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Background: Tailored rehabilitation programs for stroke patients cannot be made without
knowledge of their recovery potential. The aim of this study is to characterize the functional
recovery patterns of ischemic stroke (IS) and intracerebral hemorrhage (ICH) patients under
post-acute care stroke rehabilitation.

Methods: This retrospective study analyzed the data of patients enrolled in the Post-Acute
Care-Cerebrovascular Disease (PAC-CVD) rehabilitation program, which provides an indi-
vidualized 1- to 3-hour intensive physical, occupational, and speech and language therapy for
post-acute stroke patients in Taoyuan Chang Gung Memorial hospital in Taiwan. Our
primary endpoint measure was Barthel Index (BI), and secondary endpoint measures
included other 12 functional measures.

Results: A total of 489 patients were included for analysis. Patients with stroke history had
less BI improvement than those who suffered their first-ever stroke. In first-ever stroke
patients who had completed 6 to 12 weeks of PAC-CVD program, subcortical ICH patients
had greater BI, quality of life, sensation, and balance improvements, and had greater late-
phase recovery than their IS counterparts. In IS patients, those with age >75 had less BI
improvement; those with National Institute of Health Stroke Scale (NIHSS) score 1-5 had
greater Motor Activity Log quality of use (MAL-quality) improvement than those with
NIHSS score >5; those with Mini-Mental State Examination (MMSE) score >24 had greater
BI and instrumental activities of daily living (IADL) improvement. Using the general linear
model, previous stroke (B: —6.148, p=0.01) and subcortical ICH (8: 5.04, p=0.03) were
factors associated with BI improvement.

Conclusion: Subcortical ICH patients have greater functional improvement and greater late-
phase recovery than their IS counterparts following PAC rehabilitation. More studies are
needed to validate our findings and unravel the underlying mechanisms of stroke recovery to
optimize the treatment strategy following a stroke.

Keywords: activities of daily living, functional recovery, hemorrhagic stroke, ischemic

stroke, post-acute care, rehabilitation

Introduction

Stroke causes a wide range of neurologic deficits and is the leading cause of
morbidity worldwide, with a huge amount of money being expended on it."*
Besides acute management, rehabilitation in the subacute and chronic stages
helps lessen the disability caused by stroke. Stroke can be divided into two types,
intracerebral hemorrhage (ICH) and ischemic stroke (IS), with the former account-
ing for about 10-24% of all strokes.’

submit your manuscript

Dove n

http:

" in @

Neuropsychiatric Disease and Treatment 2020:16 1975-1985 1975
© 2020 Chu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-9101-6387
http://orcid.org/0000-0001-5986-0046
mailto:yspeii@gmail.com
mailto:cva9514@gmail.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Chu et al

Dove

As most of the neurologic and functional improve-
ments occur within the first three months after a strol<e,4’5
and time-dependent recovery of body function and activ-
ities has been shown to decline significantly 10 weeks
after stroke,® the post-acute phase becomes particularly
important for rehabilitative and other interventional treat-
ments. Stroke causes a variety of functional deficits, such
as cognitive and language impairment, sensorimotor dys-
function, mood disorder, and incontinence. Rehabilitation
that consists of occupational therapy, which aims at
improving activities of daily living (ADL), physical ther-
apy, which aims at balance, gait, and movement, and
speech and language therapy, which aims at improving
communication and swallowing difficulty, has been widely
implemented for post-stroke care.’

To make post-stroke rehabilitation more effective, it is
better to have comprehensive functional assessment of each
patient so that an individualized rehabilitation program
could be provided according to patients’ needs. The Post-
Acute Care-Cerebrovascular Disease (PAC-CVD) rehabili-
tation program is an innovation that initiated in 2014 by the
National Health Insurance (NHI) Administration in Taiwan.
Under this program, eligible patients at post-acute phase
could be transferred to accredited hospitals seamlessly,
where they receive comprehensive evaluation and tailored
intensive rehabilitation provided by a multidisciplinary
team for up to 12 weeks. This program has shown good
efficacy in facilitating recovery and reducing readmission
rate following a stroke.®'°

Stroke-specific and demographic factors may influence
the functional outcome after stroke, such as stroke

1415 stroke

severity,'' age,'? stroke type,'® stroke location,
volume,'® and cognition.'”'® Previous studies showed
ICH patients have a worse functional outcome than their
IS counterparts,'® but the difference decreases over time
and becomes non-significant after years.”

This study analyzed the data of patients enrolled in the
PAC-CVD program since its initiation from March 2014 to
December 2018 in a regional hospital. Patient data
accessed complied with relevant data protection laws.
The aim of this study is to compare the recovery patterns,
including activities of daily living, swallowing function,
nutrition state, sensorimotor function, quality of life
(QoL), balance, mobility, cognitive and language function,
between ICH and IS patients under the PAC-CVD pro-
gram. Furthermore, we compared the differences in func-
tional improvements following rehabilitation between
patient subgroups stratified by post-acute care (PAC)

duration, stroke type, history of stroke, stroke location,
stroke severity, age, and cognitive function. We hypothe-
sized that, following the PAC-CVD rehabilitation pro-
gram, ICH patients would have better functional recovery
than IS patients.

Materials and Methods

PAC-CVD Program

The PAC-CVD program was initiated by the National
Health Insurance Administration with the aim to improve
resource allocation and patient outcome.'® Candidate
patients in acute ward would first be evaluated by a case
manager and may participate in the program if they meet the
following criteria: (1) stroke onset time within 1 month, (2)
stable hemodynamic parameters within 72 h, (3) no neuro-
logical deterioration within 72 h, and (4) sufficient cogni-
tive function and ability to learn rehabilitation exercises,
more specifically, with modified Rankin Scale (MRS)
between 2 and 4 (between 3 and 4 since July 2017 due to
the change in policy).**° Patient would be transferred to
PAC hospital for rehabilitation, where a hospital-based
multidisciplinary team, composed of a physiatrist, physical
therapist, occupational therapist, speech therapist, social
worker, and case manager, managed the rehabilitation
program.

A formal functional assessment would be performed by
team members (usually physiatrist, physical therapist,
occupational therapist, and speech and language therapist)
at the beginning, interim, and closing of the program;
weekly meetings would be convened to report the pro-
gress, treatment plan, and goal for the patient.'”

The rehabilitation consisted of a total of 3 sessions
(1 session=1hour) of occupational therapy (posture train-
ing, transfers, ADL, cognitive training, constraint-induced
movement therapy),”! physical therapy (balance, gait,
robotic-assisted training)®*> and speech and language ther-
apy (language training, swallowing training) every week-
day, depending on patients’ ability. The closing (discharge)
regulations are that patients showed: (1) functional
improvement and the ability to receive rehabilitation in
the community, (2) no functional improvement based on
two consecutive functional evaluations, (3) no potential for
functional recovery based on care-team evaluation, (4)
patients had stayed for more than 12 weeks, (5) patients
quit this program, or (6) patients died.'”

PAC-CVD patients from Taoyuan Chang Gung
Memorial hospital, the affiliated PAC hospital of Linkou
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Chang Gung Memorial Hospital, the largest hospital in
Taiwan, were included. The protocol for this study con-
formed to the Helsinki Declaration and was approved by
the Institutional Review Board (IRB) of Chang Gung
Memorial Hospital (IRB no 201900589B0A3).

Data Collection

The data was collected from the electronic medical record,
including age, sex, comorbidities (diabetes mellitus,
hypertension, dyslipidemia, gout, cardiovascular disease,
atrial fibrillation, kidney disease, pulmonary disease, cere-
brovascular disease, liver disease, hematologic disease,
malignancy, psychiatric and mood disorder, dementia),
social history (smoke, alcohol), stroke onset time, stroke
subtype (ICH vs IS), stroke location (cortical, subcortical,
or infratentorial), side of the stroke, stroke severity, hyper-
acute treatment (intravenous thrombolysis, endovascular
thrombectomy), complications and stroke-in-evolution at
acute ward, presence of large vessel stenosis or occlusion,
date of admission and discharge, various functional ability
assessments (see below), cause of readmission to acute
ward (if present), and discharge destination following the

PAC-CVD program.

Assessment of Stroke Severity and

Functional Abilities

Stroke severity at the acute care ward (almost all were
neurology ward) was measured by the National Institute of
Health Stroke Scale (NIHSS). In case of doubtful scoring
or missing data, the admission, progress, and discharge
notes of the patients would be reviewed to re-score the
NIHSS according to an algorithm. This retrospective
approach has shown to be reliable for stroke severity
assessment.”>** Among the 46 ICH patients, 5 admission
and 22 discharge NIHSS scores were retrospectively
scored; uncertain NIHSS item scores at admission and
discharge were present in 2 (4%) and 9 (20%) patients,
respectively.

The functional abilities of patients were assessed at reha-
bilitation ward at four time points: on admission day, at
3 weeks, 6 weeks, and the closing of the PAC-CVD program.
The assessments covered different functional domains and
included the modified Rankin Scale (mRS), Barthel Index
(BI), Functional Oral Intake Scale (FOIS), Mini-Nutritional
Assessment (MNA), European quality of life five dimension
questionnaire (Euro-QoL-5D), Instrumental activities of daily
living scale (IADL), Berg Balance Scale (BBS), gait speed,

6-min walk test (6-MWT), Fugl-Meyer assessment [Fugl-
Meyer upper extremity assessment (FuglUE), modified
Fugl-Meyer sensory assessment (FugISEN)], Mini-Mental
State Examination (MMSE), Motor Activity Log amount of
use (MAL-quantity), Motor Activity Log quality of use (MAL-
quality), and Concise Chinese aphasia test (CCAT). The BI*
assesses functional independence and includes feeding, bath-
ing, grooming, dressing, bowel control, bladder control, toilet-
ing, chair transfers, ambulation, and stair climbing. A brief
description of the other scales: the mRS,?® IADL,?’ and Euro-
QoL-5D*® give a general measurement of patient’s disability;
the FOIS* measures the eating ability; the MNA>® measures
the nutritional status; the BBS,>! gait speed,32 6-MWT,> Fugl-
Meyer assessment (FuglUE and FuglISEN)** and MAL
(MAL-quantity and MAL-quality)*> measure the motor and
sensory function; the MMSE®® and CCAT?” measure the cog-
nition and language function. Due to policy change, MMSE
and MAL were no longer measured since 2018.

Outcome Measures and Factor Analyses

The primary outcome measure was the patients’ BI
improvement (ABI) during the PAC-CVD program; the
secondary outcome measures were changes in the other
functional measures mentioned above. Factors that have
been shown to influence stroke outcome were analyzed,
including rehabilitation duration, baseline patient char-
acteristics, stroke type (ICH vs IS), stroke location,
stroke severity, age, and cognition.

Statistical Analysis

Chi-square test was used for comparing categorical vari-
ables between groups, while Mann—Whitney test or
Kruskal-Wallis test was used for continuous variables.
The stroke severity and functional assessment scores of
stroke subgroups were expressed as median and inter-
quartile range (IQR). A p value < 0.05 was considered
statistically significant. A general linear model was used
to estimate the impact of clinical variables on BI
improvement. Statistical analyses were carried out
SPSS 25.0 (SPSS,

using the statistical

Chicago, IL).

package

Results
Composition of the PAC-CVD Cohort

Five-hundred and thirty-seven patients were included in
the cohort (Supplementary Table S1) after excluding 35

patients who: (1) had no acute ward admission (n=16), (2)

Neuropsychiatric Disease and Treatment 2020:16

submit your manuscript

1977

Dove


https://www.dovepress.com/get_supplementary_file.php?f=253700.docx
http://www.dovepress.com
http://www.dovepress.com

Chu et al

Dove

had onset to admission day > 5 days (n=7), for they
admitted to acute ward primarily for facilitating transfer
to PAC hospital, (3) had inadequate stroke assessment
(n=6), (4) may not actually suffer a stroke (n=2), (5) had
received surgical decompression due to large infarct (n=1),
a rare event in our cohort, (6) had subarachnoid hemor-
rhage (n=1), (7) had subdural hemorrhage (n=1), (8) was
difficult to be evaluated (n=1).

Hyperacute treatments were performed in 24 (4.5%)
patients (intravenous thrombolysis [n=12], endovascular
thrombectomy [n=7], or both [n=5]). A majority (n=476,
88.6%) of the patients were discharged home after the
PAC-CVD program; 26 (4.8%) patients had complica-
tions during PAC that required readmission to acute
ward, and 22 (4.1%) patients were discharged against
advice.

Four-hundred and eighty-nine patients were included
for analyses after excluding 48 patients who had no assess-
ment at the closing of the PAC program (due to against
advice discharge or readmission to acute ward). The flow
chart of the neurologic and functional assessments of the
cohort is shown in Figure 1.

Table 1 shows the number of patients analyzed in the
following parts of the study.

Initial and discharge NIHSS scores —
were recorded

572 PAC-CVD patients

Functional Recovery Patterns of
ICH and IS Patients

Patients Who Had No More Than 6
Weeks of PAC Had Less Severe Stroke
and Made Greater Recovery Than Those

Who Had 6 to 12 Weeks of PAC
Patients with up to 3 weeks (n=53) and 3 to 6 weeks of PAC
(n=132) had better initial mRS and BI than those with 6 to
12 weeks of PAC (n=304) (For patients with 0—3w, 3—6w,
and 6-12w of PAC, the mRS-I were 3 [3-4], 3 [3-4], and
4 [3-4], respectively, p<0.01; the BI-I were 55 [45-67],
55 [40-65], 45 [35-55], respectively, p<0.01). Patients with
up to 3 weeks of PAC had greater BI improvement during the
first 3 weeks than those with 3 to 6 weeks and 6 to 12 weeks
of PAC (For patients with 0—3w, 3—6w, and 6—12w of PAC,
the ABI°™Y were 10 [5-20], 10 [5-15], 10 [0—15], respec-
tively, p=0.03); patients with 3 to 6 weeks of PAC had greater
BI improvement during the first 6 weeks than those with 6 to
12 weeks of PAC (ABI°®Y: 15 [10-30] vs 15 [5-20],
p<0.01).

When stratified by stroke type, no significant difference
in BI improvement was found between ICH and IS
patients (ABI>™: 20 [15-35] vs 15 [10-25], p=0.07).

35 patients excluded due to the following reasons:
No acute ward admission data: 16

Onset admission interval > 5 days: 7

Unclear stroke assessment : 6

I !

Stroke patients eligible for PAC-CVD
(n=537)

v

Rehabilitation

First assessment when admission

May not actually suffer a stroke: 2
Surgical decompression: 1
Subarachnoid hemorrhage: 1
Subdural hemorrhage: 1

Diftficult to be evaluated: 1

Second assessment at 3 weeks

<3 weeks (n=85 —450
( ) (n=452) Rehabilitation between 3-6 weeks
l — (n=143)
l Third assessment at 6 weeks of rehabilitation 1
(n=309)
PAC < 3 weeks: * PAC 3-6 weeks:
53 patients had final - 132 patients had
assessment PAC 6-12 weeks: 304 patients had final final assessment
assessment

242 first-ever stroke patients

Figure | Flow chart of the neurologic and functional assessments of the patients in this study.
Abbreviations: NIHSS, National Institute of Health Stroke Scale; PAC, post-acute care; PAC-CVD, Post-Acute Care-Cerebrovascular Disease program.
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Table | Number of Patients Analyzed in Different Parts of the
Study

Is ICH
Functional recovery 1.1 44 (< 3w) 9 (£ 3w)
patterns of ICH and IS 112 (3-6w) 20 (3-6w)
patients 258 (6—-12w) | 46 (6-12w)
1.2 258 (6—12w) | 46 (6—12w)
1.2.1-1.2.2 | 200 (6-12w) | 42 (6—12w)
Factor analyses of functional | 2.1 258 (6—12w)
recovery of IS patients who | 2.2-2.4 200 (6—12w)
had 6 to 12 weeks of PAC 2.5 152 (6—12w)

Note: Rehabilitation durations are shown in brackets.
Abbreviations: ICH, intracerebral hemorrhage; IS, ischemic stroke.

Patients Who Had 6 to 12 Weeks of PAC

To better obtain the functional recovery patterns of IS and
ICH patients, we focused our analysis on patients who had 6
to 12 weeks of PAC, the major part in this cohort, and the
results are shown in Table 2 and Supplementary Table S2.

Compared with the IS group, the ICH group had more
severe stroke (NIHSS-I: 9 [6-11] vs 6 [5-9], p<0.01), and,
after rehabilitation showed greater improvements in BI (ABI:
30 [20-41] vs 25 [15-35], p=0.01), QoL (AEuro-QoL-5L: -3
[-4-1] vs =2 [-3-1], p=0.03), and sensation (AFugISEN: 6
[0-18] vs 1 [0-6], p<0.01); at the end, their BI and QoL
scores were similar (BI-F: 70 [59-85] vs 70 [60-85], p=0.81;
Euro-QoL-5L-F: 8 [7-9] vs 7 [7-9], p=0.65), but the ICH
group still had lower FugISEN score (FuglSEN-F: 42 [22—
44] vs 44 [39-44], p<0.01). There were no significant differ-
ences in changes in mRS, oral intake ability, upper limb

usage, IADL, balance, or gait speed between the two groups.

Patients Who Had First-Ever Stroke
Comparison of baseline characteristics between the ICH
and IS groups revealed that ICH group had a lower pro-
portion of previous stroke (8.7% vs 22.5%, p=0.02). Since
recurrent stroke patients make less functional gains com-
pared with first-ever stroke patients,”® we excluded
patients with previous strokes to avoid the confounding
effect, and the ICH group still had greater total BI
improvement than the IS group (30 [20—45] vs 25 [15-35],
p=0.02); the BI improvement at the late phase of PAC was
also greater in the ICH group (ABI® ™ 12,5 [5-21] vs
10 [0-20], p=0.02) (Table 3).

The following analyses in this section were performed
in first-ever stroke patients.

The Subcortical Stroke Subgroup Accounted for the
Greater Functional Recovery in ICH Patients

Since there was a higher proportion of subcortical type of
stroke in the ICH group than their IS counterparts (73.9%
vs 45.0%, p<0.01), and stroke location may influence the

functional recovery,l4’39

we stratified patients by cortical,
subcortical, and infratentorial types. Among the three loca-
tions, only the subcortical ICH patients (n=30) showed
greater total and late phase improvement in BI (ABI: 35
[25-46] vs 30 [15-35], p=0.01; ABI®¥ral: 15 [5-25] vs
10 [0-20], p=0.03), sensation (AFugISEN: 9 [0-20] vs 2
[0-7], p<0.01), QoL (AEuro-QoL-5D: =3 vs =2, p=0.01),
and balance (ABBS: 27.5 vs 18.5, p=0.01) than their IS
counterparts (n=91) (Table 4).

We also stratified patients by right hemisphere, left
hemisphere, and infratentorial subgroups'* for compari-
son. Left hemisphere ICH patients (n=15, 72% subcorti-
cal) showed greater BI (ABI: 40 [25-45] vs 25 [15-40],
p=0.03) and sensation improvement (AFuglSEN: 10
[1-19] vs 1 [0-7], p<0.01) than their IS counterparts
(n=71, 46% subcortical). These differences were not
found in the right hemisphere (ICH [n=19] vs IS [n=61],
ABI: 30 [20-45] vs 25 [15-35], p=0.15; AFugISEN: 7
[0-22] vs 3 [0-10], p=0.11) or infratentorial subgroups
(ICH [n=8] vs IS [n=62], ABI: 25 [18-30] vs 25 [25-35];
AFuglISEN: 2 [0-9] vs 0 [0-5], p=0.29).

Factor Analyses of Functional
Recovery of IS Patients Who Had 6

to 12 Weeks of PAC

Stroke History

First-ever stroke patients (n=200) had better initial BI, and
made better recovery in BI, IADL, and QoL than those
with recurrent stroke (n=58) (BI-I: 45 [35-55] vs 42.5
[25-55], p=0.04; ABI: 25 [15-35] vs 20 [10-30], p=0.02;
AIADL: 1 [0-2] vs O [0-1], p<0.01; AEuro-QoL-5D: —2
[-3-1] vs =1 [-3-0], p=0.03). No significant difference in
stroke severity between the two groups was found (6 [5-9]
vs 6 [4.5-9], p=0.6).

Comparing the baseline characteristics, patients with
recurrent stroke were older (Age: 71.5 [62.8-77.3] vs 64,
p<0.01); no significant differences in prevalence of other
comorbidities were found between the two groups.

The following analyses in this section were performed
in first-ever stroke patients.

Neuropsychiatric Disease and Treatment 2020:16
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Table 2 Comparison of IS and ICH patients who had completed 6 to
12 weeks of PAC

Table 2 (Continued).

IS ICH p value
AFuglSEN | (0-6) 6 (0-18) <0.01*
Mini-Mental State Examination
MMSE-| 2 24 (17-28) | 26 (20-29) | 0.20
MMSE-F 29 (25-30) | 30 (26-30) | 0.52
AMMSE 3 (1-6) 2 (0-5) 0.05*

Notes: Values were expressed as median (interquartile range) or counts (percentage).
BBS, Berg Balance Scale; Bl, Barthel Index; Euro-QoL-5D, European quality of life five
dimension questionnaire; FugISEN, Fugl-Meyer sensory assessment; FuglUE, Fugl-Meyer
upper extremity assessment; ICH, intracerebral hemorrhage; IS, ischemic stroke; LOS,
length of stay; MMSE, Mini-Mental State Examination; mRS, modified Rankin Scale; NIHSS,
National Institute of Health Stroke Scale; PAC, post-acute care. The “-I” and “-F”
represent the initial and final functional assessments, respectively.

Abbreviations: 193 Cl and 30 ICH patients were evaluated; *p value < 0.05.

Stroke Location

The BI improvements were similar between subgroups
when stratified by either cortical, subcortical, infratentorial
or hemisphere side.

Age

Less BI improvement was observed in the age >75 sub-
group (p=0.03). Specifically, the BI improvements were
25 [15-40], 30 [20-40], 25 [15-35], and 20 [10-35], for
age <55 (n=42), age 55-65 (n=59), age 65-75 (n=64), and
age >75 (n=35) subgroups, respectively.

Stroke Severity

Stroke severity is a crucial predictor of stroke outcome.*
Since the NIHSS score is less reflective of stroke severity
in the infratentorial stroke patients, and the cut-point score
of poor outcome was higher in the supratentorial than the
infratentorial stroke patients (10 vs 6),*' we performed
analyses for supratentorial and infratentorial stroke
patients separately using different criteria.

For supratentorial stroke patients, the cut-point scores
were set at 5 and 10, as NIHSS <5 was defined as minor
stroke® and NIHSS >10 was predictive of poor
outcome.*' The NIHSS 1-5
improvement in MAL-quality as compared with the other
two subgroups (AMAL-quality in NIHSS 1-5 [n=40],
NIHSS 6-10 [n=46], and NIHSS >10 [n=23] were 1.7
[0.4-2.4], 0.7 [0.3-2.0], and 0.6 [0-1.3], respectively,
p=0.02). The three subgroups showed comparable BI
improvements (ABI in NIHSS 1-5 [n=49], NIHSS 6-10
[n=58], and NIHSS > 10 [n=31] were 25 [20-37], 25
[14-35], and 25 [15-35], respectively, p=0.34).

subgroup had greater

IS ICH p value
Patient number 258 46
Age (year) 66 (57-74) | 62 (52-72) | 0.12
Male 172 (66.7) | 27 (58.7) 0.37
LOS at acute ward (days) 13 (10-17) | 12 (10-17) | 0.72
LOS at rehabilitation ward 64 (48-81) | 65 (49-82) | 0.51
(days)
Comorbidities
Previous stroke 58 (22.5) 4 (8.7) 0.02*
Diabetes mellitus 115 (44.6) | 16 (34.8) 0.14
Hypertension 197 (76.4) | 34 (73.9) 0.42
Dyslipidemia 132 (51.2) | 18 (39.1) 0.09
Coronary artery disease 21 (8.1) 7 (15.2) 0.11
Chronic kidney disease 9 (3.5) 2 (4.3) 0.52
Stroke location
Cortical 65 (25.2) 4 (8.7) <0.01*
Subcortical 116 (45) 34 (73.9)
Infratentorial 76 (29.5) 8 (17.4)
Stroke severity in the acute
care hospital
Initial NIHSS 6 (5-9) 9 (6-11) <0.01*
Discharge NIHSS 5 (4-7) 6 (4-9) 0.77
Functional assessments in the
PAC hospital
Modified Rankin Scale
mRS-I 4 (3-4) 4 (4-4) 0.15
mRS-F 3 (24 3(2-3) 0.76
AmRS 0 (-1-0) -1 (-1-0) 0.20
Barthel Index
Bl-I 45 (35-55) | 38 (25-51) | 0.03*
BI-F 70 (60-85) | 70 (59-85) | 0.81
ABI 25 (15-35) | 30 (20-41) | 0.01*
Euro-QolL-5D
Euro-Qol-5D-I 10 (9-11) 10 (9-12) | 0.05*
Euro-Qol-5D-F 8 (7-9) 8 (7-9) 0.65
AEuro-Qol-5D -2 (-3-1) -3 (-4-1) 0.03*
Berg Balance Scale
BBS-I 25 (8-25) 19 (5-39) | 0.12
BBS-F 51 (41-55) | 51 (42-56) | 0.49
ABBS 21 (11-30) | 26 (11-37) | 0.10
Fugl-Meyer assessment
FuglUE-I 44 (22-56) | 41 (5-54) | 0.28
FuglUE-F 59 (48-62) | 58 (35-62) | 0.21
AFuglUE 9 (3-19) 9 (2-20) 0.97
FugISEN-I 39 (30-44) | 31 (3-42) <0.01*
FugISEN-F 44 (39-44) | 42 (22-44) | <0.01*
(Continued)
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Table 3 Comparison of Functional Measures in First-Ever IS and

ICH Patients Who Had Completed 6 to 12 Weeks of PAC

IS ICH p value
Patient number 200 42
BI-I 45 (35-55) 37.5 (25-51) 0.01%
BI-F 75 (60-85) 73 (59-86) 0.96
ABI®® 25 (15-35) 30 (20-45) 0.02%*
ABI®3w 10 (0-15) 7.5 (5-15) 0.54
ABPP¢ 5 (0-10) 5 (0-10) 0.83
ABJ&W-final 10 (0-20) 12.5 (5-21) 0.02*
AmRS 0 (-1-0) -1 (-1.25-0) 0.18
AEuro-Qol-5D -2 (-3-1) 2.5 (—4-1) 0.09
AIADL 1 (0-2) I (0-2) 0.8l
AFOIS 6 (5-7) 6 (6-7) 0.57
AMNA I (0-2.5) 2 (0.64.1) 0.34
AFuglUE 10 3-19) 9 (2-20) 0.97
AFugISEN I (0-6) 6.5 (0-18) <0.01%*
AMAL-amount * I (0.2-2.1) 0.75 (0-1.5) 0.12
AMAL-quality 1 (0.3-2.1) 0.75 (0.1-1.4) 0.13
ABBS 20 (11-29) 23.5 (11-37.3) 0.16
AGait-speed 0 (-3.5-10.1) | 4.8 (—2.9-13.5) | 0.26
A6-MWT 69 (40-191) 58 (0-151) 0.29
AMMSE ® 3 (1-6) 2 (0-5) 0.84
ACCAT © 0.3 (0.1-0.8) 0.2 (0-0.65) 0.24

»”

Notes: Values were expressed as median (interquartile range) or counts. The “-|
and “-F” represent the initial and final functional assessments, respectively. *126 IS
and 21 ICH patients were evaluated. ®152 IS and 28 ICH patients were evaluated.
€160 IS and 30 ICH patients were evaluated. *p value < 0.05.

Abbreviations: 6-MWT, 6-minute walk test; BBS, Berg Balance Scale; Bl, Barthel
Index; CCAT, Concise Chinese aphasia test; Euro-QolL-5D, European quality of life
five dimension questionnaire; FOIS, Functional Oral Intake Scale; FugISEN, Fugl-
Meyer sensory assessment; FuglUE, Fugl-Meyer upper extremity assessment; IADL,
instrumental activities of daily living; ICH, intracerebral hemorrhage; IS, ischemic
stroke; MAL-amount, Motor Activity Log amount of use; MAL-quality, Motor
Activity Log quality of use; MMSE, Mini-Mental State Examination; MNA, Mini-
Nutritional Assessment; mRS, modified Rankin Scale; PAC, post-acute care.

For infratentorial stroke patients, using a cut-point
score of 6, there was no significant difference in
improvements of BI or other functional measures

between subgroups.

Cognition

Previous studies revealed inconsistent results concerning
the use of MMSE as a cognitive measure to predict the
functional outcome after stroke.'”** Using a cut-point
score of 24,°° the MMSE > 24 (n=84) subgroup had
greater improvement in BI (ABI: 25 [15-35] and 20
[10-35], respectively, p=0.05) and IADL (AIADL: 1
[0-2] vs 0 [0-2], p=0.04) and MAL-quality (AMAL-
quality: 1.5 [0.3-2.6] vs 0.6 [0.3-1.6], p=0.02), as com-
pared with the MMSE < 24 (n=68) subgroup.

General Linear Model

Finally, a general linear model was used to evaluate the
impact of clinical variables on BI improvement. Previous
stroke (B: —6.148, p=0.01) was associated with less
improvement, and subcortical ICH (B: 5.04, p=0.03) was
associated with greater improvement. Other variables,
such as NIHSS and MMSE scores, age, gender, diabetes
mellitus, hypertension, chronic kidney disease, and coron-
ary artery disease, were not included in the final model.

Discussion
The PAC-CVD program in Taiwan is unique in several ways:
first, it is implemented by the NHI, which covered more than
96% of Taiwan’s population; Therefore, almost every stroke
patient fulfilling the enrollment criteria could participate in this
program; Second, the rehabilitation services are delivered by
per-diem reimbursement instead of fee-for-service reimburse-
ment, making rehabilitation more economic and efficient;”°
Third, through seamless hospital transfer, it substantially short-
ens patients’ stays in acute ward and reduces hospital expenses;
Finally, patients could get the most benefit from post-stroke
rehabilitation through the multidisciplinary team care and
evaluation.'®

The timing of rehabilitation commencement is impor-
tant in post-stroke recovery. One study showed the pro-
gress of time reflects 16% to 42% of spontaneous recovery
of body functions and activities in the first 6 to 10 weeks
after stroke onset,® and early rehabilitation after stroke has
been shown to correlate with better functional outcome
after stroke.** Patients in our cohort were transferred to
PAC hospital at a median day of 12, and most had started
neurorchabilitation when they were at acute ward.

The results of our study are consistent with previous studies
that ICH patients showed greater functional improvements

51345 and stroke location

14,39

than IS patients after rehabilitation,
had only slight influence on ADL recovery after stroke.
What our study adds is that the subcortical stroke patients
account for this difference and made greater recovery at the
late phase of rehabilitation than their IS counterparts. The
question remains regarding the neural substrates that are
responsible for this unique presentation in subcortical ICH.
Studies have shown the mechanisms of brain injury and
recovery in IS and ICH are different: in IS, the mechanisms
include ischemia, mass effect due to cerebral edema, and
inflammation;*® In ICH, the mechanisms additionally include
the toxicity of lysed blood products on the brain parenchyma

and vasculature, and the mass effect from the hematoma.*’
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Table 4 Comparison of Functional Measures of First-Ever IS and ICH Patients Who Had Completed 6 to 12 Weeks of PAC by Stroke

Locations

Cortical Subcortical Infratentorial
Patient number 46, 4 91, 30 62,8
NIHSS-I 10 vs 9.5 (0.52) 6 vs 9 (<0.01%) 5vs4(0.2)
BI-I 40 vs 50 (0.44) 45 vs 35 (<0.01%) 50 vs 60 (0.16)
BI-F 70 vs 72.5 (0.85) 75 vs 70 (0.33) 72.5 vs 85 (0.28)
ABI®® 20 vs 20 (0.85) 30 vs 35 (0.01%) 25 vs 25 (0.96)
ABI°3Y 10 vs 10 (0.88) 10 vs 5 (0.52) 10 vs 10 (0.89)
ABP " 5vs5(0.52) 5vs5(0.75) 5vs5(0.62)
AB|Ew-final 5 vs 5 (0.90) 10 vs 15 (0.03%) 10 vs 10 (0.53)
AmRS 0vs —2(0.2) 0 vs —1 (0.36) —I vs —1 (0.83)
AEuro-Qol-5D —2 vs —0.5 (0.16) -2 vs =3 (0.01%) —2vs -2 (0.78)
AIADL 0.5 vs | (0.74) I'vs | (0.91) I'vs | (0.91)
AFOIS | vs 0 (0.05%) I vs 0.5 (0.58) 0 vs 0 (0.84)
AMNA I vs 4 (0.6) I vs 1.75 (0.73) I vs 2 (0.67)
AFuglUE 8.5 vs 8 (0.77) I'1'vs 10 (0.61) 9vs | (0.01%)
AFugISEN 3vs4(0.72) 2 vs 9 (<0.01%) 0vs 2(0.29)
AMAL-amount * 1.6 vs | (0.56) 1.2 vs 0.9 (0.5) 1.2 vs 0.15 (0.16)
AMAL-quality 1.6 vs 0.9 (0.66) 0.9 vs 0.8 (0.6) 1.3 vs 0.8 (0.25)
ABBS 19.5 vs 17 (0.85) 18.5 vs 27.5 (0.01%) 22 vs 9.5 (0.07)
AGait-speed 0.67 vs 0.23 (0.40) —I vs 5.56 (0.05) 3.13 vs —1.89 (0.66)
A6-MWT 68.5 vs 49.4 (0.8) 55.1 vs 33.5 (0.43) 96 vs 125 (83)
AMMSE ® 5vs2(0.13) 3vs3(0.71) 2 vs 0 (0.06)
ACCAT © 1.3 vs 0.15 (0.22) 0.17 vs 0 (0.74) 0.05vs 0 (0.71)

Notes: Values were expressed as median (p value) or counts. The “-I” and “-F” represent the initial and final functional assessments, respectively. “In the cortical subgroup,

26 IS and 3 ICH patients were evaluated; in the subcortical subgroup, 61 IS and 13 ICH patients were evaluated; in the infratentorial subgroup, 39 IS and 5 ICH patients were
evaluated. °In the cortical subgroup, 35 IS and 4 ICH patients were evaluated; in the subcortical subgroup, 74 IS and 19 ICH patients were evaluated; in the infratentorial
subgroup, 43 IS and 5 ICH patients were evaluated. “In the cortical subgroup, 42 IS and 4 ICH patients were evaluated; in the subcortical subgroup, 75 IS and 21 ICH patients
were evaluated; in the infratentorial subgroup, 43 IS and 5 ICH patients were evaluated. *p value < 0.05.

Abbreviations: 6-MWT, 6-minute walk test; CCAT, Concise Chinese aphasia test; BBS, Berg Balance Scale; Bl, Barthel Index; Euro-QoL-5D, European quality of life five dimension
questionnaire; FOIS, Functional Oral Intake Scale; FugISEN, Fugl-Meyer sensory assessment; FuglUE, Fugl-Meyer upper extremity assessment; IADL, instrumental activities of daily
living; ICH, intracerebral hemorrhage; IS, ischemic stroke; MAL-amount, Motor Activity Log amount of use; MAL-quality, Motor Activity Log quality of use; MNA, Mini-Nutritional
Assessment; MMSE, Mini-Mental State Examination; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; PAC, post-acute care.

Rehabilitation facilitates reorganization of ipsi-lesional and
contra-lesional hemisphere neural network and microenviron-
ment, including increased neuroplasticity, angiogenesis, and
altered excitatory-inhibitory signaling, and augmented hema-
toma clearance .*”°

Advanced neuroimaging has been used to the outcome
after stroke. Most of the studies applied diffusion tensor ima-
ging (DTI), a technique that measures white matter tracts,
focusing on the corticospinal tract as the outcome
predictor.>'? A case study of a patient with right thalamic
and basal ganglion ICH showed concurrent recovery of pos-
tural imbalance and recovery of medial lemniscus, which
transmits proprioceptive information from the medulla to the
cortex,> highlighting the importance of sensory tracts in stroke
recovery. Functional MRI study in patients with thalamic
hemorrhage showed that the recovery of proprioceptive func-
tion depends on normally existing medial lemniscus and its
thalamocortical pathway both ipsilateral and contralateral to

the lesions.>® A recent study using MRI and voxel-based lesion
symptom mapping showed lesions over corona radiata, inter-
nal capsule, insula, right inferior parietal gyrus, and left super-
ior temporal gyrus had a higher impact on functional
outcome.”

In a rat study which ICH and IS groups were induced with
comparable stroke volume and severity, ICH animals also
showed better recovery of skilled walking after
rehabilitation.”® In another rat study which striatal [CH was
induced by collagenase, the authors concluded that the recov-
ery of gross motor function at the early phase is caused by
plasticity changes in the striatum, and skilled motor coordinate
functions at the late phase are caused by changes in the motor
cortex.”” In mice, axonal sprouting has been shown to correlate
with motor recovery,”® but most occurs following motor recov-
ery in their ICH counterparts.>

These findings can be accounted for by the fact that PAC
rehabilitation, by augmenting the clearance of hematoma and
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toxic blood products, reactivates the previously compromised
but still viable nerve fibers and makes ICH patients recover
better than IS patients. At the late phase of rehabilitation, it is
possible that PAC facilitates the development of alternative
neural pathways that compensate for the loss of function in
subcortical ICH patients. The aforementioned mechanisms
will be elucidated by further clinical, imaging, and pre-
clinical studies.

The scales used for functional measures may be responsi-
ble for the different results of studies comparing the outcomes
between ICH and IS patients. Using scales that focus on the
fundamental skills needed to manage basic ADL, such as BI,
Rivermead Mobility Index (RMI),*® and Functional
Independence Measure (FIM),®' the difference becomes sig-
nificant. On the contrary, using scales, such as Mayo-Portland
Adaptability Inventory-4 (MPAI-4) or IADL,** that measure
complex activities related to independent living in the com-
munity, the difference was no longer observed; In our study,
changes in mRS were not significantly different between ICH
and IS patients, a finding that is in contrast to that reported by
Chiu et al.'” Our small sample size might account for this
difference. Supplementary Table S3 summarizes the studies

comparing functional outcomes between IS and ICH patients.

Following rehabilitation, both ICH and IS patients showed
significant cognitive improvement, but IS patients with poorer
cognitive function had less improvement in ADL. Cognitive
impairment is common following a stroke, eg, slowed infor-
mation processing, memory impairment, visuospatial and con-
structive tasks, language, arithmetic, abstract thinking, and
executive function.®*®> Psychomotor speed and executive
function are not specifically measured by MMSE®® but also
186465 <0 that

Montreal Cognitive Assessment (MoCA), which emphasizes

significantly influence stroke outcomes,

on executive function and abstract thinking, may be better at
predicting ADL following a stroke.®”*®

There are limitations to this study: First, the relatively small
ICH patient numbers limit further subgroup analysis. Second,
since the eligible PAC-CVD patients were selected by mRS,
selection bias is a concern when extrapolating our results in the
general stroke population. There are also strengths to this
study: First, a variety of functional assessments provide
a valuable guide for making rehabilitation strategies; Second,
the single acute care and rehabilitation hospitals avoid the
heterogeneity of post-stroke care which may influence stroke
outcome; Third, as far as we know, this is the largest Asian
study comparing functional outcome between IS and ICH
patients. As the etiology of stroke differs between the Asians
and Western populations, eg, more small artery occlusion or

intracranial atherosclerosis in the former, and more emboli
from the heart or extracranial large arteries in the latter,®” it
may be intriguing to know whether the conclusions drawn
from the Western population studies also apply to Asians.

Conclusions

Subcortical ICH patients have greater ADL, QoL, sensation,
and balance improvements and greater late-phase recovery
than their IS counterparts following the PAC rehabilitation.
Besides augmenting the clearance of hematoma and toxic
blood products, it is possible that PAC at the late phase
facilitates the development of alternative neural pathways
that compensate for the loss of function in subcortical ICH
patients. More studies are needed to validate our findings and
unravel the underlying mechanisms of stroke recovery to
optimize the treatment strategy following a stroke.
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