dietary supplement
powder containing 6 g of BCAAs (2,976mg of L-leucine,
1,512mg of L-isoleucine, and 1,512mg of L-valine) to be taken
twice a day for 1 month. These BCAAs were provided by the
nutrition team during feeding time. If the patient was fed through
an enteral tube due to swallowing difficulty, the BCAAs were
administered via the L-tube after being mixed with water. If the
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patient was prescribed a therapeutic diet, such as a thickener
with water, the BCAAs were administered by mixing them
with water and the thickener. The patients’ target calories were
calculated regularly by the nutritional support team according to
the patients’ condition and feeding materials in our institution.
Because patients were received intensive rehabilitation therapy,
their required energy was calculated using the Harris-Benedict
equation (HBE), which was equal to 110% of the estimated
amount of basal energy expenditure (BEE). Thus, each patient
was provided almost 30 kcal/kg per day.

All patients in the study group and the control group were
treated with a personalized, routine intensive inpatient poststroke
rehabilitation therapy (17, 18), which included physiotherapy,
occupational therapy, swallowing therapy, speech therapy,
and modality. The patients also received regular functional
evaluations every month during the intensive rehabilitation
treatment period.

Evaluations
Sarcopenia Evaluation
The sarcopenia status was assessed using handgrip strength and
DEXA. Handgrip strength is a reliable and simple marker of
muscle strength of the upper extremities (19). The highest test
reliability for the unaffected side handgrip test was obtained when
the mean of 3 measurements was used (20). DEXA is a standard
tool for measuring muscle mass and is the most frequently used
instrument for the assessment of body composition in patients
with stroke (21). The skeletal muscle index (SMI) was defined as
appendicular lean mass as assessed by DEXA divided by height
in meters squared.

Unfortunately, the cutoff values for stroke-related sarcopenia
have not yet been established; thus, we used the values of the
definition of sarcopenia for Asian patients according to the Asian
Working Group for Sarcopenia (15). Low muscle strength was
defined as a handgrip strength <28 kg for men and <18 kg for
women. The criteria for poor physical performance were a 6-
m walk speed of <1.0 m/s and a height-adjusted muscle mass
of <7.0 kg/m2 in men and <5.4 kg/m2 in women according
to DEXA. Gait speed is an important diagnostic criterion for
sarcopenia; however, the applicability of the assessment of gait
speed is limited in patients with stroke. The short physical
performance battery t(SPPBT) is another well-established scale
for assessing physical performance and functions in sarcopenia
(22). However, the SPPBT could not be administered in this
study because most of the enrolled patients could not stand
independently. Therefore, functional status was evaluated using
various functional evaluation tools developed and verified for
patients with stroke instead of the gait speed or SPPBT.

Functional Evaluation
We evaluated functional status related to stroke using the
Korean version of modified Barthel index (K-MBI), Berg balance
scale (BBS), functional ambulatory category (FAC), and manual
function test (MFT), which have been well-established for
patients with stroke. The K-MBI is used to assess performance
in 10 basic activities related to self-care and mobility, with a
score ranging from 0 to 100 and lower scores indicating greater

dependency (23). The BBS is used to evaluate a patient’s ability to
safely balance during a series of predetermined tasks. The score
ranges from 0 to 56; a score of 56 indicates functional balance
and a score below 45 indicates that the individual may be at
greater risk of falling (24). The FAC is a functional walking test
that evaluates ambulation ability. This 6-point scale determines
ambulation status by determining how much energy the patient
requires when walking, regardless of whether or not they use an
assistive device (25). The MFT measures gross and fine motor
dexterities in the upper extremities on a scale of 0 to 32, and its
reliability is considered excellent (26).

TABLE 1 | Demographic characteristics of patients in both groups.

Characteristic Study group

(n = 27)

Control group

(n = 27)

P-value

Age (years) 76.52 ± 7.71 75.93 ± 8.53 0.790

Gender (male/female) 14/13 14/13 0.409

NIHSS (score) 13.7 ± 9.1 15.1 ± 7.3 0.285

Diabetes (n, %) 13 (48.15) 15 (55.56) 0.514

Hypertension (n, %) 16 (59.26) 17(62.96) 0.306

Stroke type

Ischemic/hemorrhagic

15/12 15/12 0.903

Stroke lesion

Cortical/subcortical/brainstem

11/8/8 10/9/8 0.534

Stroke side

Right/left

15/12 14/13 0.627

Initial evaluations

Days from stroke

onset

(Initial evaluation, days)

48.10 ± 21.68 51.34 ± 23.71 0.679

Cognition–MMSE 7.29 ± 6.91 9.05 ± 7.41 0.627

Swallowing function

Non-oral feeding (n,

%)

10 (37.04) 8 (29.63) 0.094

Limited diet (n, %) 13 (48.15) 16 (59.26) 0.328

Regular diet (n, %) 4 (14.81) 3 (11.11) 0.771

Albumin 3.54 ± 0.41 3.41 ± 0.42 0.258

BMI (kg/m2) 19.51 ± 4.24 17.72 ±5.53 0.467

BMD −2.71 ± 1.09 −2.38 ± 1.28 0.309

Handgrip strength (kg) 12.13 ±5.72 13.40 ± 12.43 0.174

DEXA

SMI (kg/m2 ) 4.70 ± 0.66 4.73 ± 0.70 0.902

Est. VAT area 107.9 ± 46.76 103.59 ± 34.98 0.703

LBM

Affected upper

extremity (g)

1,511.08 ±3

25.73

1,609.74 ±

335.84

0.278

Intact upper extremity

(g)

1,595.53 ±

328.51

1,711.04 ±

330.64

0.204

Affected lower

extremity (g)

4,432.34 ±

860.63

4,724.41 ±

975.46

0.249

Intact lower extremity

(g)

4,494.71 ±

880.02

4,913.93 ±

983.88

0.105

Values are mean ± SD, or numbers. BMI, body mass index; BMD, bone mineral density;

DEXA, dual energy X-ray absorptiometry; SMI, skeletal muscle index; LBM, lean body

mass.
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TABLE 2 | Sarcopenia and functional evaluations before and after treatment within the group.

Parameters Study group Control group

Sarcopenic evaluations Pre-Tx Post-Tx P-value Pre-Tx Post-Tx P-value

Handgrip strength (kg) 12.13 ± 5.72 15.68 ± 6.22* 0.021 13.40 ± 12.43 15.19 ± 7.08 0.085

DEXA

SMI (kg/m2 ) 4.68 ± 0.66 4.79 ± 0.69* 0.023 4.73 ± 0.70 4.51 ± 0.74* 0.039

Est. VAT area 107.9 ± 46.76 108.41 ± 42.45 0.602 103.59 ± 34.98 104.85 ± 37.09 0.451

LBM

Affected upper extremity (g) 1,511.08 ± 325.73 1,518.37 ± 138.50* 0.037 1,609.74 ± 335.84 1,604.37 ± 362.78 0.901

Intact upper extremity (g) 1,595.53 ± 328.51 1,602.93 ± 308.72* 0.040 1,711.04 ± 330.64 1,736.22 ± 341.48 0.128

Affected lower extremity (g) 4,432.34 ± 860.63 4,462.43 ± 904.04* 0.001 4,724.41 ± 975.46 4,467.48 ± 409.12* <0.001

Intact lower extremity (g) 4,494.71 ± 880.02 4,559.30 ± 930.14 0.257 4,913.93 ± 983.88 4,607.52 ± 571.61* 0.004

Functional evaluations Pre-Tx Post-Tx P-value Pre-Tx Post-Tx P-value

Activities of daily living: K-MBI 27.19 ± 15.40 42.48 ± 20.42* <0.001 24.07 ± 13.61 37.33 ±17.52* <0.001

Balance and gait - BBS 9.45 ± 12.74 24.67 ± 16.67* <0.001 6.48 ± 5.94 16.89 ± 15.26* <0.001

Gait function- FAC 1.70 ± 0.91 3.26 ± 1.31* 0.021 1.48 ± 0.70 2.81 ± 1.30* 0.030

Upper ext. function - MFT 15.07 ± 7.21 20.85 ±6.31* <0.001 15.22 ± 7.78 19.15 ± 7.57* 0.041

Swallowing function -FDS 35.63 ± 15.30 23.26 ± 11.47* <0.001 39.85 ± 12.43 28.78 ± 14.35* <0.001

Swallowing function - PAS 5.67 ± 2.45 3.89 ± 2.40* 0.034 6.44 ±1.78 4.89 ± 1.97* 0.048

Feeding materials - DOSS 4.04 ± 1.74 5.22 ± 1.48* <0.001 3.04 ±1.65 4.63 ± 1.47* <0.001

Values are mean ± SD. DEXA, dual-energy X-ray absorptiometry; SMI, skeletal muscle index; LBM, lean body mass; K-MBI, Korean version of modified Barthel index; BBS, Berg

balance scale; FAC, functional ambulatory category; MFT, manual function test; FDS, functional dysphagia scale; PAS, penetration aspiration scale; DOSS, dysphagia outcome and

severity scale, *p < 0.05 according to paired t-test.

Swallowing function was evaluated using the functional
dysphagia scale (FDS) and penetration aspiration scale (PAS) (27)
based on the results of the video fluoroscopic swallowing study
(VFSS). The FDS (28) was developed to quantify the severity
of dysphagia; it correlates well with the American Speech-
Language-Hearing Association national outcome measurement
system criteria. The higher the score, the more severe the
dysphagia. The PAS evaluates airway invasions and has a
maximum score of 8 points. Scores are determined based on the
depth to which material passes into the airway and based on
whether material passes below the vocal fold and any effort to
make eject the material. The penetration category corresponds
to level 3 to 5 on the scale, and levels 6 to 8 According to the
results of the VFSS, the patients’ feeding methods were decided
as follows: non-oral feeding, limited diet, or normal regular diet.
Feeding status was presented as a dysphagia outcome and severity
scale (DOSS) (29). It consists of 7-point levels (1–7), with higher
scores indicating a normal diet. Level 1 indicates severe dysphagia
that patients could not be fed orally.

All evaluations, including sarcopenic and functional status,
were part of routine evaluations in the rehabilitation unit, thus,
they were measured in both the study and control groups every
month. Patients in the study group were evaluated before and
after 4 weeks of BCAA treatment. All assessments were done by
blinded therapists who were unaware of the study protocol.

Statistical Analysis
SPSS 24.0 (IBM Co., Armonk, NY, USA) for Windows was used
for statistical analysis. The Student’s t-test and the chi-square test

were used to compare the study and control groups. The paired
t-test was used to compare the treatment effects measured before
and 1 month after therapy in each group. Correlation analysis
between sarcopenia and functional status was assessed using
Pearson’s correlation coefficients. Univariate and multivariate
regression analyses were performed to determine which factors
affected poststroke sarcopenia. A p < 0.05 was considered
statistically significant. Since patients in the control group were
enrolled via a retrospective chart review, the sample size could
not be calculated before the study. Therefore, we have analyzed
the power calculation for changes in the SMI and functional
status between the two groups, and it showed a high effective
sample size (>80%).

RESULTS

All enrolled patients aged above 65 years and had experienced
a subacute stroke phase, within 3 months of the stroke onset.
In total, 54 patients were enrolled, with 27 patients from each
of the two groups. All patients were recruited from a single
rehabilitation unit and received the same rehabilitation therapy
except BCAA supplementation. Table 1 shows the demographic
characteristics of the patients in both groups. There was no
significant difference between the two groups in the initial
evaluations and demographic factors. According to the 2019
sarcopenia criteria, most of the enrolled patients already showed
decreased SMI on DEXA and decreased handgrip strength in the
baseline evaluation (15).
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FIGURE 1 | Changes in sarcopenic status between two groups. The changes of handgrip strength (A) and SMI (B). The study group improved significantly in terms of

handgrip strength (A) and SMI (B) than the control group. The changes of LBM on each extremity: affected lower extremity (C), intact lower extremity (D), affected

upper extremity (E), and intact upper extremity (F). The LBM of the affected lower extremities of the control group was markedly, significantly decreased after

treatment (C), and the intact lower extremities also showed a decreased LBM (D). However, rather than decreasing, the LBM of the affected lower extremities of the

study group patients was slightly, significantly increased (C). *p < 0.05 according to independent t-test.
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FIGURE 2 | Changes in the functional status between two groups. Changes in the functional status between two groups: Activities of daily living using MBI (A), the

Berg balance scale (B), functional ambulation category (C), upper extremity function using the manual function test (D), swallowing function using the functional

dysphagia scale (E), and dysphagia outcome and severity scale (F). Both groups showed functional improvement over time; however, the improvement in the study

group was significantly greater than that in the control group. *p < 0.05 according to independent t-test.
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TABLE 3 | Pairwise correlations between function and sarcopenia status.

Two test Total Study group Control group

Pearson’s

correlation

coefficient

P-value Pearson’s

correlation

coefficient

P-value Pearson’s

correlation

coefficient

P-value

Initial SMI - 1 K-MBI 0.1986 0.150 0.279 0.159 0.104 0.604

Initial SMI- 1 BBS 0.0299 0.830 0.100 0.617 0.04 0.412

Initial SMI- 1 FAC 0.1974 0.153 0.235 0.238 0.165 0.835

Initial SMI- 1 MFT 0.1624 0.241 0.290 0.143 0.013 0.949

Initial SMI- 1 Grip strength 0.181 0.191 0.348 0.074 −0.023 0.908

Initial SMI- 1 FDS 0.0525 0.707 0.194 0.334 −0.178 0.374

Initial SMI- 1 PAS 0.0561 0.687 −0.031 0.879 0.141 0.483

Initial SMI - 1 DOSS 0.0124 0.902 0.228 0.264 −0.175 0.383

1SMI - 1 K-MBI 0.293* 0.032 0.265 0.182 0.296 0.134

1 SMI- 1 BBS 0.296* 0.030 0.461* 0.016 0.049 0.963

1 SMI- 1 FAC 0.305* 0.025 0.543* 0.003 0.010 0.807

1 SMI- 1 MFT 0.267 0.051 0.276 0.163 0.053 0.791

1 SMI- 1 Grip strength 0.278* 0.042 0.445* 0.020 −0.118 0.559

1 SMI- 1 FDS −0.160 0.250 −0.137 0.496 −0.166 0.409

1 SMI- 1 PAS −0.130 0.347 −0.204 0.307 0.022 0.915

1SMI - 1 DOSS −0.150 0.282 −0.093 0.641 −0.019 0.925

Values are mean ± SD. K-MBI, Korean version of the modified Barthel index; BBS, Berg balance scale; FAC, functional ambulatory category; MFT, manual function test; FDS, functional

dysphagia scale; PAS, penetration aspiration scale; DOSS, dysphagia outcome and severity scale; SMI, skeletal muscle index, *p < 0.05 by Pearson’s correlation coefficient.

Table 2 shows sarcopenia and functional evaluations before
and after treatment in each group. The study group showed
a slight increase in the handgrip strength and SMI after the
intervention, but it was statistically significant. However, in the
control group, SMI was slightly decreased. Both groups showed
significant improvement in functional evaluations. Figures 1, 2
compared the changes in sarcopenia and functional evaluations
between the two groups. After BCAA supplementation and
intensive rehabilitation therapy, the study group showed
significantly greater SMI than the control group, which
showed significantly decreased SMI after therapy (Table 2 and
Figure 1A).

The DEXA system obtained the LBM from each of the four
extremities (affected [hemiparetic side, weak] upper and lower
extremities and intact upper and lower extremities). Among
these, the affected (hemiparetic side) lower extremities in patients
in the control group demonstrated markedly, significantly
decreased LBM after conventional rehabilitation therapy. The
intact lower extremities also showed significantly decreased LBM.
In contrast, the LBM of the affected lower extremities of the study
group patients increased slightly but significantly (Table 2 and
Figure 1B).

Both groups exhibited functional improvement over time, but
the improvement in the study group was significantly greater
than that in the control group (Figure 2). Based on the FAC,
BBS, and K-MBI scores, 46% of patients in the study group and
37% of those in the control group were unable to walk due to
stroke at the initial evaluation and were able to walk again with
assistance after treatment (Table 2). Swallowing function also
improved over time according to the DOSS, FDS, and PAS. After

treatment, 59% of patients in the study group and 53% of those
in the control group who were initially fed via Levin tube could
feed orally (Table 2); however, this difference was not statistically
significant between the two groups (Figure 2).

Table 3 shows a pairwise correlation analysis between
sarcopenia and functional status. It shows a significant
relationship between changes in the SMI and improvements in
functional scores, especially ambulatory function, in the study
group (BBS; Pearson’s correlation coefficient: 0.461, p = 0.016,
FAC; Pearson’s correlation coefficient: 0.543, p = 0.003). The
initial SMI was not related to functional changes in either group.

Univariate regression analysis (Table 4) revealed that patients
in the study group with higher initial functional scores, higher
grip strengths, and higher improvements in functional scores
had significantly higher SMI after receiving both intensive
rehabilitation therapy and BCAA supplementation. Among all
enrolled patients between the study and control groups, an initial
higher functional score and better functional improvement were
also significantly related to SMI changes. Patients in the control
group did not show significant results in univariate analysis.

Multivariate regression analysis (Table 5) was used for
variables with a p < 0.05 in the univariate analysis, and the
variables were entered into the model selection procedure using
a backward stepwise process. According to the multivariate
analysis, a high initial MBI score and increased handgrip
strength were independent factors that predicted an increase
in the SMI score in the study group. Among all enrolled
patients, the initial BBS score and changes in the FAC score
were independent factors predicting an increase in the SMI
(Table 5).
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TABLE 4 | Univariate linear regression analysis related factors for changes in SMI (dependent variable: 1 SMI).

Variables Estimated Total Estimated Study group

95% CI R2 P-value 95% CI R2 P-value

Lower Upper Lower Upper

initial K-MBI 0.0056 0.003 0.010 0.080* 0.039 0.0110 0.004 0.018 0.274* 0.005

Initial BBS 0.0117 0.005 0.019 0.171* 0.002 0.0238 0.007 0.041 0.246* 0.009

Initial FAC 0.1233 0.031 0.216 0.122* 0.01 0.1994 0.053 0.346 0.240* 0.010

Initial MFT 0.0059 −0.005 0.017 0.023 0.274 0.0161 0.003 0.030 0.193* 0.022

Initial DOSS 0.0589 0.016 0.101 0.129* 0.008 0.0820 0.019 0.145 0.23* 0.012

Initial SMI −0.0167 −0.136 0.102 0.002 0.779 −0.0172 −0.186 0.152 0.002 0.836

Initial grip strength 0.0083 −0.005 0.021 0.031 0.203 0.0174 0.008 0.034 0.158* 0.040

1 K-MBI 0.0089 0.001 0.017 0.086* 0.032 0.0106 −0.005 0.026 0.070 0.182

1 BBS 0.0080 0.001 0.015 0.088* 0.030 0.0133 0.003 0.024 0.213* 0.016

1 FAC 0.0949 0.013 0.177 0.093* 0.025 0.1861 0.068 0.305 0.295* 0.003

1 MFT 0.0230 −0.001 0.046 0.071 0.051 0.0326 −0.014 0.079 0.076 0.163

1 FDS −0.0057 −0.015 0.004 0.026 0.248 −0.0068 −0.027 0.014 0.019 0.496

1 DOSS −0.0376 −0.107 0.032 0.022 0.282 −0.0226 −0.121 0.076 0.009 0.641

1 Grip strength 0.0301 0.001 0.059 0.077* 0.042 0.0694 0.012 0.127 0.198* 0.020

Values are mean ± SD. K-MBI, Korean version of modified Barthel index; BBS, Berg balance scale; FAC, functional ambulatory category; MFT, manual function test; FDS, functional

dysphagia scale; DOSS, dysphagia outcome and severity scale; SMI, skeletal muscle index; *p < 0.05 according to univariate linear regression analysis.

There were few complications during BCAA supplementation
and rehabilitation. A male patient who aged 65 years suffered
from acute renal failure; his creatine level increased from
0.9 to 2.1, and the BUN level increased from 27 to 64.
Another male patient who aged 79 years suffered from
rhabdomyolysis; he also had several medical problems such as
arterial fibrillation, diabetes, and anemia of chronic disease. The
BCAA supplementation was stopped in these patients, and their
conditions were restored. However, a direct relationship between
these complications and BCAA ingestion could not be verified.

DISCUSSION

This study aimed to evaluate the effect of BCAA supplementation
on stroke-related sarcopenia as well as the relationship between
BCAA supplementation and functional recovery. Our results
revealed that the study group improved significantly in terms
of SMI and functional status after BCAA supplementation and
intensive rehabilitation therapy than the control group. Recent
stroke rehabilitation studies have suggested that stroke recovery
does not follow a linear pattern; thus, maximal, multifactorial,
comprehensive therapy should be used to treat patients with
stroke during the critical recovery period (13, 14). We suggest
that BCAA supplementation would be a helpful adjuvant therapy
during the intensive stroke rehabilitation period for achieving
good functional outcomes.

Stroke-Related Sarcopenia: Possible
Mechanism and Prevention Strategies
After stroke, the brain lesion subsequently interrupts the
corticospinal and corticobulbar tracts, resulting in weakness
of the contralateral extremities and swallowing difficulty.

TABLE 5 | Multivariate linear regression analysis related factors for changes in

SMI.

Outcome/independent predictors 95% CI P-value Adjusted R2

lower Upper

1 SMI (Total patients)

Initial BBS 0.004 0.018 0.002 0.245

1 FAC 0.008 0.161 0.031

1 SMI (Study group)

Initial K-MBI 0.002 0.017 0.01 0.396

1 Grip strength 0.003 0.107 0.038

Values are mean ± SD. SMI, skeletal muscle index; BBS, Berg balance scale; FAC,

functional ambulatory category; K-MBI, Korean version of the modified Barthel index.

Impairment of physical activities is accompanied by structural
changes in skeletal muscle, resulting in disuse atrophy. Brain
lesions also cause systemic activation of catabolic pathways,
which are responsible for the apoptotic and proteolytic reactions
in the muscles (1). These complex, systemic metabolic changes
and the oxidative stress produced after stroke suppress protein
synthesis, resulting in poststroke sarcopenia and impairment in
brain recovery (8, 30). Additionally, the energy requirements of
patients increase after stroke during the intensive rehabilitation
period. Undernutrition and physical inactivity due to weakness
in patients with stroke have been significantly associated with
sarcopenia and poor clinical outcomes. In contrast, nutritional
support has been shown to strongly enhance the functional
outcomes of patients with stroke by preserving muscle and
fat masses (8, 31, 32). Furthermore, better physical functions
after stroke could shorten hospitalization stays and decrease the
patients’ economic burdens (12).
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“Rehabilitation nutrition,” presented by Wakabayashi (33),
is a concept combining both rehabilitation and nutrition care
management. This concept further improves outcomes in elderly
patients with stroke with malnutrition and sarcopenia. A variety
of nutritional supplements are available worldwide. Among
them, BCAAs provide necessary amino acids that cannot be
synthesized in the human body and are responsible for building
muscle mass; thus, BCAA intake would be an essential ingredient
for nutritional support. Furthermore, BCAAs could play an
important role in providing anti-inflammatory and anabolic
effects after stroke (32). Our results are consistent with previous
results showing that protein supplementation is significantly
associated with more favorable functional improvement and
prevents decreased skeletal muscle mass in patients with stroke
(32, 34). In addition, dysphagia after stroke causes malnutrition
and is associated with a poor prognosis (8). The BCAA powder
used in our study could be applied via a Levin tube if the patient
could not feed orally. Thus, the early detection of sarcopenia
after stroke and the combination of BCAA supplementation and
intensive rehabilitation can promote the restoration of muscle
mass and accelerate neurological recovery.

Effect of BCAA Supplementation on
Sarcopenic Status After Stroke
Compared with the control group, the SMI of the study
group significantly increased after BCAA supplementation and
intensive rehabilitation therapy. After stroke, brain lesions
activate the systemic catabolic pathway, and muscle structural
changes lead to a rapid reduction in muscle mass. Furthermore,
physical inactivity due to weakness and malnutrition caused by
dysphagia accelerate this muscle loss. Previous studies have also
demonstrated that muscle loss occurs over time after stroke.
Only 3 weeks after stroke, a significant decrease in muscle mass
was reported (10) and the lean mass of the paretic limb has
been shown to decrease up to 24% within 6–12 months of
stroke onset (11). Recently, it has been reported that up to
50% of older poststroke patients are diagnosed with sarcopenia
as defined by the Asian Working Group for Sarcopenia (15,
32). Another study revealed that the ipsilateral leg, which was
not affected by the brain lesion, also loses muscle mass (9).
Our results are consistent with these findings; we enrolled
patients within 3 months after stroke, and 89% of them already
showed a decreased SMI based on initial evaluations. In addition,
32% of the study group and 60% of the control group had
aggravated sarcopenia (decreased SMI scores) after stroke despite
undergoing rehabilitation treatment.

In contrast to previous studies, we evaluated SMI and LBM
for each of the four extremities (affected and intact upper and
lower extremities). Among these, the affected lower extremities
of the patients in the control group demonstrated a significantly
decreased LBM despite undergoing rehabilitation treatment.
The LBM decrease was more prominent in the weight-bearing
affected lower extremity muscles than in the non-weight-bearing
upper extremity muscles. In contrast, the LBM of the affected
lower extremities of the study group patients significantly
increased after the intervention. To our knowledge, this study is

the first to show the effect of BCAAs on preventing a decrease
in muscle mass in the affected lower extremities, particularly by
analyzing each of the extremities individually. Thus, proactive
management for preventing muscle mass loss, such as BCAA
supplementation, neuromuscular electrical stimulation, or other
intensive therapy, should be conducted after stroke.

BCAA Supplementation and Functional
Improvement
We provided 12 g of BCAAs per day for 1 month, which is
similar to the amount used in previous studies (35, 36). Previous
studies have demonstrated the pharmacological effects of BCAAs,
such as anti-inflammatory effects, improved liver cirrhosis,
and reduced incidence of heart failure with hypoalbuminemia
(32, 35, 37). This study was conducted on patients with
stroke who were admitted to rehabilitation centers; thus, if
the patients had abnormal laboratory findings, such as elevated
C-reactive protein, white blood cell count, or liver enzymes,
we managed them properly. Thus, we could not evaluate the
effect of BCAAs on inflammation or liver enzymes. However,
our results revealed that after controlling the inflammation and
laboratory abnormalities, BCAA supplementation could have
a positive effect on functional status in patients with stroke-
related sarcopenia.

In this study, we divided patients’ functions into various
domains, such as ambulation, activities of daily living, and
swallowing function. As mentioned earlier, both groups
improved functionally over time; when compared with the
control group, the study group improved significantly in
ambulation and activities of daily living. Correlation analysis
showed a significant correlation between improvement of
functional status and increased SMI. For patients in the study
group with higher initial functional scores, the univariate
regression analysis revealed a positive effect on sarcopenia after
stroke was achieved with BCAA supplementation. Our results
support the potential benefit of BCAA supplementation in
producing functional improvement through increasing SMI.

Study Limitations
This study has several limitations. We were unable to perform
a randomized control trial since the BCAAs were administered
during feeding time, and we did not use placebo drugs; thus,
this study could not be blinded in regard to the use of BCAAs.
Instead, we enrolled a control group whose age and stroke-
lesions were similar to those of the study group via meticulous
medical chart review, achieving a high effective sample size.
All patients were selected from a single rehabilitation unit and
received the same rehabilitation therapy. In addition, most
(∼89%) of enrolled patients were sarcopenic, but we could not
determine whether these patients had sarcopenia before stroke
onset or whether it had developed after stroke. Thus, we could
not evaluate the effect of sarcopenia on the stroke attack. Our
intervention period was only 1 month; thus, the SMI scores did
not dramatically change before and after treatment evaluation;
however, we observed greater functional status changes than with
the SMI. A randomized study with a longer intervention period
is needed to further validate these results.
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CONCLUSION

Our results showed a positive effect of BCAAs supplementation
on stroke-related sarcopenia. The patients in the study group
improved significantly in terms of SMI and functional status
after BCAAs supplementation and intensive rehabilitation
therapy than the control group. Stroke leads to complex
systemic metabolic changes; thus, loss of muscle mass and
malnutrition frequently occur after stroke. Besides, energy
requirements are increased in patients with stroke during
intensive rehabilitation period and malnutrition could affect
neurological recovery. Thus, proper strategies involving
rehabilitation interventions and nutritional support are
important for maximum functional improvement after
stroke. We suggest that BCAAs supplementation would
be a helpful, adjuvant therapy at a critical period of
poststroke neurological recovery during intensive stroke
rehabilitation intervention.
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Objective: To investigate the available evidence on early supported discharge (ESD) and

transitional care (TC) delivery service in patients with cerebrovascular disease.

Methods: A systematic literature search was conducted to collect all available evidence

on the use of ESD and TC services. We included cluster-randomized pragmatic trials

or randomized controlled trials (RCTs) that recruited patients with stroke or transient

ischemic attack to receive either conventional care or any care service intervention that

included rehabilitation or support provided by professional medical personnel with the

aim of accelerating and supporting home discharge. Relevant data were electronically

searched through international databases (Cochrane Library, EMBASE, and PubMed)

and incorporated into a summary grid to investigate research outcomes and provide

a narrative synthesis. Furthermore, we compared the outcomes in terms of length of

hospital stay, patient and caregiver outcomes, and mortality through meta-analysis.

Results: We identified and included a total of 20 publications of various original

randomized studies. There were 18 studies conducted in western countries and 2 in

eastern countries. Themeta-analysis revealed a tendency that ESD or TC could decrease

the length of hospital stay more than the usual care [standardized mean difference (SMD)

−0.13; 95% confidence interval (CI) −0.31 to 0.04 days; P = 0.14]. Moreover, there was

a tendency that ESD resulted in better activities of daily living (ADL) than usual care (SMD

0.29; 95% CI −0.04 to 0.61; P = 0.08). Patient outcome based on modified Rankin

scale (mRS) score (SMD −0.11; 95% CI −0.38 to 0.17; P = 0.45] and mortality (odds

ratio 0.80; 95% CI 0.56–1.17; P = 0.25) did not reveal any significant difference. The

Caregiver Strain Index revealed no difference.

Conclusion: We did not find a large effect size for the use of TC and ESD. When

implementing the TC and ESDmodel fromwestern to Asian countries, services should be

prepared and implemented in accordance with national medical rehabilitation pathways

for cerebrovascular disease.

Keywords: cerebrovascular disease, continuity of patient care, transitional care, rehabilitation, early supported

discharge (ESD)
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INTRODUCTION

In national stroke guidelines of the USA (1), Canada (2), and
Scotland (3), early supported discharge (ESD) is recommended
as a rehabilitation strategy for post-acute care. In the UK,
ESD is part of the stroke care system, and the target group,
purpose, scope, and method of ESD are specified in the
manuals (4, 5). Langhorne et al. reported that an ESD
service comprising a multi-disciplinary team reduced long-term
functional dependence and readmission in stroke patients and
significantly shortened the length of hospital stay compared
with the previous service (6). In particular, the total average
length of hospital stay was reduced to 6 days, and the incidence
of negative outcomes, such as death or readmission, was
reduced by ∼5%. No significant differences were noted in the
results reported in previous studies; however, the cost of the
ESD program was 15–23% lower than that of conventional
treatment (6).

In the USA, transitional care (TC) services are provided
for various acute diseases (7). TC in the USA must satisfy
the following three criteria: contact with the patient within 2
days of discharge, face-to-face follow-up interview/evaluation
within 7 or 14 days of discharge depending on the severity of
the disease, and non-face-to-face care service according to the
patient’s needs.

However, in a recent survey on TC including 40 hospitals in
North Carolina, only 31.7% of the hospitals satisfied the above-
mentioned three criteria of TC (8). Duncan et al. analyzed the
effects of nationwide systematic TC in the USA; however, the
effects were uncertain (9). The Cochrane review categorized
several stages of ESD from full service with mobile rehab team to
some minimal counseling before discharge (6). We thought that
both ESD and TC could be in the same category of post-acute
care (PAC) of stroke with a wide range of spectrum.

In Korea, as the number of cerebrovascular disease patients
is increasing due to population aging, efforts are being made to
provide standardized acute treatments by developing guidelines
for stroke treatment, implementing quality evaluation control by
the Health Insurance Review Assessment Service, and opening 14
regional cardio-cerebrovascular centers nationwide. As a result,
the mortality rate of acute stroke is decreasing. However, unlike
cardiovascular disease, stroke causes neurological disorder.
Therefore, the number of stroke survivors who have disabilities
after initial treatment and require care in hospitals, facilities,
and communities has increased. Accordingly, the medical
cost for rehabilitation and management after acute stroke
treatment is also increasing. Therefore, there is a need for
a continuous management model based on disability and
patient characteristics after acute stroke treatment. Studies must
focus on developing and standardizing continuous TC and a
management model according to the triage for post-stroke care
and analyze the effects and hindrance factors of the model in
clinical settings.

Therefore, this aimed to investigate the effects of ESD and
TC programs on mortality, readmission rate, length of hospital
stay, and function through a systematic literature review and
meta-analysis of existing and most recent data.

MATERIALS AND METHODS

Data Searches and Sources
A literature search was conducted using databases, including
PubMed, EMBASE, and the Cochrane Library. For an extensive
literature search, only the participants (P) and intervention (I)
were considered, and searches were conducted using keywords,
such as “stroke,” “transient ischemic attack (TIA),” “early
supported discharge,” “transitional care,” and “rehabilitation.”
The databases and search formulas used in each database are
presented in Table 1.

Study Selection
The key question was selected according to a discussion about
previous studies and expert opinion. The key question was “Can
transitional care, including early supported discharge (ESD),
have an impact on functional outcomes, readmission, mortality,
and length of hospital stay after acute cerebrovascular accident?”
Table 2 describes the detailed strategies for study inclusion,
including population, intervention/comparator, outcomes, time,
setting, and design (PICOTS-SD). We included randomized
pragmatic trials (RPTs) or randomized controlled trials (RCTs)
that recruited patients with stroke or transient ischemic attack to
receive either conventional care or any care service intervention,
wherein rehabilitation or support was provided by professional
medical personnel with the aim of accelerating and supporting
home discharge. The RPT provides a real-world assessment
of a new care model vs. the usual care. It did not include
a control group but a usual care group was examined (9).
The outcome parameters for effectiveness included functional
status, readmission rate, mortality, and caregiver burden. We
selected studies published after 1997, given that there were
significant changes in the PAC of stroke patients, such as ESD
implementation in London and UK.

Literature Screening Strategy
All the articles searched on each database were merged, and
articles that were searched multiple times were removed.
Thereafter, the title and abstract of the studies were reviewed
to exclude irrelevant studies. If no decision could be made
based on the title and abstract, the full text was systematically
reviewed and analyzed. The literature review and analysis were
conducted by the main researcher and another researcher
with experience as an occupational therapist. Data were
extracted by choosing necessary items from the list of
available data in the selected articles. Two or more researchers
independently extracted the data, and disagreements were
settled through discussion. The main data that were extracted
included study characteristics (study design, country, period,
and patient inclusion criteria), patient characteristics (number of
participants, disease classification, interventions for intervention
and control groups, and location), and clinical outcomes.
Each variable is described in the Supplementary Table 1. TC
interventions were divided into two types: type I for interventions
performed by medical staff, including doctors and nurses,
excluding visiting rehabilitation; and type II for interventions
that included visiting rehabilitation. This was a modified version
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TABLE 1 | Search strategy according to the searching engine and queries.

No Search queries Results

(2020.7.7)

PubMed #1 “Cerebrovascular Disorders”[Mesh:NoExp] 46,358

#2 “Cerebrovascular Disorders”[TW] OR “Cerebrovascular Disorder”[TW] OR “Vascular Diseases, Intracranial”[TW] OR

“Intracranial Vascular Disease”[TW] OR “Intracranial Vascular Diseases”[TW] OR “Vascular Disease, Intracranial”[TW] OR

“Intracranial Vascular Disorders”[TW] OR “Intracranial Vascular Disorder”[TW] OR “Vascular Disorder, Intracranial”[TW] OR

“Vascular Disorders, Intracranial”[TW] OR “Cerebrovascular Diseases”[TW] OR “Cerebrovascular Disease”[TW] OR

“Disease, Cerebrovascular”[TW] OR “Diseases, Cerebrovascular”[TW] OR “Brain Vascular Disorders”[TW] OR “Brain

Vascular Disorder”[TW] OR “Vascular Disorder, Brain”[TW] OR “Vascular Disorders, Brain”[TW] OR “Cerebrovascular

Occlusion”[TW] OR “Cerebrovascular Occlusions”[TW] OR “Occlusion, Cerebrovascular”[TW] OR “Occlusions,

Cerebrovascular”[TW] OR “Cerebrovascular Insufficiency”[TW] OR “Cerebrovascular Insufficiencies”[TW] OR “Insufficiencies,

Cerebrovascular”[TW] OR “Insufficiency, Cerebrovascular”[TW]

63,453

#3 “Basal Ganglia Cerebrovascular Disease”[MeSH] 558

#4 “Basal Ganglia Cerebrovascular Disease”[TW] OR “Basal Ganglia Cerebrovascular Disease”[TW] OR “Vascular Diseases,

Basal Ganglia”[TW] OR “Vascular Disease, Basal Ganglia”[TW] OR “Basal Ganglia Vascular Disease”[TW] OR

“Cerebrovascular Disease, Basal Ganglia”[TW] OR “Lenticulostriate Vasculopathy”[TW] OR “Lenticulostriate

Vasculopathies”[TW] OR “Vasculopathies, Lenticulostriate”[TW] OR “Vasculopathy, Lenticulostriate”[TW] OR

“Lenticulostriate Vascular Diseases”[TW] OR “Lenticulostriate Vascular Disease”[TW] OR “Vascular Disease,

Lenticulostriate”[TW] OR “Vascular Diseases, Lenticulostriate”[TW] OR “Lenticulostriate Diseases, Vascular”[TW] OR

“Vascular Lenticulostriate Diseases”[TW]

272

#5 “Brain Ischemia”[Mesh] 108,434

#6 “Brain Ischemia”[TW] OR “Brain Ischemias”[TW] OR “Ischemia, Brain”[TW] OR “Ischemic encephalopathy”[TW] OR

“Encephalopathy, Ischemic”[TW] OR “Ischemic Encephalopathies”[TW] OR “Cerebral Ischemia”[TW] OR “Cerebral

Ischemias”[TW] OR “Ischemias, Cerebral”[TW] OR “Ischemia, Cerebral”[TW]

70,311

#7 “Cerebral Small Vessel Diseases”[Mesh] 7,467

#8 “Cerebral Small Vessel Diseases”[TW] OR “Cerebral Small Vessel Disease”[TW] OR “Cerebral Microangiopathies”[TW] OR

“Cerebral Microangiopathy”[TW] OR “Microangiopathies, Cerebral”[TW] OR “Microangiopathy, Cerebral”[TW]

2,019

#9 “Intracranial Arterial Diseases”[Mesh] 62,855

#10 “Intracranial Arterial Diseases”[TW] OR “Arterial Disease, Intracranial”[TW] OR “Intracranial Arterial Disease”[TW] OR

“Intracranial Arterial Disorders”[TW] OR “Arterial Disorder, Intracranial”[TW] OR “Arterial Disorders, Intracranial”[TW] OR

“Intracranial Arterial Disorder”[TW] OR “Arterial Diseases, Intracranial”[TW] OR “Brain Diseases, Arterial”[TW] OR “Arterial

Brain Disease”[TW] OR “Arterial Diseases, Brain”[TW] OR “Arterial Disease, Brain”[TW] OR “Brain Arterial Disease”[TW] OR

“Brain Arterial Diseases”[TW] OR “Brain Disorders, Arterial”[TW] OR “Arterial Brain Disorder”[TW] OR “Arterial Brain

Disorders”[TW] OR “Brain Disorder, Arterial”[TW] OR “Arterial Brain Diseases”[TW]

390

#11 “Intracranial Embolism and Thrombosis”[Mesh] 21,176

#12 “Intracranial Embolism and Thrombosis”[TW] OR “Cerebral Embolism and Thrombosis”[TW] OR “Brain Embolism and

Thrombosis”[TW] OR “Embolism and Thrombosis, Brain”[TW]

8,697

#13 “Intracranial Hemorrhages”[Mesh] 70,979

#14 “Intracranial Hemorrhages”[TW] OR “Hemorrhages, Intracranial”[TW] OR “Intracranial Hemorrhage”[TW] OR “Hemorrhage,

Intracranial”[TW] OR “Posterior Fossa Hemorrhage”[TW] OR “Hemorrhage, Posterior Fossa”[TW] OR “Hemorrhages,

Posterior Fossa”[TW] OR “Posterior Fossa Hemorrhages”[TW] OR “Brain Hemorrhage”[TW] OR “Brain Hemorrhages”[TW]

OR “Hemorrhage, Brain”[TW] OR “Hemorrhages, Brain”[TW]

16,875

#15 “Stroke”[Mesh] 134,064

#16 “Stroke”[TW] OR “Strokes”[TW] OR “Cerebrovascular Accident”[TW] OR “Cerebrovascular Accidents”[TW] OR “CVA”[TW]

OR “CVAs”[TW] OR “Cerebrovascular Apoplexy”[TW] OR “Apoplexy, Cerebrovascular”[TW] OR “Vascular Accident,

Brain”[TW] OR “Brain Vascular Accident”[TW] OR “Brain Vascular Accidents”[TW] OR “Vascular Accidents, Brain”[TW] OR

“Cerebrovascular Stroke”[TW] OR “Cerebrovascular Strokes”[TW] OR “Stroke, Cerebrovascular”[TW] OR “Strokes,

Cerebrovascular”[TW] OR “Apoplexy”[TW] OR “Cerebral Stroke”[TW] OR “Cerebral Strokes”[TW] OR “Stroke, Cerebral”[TW]

OR “Strokes, Cerebral”[TW] OR “Stroke, Acute”[TW] OR “Acute Stroke”[TW] OR “Acute Strokes”[TW] OR “Strokes,

Acute”[TW] OR “Cerebrovascular Accident, Acute”[TW] OR “Acute Cerebrovascular Accident”[TW] OR “Acute

Cerebrovascular Accidents”[TW] OR “Cerebrovascular Accidents, Acute”[TW]

306,011

#17 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 508,866

#18 “Aftercare”[Mesh] 191,753

#19 “Aftercare”[TW] OR “After Care”[TW] OR “After-Treatment”[TW] OR “After Treatment”[TW] OR “After-Treatments”[TW] OR

“Follow-Up Care”[TW] OR “Care, Follow-Up”[TW] OR “Cares, Follow-Up”[TW] OR “Follow Up Care”[TW] OR “Follow-Up

Cares”[TW] OR “Postabortion”[TW] OR “Postabortal Programs”[TW] OR “Postabortal Program”[TW] OR “Program,

Postabortal”[TW] OR “Programs, Postabortal”[TW]

189,166

#20 Ambulatory Care“[Mesh] 52,812

(Continued)
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TABLE 1 | Continued

No Search queries Results

(2020.7.7)

#21 Ambulatory Care”[TW] OR “Care, Ambulatory”[TW] OR “Outpatient Care”[TW] OR “Care, Outpatient”[TW] OR “Health

Services, Outpatient”[TW] OR “Health Service, Outpatient”[TW] OR “Outpatient Health Service”[TW] OR “Service,

Outpatient Health”[TW] OR “Outpatient Health Services”[TW] OR “Outpatient Services”[TW] OR “Outpatient Service”[TW]

OR “Service, Outpatient”[TW] OR “Services, Outpatient”[TW] OR “Services, Outpatient Health”[TW] OR “Urgent Care”[TW]

OR “Care, Urgent”[TW] OR “Cares, Urgent”[TW] OR “Urgent Cares”[TW] OR “Clinic Visits”[TW] OR “Clinic Visit”[TW] OR

“Visit, Clinic”[TW] OR “Visits, Clinic”[TW]

84,040

#22 Patient Discharge“[Mesh] 29,666

#23 Patient Discharge”[TW] OR “Discharge, Patient”[TW] OR “Discharges, Patient”[TW] OR “Patient Discharges”[TW] OR

“Discharge Planning”[TW] OR “Discharge Plannings”[TW] OR “Planning, Discharge”[TW] OR “Plannings, Discharge”[TW]

32,631

#24 Transitional Care“[Mesh] 751

#25 Transitional Care”[TW] OR “Care, Transitional”[TW] OR “Cares, Transitional”[TW] OR “Transitional Cares”[TW] OR “Transition

Care”[TW] OR “Transition Cares”[TW]

2,108

#26 Stroke Rehabilitation“[Mesh] 13,215

#27 Stroke Rehabilitation”[TW] OR “Rehabilitation, Stroke”[TW] 14,786

#28 Home Care Services“[Mesh] 47,203

#29 Home Care Services”[TW] OR “Home Care Service”[TW] OR “Service, Home Care”[TW] OR “Care Services, Home”[TW] OR

“Domiciliary Care”[TW] OR “Care, Domiciliary”[TW] OR “Services, Home Care”[TW] OR “Home Care”[TW] OR “Care,

Home”[TW]

52,283

#30 Progressive Patient Care“[Mesh] 1,202

#31 Progressive Patient Care”[TW] OR “Care, Progressive Patient”[TW] OR “Cares, Progressive Patient”[TW] OR “Patient Care,

Progressive”[TW] OR “Patient Cares, Progressive”[TW] OR “Progressive Patient Cares”[TW]

1,220

#31 #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 545,458

#32 #17 AND #32 28,121

#33 #32 Filters: Pragmatic Clinical Trial, Randomized Controlled Trial, from 1997 - 2020 3,524

Cochrane

library

#1 MeSH descriptor: “Cerebrovascular Disorders” this term only 1,425

#2 Cerebrovascular Disorders“:ti, ab, kw OR ”Cerebrovascular Disorder“:ti, ab, kw OR ”Vascular Diseases, Intracranial“:ti ,ab,

kw OR ”Intracranial Vascular Disease“:ti, ab, kw OR ”Intracranial Vascular Diseases“:ti, ab, kw OR ”Vascular Disease,

Intracranial“:ti, ab, kw OR ”Intracranial Vascular Disorders“:ti, ab, kw OR ”Intracranial Vascular Disorder“:ti, ab, kw OR

”Vascular Disorder, Intracranial“:ti, ab, kw OR ”Vascular Disorders, Intracranial“:ti, ab, kw OR ”Cerebrovascular Diseases“:ti,

ab, kw OR ”Cerebrovascular Disease“:ti, ab, kw OR ”Disease, Cerebrovascular“:ti, ab, kw OR ”Diseases,

Cerebrovascular“:ti, ab, kw OR ”Brain Vascular Disorders“:ti, ab, kw OR ”Brain Vascular Disorder“:ti, ab, kw OR ”Vascular

Disorder, Brain“:ti, ab, kw OR ”Vascular Disorders, Brain“:ti, ab, kw OR ”Cerebrovascular Occlusion“:ti, ab, kw OR

”Cerebrovascular Occlusions“:ti, ab, kw OR ”Occlusion, Cerebrovascular“:ti, ab, kw OR ”Occlusions, Cerebrovascular“:ti,

ab, kw OR ”Cerebrovascular Insufficiency“:ti, ab, kw OR ”Cerebrovascular Insufficiencies“:ti, ab, kw OR ”Insufficiencies,

Cerebrovascular“:ti, ab, kw OR ”Insufficiency, Cerebrovascular“:ti, ab, kw

4,373

#3 [mh ”Basal Ganglia Cerebrovascular Disease“] 28

#4 Basal Ganglia Cerebrovascular Disease”:ti, ab, kw OR “Basal Ganglia Cerebrovascular Disease”:ti, ab, kw OR “Vascular

Diseases, Basal Ganglia”:ti, ab, kw OR “Vascular Disease, Basal Ganglia”:ti, ab, kw OR “Basal Ganglia Vascular Disease”:ti,

ab, kw OR “Cerebrovascular Disease, Basal Ganglia”:ti, ab, kw OR “Lenticulostriate Vasculopathy”:ti, ab, kw OR

“Lenticulostriate Vasculopathies”:ti, ab, kw OR “Vasculopathies, Lenticulostriate”:ti, ab, kw OR “Vasculopathy,

Lenticulostriate”:ti, ab, kw OR “Lenticulostriate Vascular Diseases”:ti, ab, kw OR “Lenticulostriate Vascular Disease”:ti, ab,

kw OR “Vascular Disease, Lenticulostriate”:ti, ab, kw OR “Vascular Diseases, Lenticulostriate”:ti, ab, kw OR “Lenticulostriate

Diseases, Vascular”:ti, ab, kw OR “Vascular Lenticulostriate Diseases”:ti, ab, kw

10

#5 [mh “Brain Ischemia”] 3,534

#6 Brain Ischemia“:ti, ab, kw OR ”Brain Ischemias“:ti, ab, kw OR ”Ischemia, Brain“:ti, ab, kw OR ”Ischemic encephalopathy“:ti,

ab, kw OR ”Encephalopathy, Ischemic“:ti, ab, kw OR ”Ischemic Encephalopathies“:ti, ab, kw OR ”Cerebral Ischemia“:ti, ab,

kw OR ”Cerebral Ischemias“:ti, ab, kw OR ”Ischemias, Cerebral“:ti, ab, kw OR ”Ischemia, Cerebral“:ti, ab, kw

6,452

#7 [mh ”Cerebral Small Vessel Diseases“] 206

#8 Cerebral Small Vessel Diseases”:ti, ab, kw OR “Cerebral Small Vessel Disease”:ti, ab, kw OR “Cerebral

Microangiopathies”:ti, ab, kw OR “Cerebral Microangiopathy”:ti, ab, kw OR “Microangiopathies, Cerebral”:ti, ab, kw OR

“Microangiopathy, Cerebral”:ti, ab, kw

141

#9 [mh “Intracranial Arterial Diseases”] 1,140

(Continued)
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TABLE 1 | Continued

No Search queries Results

(2020.7.7)

#10 Intracranial Arterial Diseases“:ti, ab, kw OR ”Arterial Disease, Intracranial“:ti, ab, kw OR ”Intracranial Arterial Disease“:ti, ab,

kw OR ”Intracranial Arterial Disorders“:ti, ab, kw OR ”Arterial Disorder, Intracranial“:ti, ab, kw OR ”Arterial Disorders,

Intracranial“:ti, ab, kw OR ”Intracranial Arterial Disorder“:ti, ab, kw OR ”Arterial Diseases, Intracranial“:ti, ab, kw OR ”Brain

Diseases, Arterial“:ti, ab, kw OR ”Arterial Brain Disease“:ti, ab, kw OR ”Arterial Diseases, Brain“:ti, ab, kw OR ”Arterial

Disease, Brain“:ti, ab, kw OR ”Brain Arterial Disease“:ti, ab, kw OR ”Brain Arterial Diseases“:ti, ab, kw OR ”Brain Disorders,

Arterial“:ti, ab, kw OR ”Arterial Brain Disorder“:ti, ab, kw OR ”Arterial Brain Disorders“:ti, ab, kw OR ”Brain Disorder,

Arterial“:ti, ab, kw OR ”Arterial Brain Diseases“:ti, ab, kw

13

#11 [mh ”Intracranial Embolism and Thrombosis“] 308

#12 Intracranial Embolism and Thrombosis”:ti, ab, kw OR “Cerebral Embolism and Thrombosis”:ti, ab, kw OR “Brain Embolism

and Thrombosis”:ti, ab, kw OR “Embolism and Thrombosis, Brain”:ti, ab, kw

88

#13 [mh “Intracranial Hemorrhages”] 1,926

#14 Intracranial Hemorrhages“:ti, ab, kw OR ”Hemorrhages, Intracranial“:ti, ab, kw OR ”Intracranial Hemorrhage“:ti, ab, kw OR

”Hemorrhage, Intracranial“:ti, ab, kw OR ”Posterior Fossa Hemorrhage“:ti, ab, kw OR ”Hemorrhage, Posterior Fossa“:ti, ab,

kw OR ”Hemorrhages, Posterior Fossa“:ti, ab, kw OR ”Posterior Fossa Hemorrhages“:ti, ab, kw OR ”Brain Hemorrhage“:ti,

ab, kw OR ”Brain Hemorrhages“:ti, ab, kw OR ”Hemorrhage, Brain“:ti, ab, kw OR ”Hemorrhages, Brain“:ti, ab, kw

4,678

#15 [mh ”Stroke“] 9,502

#16 Stroke”:ti, ab, kw OR “Strokes”:ti, ab, kw OR “Cerebrovascular Accident”:ti, ab, kw OR “Cerebrovascular Accidents”:ti, ab,

kw OR “CVA”:ti, ab, kw OR “CVAs”:ti, ab, kw OR “Cerebrovascular Apoplexy”:ti, ab, kw OR “Apoplexy, Cerebrovascular”:ti,

ab, kw OR “Vascular Accident, Brain”:ti, ab, kw OR “Brain Vascular Accident”:ti, ab, kw OR “Brain Vascular Accidents”:ti,

ab, kw OR “Vascular Accidents, Brain”:ti, ab, kw OR “Cerebrovascular Stroke”:ti, ab, kw OR “Cerebrovascular Strokes”:ti,

ab, kw OR “Stroke, Cerebrovascular”:ti, ab, kw OR “Strokes, Cerebrovascular”:ti, ab, kw OR “Apoplexy”:ti, ab, kw OR

“Cerebral Stroke”:ti, ab, kw OR “Cerebral Strokes”:ti, ab, kw OR “Stroke, Cerebral”:ti, ab, kw OR “Strokes, Cerebral”:ti, ab,

kw OR “Stroke, Acute”:ti, ab, kw OR “Acute Stroke”:ti, ab, kw OR “Acute Strokes”:ti, ab, kw OR “Strokes, Acute”:ti, ab, kw

OR “Cerebrovascular Accident, Acute”:ti, ab, kw OR “Acute Cerebrovascular Accident”:ti, ab, kw OR “Acute

Cerebrovascular Accidents”:ti, ab, kw OR “Cerebrovascular Accidents, Acute”:ti, ab, kw

57,080

#17 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 64,896

#18 [mh “Aftercare”] 22,451

#19 Aftercare“:ti, ab, kw OR ”After Care“:ti, ab, kw OR ”After-Treatment“:ti, ab, kw OR ”After Treatment“:ti, ab, kw OR

”After-Treatments“:ti, ab, kw OR ”Follow-Up Care“:ti, ab, kw OR ”Care, Follow-Up“:ti, ab, kw OR ”Cares, Follow-Up“:ti, ab,

kw OR ”Follow Up Care“:ti, ab, kw OR ”Follow-Up Cares“:ti, ab, kw OR ”Postabortion“:ti, ab, kw OR ”Postabortal

Programs“:ti, ab, kw OR ”Postabortal Program“:ti, ab, kw OR ”Program, Postabortal“:ti, ab, kw OR ”Programs,

Postabortal“:ti, ab, kw

44,805

#20 [mh ”Ambulatory Care“] 3,605

#21 Ambulatory Care”:ti, ab, kw OR “Care, Ambulatory”:ti, ab, kw OR “Outpatient Care”:ti, ab, kw OR “Care, Outpatient”:ti, ab,

kw OR “Health Services, Outpatient”:ti, ab, kw OR “Health Service, Outpatient”:ti, ab, kw OR “Outpatient Health Service”:ti,

ab, kw OR “Service, Outpatient Health”:ti, ab, kw OR “Outpatient Health Services”:ti, ab, kw OR “Outpatient Services”:ti,

ab, kw OR “Outpatient Service”:ti, ab, kw OR “Service, Outpatient”:ti, ab, kw OR “Services, Outpatient”:ti, ab, kw OR

“Services, Outpatient Health”:ti, ab, kw OR “Urgent Care”:ti, ab, kw OR “Care, Urgent”:ti, ab, kw OR “Cares, Urgent”:ti, ab,

kw OR “Urgent Cares”:ti, ab, kw OR “Clinic Visits”:ti, ab, kw OR “Clinic Visit”:ti, ab, kw OR “Visit, Clinic”:ti, ab, kw OR

“Visits, Clinic”:ti, ab, kw

11,153

#22 [mh “Patient Discharge”] 1,444

#23 Patient Discharge“:ti, ab, kw OR ”Discharge, Patient“:ti, ab, kw OR ”Discharges, Patient“:ti, ab, kw OR ”Patient

Discharges“:ti, ab, kw OR ”Discharge Planning“:ti, ab, kw OR ”Discharge Plannings“:ti, ab, kw OR ”Planning, Discharge“:ti,

ab, kw OR ”Plannings, Discharge“:ti, ab, kw

2,325

#24 [mh ”Transitional Care“] 52

#25 Transitional Care”:ti, ab, kw OR “Care, Transitional”:ti, ab, kw OR “Cares, Transitional”:ti, ab, kw OR “Transitional Cares”:ti,

ab, kw OR “Transition Care”:ti, ab, kw OR “Transition Cares”:ti, ab, kw

428

#26 [mh “Stroke Rehabilitation”] 2,378

#27 Stroke Rehabilitation“:ti, ab, kw OR ”Rehabilitation, Stroke“:ti, ab, kw 3,807

#28 [mh ”Home Care Services“] 2,395

#29 Home Care Services”:ti, ab, kw OR “Home Care Service”:ti, ab, kw OR “Service, Home Care”:ti, ab, kw OR “Care Services,

Home”:ti, ab, kw OR “Domiciliary Care”:ti, ab, kw OR “Care, Domiciliary”:ti, ab, kw OR “Services, Home Care”:ti, ab, kw OR

“Home Care”:ti, ab, kw OR “Care, Home”:ti, ab, kw

5,461

#30 [mh “Progressive Patient Care”] 12

#31 Progressive Patient Care“:ti, ab, kw OR ”Care, Progressive Patient“:ti, ab, kw OR ”Cares, Progressive Patient“:ti, ab, kw OR

”Patient Care, Progressive“:ti, ab, kw OR ”Patient Cares, Progressive“:ti, ab, w OR ”Progressive Patient Cares":ti, ab, kw

16

(Continued)
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TABLE 1 | Continued

No Search queries Results

(2020.7.7)

#32 #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 84,278

#33 #17 AND #32 6,937

#34 Filters: 1997 - 2020 6676

EMBASE

(Elsevier)

#1 cerebrovascular disease’/de 63,413

#2 Cerebrovascular Disorders’:ti, ab, kw,de OR ’Cerebrovascular Disorder’:ti, ab, kw,de OR ’Vascular Diseases, Intracranial’:ti,

ab, kw,de OR ’Intracranial Vascular Disease’:ti, ab, kw,de OR ’Intracranial Vascular Diseases’:ti, ab, kw,de OR ’Vascular

Disease, Intracranial’:ti, ab, kw,de OR ’Intracranial Vascular Disorders’:ti, ab, kw,de OR ’Intracranial Vascular Disorder’:ti, ab,

kw,de OR ’Vascular Disorder, Intracranial’:ti, ab, kw,de OR ’Vascular Disorders, Intracranial’:ti, ab, kw,de OR

’Cerebrovascular Diseases’:ti, ab, kw,de OR ’Cerebrovascular Disease’:ti, ab, kw,de OR ’Disease, Cerebrovascular’:ti, ab,

kw,de OR ’Diseases, Cerebrovascular’:ti, ab, kw,de OR ’Brain Vascular Disorders’:ti, ab, kw,de OR ’Brain Vascular

Disorder’:ti, ab, kw,de OR ’Vascular Disorder, Brain’:ti, ab, kw,de OR ’Vascular Disorders, Brain’:ti, ab, kw,de OR

’Cerebrovascular Occlusion’:ti, ab, kw,de OR ’Cerebrovascular Occlusions’:ti, ab, kw,de OR ’Occlusion,

Cerebrovascular’:ti, ab, kw,de OR ’Occlusions, Cerebrovascular’:ti, ab, kw,de OR ’Cerebrovascular Insufficiency’:ti, ab,

kw,de OR ’Cerebrovascular Insufficiencies’:ti, ab, kw,de OR ’Insufficiencies, Cerebrovascular’:ti, ab, kw,de OR ’Insufficiency,

Cerebrovascular’:ti, ab, kw,de

89,473

#3 basal ganglion hemorrhage’/exp 771

#4 Basal Ganglia Cerebrovascular Disease’:ti, ab, kw,de OR ’Basal Ganglia Cerebrovascular Disease’:ti, ab, kw,de OR

’Vascular Diseases, Basal Ganglia’:ti, ab, kw,de OR ’Vascular Disease, Basal Ganglia’:ti, ab, kw,de OR ’Basal Ganglia

Vascular Disease’:ti, ab, kw,de OR ’Cerebrovascular Disease, Basal Ganglia’:ti, ab, kw,de OR ’Lenticulostriate

Vasculopathy’:ti, ab, kw,de OR ’Lenticulostriate Vasculopathies’:ti, ab, kw,de OR ’Vasculopathies, Lenticulostriate’:ti, ab,

kw,de OR ’Vasculopathy, Lenticulostriate’:ti, ab, kw,de OR ’Lenticulostriate Vascular Diseases’:ti, ab, kw,de OR

’Lenticulostriate Vascular Disease’:ti, ab, kw,de OR ’Vascular Disease, Lenticulostriate’:ti, ab, kw,de OR ’Vascular Diseases,

Lenticulostriate’:ti, ab, kw,de OR ’Lenticulostriate Diseases, Vascular’:ti, ab, kw,de OR ’Vascular Lenticulostriate

Diseases’:ti, ab, kw,de

108

#5 brain ischemia’/exp 186,618

#6 ’Brain Ischemia’:ti, ab, kw,de OR ’Brain Ischemias’:ti, ab, kw,de OR ’Ischemia, Brain’:ti, ab, kw,de OR ’Ischemic

Encephalopathy’:ti, ab, kw,de OR ’Encephalopathy, Ischemic’:ti, ab, kw,de OR ’Ischemic Encephalopathies’:ti, ab, kw,de

OR ’Cerebral Ischemia’:ti, ab, kw,de OR ’Cerebral Ischemias’:ti, ab, kw,de OR ’Ischemias, Cerebral’:ti, ab, kw,de OR

’Ischemia, Cerebral’:ti, ab, kw,de OR ’acute ischaemic stroke’:ti, ab, kw,de OR ’brain ischemia’:ti, ab, kw,de OR ’acute

ischemic stroke’:ti, ab, kw,de OR ’brain arterial insufficiency’:ti, ab, kw,de OR ’brain circulation disorder’:ti, ab, kw,de OR

’brain ischaemia’:ti, ab, kw,de OR ’cerebral blood circulation disorder’:ti, ab, kw,de OR ’cerebral blood flow disorder’:ti, ab,

kw,de OR ’cerebral circulation disorder’:ti, ab, kw,de OR ’cerebral circulatory disorder’:ti, ab, kw,de OR ’cerebral

ischaemia’:ti, ab, kw,de OR ’cerebral ischemia’:ti, ab, kw,de OR ’cerebrovascular circulation disorder’:ti, ab, kw,de OR

’cerebrovascular ischaemia’:ti, ab, kw,de OR ’cerebrovascular ischemia’:ti, ab, kw,de OR ’chronic ischaemic stroke’:ti, ab,

kw,de OR ’chronic ischemic stroke’:ti, ab, kw,de OR ’ischaemia cerebri’:ti, ab, kw,de OR ’ischaemic brain disease’:ti, ab,

kw,de OR ’ischaemic encephalopathy’:ti, ab, kw,de OR ’ischaemic stroke’:ti, ab, kw,de OR ’ischemia cerebri’:ti, ab, kw,de

OR ’ischemic brain disease’:ti, ab, kw,de OR ’ischemic encephalopathy’:ti, ab, kw,de OR ’ischemic stroke’:ti, ab, kw,de OR

’neural ischaemia’:ti, ab, kw,de OR ’neural ischemia’:ti, ab, kw,de

183,481

#7 cerebrovascular disease’/exp 733,323

#8 Cerebral Small Vessel Diseases’:ti, ab, kw,de OR ’Cerebral Small Vessel Disease’:ti, ab, kw,de OR ’Cerebral

Microangiopathies’:ti, ab, kw,de OR ’Cerebral Microangiopathy’:ti, ab, kw,de OR ’Microangiopathies, Cerebral’:ti, ab, kw,de

OR ’Microangiopathy, Cerebral’:ti, ab, kw,de OR ’cerebrovascular disease’:ti, ab, kw,de OR ’brain angiopathy’:ti, ab, kw,de

OR ’brain circulation failure’:ti, ab, kw,de OR ’brain vascular disease’:ti, ab, kw,de OR ’brain vasculopathy’:ti, ab, kw,de OR

’cerebral small vessel disease’:ti, ab, kw,de OR ’cerebral small vessel diseases’:ti, ab, kw,de OR ’cerebral vascular

disease’:ti, ab, kw,de OR ’cerebral vascular disorder’:ti, ab, kw,de OR ’cerebral vascular disturbance’:ti, ab, kw,de OR

’cerebral vascular lesion’:ti, ab, kw,de OR ’cerebral vasculopathy’:ti, ab, kw,de OR ’cerebrovascular damage’:ti, ab, kw,de

OR ’cerebrovascular disorder’:ti, ab, kw,de OR ’cerebrovascular disorders’:ti, ab, kw,de OR ’cerebrovascular lesion’:ti, ab,

kw,de OR ’cerebrovascular pathology’:ti, ab, kw,de OR ’cerebrovascular syndrome’:ti, ab, kw,de

87,618

#9 cerebral artery disease’/exp 5,201

#10 Intracranial Arterial Diseases’:ti, ab, kw,de OR ’Arterial Disease, Intracranial’:ti, ab, kw,de OR ’Intracranial Arterial Disease’:ti,

ab, kw,de OR ’Intracranial Arterial Disorders’:ti, ab, kw,de OR ’Arterial Disorder, Intracranial’:ti, ab, kw,de OR ’Arterial

Disorders, Intracranial’:ti, ab, kw,de OR ’Intracranial Arterial Disorder’:ti, ab, kw,de OR ’Arterial Diseases, Intracranial’:ti, ab,

kw,de OR ’Brain Diseases, Arterial’:ti, ab, kw,de OR ’Arterial Brain Disease’:ti, ab, kw,de OR ’Arterial Diseases, Brain’:ti, ab,

kw,de OR ’Arterial Disease, Brain’:ti, ab, kw,de OR ’Brain Arterial Disease’:ti, ab, kw,de OR ’Brain Arterial Diseases’:ti, ab,

kw,de OR ’Brain Disorders, Arterial’:ti, ab, kw,de OR ’Arterial Brain Disorder’:ti, ab, kw,de OR ’Arterial Brain Disorders’:ti,

ab, kw,de OR ’Brain Disorder, Arterial’:ti, ab, kw,de OR ’Arterial Brain Diseases’:ti, ab, kw,de

105

#11 thromboembolism’/exp 513,919

(Continued)
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TABLE 1 | Continued

No Search queries Results

(2020.7.7)

#12 Intracranial Embolism and Thrombosis’:ti, ab, kw,de OR ’Cerebral Embolism and Thrombosis’:ti, ab, kw,de OR ’Brain

Embolism and Thrombosis’:ti, ab, kw,de OR ’Embolism and Thrombosis, Brain’:ti, ab, kw,de

721

#13 brain hemorrhage’/exp 145,378

#14 Intracranial Hemorrhages’:ti, ab, kw,de OR ’Hemorrhages, Intracranial’:ti, ab, kw,de OR ’Intracranial Hemorrhage’:ti, ab,

kw,de OR ’Hemorrhage, Intracranial’:ti, ab, kw,de OR ’Posterior Fossa Hemorrhage’:ti, ab, kw,de OR ’Hemorrhage,

Posterior Fossa’:ti, ab, kw,de OR ’Hemorrhages, Posterior Fossa’:ti, ab, kw,de OR ’Posterior Fossa Hemorrhages’:ti, ab,

kw,de OR ’Brain Hemorrhage’:ti, ab, kw,de OR ’Brain Hemorrhages’:ti, ab, kw,de OR ’Hemorrhage, Brain’:ti, ab, kw,de OR

’Hemorrhages, Brain’:ti, ab, kw,de

109,963

#15 cerebrovascular accident’/exp 327,527

#16 Stroke’:ti, ab, kw,de OR ’Strokes’:ti, ab, kw,de OR ’Cerebrovascular Accident’:ti, ab, kw,de OR ’Cerebrovascular

Accidents’:ti, ab, kw,de OR ’CVA’:ti, ab, kw,de OR ’CVAs’:ti, ab, kw,de OR ’Cerebrovascular Apoplexy’:ti, ab, kw,de OR

’Apoplexy, Cerebrovascular’:ti, ab, kw,de OR ’Vascular Accident, Brain’:ti, ab, kw,de OR ’Brain Vascular Accident’:ti, ab,

kw,de OR ’Brain Vascular Accidents’:ti, ab, kw,de OR ’Vascular Accidents, Brain’:ti, ab, kw,de OR ’Cerebrovascular

Stroke’:ti, ab, kw,de OR ’Cerebrovascular Strokes’:ti, ab, kw,de OR ’Stroke, Cerebrovascular’:ti, ab, kw,de OR ’Strokes,

Cerebrovascular’:ti, ab, kw,de OR ’Apoplexy’:ti, ab, kw,de OR ’Cerebral Stroke’:ti, ab, kw,de OR ’Cerebral Strokes’:ti, ab,

kw,de OR ’Stroke, Cerebral’:ti, ab, kw,de OR ’Strokes, Cerebral’:ti, ab, kw,de OR ’Stroke, Acute’:ti, ab, kw,de OR ’Acute

Stroke’:ti, ab, kw,de OR ’Acute Strokes’:ti, ab, kw,de OR ’Strokes, Acute’:ti, ab, kw,de OR ’Cerebrovascular Accident,

Acute’:ti, ab, kw,de OR ’Acute Cerebrovascular Accident’:ti, ab, kw,de OR ’Acute Cerebrovascular Accidents’:ti, ab, kw,de

OR ’Cerebrovascular Accidents, Acute’:ti, ab, kw,de

513,283

#17 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 1,267,908

#18 aftercare’/exp 1,569,098

#19 Aftercare’:ti, ab, kw,de OR ’After Care’:ti, ab, kw,de OR ’After-Treatment’:ti, ab, kw,de OR ’After Treatment’:ti, ab, kw,de OR

’After-Treatments’:ti, ab, kw,de OR ’Follow-Up Care’:ti, ab, kw,de OR ’Care, Follow-Up’:ti, ab, kw,de OR ’Cares,

Follow-Up’:ti, ab, kw,de OR ’Follow Up Care’:ti, ab, kw,de OR ’Follow-Up Cares’:ti, ab, kw,de OR ’Postabortion’:ti, ab,

kw,de OR ’Postabortal Programs’:ti, ab, kw,de OR ’Postabortal Program’:ti, ab, kw,de OR ’Program, Postabortal’:ti, ab,

kw,de OR ’Programs, Postabortal’:ti, ab, kw,de

261,420

#20 ambulatory care’/exp 50,314

#21 Ambulatory Care’:ti, ab, kw,de OR ’Care, Ambulatory’:ti, ab, kw,de OR ’Outpatient Care’:ti, ab, kw,de OR ’Care,

Outpatient’:ti, ab, kw,de OR ’Health Services, Outpatient’:ti, ab, kw,de OR ’Health Service, Outpatient’:ti, ab, kw,de OR

’Outpatient Health Service’:ti, ab, kw,de OR ’Service, Outpatient Health’:ti, ab, kw,de OR ’Outpatient Health Services’:ti, ab,

kw,de OR ’Outpatient Services’:ti, ab, kw,de OR ’Outpatient Service’:ti, ab, kw,de OR ’Service, Outpatient’:ti, ab, kw,de OR

’Services, Outpatient’:ti, ab, kw,de OR ’Services, Outpatient Health’:ti, ab, kw,de OR ’Urgent Care’:ti, ab, kw,de OR ’Care,

Urgent’:ti, ab, kw,de OR ’Cares, Urgent’:ti, ab, kw,de OR ’Urgent Cares’:ti, ab, kw,de OR ’Clinic Visits’:ti, ab, kw,de OR

’Clinic Visit’:ti, ab, kw,de OR ’Visit, Clinic’:ti, ab, kw,de OR ’Visits, Clinic’:ti, ab, kw,de

105,250

#22 hospital discharge’/exp 124,630

#23 Patient Discharge’:ti, ab, kw,de OR ’Discharge, Patient’:ti, ab, kw,de OR ’Discharges, Patient’:ti, ab, kw,de OR ’Patient

Discharges’:ti, ab, kw,de OR ’Discharge Planning’:ti, ab, kw,de OR ’Discharge Plannings’:ti, ab, kw,de OR ’Planning,

Discharge’:ti, ab, kw,de OR ’Plannings, Discharge’:ti, ab, kw,de

8,399

#24 transitional care’/exp 2,855

#25 Transitional Care’:ti, ab, kw,de OR ’Care, Transitional’:ti, ab, kw,de OR ’Cares, Transitional’:ti, ab, kw,de OR ’Transitional

Cares’:ti, ab, kw,de OR ’Transition Care’:ti, ab, kw,de OR ’Transition Cares’:ti, ab, kw,de

4,427

#26 stroke rehabilitation’/exp 3,448

#27 Stroke Rehabilitation’:ti, ab, kw,de OR ’Rehabilitation, Stroke’:ti, ab, kw,de 8,316

#28 home care’/exp 75,309

#29 Home Care Services’:ti, ab, kw,de OR ’Home Care Service’:ti, ab, kw,de OR ’Service, Home Care’:ti, ab, kw,de OR ’Care

Services, Home’:ti, ab, kw,de OR ’Domiciliary Care’:ti, ab, kw,de OR ’Care, Domiciliary’:ti, ab, kw,de OR ’Services, Home

Care’:ti, ab, kw,de OR ’Home Care’:ti, ab, kw,de OR ’Care, Home’:ti, ab, kw,de

71,244

#30 progressive patient care’/exp 996

#31 Progressive Patient Care’:ti, ab, kw,de OR ’Care, Progressive Patient’:ti, ab, kw,de OR ’Cares, Progressive Patient’:ti, ab,

kw,de OR ’Patient Care, Progressive’:ti, ab, kw,de OR ’Patient Cares, Progressive’:ti, ab, kw,de OR ’Progressive Patient

Cares’:ti, ab, kw,de

1,079

#32 #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 2,059,138

#33 #17 AND #32 187,923

#34 #32 Filters: Randomized Controlled Trial, from 1997 - 2020 10,886
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TABLE 2 | Strategy for study inclusion.

Contents

Population Stroke or transient ischemic attack (TIA)

Intervention/

comparator

Transitional care or early supported discharge program

by hospital professionals/usual care

Outcomes ADL, mRS, death, Quality of life, readmission rate, total

length of hospital stay, care giver burden

Time ·Publication: after 1997

·Duration of study and follow up: no limitation

Setting –

Study design ·Randomized controlled clinical trial, RCT

·Randomized pragmatic controlled clinical trial, RPT

of the method used in the Cochrane review (6). The key search
terms related to “early supported discharge for stroke patients”
were used to search articles in international literature search
databases such as PubMed, Embase, and the Cochrane Library.
The total number of searched articles was 15,090, excluding
those that were searched multiple times. The search formulas
for each database are shown in the Table 1. In the 1st literature
selection process, the title of the studies was reviewed to assess
relevance. In the 2nd selection process, the abstract was reviewed
to assess relevance to key questions, and a total of 44 studies
were selected. Lastly, the main text of articles selected in the 2nd
selection process was reviewed according to the selection and
exclusion criteria. Finally, 20 articles (articles 1–20) were selected
for systematic literature review. In the meta-analysis process, the
subgroup study (n = 1) of other study and long-term (>5 years)
follow-up studies (n = 2) were excluded to reduce bias. Figure 1
illustrates a flowchart for selection of the articles included in this
systematic literature review. Articles 5, 12, and 19 were excluded
in the quantitative analysis process.

Quality Assessment of the Literature
The risk of bias (RoB) of the studies was assessed using
the Cochrane risk-of-bias tool. Two researchers independently
assessed the RoB of the selected studies, and disagreements were
settled through discussion to reach a consensus. The detailed
guidelines are described in Supplementary Table 2. RoB. If there
was insufficient information about the relevant items, the RoB
was evaluated as “uncertain (yellow).” If the RoB was small, it was
evaluated as “low (green).” We measured RoB for only 17 RCTs
excluding one RPT (article 9).

Statistical Analysis
Data were extracted in accordance with several categories,
including study characteristics (design, country, duration,
inclusion criteria), patient characteristics (numbers, disease
categories, type of intervention, age, the composition of
case and control group, place, duration of intervention, and
frequency), and clinical outcomes. If a quantitative measurement
was possible, we conducted a meta-analysis and confirmed
heterogeneity, or we described the data qualitatively. We used
the outcome value at the longest follow-up of each study.
Dichotomous outcomes are presented as relative risks with 95%

confidence intervals (CIs). Variance and heterogeneity among the
included studies were explored using forest plots and I2 statistics,
respectively. Data from each study were pooled using a fixed-
effects meta-analysis model for the analysis with I2 > 75% as
well as by the random-effects model. If statistical heterogeneity
was identified, meta-regression was conducted to explore the
covariance, which affects the random effects, and to confirm the
reason for heterogeneity. All statistical analyses were performed
using the Review Manager 5.3 software (RevMan 2014, The
Nordic Cochrane Centre, Copenhagen, Denmark).

RESULTS

Systematic Review
General Characteristics and Various Outcomes of

Included Studies

This literature review finally examined 20 articles, of which 19
were RCTs and 1 was an RPT. Regarding international location,
85% of the studies were conducted in Europe [Norway (10–15): 6,
Denmark (16–20): 5, Netherlands (21): 1, Sweden (22, 23): 2, UK
(24, 25): 2, Portugal (26): 1], 10% were conducted in Asia [China
(27): 1, Hong Kong (28): 1], and 5% were conducted in North
America [USA (9): 1]. For the intervention types, seven studies
provided type I intervention, whereas 13 studies provided type II
intervention. The greatest number of studies (38%) followed up
the participants for more than 12 months, whereas 33% and 28%
of the studies followed up the participants for 3–6months and<3
months, respectively. The publication year ranged from 1997 to
June 2020. The greatest number of studies was published in 2004
(four studies). Two studies were published in each of 2002, 2019,
and 2020, whereas one study was published each in 1997, 2000,
2001, 2003, 2005, 2009, 2011, 2014, 2015, 2016, and 2017. The
list of the selected studies and the characteristics of each study
are shown in Supplementary Table 3. The study design, study
country, and publication year were described in a reverse order.
The outcomes (measured values) of each study are summarized
in Supplementary Table 4.

Meta-Analysis
Patient Outcomes

Length of Hospital Stay
The length of hospital stay was reported in six studies. A meta-
analysis of the length of hospital stays using the fixed effect
model revealed significant heterogeneity among the studies (I2 =
59%); thus, the fixed effect model could not be used. In contrast,
analysis using a random-effects model revealed no significant
heterogeneity [standardized mean difference (SMD) = −0.13;
95% CI,−0.31 to 0.04; p= 0.14] (Figure 2).

Activities of Daily Living
The ADL score was reported in 10 studies. The tool used to
measure ADL (Barthel index, Modified Barthel index, Functional
independent measure) was different in each of the studies;
therefore, the scores were standardized and compared. First,
a meta-analysis of ADL using the fixed effect model led
to significant heterogeneity among studies (I2 = 90%; p <

0.000001). Thus, the fixed effect model could not be used. A
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FIGURE 1 | PRISMA flow sheet.
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FIGURE 2 | Comparison ESD care vs. usual care; outcome I: length of hospital stay.

FIGURE 3 | Comparison ESD care vs. usual care; outcome II: activities of daily living (ADL).

FIGURE 4 | Comparison ESD care vs. usual care; outcome III: modified Rankin scale (mRS).

meta-analysis of ADL using the random-effects model revealed
no significant heterogeneity among studies (SMD = 0.29; 95%
CI,−0.04 to−0.61; p= 0.08) (Figure 3).

mRS
The mRS score was reported in four studies. Analysis of the mRS
scores using the fixed effect model led to significant heterogeneity
among studies (I2 = 71%, p = 0.02). Thus, the fixed effect
model could not be used. A meta-analysis of mRS scores using
the random-effects model revealed no significant heterogeneity
among studies (SMD = −0.11; 95% CI, −0.38 to 0.17; p = 0.45)
(Figure 4).

Death
Death was reported in five studies. A meta-analysis of death
using the fixed effect model revealed no significant heterogeneity
among studies (I2 = 0%). Thus, the fixed effect model was used.
However, the effect size was not significant [odds ratio (OR) =
0.80; 95% CI, 0.56–1.17; p= 0.25] (Figure 5).

Caregiver Strain Index
Care burden was reported in five studies. A meta-analysis of
care burden using the fixed effect model led to significant
heterogeneity among studies (I2 = 76%). Thus, the fixed effect
model could not be used. A meta-analysis of care burden using
the random-effects model revealed no significant heterogeneity
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FIGURE 5 | Comparison ESD care vs. usual care; outcome IV: death.

FIGURE 6 | Comparison ESD care vs. usual care; outcome 5: Caregiver Strain Index (CSI).

among studies (SMD = −0.66; 95% CI, −1.93 to 0.61; p = 0.31)
(Figure 6).

RoB
There were some studies that revealed a high RoB in terms of
performance bias, detection bias, and attrition bias. In contrast,
the RoB was low for the selection bias and reporting bias.
In particular, most studies revealed high or unclear RoB in
performance bias (Figure 7).

Publication Bias
There was no evidence of funnel plot asymmetry for length of
hospital stay (Figure 8), ADL (Figure 9), mRS (Figure 10), and
death (Figure 11). For the CSI, it was impossible to examine
small study bias due to the small number of studies reporting
cardiac events.

DISCUSSION

In this study, we systematically reviewed articles on ESD to
assess the effects of ESD or TC on ADL, residual symptoms,
quality of life, mortality, length of hospital stay, and caregiver
burden. A total of 15,118 related studies were searched on three
databases. The titles and abstracts were analyzed, and studies
that were searched multiple times were excluded. Finally, this
systematic literature review examined 20 studies (19 RCTs and
1 RPT). Among these 20 studies, two studies that followed up
the participants for more than 5 years and a subgroup study

were excluded, and 17 studies were finally included in the
meta-analysis. In terms of location, 85, 10, and 5% of the 20
studies were conducted in Europe, Asia, and North America,
respectively, demonstrating that ESD is mainly limited to western
countries. However, recent studies on ESD have been reported in
China, suggesting that ESD programs are also being implemented
in Asian countries.

Hempler et al. conducted a systematic literature review of
studies on transition management in Germany. A total of
18 studies were included in the literature review; however,
there were no high-quality studies on standardized transition
management systems, and the literature review study suggested
that standardized discharge management services, including ESD
programs, are needed in Germany. This finding is consistent with
the results of our study, wherein studies conducted in Germany
were not included in the meta-analysis. However, countries other
than Germany are attempting various types of services, and
the services are also gradually being offered in Asian countries,
suggesting the need for these services in Korea. Unlike the
literature review study conducted in Germany (29), our study is
meaningful because two researchers independently selected and
evaluated the studies for meta-analysis.

In 2017, Langhorne et al. conducted a literature search
similar to our study and performed a systematic literature review
and meta-analysis of 17 RCTs that included 2,422 patients. In
that study, ESD reduced the length of hospital stay by ∼6
days and might have reduced long-term functional dependence.
In our study, there was a small number of cases in which
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FIGURE 7 | “Risk of bias” graph: review authors’ judgments about each risk of bias item presented as percentages across included studies. “Risk of bias” summary:

review authors’ judgments about each risk of bias item for each included study.

ESD led to significant differences in the outcomes. This may
be attributed to the homogeneous standard of interventions,
excluding patient-led, family-led, and tele-rehabilitation, unlike
those used in Cochrane’s study, which deliberately set a broad
criteria for interventions. Such differences led to exclusion of
various studies, which might have led to a reduced number
of cases in which ESD significantly improved the study
outcomes (6).

We observed no significant differences in ADL between
the TC methods, including ESD and conventional treatment.
However, several points must be considered in the interpretation
of this finding. As shown in the previous meta-analysis (6), ESD
was mainly provided to high-level performing stroke patients.
Thus, the ADL index included in our analysis might not
accurately reflect the ADL functional status of patients due to the
ceiling effects. Therefore, future studies must evaluate ADL using
indicators that can evaluate high-level functions.

This systematic literature review and meta-analysis is
meaningful because the most recent study (9) on TC has been

included, and the types of services provided included ESD and
TC in the literature search and selection.

However, this study also has several limitations. First, the
definition of the interventions was unclear in each study. Thus,
the type, duration, and period of intervention, and ESD team
members were not completely identical. Second, most studies
included in the meta-analysis were blinded to the assessor;
however, the study participants could not be blinded. Thus,
double-blinded studies could not be included. Third, pragmatic
trials reflect realistic medical settings and could be as scientifically
essential as an RCT, but it still needs a control group to be
able to demonstrate an effect of the intervention. Lastly, we
chose a particular set of trials relevant to the Republic of Korea.
Therefore, caution is needed when interpreting the results of this
study. We considered that TC programs should be a part of the
ESD service in our country.

This study systematically investigated the effects of ESD and
TC on medical use, function, mortality, and caregiver burden in
stroke patients. We did not find a large effect size for the use
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FIGURE 8 | Funnel plot of comparison: ESD care vs. usual care, outcome: length of hospital stay.

FIGURE 9 | Funnel plot of comparison: ESD care vs. usual care, outcome: activities of daily living (ADL).
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FIGURE 10 | Funnel plot of comparison: ESD care vs. usual care, outcome: modified Rankin scale (mRS).

FIGURE 11 | Funnel plot of comparison: ESD care vs. usual care, outcome: death.
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of TC and ESD. When implementing the TC and ESD model
from western to Asian countries, services should be prepared and
implemented in accordance with national medical rehabilitation
pathways for cerebrovascular disease.
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Background: Dysphagia is a common complication after stroke and is associated with

the development of pneumonia. This study aimed to summarize the relationship between

dysphagia and pneumonia in post-stroke patients.

Materials andMethods: Articles published up to November 2021 were searched in the

PubMed, Embase, Cochrane library, and Scopus databases. Studies that investigated

the development of pneumonia in acute stroke patients with and without dysphagia were

included. Themethodological quality of individual studies was evaluated using the Risk Of

Bias In Non-randomized Studies-of Interventions tool, and publication bias was evaluated

using a funnel plot and Egger’s test.

Results: Of 5,314 studies, five studies were included in the meta-analysis. The results

revealed that the incidence of pneumonia was significantly higher in the dysphagia group

than in the non-dysphagia group (OR 9.60; 95% CI 5.75–16.04; p < 0.0001; I2 = 78%).

There was no significant difference in the mortality rate between the two groups (OR

5.64; 95% CI 0.83–38.18; p = 0.08; I2 = 99%).

Conclusion: Dysphagia is a significant risk factor for pneumonia after stroke. The

early diagnosis and treatment of dysphagia in stroke patients are important to prevent

stroke-associated pneumonia.

Keywords: pneumonia, stroke, mortality, meta-analysis, dysphagia

INTRODUCTION

Stroke is one of the leading causes of disability and mortality worldwide (1, 2). The number of
stroke patients is gradually increasing around the world, leading to increases in healthcare costs
(3). Patients with stroke have various clinical conditions, including hemiparesis, loss of dexterity,
functional limitations, gait disturbance, cognitive impairment, dysarthria, spasticity, neglect, and
dysphagia (4).
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Dysphagia is a symptom characterized by difficulties in the
passage of food or liquid from the mouth through the pharynx,
esophagus, and stomach (5). The difficulty in swallowing can
occur in any of the four phases (i.e., oral preparatory, oral,
pharyngeal, and esophageal phases) (6). Dysphagia occurs in
∼3% of the general population, frequently affecting the elderly
and patients with cerebrovascular accidents (7). The prevalence
of dysphagia after stroke has been reported to be around 30–65%
(2, 8). Post-stroke dysphagia may show improvements during the
first week after stroke; however, it may also persist as a chronic
condition with many complications. The presence of dysphagia
in stroke patients may cause poor dietary intake, dehydration,
malnutrition, and pulmonary complications, which can lead to
poor prognosis (9).

Stroke-associated pneumonia is one of the most common
post-stroke infections with a prevalence of 14.3% (10). It affects
clinical outcomes and is associated with an increased risk of
prolonged hospital stay and poor recovery (11). Pneumonia is the
leading cause of death during the acute phase of stroke, with a
30-day mortality rate of 30% (12). Dysphagia is one of the most
significant risk factors in the development of pneumonia (2).
Aspiration pneumonia is defined as pneumonia with preexisting
risk factors accompanying demonstrated or suspected aspiration
(13). The presence of oropharyngeal aspiration is associated with
various clinical symptoms, including choking, coughing, or a
wet-sounding voice during or after eating (14). In addition,
it may occur without cough or airway protective responses,
making diagnosis more difficult (14). Patients with dysphagia
have a higher risk of aspiration, leading to an increased risk
of acquiring pneumonia. Previous animal models and human
clinical studies have shown that the primary cause of aspiration
pneumonia is silent aspiration (15). It has been reported that
stroke patients with dysphagia have a 3- to 11-fold increased
risk of acquiring pneumonia, and the prevalence of pneumonia
is higher among patients with dysphagia compared with those
without dysphagia (8).

Considering that both dysphagia and aspiration are highly
prevalent in stroke patients, clarifying the relationship between
dysphagia and pneumonia can contribute to the early detection
and better management of dysphagia in stroke patients.
Investigating the risk factors of pneumonia can help reduce post-
stroke infections and associated complications. The objective of
this systematic review and meta-analysis was to investigate and
summarize the effect of dysphagia on pneumonia and mortality
in patients with stroke.

METHODS

A systematic review of studies related to post-stroke dysphagia
and complications (pneumonia and mortality) in patients with
stroke was conducted.

Search Strategy
This meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (16). The protocol of this meta-analysis
was registered on INPALSY (International Platform of Registered

Systematic Review and Meta-analysis Protocols) with a
registration number of INPALSY2021110108. Relevant articles
were systematically searched using the PubMed, Embase,
Cochrane library, and Scopus databases up to November 2021.
The following keywords were used in the search: “deglutition
disorders,” “deglutition,” “dysphagia,” “swallowing,” “deglutition
pneumonia,” and “aspiration pneumonia.” Used search terms
and strategies are presented in Supplementary Appendix 1.

Study Selection
The eligibility criteria for this meta-analysis were based on the
Population. Intervention, Comparison, and Outcome (PICO)
framework (17). Using the PICO strategy, patients with acute
stroke were classified as the population, and patients with
and without dysphagia were classified as the intervention
and comparison groups, respectively. The main outcomes
of interest were the incidence of pneumonia and number
of deaths attributed to post-stroke dysphagia. The following
inclusion criteria were used for the selection of articles:
(1) acute stroke patients were recruited; (2) dysphagia was
diagnosed in the intervention group (dysphagia group) and
not diagnosed in the comparison group (control group);
(3) development of pneumonia or number of deaths were
evaluated in both groups. The exclusion criteria were as
follows: (1) studies not related to dysphagia, pneumonia, or
mortality; (2) reviews, case reports, commentaries, letters, and
animal studies; (3) study outcomes that were not reported
or insufficient. Two independent reviewers excluded articles
after reading the titles and abstracts (KCS and SYY), and full-
text assessments were conducted to reject those not fulfilling
the inclusion criteria. The reviewers attempted to resolve
any disagreement by consensus. If necessary, the opinion
of a third reviewer was taken into consideration to resolve
the disagreement.

Data Extraction
All data were extracted independently by two reviewers (SYY
and MCC) using a standard data collection form. Discrepancies
were resolved through consensus and discussion with another
reviewer (YJC) if necessary. The following data were recorded
using a table for each eligible article: (1) name of the first author;
(2) year of publication; (3) number of patients; (4) number of
diagnoses of dysphagia; (5) incidence of pneumonia and number
of deaths.

Quality Assessment
The methodological quality was assessed using the Risk Of
Bias In Non-randomized Studies-of Interventions (ROBINS-
I) tool for the included studies. The specific domains of
ROBINS-I are as follows: bias from confounding, bias
from the process of participant selection, bias due to
classification of interventions, bias due to deviations from
intended interventions, bias from missing data, bias from
measurement of outcomes, and bias from selection of
the reported results. Judgments of bias were expressed as
“low risk,” “high risk,” or “unclear risk.” Two reviewers
(SYY and MCC) independently assessed the risk of bias
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FIGURE 1 | PRISMA flow diagram.

in each domain. If there is any disagreement between the
two reviewers, discussion was continued until consensus
was achieved.

Statistical Analysis
All statistical analyses of the pooled data were performed
using RevMan 5.3 software (http://tech.cochrane.org/revman).
I2 statistics were used to assess heterogeneity between studies,
which measures the extent of inconsistency among the results.
I2 percentages of around 25, 50, 75% represent low, medium,
and high heterogeneity, respectively. Significant heterogeneity
was considered to be present if I2 ≥ 50%, and the random-
effects model was used for data analysis. The pooled data were
considered to be homogenous if I2 < 50%, and the fixed
effects model was used. The odds ratio (OR) was analyzed
to evaluate differences in outcome measures (development of
pneumonia and number of deaths) among patients with and
without dysphagia. The 95% confidence interval (CI) was used in
the analysis, and p < 0.05 was considered statistically significant.
A funnel plot and Egger’s test were also used to assess publication
bias with R version 4.1.2. The funnel plot was used to determine
the publication bias of individual studies based on the pooled
estimate. Egger’s test was used to determine whether the funnel
plot was symmetrical p < 0.05 indicated the possibility of
publication bias.

RESULTS

A total of 7,004 articles were identified using the search terms,
and 1,690 duplicates were removed. After reading the titles and
abstracts, 5,252 of the initially identified 5,314 articles that did
not meet the inclusion criteria were excluded. The remaining
62 articles were assessed for eligibility, and 56 articles were
excluded due to following reasons: 22 studies were reviews and
case reports, 11 studies did not involve stroke patients, 13 studies
did not report the prevalence of pneumonia for stroke patients
with dysphagia, and 10 studies had insufficient data. Finally,
five observational studies were included in this meta-analysis
(Figure 1). The incidence of pneumonia and mortality rate of
patients with dysphagia (intervention group) were compared
with those of patients without dysphagia (control group). The
characteristics of the included studies are summarized in Table 1.

Study Characteristics
In 2006, Kwon et al. (21) demonstrated that dysphagia was
associated with the development of pneumonia (OR 15.56; CI
3.8–63.1; p < 0.001), suggesting that patients with dysphagia
who aspirate were likely to have an increased risk of pneumonia.
Additionally, they reported that the incidence of pneumonia was
higher among patients with a higher National Institute of Health
Stroke Scale (NIHSS) score (OR 3.44; CI 1.2–9.8; p = 0.02),
possibly due to decreased consciousness or gastroesophageal
reflux in the supine or recumbent position.
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TABLE 1 | Characteristics of included studies.

No. References Number of patients

(dysphagia vs.

non-dysphagia)

Type of stroke Diagnosis of

dysphagia

Diagnosis of

pneumonia

Outcomes

1 Feng et al. (8) 660 vs. 610 Stroke patients

according to ICD-9

code (ischemic or

hemorrhagic)

Dysphagia was

diagnosed using

ICD-9 787.2.

Pneumonia was

diagnosed using

ICD-9-CM 507

(pneumonitis due to

solids and liquids).

Diagnosis of pneumonia,

risk of aspiration pneumonia

of stroke patients in the

dysphagia and

non-dysphagia groups after

1, 3, 5 years, and morality

risk after 1, 3, 5 years

2 Al-Khaled et al. (18) 3,083 vs. 9,193 Clinical presentation

and brain imaging

(cranial CT and MRI)

Dysphagia was

determined in cases of

deglutition, drooling,

absent swallow reflex,

cough or voice change

after swallowing,

reduced water control,

decreased oral

clearance, or

involuntary cough.

A combination of

clinical presentations,

radiologic signs

detected on chest

x-ray, and blood test

results (C-reactive

protein and

leukocytes).

Pneumonia rate and

mortality during

hospitalization and disability

defined as mRS ≥ 2 at

discharge and 3 months

after discharge

3 Brogan et al. (19) 312 vs. 224 Retrospective

medical record review

with a primary

diagnosis of “Stroke”

or “CVA”

Standard practice for

diagnosing a patient

with dysphagia was

used, including clinical

bedside evaluation of

swallowing. Specific

criteria for diagnosis

were not specified.

Not specified. Presence or absence of

respiratory infection,

mobility, incontinence, and

dysphagia at admission

4 Walter et al. (20) 69 vs. 167 Brain imaging (cranial

CT and MRI)

Clinical examination

and a water

swallowing test with

pulse oximetry were

performed. Severity of

dysphagia was scored

from 0 to 3.

Pneumonia was

diagnosed according

to the Center for

Disease Control and

Prevention criteria

based on clinical,

microbiological, and

chest x-ray findings.

Presence and severity of

dysphagia, pneumonia rate,

and NIHSS score

5 Kwon et al. (21) 96 vs. 190 Stroke occurred

within 4 days of

admission; others not

specified

Dysphagia was

diagnosed if positive

clinical signs were

accompanied by

pathologic findings

from additional water

swallowing or

pharyngeal sensation

tests.

Pneumonia was

diagnosed if a patient

had at least one of the

following: (1)

auscultatory

respiratory crackles

and fever (≥37.7◦C in

the axillary area); (2)

radiographic evidence;

(3) new purulent

sputum, as mentioned

in the previous report.

Pneumonia rate, hospital

stay, mRS at discharge,

dysphagia, and NIHSS

score at admission

AIS, acute ischemic stroke; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale.

In 2007, Walter et al. (20) conducted a study on patients
with acute ischemic stroke to investigate various risk factors that
contribute to the development of stroke-associated pneumonia.
In the study, they reported that dysphagia was an independent
risk factor for stroke-associated pneumonia (OR 15.7; CI 5.6–
43.7; p < 0.001). A high NIHSS score (≥10) was also associated
with an increased risk of pneumonia in stroke patients (OR 2.9;
CI 1.0–8.2; p= 0.046).

A study in 2014 by Brogan et al. (19) showed that 17% of stroke
patients who had dysphagia were diagnosed with a respiratory

infection. Interestingly, the study reported that dysphagia was
not a significant independent predictor of respiratory infection
in multivariate analysis and suggested that full assistance with
mobility and incontinence were associated with respiratory
infection. Respiratory infection was observed frequently in
immobile and incontinent patients with an associated risk ratio of
6.5 and 3.2, respectively. The study concluded that the occurrence
of aspiration pneumonia was multifactorial.

In 2016, Al-Khaled et al. (18) showed that dysphagia was
independently associated with an increased risk of pneumonia
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(OR 3.4; 95%CI 2.8–4.2; p< 0.001) and case fatality (OR 2.8; 95%
CI 2.1–3.7; p< 0.001) during hospitalization. Dysphagia was also
associated with disability at discharge (OR 2.0; 95% CI 1.6–2.3; p
< 0.001). These effects continued for 3 months after discharge;
the mortality rate at 3 months after discharge was higher among
patients with dysphagia compared with those without dysphagia
(OR 3.2; 95% CI 2.4–4.2; p < 0.001), and there was a higher
likelihood of disability (OR 2.3; 95% CI 1.8–3.0; p < 0.001).

A study by Feng et al. (8) included 1,220 patients with acute
stroke (610 patients in the dysphagia group and 610 patients
in the non-dysphagia group). Patients in the dysphagia group
were followed for an average of 2.96 years, and patients in the
non-dysphagia group were followed for an average of 3.73 years.
The risk of aspiration pneumonia was significantly different
between the two groups within the first year (adjusted hazard
ratio (aHR) 4.69, 95% CI 2.83–7.77, p < 0.001), 3 years (aHR
3.49, 95% CI 2.43–5.01, p < 0.001), and 5 years (aHR 2.93, 95%
CI 2.15–3.99, p < 0.001) after the stroke episode. In addition,
the mortality risk was significantly different between the two
groups within the first year (aHR 1.90, 95% CI 1.45–2.49, p <

0.001), 3 years (aHR 1.93, 95% CI 1.60–2.32, p < 0.001), and 5
years (aHR 1.84, 95% CI 1.57–2.16, p < 0.001) after the stroke
episode. The study demonstrated the longitudinally relative risk
of aspiration pneumonia after stroke by comparing patients with
and without dysphagia.

Risk of Bias
The risk of bias was assessed using the ROBINS-I tool for
the included studies by two reviewers (SYY and MCC). All
studies had a low risk of bias in the domains of confounding,
participant selection, measurement of outcomes, and selection
of the reported results. In the domain of classification of
interventions, three studies had a low risk of bias, and two studies
had a high risk of bias. In the domain of deviations from intended
interventions, three studies had a low risk of bias, and two studies
had an unclear risk of bias. In the domain of missing data, four
studies had a low risk of bias, and one study had an unclear risk
of bias (Figure 2).

Results of Meta-Analysis
For the pooled analysis for incidence of pneumonia andmortality
rate, the random-effect model was used because the I2 values
were I2 ≥ 50%. The results of the meta-analysis revealed that
stroke patients in the dysphagia group had a significantly higher
incidence of pneumonia compared with that of patients in the
non-dysphagia group (OR 9.60; 95% CI 5.75–16.04; p < 0.0001;
I2 = 78%). There was no significant difference in the mortality
rate between the two groups (OR 5.64; 95% CI 0.83–38.18; p =

0.08; I2 = 99%) (Figure 3).

Publication Bias
Two reviewers (SKC and MCC) evaluated publication bias using
two different methods. A funnel plot and Egger’s test were
used to assess publication bias for studies related to pneumonia
and dysphagia. As there were only two studies on mortality
associated with dysphagia, the assessment of publication bias was
not applicable. The funnel plot appeared to be symmetrical on

FIGURE 2 | Risk of bias summary.

visual examination, and the results of Egger’s test did not reveal
significant publication bias (pneumonia, p= 0.314) (Figure 4).

DISCUSSION

This meta-analysis demonstrated the close relationship between
dysphagia and pneumonia, providing evidence for the increased
risk of pneumonia in patients who developed dysphagia after
stroke. Previous studies have reported that post-stroke dysphagia
results in poor nutritional status and aspiration pneumonia,
leading to prolonged hospital stay, poor functional capacity,
poor prognosis, and increased mortality (8, 22). This is the
first meta-analysis to demonstrate that dysphagia is significantly
associated with the development of pneumonia after stroke. The
results showed that the incidence of pneumonia was higher
among patients with dysphagia compared with those without
dysphagia. The mortality rate of patients with dysphagia was
not significantly higher compared with that of patients without
dysphagia after stroke.

The common signs and symptoms of dysphagia include
choking on food, coughing during and after eating, drooling,
effortful eating, and difficulties when swallowing (23). Post-
stroke dysphagia is associated with pharyngeal muscular
dysfunction and incoordination, second to central nervous
system loss of control. The development of dysphagia is caused by
a loss of neurological connectivity within the neural swallowing
network (24). The ability to swallow may be impaired because
of weakness or dysfunction of the oropharyngeal, laryngeal, and
esophageal musculatures (25). Impairment in the pharyngeal
phase of the swallowing process is usually associated with a risk
of aspiration, leading to aspiration pneumonia. The improper
movement of the bolus through the pharynx and around the
larynx contributes to increased aspiration risk (26).

Although the medical, social, and psychological effects of
dysphagia are significant, dysphagia is often poorly diagnosed
and managed (27). The early detection and proper management
of dysphagia, including adequate nutritional management
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FIGURE 3 | Forest plot of the incidence of pneumonia with or without post-stroke dysphagia. (A) Pneumonia. (B) Mortality.

FIGURE 4 | The funnel plot assesses publication bias in the included studies.

and successful swallowing rehabilitation, may help prevent
malnutrition and pneumonia in stroke patients (8, 11). Early
pneumonia prevention is essential to reduce serious respiratory
complications, such as respiratory failure, lung abscess, necrosis,
sepsis, and death after stroke (8, 28).

During the acute phase of stroke, the development of
pneumonia can be triggered by various factors. It has

been hypothesized that stroke-induced immunodeficiency may
promote bacterial infections, especially aspiration pneumonia
(29). A large number of stroke patients are known to be elderly
and immunocompromised (30). The complex relationship
between infection and inflammatory responses may exist
before and after stroke. A combination of brain-induced
immunosuppression, aspiration, and dysphagia may trigger
pneumonia in the acute phase after stroke (11). Dysphagia
is known as a predisposing factor of aspiration pneumonia
especially in elderly or patients with cognitive dysfunction
(31). Impaired swallowing function in elderly is associated with
physiologic decrement, including reduced tongue driving force,
impaired pharyngeal constriction, and pharyngeal shortening.
Patients with cognitive dysfunction also manifest dysfunctions in
oral phase and pharyngeal phase (32). As most stroke patients
were elderly, it may be possible that age and cognitive dysfunction
may have led to susceptibility for swallowing dysfunction and
post-stroke pneumonia.

Depending on the stroke severity, some patients are
dependent on others for care, and some of them may be
immobilized. Two studies included in this meta-analysis (20, 21).
also demonstrated that a high NIHSS score, which reflects stroke
severity, was associated with an increased risk of pneumonia.
Decreased mobility may contribute to decreased air entry and
impaired drainage of secretions from the lungs, which may
result in an increased risk of pneumonia (19). In addition, it
has been reported that the risk of aspiration may be high for
patients with dysphagia who have a nasogastric tube, which
can be associated with alterations in upper airway sensitivity,
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glottis injury, and laryngeal muscular dysfunction (21). These
findings may explain the close relationship between dysphagia
and pneumonia development after stroke.

The mortality rate of patients with dysphagia was not
significantly higher compared with that of patients without
dysphagia after stroke in this meta-analysis. It is possible that
other risk factors of ischemic stroke death, such as hypertension,
history of heart disease, consciousness disorders, hyperthermia,
hyperglycemia on admission, or urinary tract infection (33), may
contribute to the overall mortality rate of stroke patients.

A limitation of this meta-analysis is that the diagnostic
criteria were different across studies. Diagnoses of dysphagia and
aspiration pneumonia were made based on clinical symptoms
and signs and neurologic and physical assessment (8, 18–21).
The videofluoroscopic swallowing study is known as the gold
standard assessment tool for the diagnosis of dysphagia. The
actual incidence of dysphagia can be underestimated with only
clinical bedside assessments of swallowing, and the reliability
of diagnosis cannot be confirmed. Some studies included in
this meta-analysis were performed by retrospectively reviewing
medical records (8, 19); thus, the diagnosis of stroke, dysphagia,
and pneumonia may not be accurate. Retrospective chart
reviews rely on accurate reporting and are subject to errors
in documentation (19). Therefore, patients included in these
studies might not have been examined thoroughly to ensure
that they had dysphagia and aspiration pneumonia. In addition,
the relationship of pneumonia and dysphagia may not directly
reflect the medical causality and there may be a possibility of
false-positive statistical results of this meta-analysis.

CONCLUSION

In conclusion, dysphagia is a significant risk factor for
pneumonia after stroke. The early diagnosis and treatment

of dysphagia in stroke patients are important to prevent the
development of stroke-associated pneumonia. All stroke patients
with clinical signs of dysphagia should be thoroughly assessed for
dysphagia and should be provided with the appropriate treatment
options if necessary. This study is a first step in establishing the
evidence for the relationship between dysphagia and pneumonia
and demonstrating the benefits of appropriate management of
post-stroke dysphagia.
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Stroke is one of the leading causes of mortality and disability in Korea. Patients who

experience stroke require adequate management throughout the acute to subacute

and chronic stages. Many patients with long-term functional issues require rehabilitative

management even in the chronic stage. A comprehensive rehabilitation and care model

for patients who experience stroke is necessary to effectively manage their needs

during rehabilitation and allocate medical resources throughout the stages, thus ensuring

reduced unmet needs and improved post-stroke quality of life. In Korea, the government

and medical specialists are working on re-organizing the rehabilitation care model,

including standardized triage and discharge planning after acute stroke treatment, and

establishing systematic transitional and long-term rehabilitation care plans. This review

briefly introduces the general rehabilitation triage after acute stroke and describes the

current transitional and continuous care systems available for these patients in Korea.

We also present the issues faced in transitional and long-term care plans of the current

system and the efforts invested in resolving them and promoting long-term care in

stroke cases.

Keywords: stroke, rehabilitation, transitional care, long-term care, community health service, Korea

INTRODUCTION

Stroke is one of the leading causes of mortality and disability in Korea (1). According to a
recent executive summary of stroke statistics in Korea, the incidence of stroke is 232/100,000
persons/year. Mortality due to stroke is gradually decreasing due to early and adequate acute care;
nonetheless, stroke remains a public health concern because one in forty adults lives with stroke
(1). Approximately 30% of stroke survivors need assistance in their basic daily activities [modified
Rankin Scale (mrs) 3 to 5] 3 months after stroke onset; this disability leads to higher costs and
worse quality of life (2–4). On including patients who need assistance with their usual duties and
activities (mRS 2) or have any stroke-related symptoms (mRS 1), the proportion increases up to
74% (2). Therefore, an adequate individualized rehabilitation plan is mandatory for patients with
acute stroke to reduce long-term disabilities and socioeconomic burdens (5, 6). However, the time
window for the effect of rehabilitation on functional recovery is limited as survivors reach their
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functional plateau 6–12 months after stroke onset (7, 8).
Thereafter, they must adapt their lives according to
their disabilities.

Patients with stroke have long-term medical and functional
problems and need adequate care to address these problems.
For instance, patients with stroke in Korea may experience
worsening problems in multiple domains associated with health-
related quality of life (e.g., mobility, spasticity, pain, mood,
communication, cognition, and life after stroke) during follow-
up (9). In a recent systematic review of 19 studies on long-term
unmet needs after stroke, the median number of self-reported
unmet needs ranged from two to five in body functioning,
activities/participatory, and environmental domains according to
the International Classification of Functioning, Disability, and
Health (10), and on an average, 73.8% of the patients reported
at least one unmet need (11). Among service needs, unmet needs
for information, transport, home help/personal care, and therapy
were common (11). At 1 year after stroke, approximately 20%
of patients reported unmet needs for rehabilitation services (12).
Therefore, after patients with stroke are discharged from the
hospital, a transitional and long-term rehabilitation care plan is
required to reduce the worsening of various functional domains
and fulfill unmet needs to improve post-stroke health-related
quality of life.

Countries in the Asia-Pacific region have different
strategic plans and public health policies for secondary
prevention and rehabilitation after stroke (13). In Korea, the
regional cardiocerebrovascular center program consisting
of four subcenters in each regional center (cardiovascular,
cerebrovascular, rehabilitation, and preventive center) was
initiated by the Ministry of Health and Welfare (MOHW) of
South Korea to promote the nationwide quality of acute care for
patients with cardiovascular and cerebrovascular diseases since
2008 (14). A total of 14 regional cardiocerebrovascular centers
have been installed. The rehabilitation center provides early and
subacute rehabilitation after stroke and further triages patients
to transitional or long-term care programs after inpatient
rehabilitation. The Act on the Prevention and Management of
Cardio-Cerebrovascular Diseases has been enforced since 2017
to alleviate the personal suffering and social burden resulting
from cardiocerebrovascular diseases and promote patients’
quality of life (15). A comprehensive management plan for
cardiocerebrovascular disease from 2018 to 2022 has also been
developed by the MOHW. It includes the agenda to promote
appropriate and sufficient rehabilitation and continuous care
after stroke (16).

This review briefly introduces the general rehabilitation triage
after acute stroke in Korea and then describes the current
transitional and continuous care systems available for patients
with stroke in Korea. We also discuss the problems with
the Korean system and the efforts to address problems and
promote long-term care in stroke. By reviewing the current
protocol in the country, we can learn from each other how
to promote long-term care of stroke survivors and plan
clinical research to provide important evidence for stroke
care policy.

REHABILITATION AFTER ACUTE STROKE
AND TRIAGES

In a comprehensive stroke center or regional
cardiocerebrovascular center, stroke survivors are referred
to physiatrists during hospitalization to evaluate the functional
ability and rehabilitation needs. According to the initial
evaluation for rehabilitation, patients who need comprehensive
inpatient rehabilitation are usually transferred to a rehabilitation
center (Figure 1). If the patients are not fully recovered and
are not ready to be discharged to their homes after short-term
intensive inpatient rehabilitation, they are transferred to long-
term rehabilitation hospitals. If a patient has a mild impairment
and is neurologically and medically stable at the initial evaluation
after acute stroke, they can be discharged and can receive
outpatient rehabilitation as per need. According to a report from
the Korean Brain Rehabilitation Database from 2007 to 2011
(n = 5,212 patients from 46 hospitals), the transfer time to the
rehabilitation center after stroke onset and length of stay in
the rehabilitation center after transfer gradually decreased. The
transfer time after stroke onset and median length of hospital
stay during 2011 were 30 days and 28 days, respectively (17).
The median transfer time after stroke onset was shorter for
ischemic strokes (19 days) than for hemorrhagic strokes (35
days) (17). The Korean version of the modified Barthel index
gained 18 points during the inpatient rehabilitation period (17).
Based on the registry for 11 regional cardiocerebrovascular
centers from June 2014 to December 2017, among 17,862
patients with stroke referred for rehabilitation, 3,716 (20.8%)
patients were transferred to rehabilitation centers (18). The
mean transfer time after stroke onset and length of stay at
the rehabilitation center were 10.1 and 22.1 days respectively.
Approximately 36% of patients were discharged to home from
regional rehabilitation centers (18).

For acute stroke care quality control, the Health Insurance
Review and Assessment Service of Korea evaluated nine
indicators for care quality grading and fifteen indicators
for monitoring in 2018 (19). Among these indicators, there
are three rehabilitation-related indicators. The proportion of
early assessment for rehabilitation needs within 5 days after
admission due to acute stroke is one of the indicators
for quality grading; 98% of patients with acute stroke in
242 hospitals received early rehabilitation assessments in
2018. The proportion of patients who received the required
rehabilitation during admission among patients assessed as
needing rehabilitation in early assessment was 93.7%, and the
median number of days from admission to the provision
of rehabilitation service was three (19). These results were
obtained from the data in tertiary or general hospitals, and
it seems that there is a regional discrepancy in these clinical
indicators. Therefore, the comprehensive management plan for
cardiocerebrovascular disease from 2018 to 2022 in Korea
included an agenda to promote early assessments and services
for rehabilitation after acute stroke based on the regional and
primary cardiocerebrovascular centers (16).
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FIGURE 1 | Medical rehabilitation delivery system for patients with stroke.

TRANSITIONAL AND LONG-TERM
REHABILITATION CARE SYSTEM

Status of Medical Rehabilitation Providers
Institutions that provide inpatient rehabilitation services for
patients with stroke in Korea include tertiary and general
hospitals where the department of rehabilitation medicine is
established. These facilities also provide outpatient rehabilitation
services, while community-based rehabilitation is mainly
provided by public community healthcare centers and their
collaborators (20). Recently, there has been a shift in the focus of
rehabilitation for patients with stroke who have completed acute
treatment from acute care hospitals to transitional and long-term
care hospitals (LTCHs). In the past decade, the proportion
of inpatient rehabilitation services provided by LTCHs has
continued to increase. In comparison, outpatient rehabilitation
services are still provided by acute care hospitals, indicating poor
accessibility to rehabilitation for patients in the subacute and
chronic stroke phases (21).

In the last 10 years, from 2007 to 2017, the proportion of in-
patient rehabilitation services provided by the tertiary hospitals,
general hospitals, and other hospitals decreased from 14.8%,
25.3%, and 29.5% to 5.8%, 10.9%, and 28.8% respectively. While
the proportion of that provided by the LTCHs surged from 26.7
to 48.0%. For outpatient rehabilitation, the proportion provided
by the tertiary, general, and other hospitals increased, and the
proportion provided by LTCHs and primary clinics decreased.
This result shows that outpatient rehabilitation services for
patients with stroke are not yet institutionalized and enforced
in Korea (21).

There is no consensus on the hospitalization period for
rehabilitation delivery in Korea. The length of stay (LOS) for
patients with stroke tends to be longer in Korea than in other
countries. According to a study that used the Multicenter

Prospective Observation Study data, the mean LOS, including
rehabilitation from stroke onset to home discharge, was 115.6
days (median, 19.4 days) with a positively skewed distribution of
LOS (22). Another previous study also showed that themean LOS
of patients with stroke in Korea was 191.5 days (23).

Studies have reported LOS after stroke in Spain (64.1 days),
in the United States [16 days (acute inpatient rehab hospital),
28 days (skilled nursing facility)] (24, 25). Although a direct
comparison cannot be made, the mean LOS for patients with
stroke who were admitted to the rehabilitation wards was
16.8 days (the United States), 22.7 days (China), 24.3 days
(Taiwan), 30.8 days (Singapore), 41.7 days (Canada), 54.5–76.3
days (France) (26–31). In Japan, the mean LOS from the time of
stroke onset to the home discharge is more than 100 days, which
is similar to that of Korea (32).

In addition, there is a lack of service providers who provide
stroke rehabilitation services other than those provided in
inpatient facilities. The National Health Insurance (NHI) claims
data in Korea show that the ratio of inpatient rehabilitation
to outpatient rehabilitation or day-patient rehabilitation is
81:19, which means that the proportion of rehabilitation
services for patients with stroke in inpatient facilities is
overwhelmingly high (33).

Provision of Transitional Rehabilitation and
Chronic Long-Term Care Services
Transfer is based on the patient’s decision rather than
systematically transferring patients according to the post-onset
period or severity. Within the NHI system, patients can receive
specialized rehabilitation treatment for up to 2 h per day (1 h
for physical therapy and another 1 h for occupational therapy)
regardless of the type of medical institution for up to 2 years after
stroke onset. If the patient wants to receive stroke rehabilitation
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services in acute care hospitals, it is also possible to transfer from
an acute or subacute care unit to another acute care facility.
However, it is common to transfer the patient with stroke to a
rehabilitation facility after acute stroke care because if a patient’s
hospitalization period is longer than the period set for each
type of medical institution, the transfer is induced indirectly by
deducting the patient’s hospitalization fee.

While NHI recognizes the services provided by medical
institutions as benefits to patients with stroke, long-term care
insurance (LTCI) provides benefits such as physical activity
or housework support through home-based and institution-
based benefits, and special benefits in cash when patients with
stroke need to receive care from their family caregivers (34).
The LTCI, like NHI, is based on the social insurance system,
and the finances of LTCI operate separately from the NHI. To
be covered by LTCI, the patient has to be approved by the
LTCI eligibility assessment committee. The introduction of LTCI
reduced the burden of medical costs by rationalizing long-term
health care utilization (35).

The distribution of institutions that provide rehabilitation
services is uneven in Korea. Under such circumstances, a
system in which a patient with a stroke can flexibly choose
a rehabilitation facility has the advantage of receiving services
according to the distribution and characteristics of medical
resources in each region. The availability of a free selection
of medical institutions also has the advantage of reflecting the
preferences of medical consumers as much as possible.

Compared to general hospitals, LTCHs have less disincentive
for long-term hospitalization and lack community- or
home-based care and rehabilitation services after discharge.
As a result, the number of inpatients in long-term care
hospitals has increased steadily and tends to lead to
long-term hospitalization (36).

LTCHs are rehabilitation service providers for patients with
stroke. LTCHs have hospital beds to provide medical services for
patients who need long-term hospitalization and are classified
as hospitals along the same lines as general hospitals. LTCHs in
Korea are required to provide inpatient subacute care to patients
with geriatric diseases, chronic illnesses, and those who are
recovering from surgery or other injuries, including stroke (37).
Instead of a fee-for-service reimbursement method, which is a
general payment model for NHI in Korea, LTCHs are reimbursed
by the daily charge or per diem fee, depending on the physical
or cognitive impairment, severity of behavioral problems, and
functional status of patients with stroke. Some items, including
specialized rehabilitation treatment, can be paid according to the
fee-for-service method.

In Korea, LTCH resources only comprised 12,202 hospital
beds in 92 institutions in 2005 but increased about 20 times to
268,084 beds in 1,472 institutions in 2020 (38). Considering that
the total number of hospital beds in Korea has doubled over the
same period, the increase in the number of beds in LTCHs is
highly significant.

Community-based rehabilitation (CBR) has been
implemented to provide long-term care for community-dwelling
patients with disability (39). To support CBR, fourteen “Regional
Health and Medical Center for Persons with Disability” have

been established nationwide and the “Physician for the Disabled”
system (40). The specific program for long-term rehabilitative
care for stroke survivors has been provided under the CBR
program, to the legally registered persons with disabilities
and preliminary persons with disabilities, only for those
who voluntarily visited public health centers. Nevertheless,
generalized rehabilitation service in the community setting is yet
to be established.

Medical Rehabilitation Delivery System
Comprehensive rehabilitation services for patients with stroke
should be available along the continuum of care from the acute
stage to the subacute and chronic phases. In general, after
completing acute stroke treatment, medical staff, patients, and
family caregivers determine whether to discharge the patient
or transfer them to a comprehensive inpatient or outpatient
rehabilitation facility based on the availability and affordability
of informal or formal caregivers and the patient’s functional
status. When transferring a patient with stroke from a hospital
to a rehabilitation facility, the patient and family caregivers
must decide on the rehabilitation institution. However, there
is no comprehensive or standardized approach to implement
transition management protocols that consider patients’ severity
or medical needs during post-stroke rehabilitation in Korea.

If there is a discharge care team in an acute-stage medical
institution, patients with stroke and their families receive help in
transferring medical records and collecting hospital information.
However, since the establishment of a discharge care team is
not the duty of the medical institution, not all patients and
caregivers receive systematic and uniform information in the
triage scheme process.

For chronic stroke patients, researchers have made several
attempts to assess the long-term disabilities and rehabilitative
needs of the stroke patients (41, 42). However, there is no
standardized assessment method in long-term stroke survivors
supported by NHI or LTCI. Currently, the assessment of
disability and rehabilitative planning in long-term stroke
survivors are performed individually by the doctors.

CHALLENGES AND FUTURE
PERSPECTIVES

Considering the status of the service delivery system for
stroke rehabilitation in Korea described above, the problems of
transitional and long-term care rehabilitation are as follows. First,
there is still a lack of differentiation and designation of specialized
medical rehabilitation institutions that will be in charge of the
transitional phase and patient discharge. Second, patients are
hospitalized for a long time in LTCHs because of a lack of
outpatient rehabilitation services and home-based services in
the local community and a bias toward inpatient rehabilitation
treatment rather than outpatient services. Finally, the transfer
for post-stroke rehabilitation or discharge after acute stroke
treatment is not planned systematically.

The Korean government has undertaken three pilot projects
and plans outlined below (Figure 2) to solve this problem.
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FIGURE 2 | Model of the medical rehabilitation supply system [adopted from (21)].

Designation of Medical Rehabilitation
Institutions and Continuous Management
of Outcome Indicators
Since 2020, hospitals with a certain level of quality have been
designated as medical rehabilitation institutions so that intensive
rehabilitation treatment is possible during the functional
recovery period. A long-term care hospital can be designated
as a secondary hospital after the conversion. The plan is to
simultaneously increase the amount of rehabilitation treatment
provided and incentives for the fee in these designated hospitals
and recognize the fee related to discharge. In addition, pilot
projects related to rehabilitation and social return centered
on these medical rehabilitation institutions are planned. The
outcome is scheduled to be evaluated and re-designated every
3 years, and by 2025, the project is planned to expand these
resources to include 25,000 beds in 150 hospitals (43).

Activation of Outpatient Rehabilitation
Service, Development of Home-Based
Rehabilitation Service, and Designation of
a Physician for the Disabled
Since 2019, the “Physician for the Disabled” system that treats
patients with disabilities in the chronic phase, including stroke
survivors, has been implemented, and incentives for counseling
and treatment are provided to medical staff. After the COVID-
19 pandemic, the number of care plans has increased in the
pilot project for doctors who treat patients with disabilities.
Moreover, non-face-to-face patient management services have
been established and operated to facilitate home visitation.
Lastly, standardized assessments of long-term disability and
rehabilitative needs and planning of rehabilitative management

are warranted to reduce the burden of disability in survivors with
chronic stroke.

Operation of a Pilot Project to Establish a
Rehabilitation Delivery System
A pilot project was started in 2021 to comprehensively evaluate
the patient’s condition on discharge from a general hospital-level
medical institution to establish a system that enables a smooth
return to the local community through an appropriate discharge
plan. By designating representative tertiary hospitals, medical
rehabilitation institutions, and long-term care hospitals in 19
districts in Korea, the patient linkage process was operationalized
and service fees were determined for all processes such as
consultation, conferences, and education.

CONCLUSION

Stroke care and rehabilitation requires a well-organized
comprehensive model from acute stage to chronic stage
with a standardized delivery system and proper allocation
of medical resources. The current Korean medical practice
for stroke rehabilitation is focused on inpatient rehabilitation
and lacks the use of a systematic transitional care model
including standardized triage system and relay of patients from
acute inpatient rehabilitation to chronic community-based
rehabilitation. Further, insufficient long-term community
and outpatient rehabilitation resources contributes to unmet
needs during long-term rehabilitation and care for patients
with stroke. The Korean government and specialists are
trying to address these problems by establishing standardized
rehabilitation delivery system, developing and monitoring
the outcome indicators of rehabilitative management
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and developing pilot projects to promote outpatient or
community-based rehabilitation.
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Background: Early rehabilitation (ER) has been reported to be both safe and feasible

for patients’ post-stroke. To date, however, ER-related outcomes concerning patients

who have undergone mechanical thrombectomy (MT) have not been investigated. This

study aimed to determine the feasibility of ER and whether it improves prognosis in

such patients.

Methods: In this single-center, double-blinded, randomized controlled study

involving 103 patients who met the study criteria (i.e., has undergone MT),

we randomly divided patients (1:1) into ER and conventional rehabilitation

groups. The primary outcome was mortality, while secondary outcomes included

favorable outcomes (modified Rankin scale of 0–2), the incidence of non-fatal

complications, and Barthel Index (BI) scores. We assessed outcomes at 3 months and

1-year post-stroke.

Results: No significant between-group differences were found in terms of mortality

and favorable outcomes at 3 months and 1-year post-stroke. At 3 months, 15 (28.8%)

patients in the ER group and 29 (56.9%) in the conventional rehabilitation group

(p = 0.002) had non-fatal complications. The BI in the ER and conventional rehabilitation

groups was 100 (85–100) and 87.5 (60–100), respectively, (p = 0.007). At 1 year,

the incidence of non-fatal complications was similar between both groups [BI in the

ER group, 100 (90–100), p = 0.235; BI in the conventional rehabilitation group, 90

(63.8–100); p = 0.003].

Conclusion: Early rehabilitation (ER) reduces the incidence of early immobility-related

complications and effectively improves patients’ activities of daily living on a short- and

long-term basis. Our results indicate that MT contributes to ER in patients with stroke.

Clinical Trial Registration: www.chictr.org.cn, identifier: ChiCTR1900022665.

Keywords: ischemic stroke, early rehabilitation, mobilization, mechanical thrombectomy, safety, efficacy
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INTRODUCTION

Ischemic stroke accounts for 80% of cerebrovascular diseases,
and cerebral infarction due to large vessel occlusion has a
high fatality and disability rate. In total, 60–80% of patients
with ischemic stroke die, have functional dependence despite
alteplase treatment, or experience limited treatment efficacy
because of low recanalization rates (1–3). In recent years,
mechanical thrombectomy (MT) has been actively recommended
in randomized controlled trials as themost effective treatment for
acute ischemic stroke with large vessel occlusion (4–8). Despite
the significant decrease in the mortality of patients undergoing
MT, almost 50% present with varying degrees of neurological
dysfunction, requiring functional rehabilitation (4, 5).

Rehabilitation is the key treatment to obtain a good functional
prognosis in patients with stroke. Early rehabilitation (ER) is
recommended in international clinical management guidelines
for acute ischemic stroke (6, 7). Despite this, it still remains
controversial in practice (8, 9) due to insufficiently conclusive
clinical evidence. It has been reported that ER within 24 h of
stroke onset did not increase the odds of a favorable outcome, nor
did it have a negative effect on mortality rates (10–12). However,
it has been reported that ER can reduce the incidence of severe
complications, shorten the length of hospital stay for patients
with stroke, and improve their ability to perform activities of
daily living (13), all of which benefit patients in stroke care
units (14).

Early rehabilitation (ER) is unlikely to have an extremely
negative effect on stroke outcomes (15). Evidence suggests that
ER is feasible for patients admitted to intensive care units and
for those with cerebral hemorrhage to improve their functional
independence (16–18). At present, there is a lack of research on
ER interventions in patients with MT. Consequently, there is a
need to assess the safety and efficacy of ER in such patients. We
hypothesized that ER within 48 h after stroke onset was feasible
and that it would improve functional outcomes for patients with
MT at 3-month and 1-year follow-ups.

METHODS AND MATERIALS

Study Design and Patients
A prospective, single-center, randomized controlled study was
performed in two groups who were followed up at 3 months
and at 1 year with a blind outcome assessment. In total, we
enrolled 103 patients with MT who attended our institution
from April to September 2019. The study was registered with the
Chinese Clinical Trial Registry (Clinical Trial Registration No.
ChiCTR1900022665) and was approved by the Ethics Committee
of the Tianjin Huanhu Hospital. After patients had been assured
of their right to decline participation in our study or withdraw
from our study at any time, all participating patients signed an
informed consent form.

Abbreviations: BI, Barthel Index; CI, confidence interval; CRG, conventional
rehabilitation group; ER, Early rehabilitation; ERG, early rehabilitation group;
IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; mRS,
modified Rankin scale; MT, mechanical thrombectomy; OR, odds ratio; RR,
relative risk.

Inclusion criteria comprised of patients: (i) aged >18 years;
(ii) with a history of stroke with an accompanying neurological
deficit, confirmed using magnetic resonance imaging (MRI) or
computed tomography (CT) scans; (iii) able to undergo MT;
(iv) who had a modified Rankin scale (mRS) score <3 prior
to the occurrence of stroke; (v) who could understand and
execute therapy instructional programs; and (vi) who had no
contraindications in terms of commencing rehabilitation within
48 h post-stroke. Exclusion criteria comprised those: (i) unable to
undergo cooperative rehabilitation therapy due to severe aphasia,
unconsciousness, or cognitive deficits; (ii) with progressive stroke
[National Institute of Health Stroke Scale (NIHSS) score that
increased≥4 points 24 h postoperatively]; (iii) with postoperative
symptomatic intracranial hemorrhage or massive infarction with
midline shift; (iv) with unstable vital signs; (v) with other medical
conditions preventing early mobilization, such as severe heart
disease, fracture, or other disorders; and (vi) enrolled in another
intervention trial or those who declined to provide written
informed consent to participate in the study.

Enrolled patients were randomly assigned in a 1:1 manner
to an early rehabilitation group (ERG) and a conventional
rehabilitation group (CRG) according to a random computer-
generated code. Mortality, non-fatal complications, the number
of favorable outcomes (mRS, 0–2), and Barthel Index (BI) scores
were assessed at 3 months and at 1 year follow-up.

Intervention
The start time and the plans for rehabilitation intervention
differed between the two groups. The CRG group underwent
routine rehabilitation treatment only in the stroke unit.
Routine rehabilitation was initiated when a patient’s condition
was relatively stable ≥48 h post-stroke. Routine rehabilitation
activities included correct bed positioning, passive and active
mobilization in bed, sitting balanced-limb control activities,
and activities of daily living. Early out-of-bed mobilization and
routine rehabilitation training in the stroke care unit were
performed for patients in the ERG. The first out-of-bed activities
were started as soon as possible (within 48 h of stroke symptom
onset). The following out-of-bed activities were implemented
in the ERG: supported or unsupported sitting, transfer with or
without assistance, standing, and transfer of feet activities. This
group received out-of-bed mobilization therapy for a minimum
of 5–10min per session, with four sessions per day (depending on
the patient’s tolerance) for ≥4 days a week until discharge. Vital
signs were closely monitored during the out-of-bed procedures.
Both groups received routine rehabilitation for 30–40min daily
until discharge.

Routine monitoring was continued for the first 3 days. If
a patient’s vital signs were unstable or if neurological function
deteriorated during out-of-bed activities, then the patient was
laid flat on the bed and activities were immediately stopped. The
program was developed by specialized rehabilitation physicians,
while patient instructions and education were provided by
specialized rehabilitation therapists and nurses. The patients
were unaware of their grouping. The rehabilitation treatment
process was supervised by a rehabilitation therapist and a nurse
to minimize medical risks.
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Baseline Data
Baseline patient characteristics were collected, including age,
sex, risk factors for stroke (hypertension, diabetes mellitus,
cardiovascular disease, atrial fibrillation, cerebral infarction,
smoking, and alcohol consumption), the NIHSS score, pre-
morbid disability, and stroke type. Stroke severity was classified
as mild (NIHSS score, <8), moderate (NIHSS score, 8–16), or
severe (NIHSS score, >16) (19). The time to first mobilization,
total amount of mobilization, and time spent in hospital were
also recorded.

Outcomes
The primary outcome was the mortality rate. Secondary
outcomes included the number of patients with a favorable
outcome (mRS, 0–2), the incidence of non-fatal complications,
and the BI score. mRS usually ranges from 0 to 5, with a
score of 6 indicating death. We defined a favorable outcome
as an mRS of 0–2 (no/minimal disability) and poor outcomes
as an mRS between 3 and 6 (moderate or severe disability,
or death). Complications included immobility-related and
neurological complications. Immobility-related complications
included pneumonia, deep vein thrombosis, urinary tract
infection, pulmonary embolism, and neurological progressive
and recurrent stroke. Activities of daily living were measured
using the BI. BI scores ≥85 were defined as indicating mild
dependance or independence (20). Blinded evaluation of both
primary and secondary outcomes was undertaken by trained
research staff.

Statistical Analysis
We analyzed data concerning all patients who completed the
protocols and the follow-ups. Descriptive statistics were used
to analyze all baseline and clinical characteristics. A chi-square
test was used to compare differences in categorical variables, a
t-test was used to compare parametric continuous variables, and
a Mann-Whitney U test was used to compare non-parametric
continuous variables. Logistic regression analysis was used to
investigate whether the intervention influenced outcomes at
3 months and at 1 year (adjusted for age, premorbid mRS
score, and baseline NIHSS score). All analyses were performed
using Statistical Package for Social Science 20.0 (IBM SPSS,
Inc., Chicago, IL, USA) software. Statistical significance was set
at p < 0.05.

RESULTS

Between April 2019 and September 2019, 168 patients had
undergone MT evaluation, of whom 54 patients did not meet
the study inclusion criteria due to postoperative bleeding (n =

16), massive infarction with midline shift (n = 9), conscious
disturbances (n= 12), unstable vital signs (n= 9), severe aphasia
(n= 3), progressive stroke (n= 5), and limb disease (n= 2). Nine
patients declined to participate in the study. In total, 103 patients
were recruited (Figure 1).

The enrolled patients were randomly assigned into two
groups, namely, the ERG and the CRG (n = 52 and n =

51 patients, respectively). Baseline characteristics between the

FIGURE 1 | Study profile. ERG, early rehabilitation group; CRG, conventional

rehabilitation group.

groups were similar (Table 1). Patients in the ERG commenced
mobilization soon after randomization at amedian of 42 h (range,
20–48 h) after stroke onset, whereas mobilization in the CRG
commenced at a median of 101 h (range, 53–216 h) after stroke
onset. This particular between-group difference was significant (p
<0.001, Table 2). The time of first mobilization was earlier than
60 h for only two patients in the CRG. The average hospital stay
was 11 (range, 7–14) days for the ERG and 15 (9–19) days for the
CRG (p = 0.002, Table 2). The total duration of mobilization in
the ERG was 350 (225–480) min and 240 (150–330) min in the
CRG (p < 0.001, Table 2).

Mortality
None of the 52 patients in the ERG died (0%), and only 1 (2%)
of 51 patients in the CRG died due to progressive stroke that
occurred after 3 months (p = 0.997). Similarly, at the 1-year
follow-up, there were no deaths in the ERG and only 1 (2%) death
among 50 patients in the CRG due to recurrent stroke (p= 0.999,
Tables 3, 4).

mRS
Favorable outcomes did not differ significantly between the
two groups at the 3-month follow-up [odds ratio (OR) 1.941,
95% confidence interval (CI) 0.830–4.541; p = 0.126] or
at the 1-year follow-up (OR 2.018, 95% CI.771–5.283; p =

0.153). However, the percentage of patients with favorable
outcomes (mRS, 0–2) was higher in the ERG at the 3-month
follow-up (73.1 vs. 56.9%), and this difference between the
groups was maintained at the 1-year follow-up (82.7 vs. 66%,
Tables 3, 4). The assumption-free ordinal analysis showed a
significant difference between the groups across all mRS scores
(0–6, Figure 2).
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TABLE 1 | Baseline characteristics of enrolled patients.

ERG (n = 52) CRG (n = 51) P-value

Age (years) 58 (48–66.8) 62 (55–69) 0.077

≤65 37 (71.2) 34 (66.7) 0.247

>65 15 (28.8) 17 (33.3)

Sex, male 41 (78.8) 42 (82.4) 0.653

Stroke risk factors

Hypertension 29 (55.8) 36 (70.6) 0.119

Diabetes mellitus 9 (17.3) 13 (25.5) 0.311

Cardiovascular disease 9 (17.3) 11 (21.6) 0.626

Atrial fibrillation 6 (11.5) 7 (13.7) 0.738

Previous stroke or TIA 3 (5.8) 7 (13.7) 0.173

Smoking 35 (67.3) 32 (62.7) 0.682

Alcoholics 26 (50) 23 (45.1) 0.695

NIHSS score 10 (7.25–12.75) 12 (8–17) 0.123

0–7 13 (25) 11 (21.6)

8–16 28 (53.8) 26 (51)

>16 11 (21.2) 14 (27.4)

NIHSS score after MT 8 (5–10.75) 8 (6–12) 0.234

0–7 20 (38.5%) 19 (37.3)

8–16 28 (53.8%) 27 (52.9%)

>16 4 (7.7%) 5 (9.8%)

rtPA treatment (yes) 50 (96.2) 50 (98) 0.569

Pre-morbid mRS 0 (0–0) 0 (0–0) 0.677

0 49 (94.2) 47 (92.2)

1 3 (5.8) 4 (7.8)

2 0 (0) 0 (0)

Stroke type 0.311

anterior circulation infarct 43 (82.7) 38 (74.5)

posterior circulation infarct 9 (17.3) 13 (25.5)

IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; rtPA, tissue

plasminogen activator; TIA, transient ischemic attack; mRS, modified Rankin Scale.

Data are expressed as medians (IQR) and n (%).

TABLE 2 | Intervention summary and average days of hospitalization in both

groups.

ERG CRG P-value

Time to first mobilization (h) 42 (20–48) 101 (53–216) <0.001

Total amount of mobilization (min) 350 (225–480) 240 (150–330) <0.001

Days in hospital (d) 11 (7–14) 15 (9–19) 0.002

CRG, conventional rehabilitation group; d, days; ERG, early rehabilitation group; h, hours;

IQR, interquartile range; min, minutes.

Data are expressed as medians (IQR).

Non-fatal Complications
At the 3-month follow-up, there was a significant between-group
difference in the number of patients who experienced non-
fatal complications in the earlier period of their rehabilitation
treatment course. Non-fatal complications occurred in 15
(28.8%) patients in the ERG and in 29 (56.9%) patients in
the CRG (OR 3.740, 95% CI 1.604–8.718; p = 0.002, Table 3).
Immobility-related complications also significantly differed

TABLE 3 | Outcomes at 3-months.

ERG

(n = 52)

CRG

(n = 51)

OR (95% CI) P-value

Primary outcome

Mortality 0 (0) 1 (2) 0.997

Secondary outcomes

Favorable

outcome (mRS

0–2)

38 (73.1) 29 (56.9) 1.941 (0.830–4.541) 0.126

mRS category

0 19 (36.5) 11 (21.6)

1 15 (28.8) 14 (27.5)

2 4 (7.7) 4 (7.8)

3 12 (23.1) 10 (19.6)

4 1 (1.9) 8 (15.7)

5 1 (1.9) 3 (5.9)

6 0 (0) 1 (2.0)

Non-fatal

complications

15 (28.8) 29 (56.9) 3.740 (1.604–8.718) 0.002

Pulmonary

infection

8 (15.4) 18 (35.3) 2.701 (1.020–7.154) 0.046

Vein thrombus 2 (3.8) 8 (15.7) 5.488 (1.112–27.079) 0.037

Urinary infection 1 (1.9) 2 (3.9) 4.270 (0.259–70.421) 0.310

Recurrent stroke 2 (3.8) 5 (9.8) 3.144 (0.542–18.224) 0.201

Progressive stroke 0 (0) 1 (2) 0.997

Vascular occlusion 3 (5.8) 1 (2) 0.247 (0.022–2.827) 0.261

Other adverse

events

1 (1.9) 3 (5.9) 1.407 (0.103–19.138) 0.798

BI 100 (85–100) 85 (60–100) 0.924 (0.873–0.979) 0.007

≥85 43 (82.6) 27 (52.9) 4.055 (1.595–10.309) 0.003

BI, Barthel Index; CI, confidence interval; CRG, conventional rehabilitation group; ERG,

early rehabilitation group; IQR, interquartile range; mRS, modified Rankin Scale; RR,

relative risk.

Data are expressed as medians (IQR) and n (%).

All analyses are adjusted for the baseline National Institutes of Health Stroke Scale score,

age, and the premorbid mRS score.

between groups. An in-depth description of the development of
immobility-related and neurological complications is shown in
Table 3. At the 1-year follow-up, recurrent stroke complications
occurred in 3 (5.8%) and 7 (14%) patients in the ERG and CRG,
respectively (OR 2.421, 95%CI 0.563–10.422; p= 0.235,Table 4).

Activities of Daily Living
Significant differences in activities of daily living between the
two groups were observed at the 3-month and 1-year follow-ups.
At the 3-month follow-up (Table 3), the median BI was 100 in
the ERG vs. 87.5 in the CRG (OR 0.924, 95% CI 0.873–0.979;
p = 0.007), and 43 (82.6%) patients in the ERG and 27 (52.9%)
patients in the CRG showed mild dependence or independence,
respectively (BI≥85, OR 4.055, 95% CI 1.595–10.309; p= 0.003).
At the 1-year follow-up (Table 4), the median BI was 100 in
the ERG vs. 90 in the CRG (OR 0.951, 95% CI 0.920–0.983; p
= 0.003), and 47 (90.3%) and 29 (58%) patients in the ERG
and CRG showed mild dependence or independence (BI ≥85),
respectively (OR 6.308, 95% CI 2.104–18.914; p= 0.001).
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TABLE 4 | Outcomes at the 1-year follow-up.

ERG (n = 52) CRG (n = 50) OR (95% CI) P-value

Primary outcome

Mortality 0 (0) 1 (2) 0.999

Secondary outcomes

Favorable

outcome (mRS

0–2)

43 (82.7) 33 (66) 2.018 (0.771–5.283) 0.153

mRS category

0 26 (50) 12 (24)

1 10 (19.2) 12 (24)

2 7 (13.5) 9 (18)

3 8 (15.4) 10 (20)

4 1 (1.9) 4 (8)

5 0 (0) 2 (4)

6 0 (0) 1 (2)

Non-fatal

complications

3 (5.8) 7 (14) 2.421 (0.563–10.422) 0.235

BI 100 (90–100) 90 (63.8–100) 0.951 (0.920–0.983) 0.003

≥85 47 (90.3) 29 (58) 6.308 (2.104–18.914) 0.001

BI, Barthel Index; CI, confidence interval; CRG, conventional rehabilitation group; ERG,

early rehabilitation group; IQR, interquartile range; mRS, modified Rankin scale; RR,

relative risk.

Data are expressed as medians (IQR) and n (%).

All analyses are adjusted for the baseline National Institutes of Health Stroke Scale score,

age, and the premorbid mRS score.

DISCUSSION

This was a randomized, double-blind, controlled study on
the safety and efficacy of ER in patients who had MT. Our
findings showed that postoperative ER did not contribute to
increased short- and long-term mortality rates. The incidence
of non-fatal complications was significantly lower in the
ERG than in the CRG. ER can reduce immobility-related
complications, mainly due to a reduction in the incidence of
pulmonary infections and venous thrombosis without increasing
the incidence of neurological complications. We defined an mRS
of 0–2 (minimum or no disability) as a favorable outcome.
Although no significant differences between the groups at 3-
month and 1-year follow-ups were found, the percentage of
favorable outcomes was higher in the ERG than in the CRG. ER
improved the patients’ abilities to perform daily activities based
on our observations at both 3 months and 1 year. Therefore,
our study findings provide preliminary clinical evidence of the
benefits of ER in patients who had undergone MT.

In preliminary findings, the A very early rehabilitation trail
(AVERT) has shown the safety and feasibility of very early
rehabilitation for patients with acute ischemic stroke (11, 21).
However, this trial lacked clinical evidence concerning ER for
patients having undergone MT. In our study, we included
patients undergoing endovascularMT in our safety and feasibility
assessment and noted the potential benefits of early out-of-
bed rehabilitation. Despite showing the feasibility of an early
ambulation protocol, no consensus was identified concerning

the start time for the intervention. The follow-up AVERT III
trial indicated that earlier, more frequent, and more intense
out-of-bed activity within 24 h post-stroke was associated with
unfavorable outcomes at 3-month follow-up (11). This finding
may be related to the timing of ER intervention within 24 h
of stroke onset, as some randomized controlled trials regarding
early stroke rehabilitation have shown that patients with mild to
severe stroke (ischemic and hemorrhagic) may benefit from high-
intensity rehabilitation 24 h after stroke occurrence (10, 22). One
study from southern Brazil reported that early mobilization had
no negative effect on the rates of immobility complications and
mortality within 48 h of stroke symptom onset (23). Therefore,
based on the above, we set our early out-of-bed activity
intervention to within 48 h post-stroke.

Due to cerebral autoregulation impairment, blood pressure
changes may aggravate brain tissue reperfusion injury and
increase the risk of hemorrhage transformation (24), whereas
postural changes may affect the ischemic penumbra area and
normal brain tissue blood supply due to residual stenosis
of intracranial vessels after surgery, which suggests that an
ER rehabilitation intervention for patients undergoing MT
may be unsafe (25). However, no fatal complications, such
as symptomatic cerebral hemorrhage or progressive stroke,
were observed in the ERG. Moreover, there was no significant
between-group difference found in terms of mortality. This result
is consistent with those of other ER randomized controlled trials
(16), which indicates that early out-of-bed sitting is unlikely to
have major negative effects on stroke outcomes. Additionally,
no similar complications were found to be associated with ER
(15, 23). Although ER did not improve the prognosis of patients,
it had no serious adverse effects. This result shows that ER is
effective for reducing early immobility-related complications in
patients who have undergone MT and has guiding significance
for the postoperative management of such patients.

The incidence of pulmonary infection and lower limb venous
thrombosis was also found to be significantly lower in the
ERG than in the CRG. This may be due to the disturbance of
consciousness and bed rest after surgery in patients who have
undergone MT, which increases the probability of aspiration and
hypostatic pneumonia. This, in turn, increases the probability
of lower limb venous thrombosis in patients with limb paralysis
and immobility (26). Extended immobility has been associated
with medical complications during hospitalization, and patients
with stroke are more likely to have acute complications which
significantly negatively correlates with functional prognoses
(27) in the early stages of their hospitalization. ER promotes
recovery and reduces immobility-related complications andmay,
therefore, consequently reduce the length of hospital stay (28,
29). This may explain why patients in the ERG were better
able to perform activities of daily living than those in the
CRG. Furthermore, early rehabilitation can effectively prevent
complications, such as infection, which is a possible reason
for low mortality rates found in this study (14). Similar to
previous studies (29, 30), our study findings provide further
evidence in support of the safety and efficacy of ER (within
48 h postoperatively) commencement after MT. We found that
ER can reduce early complications in patients undergoing MT
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FIGURE 2 | Modified ranking scale (mRS) shift: patients achieving each mRS score at 3-months and 1-year. ERG, early rehabilitation group; CRG, conventional

rehabilitation group; mRS, modified Rankin Scale; M, months; Y, year.

in addition to shortening hospital stay, thereby resulting in a
favorable prognosis.

This study had some limitations. First, our study was a
single-center trial. Second, as a small pilot trial, it intended to
preliminarily explore the safety and feasibility of ER of patients
with MT. Critical and unstable conditions are contraindications
for early out-of-bed rehabilitation. Therefore, the trial did not
include patients with critical and unstable conditions. Although
there were some limitations in the study, our trial showed that ER
is safe and feasible. However, multicenter randomized controlled
trials with larger sample sizes are needed to validate our study
findings in future.

In conclusion, ER did not increase the probability of a
favorable prognosis for patients undergoing MT. However, ER
reduced the incidence of early immobility-related complications,
shortened hospital stay, and effectively improved the activities of
daily living on a short- and long-term basis without increasing
mortality and neurological-related complications.
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