| observational study Med iC i n e

Does a combination treatment of repetitive
transcranial magnetic stimulation and
occupational therapy improve upper limb muscle
paralysis equally in patients with chronic stroke
caused by cerebral hemorrhage and infarction?

A retrospective cohort study
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Abstract N\
The clinical presentation of stroke is usually more severe in patients with intracerebral hemorrhage (ICH) than in those with cerebral |
infarction (Cl); recovery of stroke-related muscle paralysis is influenced and limited by the type of stroke. To date, many patients have
been treated by neurorehabilitation; however, the changes in the recovery of motor paralysis depending on the type of stroke, ICH or
Cl, have not been established. This study aimed to determine this difference in improvement of upper extremity paralysis using 2-
week in-hospital NovEl intervention Using Repetitive transcranial magnetic stimulation combined with Occupational therapy
(NEURO).

We scrutinized the medical records of all patients with poststroke (ICH or Cl) upper extremity muscle paralysis using Fugl-Meyer
assessments (FMAs) who had been admitted to 6 hospitals between March 2010 and December 2018 for rehabilitation treatment.
This was a multiinstitutional, open-label, retrospective cohort study without control patients. We evaluated the effects of NEURO on
patients with Cl and ICH by dividing them into 2 groups according to the type of stroke, after adjustment for age, sex, dominant hand,
affected hand side, time since stroke, and prediction of recovery capacity in the upper extremity.

The study included 1716 (Cl [n=876] and ICH [n=840]) patients who had undergone at least 2 FMAs and had experienced stroke
at least 6months before. The type of stroke had no effect on the outcomes (changes in the FMA-upper extremity score, Fi 14.0/=
2.05, P=.09, partial n2=0.01). Patients from all 5 groups equally benefited from the treatment (improvement in FMA scores)
according to the sensitivity analysis-stratified analysis (F=0.08 to 1.94, P> .16, partial n° < 0.001).

We conclude that NEURO can be recommended for chronic stroke patients irrespective of the type of stroke.

Abbreviations: ADL = activities of dalily living, Cl = cerebral infarction, FMA = Fugl-Meyer assessment, FMA-UE = Fugl-Meyer
assessment score for upper extremity function, ICH = intracerebral hemorrhage, NEURO = NovEl intervention Using Repetitive
transcranial magnetic stimulation combined with Occupational therapy, OT = occupational therapy, QOL = quality of life, rTMS =
repeated transcranial magnetic stimulation.

Keywords: cerebral infarction, Fugl-Meyer assessment, hemorrhage, intracerebral, occupational therapy, repeated transcranial
magnetic stimulation, upper extremity
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1. Introduction

The clinical presentation of stroke is generally more severe in
patients with intracerebral hemorrhage (ICH) than in those with
cerebral infarction (CI). ICH is associated with significant
mortality rates, especially in the first 3months of the poststroke
period.""! In addition, the extent of motor paralysis and sensory
deficits at recovery are different between infarction and
hemorrhage."?! Stroke recovery is focused on the motor deficit,
in addition to the size and location of the brain lesion.[!

Poststroke motor paralysis affects the activities of daily living
(ADL), including personal and social activities, and is associated
with poor quality of life.l*! In particular, the ADL of stroke
patients is affected by motor paralysis of the upper limbs.
Therefore, several institutions have included neurorehabilitation
as part of the overall clinical management of these patients.!!
Neuromodulation and changes in brain blood flow are realized
following repeated transcranial magnetic stimulation (rTMS) for
the treatment of mild or moderate upper limb paralysis in the
chronic phase, as demonstrated by studies using single-photon
emission computed tomography'® and functional magnetic
resonance imaging.”! Decreasing excitability of the cerebral
cortex is associated with a decrease in excitability of the anterior
horn cells on the paralyzed side,®*! thus improving the spasticity
of the muscle tones.!'%!"! Therefore, it has been reported that
treatment with rTMS improves patient paralysis and increases
patient satisfaction.!'!!

One of the methods used in neurorehabilitation is the NovEl
intervention Using Repetitive transcranial magnetic stimulation
combined with Occupational therapy (NEURO); rTMS for the
regulation of interhemispheric inhibition imbalance is an
additional therapy for poststroke motor function.'>”'' NEURO
modulates the excitability of the motor cortex by rTMS; it aims at
stimulating peripheral muscle movement and active exercises for
the paralyzed muscles of the upper limbs.""*! The typical rTMS
frequency of 10Hz has a promoting effect on brain activation,
whereas 1 Hz has an inhibitory effect. The stimulation intensity of
rTMS is 1.5 to 2.0 Tesla, and the stimulation depth is 1.5 to 3.0
em.M'® To reduce hyperexcitability of the intact motor cortex that
occurs in moderate to mild upper limb paralysis in the chronic
phase, low-frequency rTMS is performed on the intact motor
cortex,!”18 the frequent rTMS is applied to the motor cortex on
the affected side to enhance motor function in the acute
phase."?*%! Intensive exercise represented by constraint-induced
movement therapy is known to improve upper limb paralysis in
the chronic phase.*!! However, a previous report indicates that
low-frequency rTMS before and after training is more effective in
improving upper limb function compared to constraint-induced
movement therapy.**!

A clinical question is whether NEURO has differing effects in
ICH and CI cases. Ideally, physicians should inform patients
about the effectiveness of NEURO in motor paralysis caused by
ICH or CI ICH and CI are clinically categorized in the same
group of disorders, and considering that patients undergoing
NEURO are usually in the chronic phase, whether motor
paralysis is due to ICH or Cl is of little concern. The efficacy of the
NEURO program has been confirmed through several random-
ized control trials,"®*%! and to date, many patients have been
treated with NEURO. However, there has been no comparison
between its efficacy and outcomes (recovery of muscle paralysis)
in patients with ICH and in those with CI. In this study, the main
hypothesis tested was that the effectiveness of NEURO in terms of
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recovery of upper extremity motor paralysis would be equivalent
in patients with ICH and CIL.

2. Materials and methods

2.1. Ethics and patient consent

This retrospective and longitudinal study was approved by the
Human Ethics Committee of Tokyo Jikei University School of
Medicine (20-268-5558). Each patient provided an opt-out
signed consent form before the start of NEURO, agreeing to have
their treatment data analyzed, including in any retrospective
studies conducted after treatment. Furthermore, the study was
conducted according to the principles of the Declaration of
Helsinki.

2.2. Participants

This is a multi-institutional open-label study without control
patients. In January 2019, we scrutinized the medical records of
all patients with poststroke muscle paralysis who had been
admitted to 6 participating institutions (Jikei University Hospital,
Jikei Third Hospital, Tokyo General Hospital, Kyoto Ohara
Memorial Hospital, Nishi-Hiroshima Rehabilitation Hospital,
Shimizu Hospital) between March 2010 and December 2018 for
NEURO. The diagnoses of ICH and CI were established for
clinical care, and we obtained diagnosis data from the medical
records. We used the following inclusion criteria’®! for patient
recruitment based on the rTMS guidelines: upper limb hemi-
paresis associated with CI or ICH, age > 20years, >6 months
since the stroke, history of a single stroke only (no bilateral
cerebrovascular lesions), and data available on Fugl-Meyer
assessment (FMA) test before and after NEURO. The fifth
criterion was included to assess the effects of NEURO. We
excluded patients based on the following criteria: cognitive
deficits (a mini-mental state examination score >26), active
physical or mental illness requiring medical management, history
of convulsions for >1 year, intracranial metal clips or intracardiac
pacemaker, chemodenervation of the affected upper limb with
phenol or botulinum toxin, and subarachnoid hemorrhage.

2.3. NEURO in combination with occupational therapy

All patients were hospitalized for 15 days to receive rTMS**! and

occupational therapy (OT).®! During hospitalization, each
patient received a 40-minute low-frequency rTMS therapy and
a 60-minutes OT twice daily, excluding the admission/discharge
days and Sundays. A MagPro R30 stimulator (MagVenture
Company, Farum, Denmark) with 70-mm loop diameter figure-8
coils was used for rTMS. In each session, 2400 stimuli of 1Hz
each were applied for 40 minutes to the contralesional hemi-
sphere over the primary motor area. The stimulation intensity
was set at 90% of the resting motor threshold of the first dorsal
interosseous muscle, which was defined as the lowest stimulation
intensity that induced motor-evoked potentials in the inteross-
eous muscle. Throughout the rTMS sessions, all patients were
monitored carefully by the attending physiatrist.

OT included individual training sessions. The main goal of the
OT sessions was to divert patients from focusing on functional
training and encourage them to use their affected upper limbs
again in daily activities. The treatment strategy included
performing daily physical activities (i.e., eating) that included
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repetitive flexion and extension movements of the arm; perform-
ing individualized functional training tasks, such as washing
hands and grasping small items with the paralyzed fingers, which
improved upper limb movements; training the gross motor, fine
motor, and multitasking skills; clearly demonstrating the position
of the upper limbs to draw attention to this position during
training; staging interventions; performing ADLs and unsuper-
vised training tasks that could be continued after discharge; and
providing action feedback by passive intervention with verbal
instructions.

Patients were treated by OT and physiotherapy for 20 minutes
per session, with a maximum of 6 sessions per day. For NEURO
of the upper limbs only, patients received OT for all 6 sessions.
Depending on the patients’ demands, physiotherapy and OT
were given in 2 to 3 sessions, respectively. This allocation was
decided through discussions between a physician and the patient.

2.4. Samples for analysis

Based on repeated measures analysis of variance (F tests) with
power (1-B) of .95, a of .05, critical F of 2.22, 2 groups and 2-
time courses, and 6 variances explained by special effects, the
estimated minimum sample size was 230 patients (based on
G*Power 3.1 software, Heinrich-Heine-Universitit Diisseldorf,
Dusseldorf, Germany). Therefore, we planned to recruit at least
460 stroke patients treated with NEURO. We analyzed the data
from 876 patients with ICH and 840 patients with CI to
determine the effects of NEURO on upper limb muscle function.

2.5. Outcomes

To determine the differences between the 2 groups of patients, we
compared the FMA scores (pre- and post-NEURO), age, sex,
dominant hand, and time to recover the muscle function after
stroke onset. The primary outcomes were the FMA scores.

2.6. Clinical evaluation of motor function

The motor function of the affected upper limb was evaluated on
the day of admission and the day of discharge using FMA. FMA is
a performance-based quantitative measure composed of 33 items
that evaluates the upper extremity motor function. Each item is
rated on a 3-point ordinal scale (0=cannot perform, 1 = can
perform partially, and 2 = can perform fully), with a maximum
score of 66 points.[*>! The severity of paralysis, according to the
FMA score for upper extremity function (FMA-UE) observed
previously, was classified as follows: no (<23), poor (<23-<32),
limited (<32-<42), notable (< 42-<53), or full (<53) upper
limb capacity at 6 months poststroke.!*®! The minimal clinically
important difference identified in the FMA-UE in a population of
stroke patients is 4 to 10 points in the acute or subacute phase!®”!
and 5 points or less in the chronic phase.”!

2.7. Statistical analysis

This study was conducted without control patients. Therefore,
we performed a prebasal evaluation to verify the pretreatment
stability of the effectiveness endpoints using a within-subject
time-series design to compare NEURO outcomes in patients with
ICH and CI. Two analyses were performed with and without
imputing data; the imputed data of FMA-UE (pre- or post-
treatment) scores were used in the main analysis.?®! In the
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Figure 1. Study design. The Fugl-Meyer assessment (FMA) score was
recorded before and after a 2-week NovEl intervention Using Repetitive
transcranial magnetic stimulation and Occupational therapy (NEURO) treat-
ment in chronic stroke patients with cerebral infarction and intracerebral
hemorrhage. The data obtained pre- and post-NEURO were verified and
statistically compared.

analysis with imputed data, a linear regression model was used to
determine the changes in patients’ performance with a data
analytic (FMA score) and the missing data strategies over
time.””! For example, when one FMA score was missing, the
slope of the change was calculated from a linear regression
equation of all completed data, and a score of the patient with
missing data was estimated and imputed for analysis; vice versa,
patients with missing data were removed.

First, to determine the differences in the therapeutic effects of
NEURO between stroke patients (ICH and CI), repeated
measures analysis of variance was performed based on the time
required for recovery from upper limb muscle paralysis (changes
in FMA scores) and diagnosis (CI or ICH) (Fig. 1). The factors
influencing recovery after muscle paralysis,*®! such as age,
sex,P132) time from stroke onset,!"! affected area of the cerebral
hemisphere,****! and handedness were used as covariates for
confounder-adjustment estimates. Adjustment for multiplicity
was performed using the Bonferroni correction. For detailed
verification, the delta FMA score was compared between the ICH
and CI groups using the Student #-test. Before the analyses,
assumption checks were performed using the Levene homogenei-
ty of variances test and the Shapiro-Wilk normality test for the
FMA-UE score. Second, sensitivity analysis—stratified analysis
was used to evaluate the pretreatment severity (predicted
recovery capacity) of upper extremity paralysis. For sensitivity
analysis, we divided the pretreatment FMA-UE score into no
(<23), poor (<23-<32), limited (<32—<42), notable
(<42—<53), or full (<53) upper extremity capacity.*®! We
defined statistical significance as P<.05. All analyses were
performed using the R software version 3.6.0 (R Foundation for
Statistical Computing, Vienna, Austria).

3. Results

Figure 2 shows a flow chart of the study design and patient
recruitment. The median (25th-75th percentiles) age of the
patients was 63 (56-70) years. Table 1 summarizes the clinical
characteristics of the patients; the distribution of clinical features
was comparable between the 2 groups. A total of 1727 stroke
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n=1727 Inpatients for NEURO treatment
|, n=6  Time from stroke
onset <6 months
n=2  Age <18 i¢--
n=3  Patients with subarachnoid
- » hemorrhage (n=2) or
traumatic brain injury (n=1).
A4
n=1716 had NEURO and evaluations
Diagnosis
n=876 n=840
Cl ICH
n=4 Missing data n=4  Missing data
FMA-UE in post treatment (n=4) FMA-UE in post (n=3) or pre
(n=1) treatment

Figure 2. Flow chart of the subject recruitment protocol followed in this study. Cl =

function, ICH =

cerebral infarction, FMA-UE = Fugl-Meyer assessment score for upper extremity
intracerebral hemorrhage, NEURO = NovEl intervention Using Repetitive transcranial magnetic stimulation and Occupational therapy.

patients received NEURO treatment during the study period.
However, 11 patients did not meet the inclusion criteria—2 were
younger than 18years, 6 were <6months from onset, 2 had
subarachnoid hemorrhages, and 1 had brain trauma. There were
840 patients in the ICH group and 876 in the CI group; data were
missing for 8 patients. Finally, 1716 patients were analyzed using
imputed data. The sample size was adequate in both groups.
Right-handed patients accounted for 97% of the total sample
population, which was almost equal to the entire sample
population. The number of men was about twice that of women
in both the groups.

The pretreatment stability of the effectiveness endpoints was
verified, and no significant difference was found in the
pretreatment FMA-UE scores between the diagnoses of ICH
and CI (¢=1.34, P=.18, Cohen d=0.065, Table 2). Figure 3
shows the time-series plots of FMA scores.

Comparing the within-subjects effects, there was no significant
interaction between diagnosis (CI and ICH), time series (pre- and
post-NEURO), and recovery capacity prediction of the FMA-UE
(Fia,14.0=2.05, P=.09, partial m>=0.01). Treatment time had a
significant effect on the FMA-UE score (Fj1161.71=23.64,
P=.0001, partial n>=0.01). The confounder-adjusted estimates
revealed that age (P=.98), sex (P=.53), time from the onset in
months (P=.46), and dominant hand (P=.28) had no major
effects on the FMA-UE scores. Compared with the delta value
(pre- and post-NEURO), the FMA-UE score showed no
difference (t=—0.727, P=.468, Cohen d=0.035).

In the sensitivity analysis-stratified analysis, patients were
divided into 5 groups based on pre-treatment scores of the FMA-
UE for predicting recovery capacity (Table 3). Results of the
sensitivity analysis-stratified analysis demonstrated no significant
interaction between diagnosis (CI and ICH), time series (pre- and

Baseline characteristics of the patients in the 2 groups.

All ICH cl

N 1716 840 (49%) 876 (51%)
Age, y 3 (55-70) 0 (54-68) 63 (58-72)
Sex (n) Female 582 (34%) 300 (34%) 282 (34%)

Male 1134 (66%) 576 (66%) 558 (66%)
Paralysis side (n) Left 742 (42%) 391 (45%) 351 (42%)

Right 974 (58%) 485 (55%) 489 (58%)
Dominant hand (n) Left 97 (6%) 50 (6%) 47 (6%)

Right 1619 (94%) 826 (94%) 793 (94%)
Time from onset, mo (23 74) (25 79) (22 67)
FMA-UE score (pretreatment) 9 (38-56) 8 (38-56) 0 (39-56)

Values are n (%) or median (25th—75th percentiles).

Cl = cerebral infarction, FMA-UE = motor function score of the upper extremity evaluated by Fugl-Meyer assessment, ICH = intracerebral hemorrhage.

4
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Comparing the pretreatment Fugl-Meyer assessment scores of the upper extremity between 2 types of strokes and verifying the
pretreatment stability of the effectiveness endpoints.

95% Confidence interval

Time-series Diagnosis FMA-UE score t P Mean difference Lower Upper Cohen d
ICH (n=2840) 48 (38-56) _
Pre 0l (n=576) 50 (39-56) 1.34 18 0.81 0.38 1.99 0.065

Statistical analysis was performed by Student t-test. The data of 4 patients each in Cl and ICH groups were analyzed using impute data. Levene homogeneity of variances test (P=.143) and the Shapiro-Wilk
normality test (W=0.916) for the FMA-UE score were not significant. Values are represented as median (25th—75th percentiles).
Cl = cerebral infarction, FMA-UE = motor function score of the upper extremity evaluated by Fugl-Meyer assessment, ICH = intracerebral hemorrhage.

group 1-4 vs 5: Fjj460=0.87, P=.35, partial 12=0.0001)
(Fig. 4). Post-hoc analysis showed significant changes in FMA-UE
scores (median, 25th—75th percentiles) before (49, 38-56 in ICH;
50, 39-56 in CI) and after (53, 43-60 in ICH; 54, 44-60 in CI)
NEURO (Pponferroni < -001, Table 3).

All results remained unchanged even when analyzed without
imputed data.

60 1

40 |

.‘:,-f ‘}.'

‘;.;_ ;'ﬁ 'Pé?\t"?

FMA-UE score

- ICH (n=840) 4. Discussion/conclusion

0 A . . By analyzing the main effect of NEURO’s time series, we
confirmed that the upper extremity motor function in stroke

i patients significantly recovered with NEURO in this study. This
Figure 3. Effects of treatment on Fugl-Meyer assessment (FMA) scores of the . . . - [15,18,23]
j , , o result was consistent with those of previous studies.
upper extremity. Treatment time series had a significant effect on the Fugl- R .
Meyer assessment score for upper extremity function (FMA-UE) scores  Furthermore, the major finding of the present study was that no
(Fi1.161.749=23.64, P=.0001, partial °=0.01). There was no significant  difference in NEURO treatment outcomes was observed with the
interaction tzetween diagnosis (cere)bral infarction and cerebral hemorrhage), type of stroke (ICH or CI) even after sensitivity analysis-stratified
time series (pre- and post-NEURO), and recovery capacity prediction of the lysis. Th It t that 1 t t it
FMA-UE (Fia,13.971=2.05, P=.09, partial n*=0.01). Open circles and error bars anaysts. ese? resuits §ugges at ong-term upper.ex re.ml Y
denote the estimated marginal mean and standard errors. muscle paralysis can be improved by NEURO equally in patients
with CI and ICH.
What is the mechanism of improvement of FMA-UE after 2
weeks of NEURO treatment? In NEURO, the patient actively
post-NEURO), and recovery capacity prediction of FEMA-UE ~ moves the upper extremity and hand/fingers with OT after rTMS.
(group 1 vs groups 2-5, Fj115.6)=1.94, P=.16, partial n>=0.00; rTMSis usually applied during the chronic phase of stroke for the
group 1, 2 vs 3-5, Fj1,06=0.08, P=.78, partial 1*=0.0001; treatment of hemiparesis. At high frequency (HF, >5 Hz),13%!
group 1-3 vs 4-5: F1.12.9y=1.81, P=.18, partial M?>=0.0001, rTMS increases the long-term potentiation of neural activity,

Post-hoc comparisons of the Fugl-Meyer assessment score for upper extremity function scores of the groups according to pretreatment
status.

pre post

FMA-UE score Statistics

Diagnosis Group N Pre Post t Pgonterroni Cohen d

ICH 1_no 45 17 (14-20) 20 (17-25) 4.86 <.001 1.02
2_poor 72 27 (25-29) 33 (17-398) 9.43 <.001 1.56
3_limited 283 41 (36-45) 46 (41-50) 13.06 <.001 1.09
4_notable 128 50 (49-51) 55 (52-56) 7.75 <.001 0.97
5_full 312 58 (55-61) 61 (59-63) 6.36 <.001 0.51
total 840 49 (38-56) 53 (43-60) 16.24 <.001 1.34

cl 1_no 33 19 (16-20) 23 (20-28) 5.48 <.001 1.35
2_poor 80 28 (25-30) 33 (31-37) 8.81 <.001 1.39
3_limited 274 41 (37-44) 46 (42-50) 1491 <.001 1.27
4_notable 141 50 (49-51) 54 (52-57) 8.21 <.001 0.97
5_full 348 58 (55-61) 61 (58-63) 6.76 <.001 0.51
total 876 50 (39-56) 54 (44-60) 16.38 <.001 1.10

By using repeated measures analysis of variance (ANOVA) = treatment time series had a significant effect on the FMA-UE scores (F1 161.77=23.64, P=.0001, partial n2 =0.01) for ICH and Cl and time series
(pre and post). Furthermore, for sensitivity analysis-stratified analysis, a significant effect was found between time series and groups (Fa,s04.4y=25.28, P=.0001, partial n2=0.01). Post-hoc analysis was
performed by Bonferroni corrections. Values are represented as median (25th—75th percentiles). By using repeated measures ANOVA = treatment time series had a significant effect on the FMA-UE scores
(F1,161.7=23.64, P=.0001, partial m?=0.01)for ICH and Cl and time series (pre and post). Furthermore, for sensitivity analysis-stratified analysis, a significant effect was found between time series and groups
(Fia,504.41=25.28, P=.0001, partial ﬂ2=0‘01)‘ Post-hoc analysis was performed by Bonferroni corrections. Values are represented as median (25th—75th percentiles).

Cl = cerebral infarction, FMA-UE = Fugl-Meyer assessment score for upper extremity function, ICH = intracerebral hemorrhage.


http://www.md-journal.com

Tatsuno et al. Medicine (2021) 100:24

Medicine

604 <« ICH

g

o

3 40 -

= 3

: | 3

o 204 = r
Ly

0 - , ' . .
pre post pre post
A Group 1 (n=78) Groups 2-5 (n=1638)
60 | E%/’ a

o > v 4

o 5

2 40 - .

w

- ’

<

Z 20/

0 ' . ' :

pre post pre post

C  Groups 1-3 (n=787)

Groups 4 and 5 (n=929)

60

v "

@] J

S 40 (

% "/ l‘i

£ 2/

ol : : ;

pre post pre post

B Groups 1 and 2 (n=230) Groups 3-5 (n=1486)

60 - g

g

§ 40 A "'

(] —

= y

< 1

Z 20
o

0 - ‘ Y . T

pre post pre post

D Groups 1-4 (n=1056) Group 5 (n=660)

Figure 4. Results of sensitivity analysis compared with the effects of treatment based on FMA scores of the upper extremity in patients with cerebral infarction and
intracerebral hemorrhage divided by the pretreatment FMA-UE score: group 1: no (<23), group 2: poor (<23 to <32), group 3: limited (<32 to <42), group 4:
notable (<42 to <53), or group 5: full (<53) recovery capacity. A, Group comparison 1 | 2, 3, 4, 5. B, Group comparison 1, 2 | 3, 4, 5. C, Group comparison 1, 2, 3 |
4, 5. D, Group comparison 1, 2, 3, 4 | 5. No significant interactions were found between diagnosis (cerebral infarction and intracerebral hemorrhage), time series
(pre- and post-NEURO), and recovery capacity prediction of FMA-UE (group 1 vs 2-5, Fy 156 =1.94, P=.16, partial 12=0.00; group 1, 2 vs 3-5, Fr1,06= 0.08,
P=.78, partial n>=0.0001; group 1-3 vs 4-5: Fr1,12.9=1.81, P=.18, partial 12=0.0001, group 1-4 vs 5: Fr1,6.0=0.87, P=.35, partial 12=0.0001). Open circles

and error bars denote the estimated marginal mean and standard errors.

whereas at low frequency (LF, 1Hz), it reduces long-term
depression.*®! Thus, excitation of the affected cortex with HF-
rTMS and inhibition of the unaffected cortex with LE-rTMS is
based on the interhemispheric inhibition theory.?”>*%! Notably,
controlling the excitability of the motor cortex using rTMS while
the patient is actively using the upper extremity exemplifies the
effectiveness of NEURO treatment. In the chronic phase of
stroke, the most widely accepted explanation for the efficacy of
the 1-Hz stimulation of the unaffected hemisphere is a reduction
in the abnormally high transcallosal inhibition toward the
affected hemisphere®***°l; that is, it was suggested that rTMS
attenuated brain activation on the intact side and reduced
interhemispheric inhibition; conversely, activation on the affected
side increased hand mobility in patients, resulting in an improved
FMA score.

According to a previous study, the lesion volume was much
smaller in ischemic stroke patients than in hemorrhage

patients.®! A large proportion of ICH and CI reported by
Edwardson et al. was subcortical,’® while approximately half of
the reported strokes were in the region of the middle cerebral
artery in population-based studies. The size- and brain region-
related differences are significant factors that influence outcomes
(i.e., motor recovery), particularly in the acute to subacute phase.
It has been suggested that the type of stroke (i.e., hemorrhage and
infarction) does not affect the recovery of upper extremity muscle
paralysis even after intensive care,”’! although our study included
patients with chronic stroke. The extent of nerve damage affects
the recovery of motor paralysis, but there may be no differences
in recovery by NEURO in patients with chronic stroke.

Our study has certain limitations. First, we did not analyze the
effect of the affected area of the brain on the outcome. Some
previous studies have reported that the prediction of motor
recovery in patients with stroke-related muscle paralysis in the
acute phase depends on the location of the damaged neural area
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identified by brain imaging."*'**! In contrast, other studies have
reported that recovery can be predicted accurately without brain
imaging studies.'*>! Therefore, we assume that the location of
brain damage affects recovery from motor paralysis in individual
patients but not in patients examined during the chronic phase or
from the general population. Detailed analysis of the effect of the
damaged brain area should be conducted in future studies.
Second, our study did not analyze the nutritional status of
participating patients. Evidence suggests that nutrition is a key
predictor of stroke outcomes.**! Thus, the nutritional status and
its associated impact on NEURO and motor function should be
investigated in a separate study. Third, the OT training sessions
were not equivalent among patients, although the duration,
session time, and frequency were equivalent. Any small
discrepancy in OT sessions would interfere with the results. In
NEURO OT sessions, the amount of exercise should be measured
to determine the outcome of the patient’s upper limb exercise
therapy or daily life activity. In addition, physical therapy was
administered along with OT to some patients. However, we did
not specifically investigate the proportion of patients who
received physiotherapy. The effect of physiotherapy on motor
functional recovery was not analyzed in this study and should be
elucidated in future studies.

In conclusion, in the present study, we demonstrated the
beneficial clinical effects of intensive NEURO (i.e., rTMS and
OT) on upper extremity muscle paralysis and showed that the
effects were not influenced by the type of stroke (i.e., ICH or
infarction). We recommend NEURO for patients with chronic
stroke, including those with CI and hemorrhage.
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