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Inclusi Exclusion

(1) Meet WHO or International diagnostic c

ria for post-stroke hemiplegias

(2) The first unilateral supratentorial ischemic stroke, the condition i stable afier
acute treatment of ischemic stroke, the course of disease is 21 year, and participate

in 2 evaluations (screening and baseline) before enrollment.

(3) Diagnosed by professional physicians combined with brain CT or magnetic

resonance imaging and other imaging techniques;

(4) Between the ages of 18 and 80, male or female

(5) The responsible lesion in the unilateral white matter area indicated by cranial CT
or MRI

(6) Relevant sequelae such as limb dysfunction after stroke, accompanied by
unilateral limb motor dysfunction, proved to be right-handed by standardized

examination.

(7) There is obvious motor disorder, EMA motor function score is between 50 and
84

(8) Perfect dlinical data

(9) Stable medical and physical condition with adequate nursing support and

appropriate medical care in the patients home community.

(10) The patient himself or voluntarily signs the informed consent and is willing to

cooperate with relevant treatment.
Withdrawal eriteria

(1) After the start of the clinical study, itis found that the subjects do not meet the

case inclusion criteria;

(2) There is no data after enrollment;

(3) Subjects have poor compliance and have never used the experimental treatment.

plan;

(4) Those who seriously violate the experimental protocol.

“Termination cri

Continuation of the study may harm the relevant rights and interests of a certain

number of subjects

(1) Glasgow Coma Scale (GSC) score below 15, Minimum Mental State Examinat

(MMSE) assessment for dementia indicated, suffering from mental disturbance and

unable to cooperate with examination or treatment.

(2) Motor and sensory disturbances are not induced by stroke, nor by previous

ischemic stroke, but stroke induced by trauma, brain tumor, etc.

(3) Serious comorbidities, such as malignant tumors, primary heart,liver, kidney or

hematopoietic system diseases.

(4) History of cognitive impairment, mental disorder, drug abuse, drug allergy, and

alcoholism.

(5) Previous craniotomy, thrombectomy and thrombolysis.

(6) Possess a pacemaker, metal stent, plate, or implant susceptible to electrical
impulses in the body (pacemaker or defibrilltor, baclofen pump, deep brain

stimulator, Ventricular shunts, shrapnel, etc).

(7) Pregnant or breast-feeding or have a recent birth plan.

(8) Clinical data are perfect,

(9) Congenital or acquired abnormalities of lower extremities (affecting joints and

bones).

(10) Registration of investigators, their family members, employees, and other
dependents.

(1) Severe joint contractures cause loss or limitation of lower limb activites.
(12) Blood system discases with increased risk of bleeding during surgical
intervention

(13) Paticipate in another study drug study within 30 days before and during this
study.

(14) Unable to complete the basic process,or difficult to maintain compliance and.

follow-up.
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Study Screening Perioperative period Follow-up period
period

Enrollment  Allocation/  Postsurgery 1month 3month 6month 9month  12month

surgery
Number of days 157 107 352 743 743 743 743 743
Enrollment
igibility x

screen

Informed x

consent

Medical x

history

MRI x x

scanning

Interventions

MLR-DBS x
surgery

Stimulation x

parameters
Allocation
DBS group x x x
Control x x
group
Assessments
Primary outcome measure
FMA x x x x x x x

Secondary outcome measures

BBS x x x x x x x
POMA x x x x x x x
BI x x x x x x x
SF-36 x x x x x x x
HAMD x x x x x x x

AE x x x x x x x
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Enrollment Of Patients

Baseline data collection and
outcome assessments

Screening patients
by inclusionand
1 month

DBS was implanted in all patients

The electrode position
accuracy reached the standard

Withdraw
Follow-up one month after surgery
Central randomized grouping

DBS stimulation group. DBS sham stimulation group

BES Two groups of baseline DBS sham
startu information hypothesis testing stimulation

DBS
startup
[

([Postoperative follow-up data were collected |

Follow-up three month after surgery
Follow-up six month after surgery
Weaning was performed for 2 weeks

Follow-up nine month after surgery

(Follow-up_twelve month after surgery ]

All patients were treated with DBS

Data entry
and analysis
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Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean _ SD Total Mean  SD Total Weight IV, Random, 95% CI I, Random, 95% CI
211 Weight

Torrd-Ferrero etal. 2020  744.53 251.44 38 987.15 41891 36 18.4% -070(-117,-0.23] _

Toré-Ferrero etal. 2022 714.35 298.15 17 944.47 34835 15 147% -0.70([-141,0.02] ———————1

Subtotal (95% C1) 55 51 332% -0.70[-109, -0.301 =

Heterogeneity: Tau® = 0.00; Chi’ = 0.00, df = 1 (P = 0.99); I = 0%

Test for overall effect: Z = 3.48 (P = 0.0005)

4.2 Height

Torrd-Ferrero etal. 2020 4.81 206 38 39 266 36 186%  0.38(-0.080.84] 1=
Toré-Ferreroetal. 2022 4.48 241 17 263 179 15 146%  0.84[(0.11,157] —
Subtotal (95% C1) 55 51 332%  052(0.10,094] g
Heterogeneity: Tau? = 0.01; Chi‘ = 110, df = 1 (° = 0.29); ¥ = 9%

Test for overall effect: Z = 2.45 (P = 0.01)

413 Head cincunference

Toé-Ferreroetal. 2020 469 391 38 488 327 36 186% -0.05(-0.51,040] —T
Torrd-Ferrero et al. 2022 3128 17 25 25 15 150%  0.25(-0.45,0.95] g ———
Subtotal (95% C1) 55 51 337%  0.04(-034,0.42] i
Heterogeneity: Tau? = 0.00; Chi = 0.51, df = 1 (P = 0.48) F = 0%

Test for overalleffect: Z = 0.20 (P = 0.84)

Total (95% 1) 165 153 100.0%  -0.01[-047,045]

Heterogeneity: Tau® = 0.25; Chi’ = 20.25, df = 5 (P = 0.001); I = 75% g —i—t
Test for overall effect: Z = 0.04 (P = 0.97) Control group Vojta therapy

Test for subgroup differences: Chi? = 17.83, df = 2 (P = 0.0001), I

88.8%
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Vojta therapy

Control group

Std. Mean Difference

Std. Mean Difference

Study or Subgroup _Mean _ SD Total Mean  SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
311 GMFM

Konjenetal 2022 242 6.44 12 642 623 12 150% -0.61(-143,0.21]

Ha etal. 2018 0.85 21.14 5 -0.15 1655 5  6.7%  0.05(-1.19,1.29]

Ha etal. 2022 236 107 10 172 049 10 122%  0.74(-0.18,165]

Subtotal (95% CI) 27 27 339%  0.04(-0.82,0.90]

Heterogeneity: Tau? = 0.32; Chi® = 4.62, df = 2 (P = 0.10); I’ = 57%

Test for overall effect: Z = 0.09 (P
3.1.2 GMFM sitting

Konjen et al. 2022 6 768 12 13.67 337
Haetal. 2022 333 253 10 222 187
Ha etal. 2018 401 614 5 066 5.24
Subtotal (95% C1) 27
Heterogeneity: Tau? = 0.01; Chi? = 2.07, df = 2 (P = 0.35); I
Test for overall effect: Z = 0.49 (P = 0.62)

3.1.3 GMFM cravling

Konjenetal 2022 242 644 12 5.42 2143
Subtotal (95% C1) 12

Heterogeneity: Not applicable

Test for overall effect: Z = 0.45 (P = 0.65)

3.1.4 GMEM lying rolling

Konjenetal. 2022 642 5 12 833 23.68
Subtotal (95% C1) 12

Heterogeneity: Not applicable

Test for overall effect: Z = 0.26 (P = 0.79)

3.15 Alberta Scale

Kavlak et al. 2022 o o o 0o o
Subtotal (95% C1) 0
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% Cl) 78

Heterogeneity: Tau? = 0.01; Chi*
Test for overall effect: Z = 0.02 (P
Test for subgroup differences: Chi

(=092, 1

12 156%
10 12.8%
5 6.3%
27 347%
3%
12 157%
12 15.7%
12 157%
12 157%
0
0
78 100.0%

7.20,df = 7 (P = 0.41); 1 = 3%
98)
0.52, df

-0.30 [-1.11, 0.50]
0.48-0.41, 1.37)
0.53 [-0.74, 1.81)
0.14 [-0.41,0.69]

-0.18 (-0.99, 0.62]
-0.18 [-0.99, 0.62]

.11 (-0.91, 0.69]
-0.11[-0.91, 0.69]

Not estimable
Not estimable

0.00 [-0.32,0.33]

-

-2

-1 0 1
Control group Vojta therapy
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Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

Dl D2 D5 _Overall
; :z_ ¥ ? Carratalé et al. 2022
Ha et al. 2018
[ (O | Hactar202
[T o | [ | | Koundal et al. 2016
[ o] [© | © | Kaviaketal2o2
[ ) [ || xoleetal2014
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[ vow risk of bias

0%
[ wnctear risk of bias

. High risk of bias






OPS/images/fneur-15-1391448/fneur-15-1391448-g003.jpg
Vojta Therapy

Control group

Std. Mean Difference

Std. Mean Difference

Heterogeneity: Tau®

0.64; Chi* = 105,11, df = 19 (7 < 0.00001); I = 82%

SEE———

Study or Subgroup. Mean SD Total Mean SO Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Sanz et al. 20218 (Tibials Anterior 3) -081 286 9 -0.14 048 20 52% -040(-120,039] —
Sanz et al. 20218 (Rectus Abdominis 1) -029 169 8 -0.005 036 20 SI% -030(-112,0.53] —
Sanz et al. 20218 (Left Foream 2) 005 032 3 013 071 20 41% -0.11[-133,110] !
Pérez-Robledo et al. 2022 (Left Internal Oblique) 0,03 015 27 0001 0.7 27  5.8%  0.06(-0.48,059] & =
Sanz et al. 20218 (Tibials Anterior 2) 01 019 3 -014 048 20 41%  008(-L13,130] e
Sanz et al. 20218 (Rectus Abdominis 2) 006 0.46 3 -0.005 036 20 4.1%  0.17(-105,138 fe——
Perales-Lopez et al. 2013 (Common Finger Ext 1) 13.45 7.53 45 1102 7.24 45  6.1%  0.33(-009,074] T—
Sanz et al. 20218 (Right Foream 2) 015 014 3 04 161 20 41%  035(-087, 156 —
Sanz et al. 20218 (Rectus Abdominis 3) 093 268 9 -0005 036 20 52%  061(-0.19, 141 T
Sanz et al. 20218 (Tibials Anterior 1) 279 806 & -014 048 20 5.1%  0.68(-0.16,152] T
Pérez-Robledo et al. 2022 (Left External Oblique) 0,08 0.13 27 0009 0.04 27  5.8%  0.73(0.18, 128 —
Sanz et al. 20218 (Right Foream 1) 161 429 8 -04 161 20 50%  0.75(-0.10, 159 —
Pérez-Robledo et al. 2022 (Right Internal Oblique) ~ 0.14 023 27 001 0.04 27 58%  078(022,133] —
Sinchez-Gonzilez et al. 2023 (Right £xt Obliue) ~ 0.08 0.08 14 0.01 008 13 52%  0.85(0.05, 164] —
Pérez-Robledo et al. 2022 (Right External Oblique) ~ 0.13 02 27 0001 0.05 27 58%  087(031,143] —
Sanz et al. 20218 (Left Foream 3) 13 2 9 013071 20 S1%  092(009,1.74] —
Sanz et al. 20218 (Left Foream 1) 163 216 8 013 071 20 49%  114(0.26,202] —_—
Perales-Lopez et al. 2013 (Common Finger Ext2)  13.45 7.53 45 001 0.01 45  58%  250(195,3.06] —
Sanchez-Gonzilez et al. 2023 (Left Ext Oblique) 02 009 14 -005 000 13 44% 269161378 —
Sanz et al. 20218 (Right Foream 3) 62 104 9 -04 161 20 35%  438(293 583 3
Total (95% ) 306 464 1000%  0.81(041,121] -
L
3

Test for overall effect: Z = 3.98 (P < 0.0001)

T
Control group Vojta Therapy.
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Records identified through
database searching.
(n=882)

Additional records identified
through other sources.
(n=9)

Records afters duplicated removed.
(n=567)

Records screened.
(n=126)

l

Records excluded.
(n=12)

]

Full text articles assessed for
eligibility.
(n=114)

|

Studies included in qualitative
synthesis.
(n=55)

Ful text articles excluded with
reasons (n=59)
«  Congress Proceedings (n=6)
«  Otherlanguage (n=15)
« Does not meet inclusion
criteria (n=38)

Studies included in metanalysis.
(n=18)
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Vojta therapy Control group

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean D Total Mean _SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.115p02

Maha et al. 2017 (5p02) 422 319 18 49 294 19 214% -022(-0.86,0.43] —

Kole et al. 2014 (5p02) 268 24 13 3 237 13 180% -0.13(-0.90,0.64] |

Kaundal etal. 2016 (5p02) 9.6 131 28 81 223 28 24.6%  0.81(0.26,1.36] —
Subtotal (95% CI) 59 60 64.0%  0.18[-0.52,0.88] ——
Heterogeneity: Tau? = 0.27; Chi? = 6.95, df = 2 (P = 0.03); I = 71%

Test for overall effect: Z = 0.52 (P = 0.61)

112 Pa02

Kole et al. 2014 (Pa02) 20852200 13, 3021648 13 ek oasfostoss ——
Subtotal (95% CI) 13 13 180% O | o
Heterogeneity: Not applicable

Test for overalleffect: Z = 0.40 (P = 0.69)

113502

Kole et al. 2014 (502) 181 738 13 393 94 13 180% -024[-102,053)

Subtotal (95% CI) 13 13 180% -024[-102,053]

Heterogeneity: Not applicable

Test for overall effect: Z = 0.62 (P = 0.54)

Total (95% CI) 85 86 100.0%  0.11[-033,0.56]

Heterogeneity: Tau? = 0.13; Chi = 8.31, df = 4 (P = 0.08); I = 52%
Test for overall effect: Z = 0.50 (P = 0.62)
Test for subgroup differences: Chi® = 0.77, df

®

68), I = 0%

T 05 1
Control group Vojta therapy
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Vojta therapy Control group Std. Mean Difference Std. Mean Difference

Study or Subgroup __Mean _SD_Total _Mean _SD Total Weight _IV, Random, 95% CI 1V, Randorm, 95% CI
Mahaetal 2017 -19.61 431 18 -20.58 6.44 19 48.9%  0.17-0.47,0.82]
Kaundaletal. 2016 ~ 10.67 0.98 28 9.53 0.88 28 SL1%  1.21[0.63,1.78] —-
Total (95% CI) 46 47 1000%  0.70[-031,171]

Heterogeneity: Tau? = 0.44; Chi? = 5.52, df = 1 (P = 0.02); I = 82% %1
Test for overall effect: Z = 1.35 (P = 0.18) Control group Vojta therapy
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Vojta Therapy

Control group.

Std. Mean Difference

Std. Mean Differer
IV, Random, 95% CI

Difference

Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI

52.1 Left M1

Sanchez-Gonzilez et al. 2023 -0.05 0.04 14 0.004 0.04 13 3.0% -131[-2.15, -0.46] &

Sanz et al. 2021A (Low Alpha Wave) 036 15 20 022 14 20 5.3% 0.09 [-0.53, 0.71] b - oo
sanzetal. 2021A (High AlphaWave) 0.5 1.42 20 0.2 141 20 5.2%  0.21(-0.41,0.83] —_—
Sanz et al. 2021A (Theta Wave) 045 15 20 -0.05 136 20 52%  0.34(-0.28,0.97) =
Subtotal (95% Cl) 74 73 187% -0.11(-0.75,0.52] —————
Heterogeneity: Tau? = 0.30; Chi’ = 10.90, df = 3 (P = 0.01); I = 72%

Test for overall effect: Z = 0.35 (P = 0.72)

5.2.2 Right M1

Sanz et al. 2021A (High Alpha Wave) 03 138 20 055 1.26 20 5.2%  -0.19[-0.81, 0.44] —_—1

Sanz et al. 2021A (Low Alpha Wave) 0.45 137 20 032 125 20 5.3% 0.10 [-0.52, 0.72] ==
Sanz et al. 2021A (Theta Wave) 052 129 20 019 132 20 5.2% 0.25 [-0.37, 0.87) == =
Sanchez-Gonzilez et al. 2023 -0.04 0.05 14 -0.08 0.05 13 3.5% 0.78 [-0.01, 1.56] =
Subtotal (95% CI) 73 192% 0.19 [-0.18, 0.55] o
Heterogeneity: Tau? = 0.02; Chi’ = 3.64, df = 3 (P = 0.30); I* = 18%

Test for overall effect: 101 (P =031

5.2.3 Left Premotor Cortex

Sanz etal. 2021A (High Alpha Wave) 071 146 20 008 148 20  5.2%  0.42(-021,105) B e
Sanz et al. 2021A (Low Alpha Wave) 068 136 20 0.03 138 20 5.1% 0.47 [-0.16, 1.09] [t
Sanz et al. 2021A (Theta Wave) 0.76 135 20 -0.03 1.41 20 5.1% 0.56 (-0.07, 1.19] T ==
Subtotal (95% Cl) 60 15.4% 0.48 (0.12, 0.85] <t
Heterogeneity: Tau® = 0.00; Chi* = 0.10, df = 2 (P = 0.95); I = 0%

Test for overall effect: 2.60 (P = 0.009)

5.2.4 Right Premotor Cortex

Sanz etal. 2021A (High Alpha Wave)  0.47 133 20 055 132 20  53%  -0.06[-0.68,0.56] —_—

Sanz et al. 2021A (Low Alpha Wave) 056 146 20 0.4 129 20 5.3% 0.11[-0.51, 0.73] ——pee——
Sanz et al. 2021A (Theta Wave) 0.65 135 20 0.15 135 20 5.2% 0.36 [-0.26, 0.99] et
Subtotal (95% CI) 60 60 15.7% 0.14 [-0.22, 0.50]

Heterogeneity: Tau? = 0.00; Chi’ = 0.89, df = 2 (P = 0.64); I* = 0%

Test for overall effect: 0.75 (P = 0.45)

5.2.5 Left SMA

Sanz et al. 2021A (Theta Wave) 1.09 1.21 20 066 141 20 5.2% 0.32[-0.30, 0.94] e
Sanz etal. 2021A (Low AlphaWave) 105 122 20 043 133 20 51%  048(-0.15, 111 T—
Sanz et al. 2021A (High Alpha Wave) 11 124 20 044 134 20 5.1% 0.50 [-0.13, 1.13] —t—
Subtotal (95% C) 60 60 155%  0.43(007,079) e
Heterogeneity: Tau? = 0.00; Chi’ = 0.19, df = 2 (P = 0.91); I* = 0%

Test for overall effect: 2.34 (P =0.02)

526 Right SMA

Sanz et al. 2021A (Theta Wave) 106 12 20 063 139 20 5.2% 0.32[-0.30, 0.95] —_—r—
Sanz et al. 2021A (Low Alpha Wave) 101 122 20 049 133 20 5.2% 0.40 [-0.23, 1.03] Re——
Sanz et al. 2021A (High Alpha Wave) 108 1.25 20 048 133 20 5.1% 0.46 [-0.17, 1.08] B
Subtotal (95% C) 60 155%  039(003,075) ——
Heterogeneity: Tau? = 0.00; Chi? = 0.08, df = 2 (P = 0.96); I’ = 0%

Test for overall effect: 2.13 (P = 0.03)

Total (95% C1) 388 386 1000% 025 (0.10,041] -
Heterogeneity: Tau? = 0.02; Chi? = 22.04, df = 19 (P = 0.28); I = 14% IR

Test for overall effect: Z = 3.22 (P
Test for subgroup differences: Chi’

.001)
4.51,df = 5 (P = 0.48),

1 05 X
Control group Vojta Therapy

1
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Vojta therapy

Control group

Std. Mean Difference

Std. Mean Difference

Study or Subgroup. Mean SD Total Mean SO Total Weight IV, Random, 95% CI 1V, Random, 95% C
2.1.1 Berg Balance Scale

Rasova et al. 2021 (B85) 069 736 29 123 1133 21 151%  -020(-0.77,0.36] —f i
Pavlikova et al. 2020 18 822 23 03 1456 26 151%  0.12[-0.44,068 — e
Carratald-Tejada et al. 2022 344 656 23 -008 72 23 145%  050(-0.09, 109 D
Perales-Lopez et al. 2021 (8BS end of session) 409 561 21 -023 45 9 103%  079(-0.02, L60]

Perales-Lopez et al. 2021 (B85 after 14 days) 482 567 21 -002 425 9 102%  0.89(0.07,171]

Subtotal (95% C1) 88 652%  0351-0.040.75]

Heterogeneity: Tau = 0.09; Chi’ = 7.32, df = 4 (7 = 0.12);

Test for overall effect: 2 = 1.75 (P = 0.08)

2,12 Timed Up and Go

Rasova et al. 2021 (TUG) 062 377 29 -193 1136 21 15.1%

Subtotal (95% C1) 29 21 150%

Heterogeneity: Not applicable

Test for overall effect: Z = 1.10 (P = 0.27)

2.1.3 Tandem Test

Perales-Lopez etal. 2021 (tandem after 14 days)  9.42 7.39 21 144 903 9 0.98(0.16, 1.81)

Perales-Lopez et al. 2021 (tandem end of session)  11.09 7.88 21 0.74 905 9 1.22(0.37,2.07)

Subtotal (95% C1) a2 18 110051, 169]

Herogeneny T’ = 000; Y = 016, ot 10050 = 0%

Test for overall effect: Z = 3.64 (P = 0.000:

Total (95% € 188 127 1000% 050 (0.17,083]

Heterogeneity: Tau* = 0.10; Chi’ = 13.29,df = 7 (P = 0.07); F = 47%
Test for overall effect: Z = 2.96 (P = 0.003)
Test for subgroup differences: Chi’ = 4.88, df

20

.09), 1

59.0%

1 1
Control group Vojta therapy
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Studyand ~Population
study
design

Non-invasive VNS studies

Caponeetal.  Chronic Ischemic or
2017/RCT ‘hemorrhagic stroke
Redgrave etal. | Chronic ischemic

2018/Pre-post  stroke

study

Wuetal. 2020/ | Sub-acute Ischemic

RCT stroke
Changetal.  Chronic ischemic or
2021/RCT hemorrhagic stroke

Lietal. 2022/
RCT

Acute ischemic or

hemorrhagic stroke

Invasive VNS studies

Dawsonetal. | Ischemic stroke

2016/RCT

Kimberley Ischemic stroke
etal. 2018/

RCT

Dawsoneetal. | Ischemic stroke

2021/RCT

1:54(5.9)

C:56(7.1)

65(6.9)

1:65 (99)

c62(11)

1:56

1:69(12)

C:68(12)

1:58 (17)

C61(11)

1:60 (7)

€160 (14)

1:59 (10)

C:61(9)

Time since
stroke in
months,
mean (SD)
or Median
(IQR)

Sample
size, %
male (M)

17(M:57%)  1:94(39)
G5 (M:43%) G460 (22)
13 (M:77%) 14 (IQR: 8-43)
1:5 (M:50%) :1.2(031)
C8(M:73%)  C:1.2(022)
18 (M:S0%)  26(47)
Only cumulative
data is available
C:15 (M:50%)

1:30 (M:50%)  1:0.36(0.25)
C:034(0.23)
C:30 (M:47%)
1:9 (M: 78%) 1:14 (12)
CIL(M82%)  C:20(16)
1:8 (M:50%) L18
#SD unknown
COMSER) | Ci18
#SD unknown
1:53(M:64%)  1:37(28)
C:55(M:65%)  C:40(31)

Interventions
in respective
groups (I,
intervention; L,
location of
VNS; T, timing
of VNS; F,
frequency; Cl,
current
Intensity)

1: tVNS + UE robotic
therapy to the affected
limb

L &T: Left inner side
of the tragus, before
robotic therapy, every
Smin for 1h

F & CI: 30Hz and CI
range 2-4.5mA

C: sham tVNS +
Robotic therapy
I:tVNS + UE
rehabilitation therapy

to the affected limb.

L&T: Left concha,
paired with RT

F &CI: 25Hz and
median (IQR) CI 1.4
(1-3.2) mA

I VNS pre-RT
followed by RT

L&T: Left cymba
concha, pre-RT

F&Cl: 20Hz and
mean (SD) CI 1.7 (0.4)
mA

C: Sham taVNS + RT

I:taVNS + UE robotic
therapy

L&T: Left cymba
concha paired with

robotic therapy

F&CI:30 hz, 0.1-
5mA

C: Sham taVNS + UE

robotic therapy

I: tavNS + RT

L&T: Left concha,
pre-RT for 20 min

F &CI: 20 Hz, mean
(sd): 1.7(0.5) mA.

C: Sham taVNS + RT

I:active VNS + RT

L&T: Left cervical
vagus nerve paired

stim for 2h

F&CI: 30Hz, 0.8mA

C:RT only

I:active
VNS +RT +home

exercise

L&T: Left cervical
vagus nerve paired

stim for 2h

F&CL: 30Hz,0.8mA

C: Sham VNS +RT

only + home exercise

I active
VNS +RT +home

exercise

L&T: Left cervical
vagus nerve paired

stim for 2h

F&Cl: 30Hz, 0.8mA

C: Sham VNS +RT

only + home exercise

Duration (D)
and follow-up
(F/u) (T,
baseline; T2,
post-
interventiol
T3, follow-up)

D: 10days

F:>300 point-to-point
movements per

session

OA: T1and T2

D: 1h RT with sham
oractive tVNS, three
times per week for 6

weeks

F: 5300 repetitions per

hour session

OA: T1and T2

D: 30 min sham or
VNS +30 min RT
daily for 15days

E: multiple movements
were targeted until
fatigue

OA: Tl and

T2, T3-12weeks

from

Istintervention

D: 1h/session

F:3 x/week for 3
weeks

OA: T1, T2 and
T3:3months f/u

D: 20min sham or
active taVN$ +30min
RT/session

F: 5x/week for 4 weeks

OA: T1, T2, T3:3,6 and
12months from
baseline

D: 2h per session

F:3 x/week for 6 weeks

OA: T1and T2

In clinic therapy:

D: 2h per session in

clinic therapy

x/week for Gweeks

Home Exercise:

30min daily for
90days

OA:T1, T2, and T3:
90days flu

In-clinic therapy:

D: Avg 90 minsession

in clinic therapy

F:3 x/week for 6 weeks

Home Exercise:

30min daily for
90days

OA:T1, T2and T3:
90days flu

Outcomes

Motor

EMA-UE: +8

Adverse events: No
adverse events
occurred,

no change in BP and
HR

Motor

EMA-UE: Improved

pre-post’

ARAT: Improved
pre-post”

Adverse events: Two
reported fatigue, one
lightheadedness, no
change

in ECG.

Motor

EMA-UE: S at T2
and T3

WMFT: +$ at T2
and T3

FIM: +$ at T2 and
T3

Adverse events: One
episode of skin
redness, no group
differences for HR &
BP.

Motor

FMA-UE: 0 at T2
and T3

WMFT: 0 at T2 and
T3
MRC:
T3

atT2and

MTS: 0at T2and +§
a3

*Both groups
improved pre-post
but no statistical
difference was seen
between groups
except for MTS at
fu.

Adverse events: No
serious adverse
events were reported

in this study.

Motor

EMA-UE, EMA-LE,
EMA-S: S at T2
andall flu
assessments
WMET: +5 at T2
andall flu
assessments
Adverse events: No
changes in HR SBP
and DBP pre-post
therapy in each
group. No adverse

events.

Motor:
EMA-UE: +5 (per
protocol analysis)
EMA-UE: 0 (intent
1o treat analysis)
ARAT, grip strength,
NHE, BBT: 0 (per
protocol analysis)
Adverse events in
VNS (n):

Surgical
complication:

Vocal cord palsy and
dysphagia (1),

Taste disturbance
.
Stimulation-related
events:

Hoarseness of voice
or neck tingling (6),
Nausea afier  single
session (1)
Diffculty
swallowing afer one
VNS session (1)
Motor:

FMA-UE, BBT,
NHPT: 0at T2 and
i

WMET: 0at PI; +8
aTs

Adverse events in
VNS:

Surgical
complication:
Surgical site
infection (1)

Post-surgical SOB
and dysphagia (1)
Hoarseness of voice
due to vocal cord
palsy (1)

#No serious adverse
events associated
with VNS were
reported.

Motor:

EMA-UE: S at TI
and T2

WMET: +S at PE; 45
alTland T2

s
events in VNS:

us adverse

Surgical

complications:
Surgical site pain,
n=24(22%)
Hoarseness of voice,
n=9(8%)

Vocal cord palsy;
n=1(0.01%)
*Noserious adverse
events associated
with the device
stimulation were

reported.

+S indicates  statsticall significant improvement (p <0.05) in the acive intervention/VNS group compared to the control group; 0 indicates no significant difference between groups,

St

ical analysis was not performed. FMA-LE, Fugl-Meyer Assessment—lower extrer

s EMA-S, Fugl-Meyer Assessment ~sensory; MAL, Motor activity log; MRC, Medical Research

Council Motor Power Scale; MTS, Modified Tardieu Scale; NHPT: Nine Hole Peg Test; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; RT, Rehabilitation therapy; OA, Outcome

assessment.
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Non-invasive VNS studies

Capone et al. 2017/RCT 54(7.2) 28(7.1) 26% 0.048 Some.
Wu etal. 2020/RCT 69(1.9) 32(1.2) 37(23105.1) <0001 Low

Chang et al. 2021/RCT 3(057) 29(0.5) 0.14% 2023 Some.
Lietal. 2022/RCT 13% a7* 83* <005 Some.

Invasive VNS studies

Dawson et al. 2016/RCT 87(58) 3(6.1) 5.7 (<036 10 12) 0.064 (ITT) Some.
9.6(5.3) 3(6.1) 6.5(0.4210 126) 0.038 (PP)

Kimberley et al. 2018/ 7.6% 53¢ 23(-191065) 0.26 (ITT) Low

RCT

Dawson et al. 2021/RCT 5(44) 24(38) 26(1104.2) 0.0014 Low

#SD was not provided in the original paper. C1, Confidence interval; IT', Intention to treat analyss; PP, Per protocol analysis.
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Study
and
study

design

Animal
species/
Gender

Stroke studies
Khodaparast, 4 months old
2013 (control  Female
trial) Sprague-

Dawley Rats

Khodaparast,
2014 (control
trial)

Hays, 2014

(control trial)

Hays, 2014
(control trial)

Khodaparast,
2015 (control
trial)

Hay, 2016
(control trial)

Adult Female

Sprague-
Dawley Rats

4months old
Female
Sprague-
Dawley Rats

Female
Sprague-
Dawley rats

Four months
old Female
Sprague-
Dawley Rats

18months
old aged
female fisher
nats

Meyers, 2018 Adult female

(RCT) Sprague-
Dawley rats

Pruitt, 2021 Adult female

(control trial)  Sprague-
Dawley rats

g, 2016 Male

(RCT) Sprague-
Dawley rats

Spinal cord injury

Ganger 2018 Adult female

(control trial)

Darrow 2020

(control trial)

Sprague

Dawley rats

Adult female
Sprague

Dawley rats

Lesion

Unilateral
motor
cortex
ischemic
lesion of M1
Unilateral
ischemic
lesion -left
Mi

Unilateral
motor
cortex.
ischemic

lesion of M1

Left
intracerebral
hemorthage

Unilateral
ischemic
lesions of
the primary
motor
cortex
Unilateral
motor
cortex
ischemic
lesion of M1
Unilateral
motor
cortex
ischemic
lesion of M1
and
dorsolateral
striatum
Unilateral
traumatic
lesion of left
motor
cortex
Unilateral
focal
ischemic

lesions.

Right
Unilateral
or bilateral
6
traumatic
lesion
Bilateral
contusive
SCICTIC8]
9wks

Sample size

= Paired VNS=9

= Paired VNS=8
= Control=9
= Delayed VNS=3

u Paired VNS=§
Extra VNS=6
Delayed VNS=7
= Control: 10

= Paired VNS= 14
= Control=12

Paired VNS =10

Delayed VNS =10
Control =9

= Paired VNS=8
= Control=9

= Paired VNS:

= Control=10

= Paired VNS=14
= Control=14

= UR+aVNS=8
= UR=8

/R +Sham aVNS =8

= Top 20% CLV =13
= Bottom

20% CLV =8
= Control=

= Paired VN$=10
= Control=8

Control

OnlyRT:
Isometric
force task

training

OnlyRT:
Bradykinesia
task

Only RT:
Isometric
force task.

training

Only RT:
Bradykinesia
task

Only RT:
Isometric
force task.

training

Only RT:
Isometric
force task

training

Only RT:
supination
task,
isometric

pull task

Only RT:
Isometric
pull task

training

NoRT

OnlyRT:
Isometric
pull task

training

Only RT:
Isometric
pull task

training

Active
intervention

ired VNS to left
CVN, delivered on
successful trials
with RT

Paired VNS to left
CVN stims
delivered on
successful trials
with RT

Delayed VNS (1):
every 125 for 1h
received 2h after
RT

Paired VNS to left
CVN on successful
trials with RT
Delayed VNS:
every 10s for 1h,
2h after RT

Extra VNS: VNS
during RT at an

average every 25

Paired VNS on
successful trials
Extra VNS:
received VNS on
all trials

Paired VNS to left
CVN

Delayed VNS: VNS
every 125 for 1h
after RT

Paired VNS to left
CVN delivered on

successful trials

Paired VNS to left
CVN delivered on

successful trials

Paired VNS to left
CVN delivered on

successful trials

aVNS over left
cavum concha via
acupuncture

needles

Paired VNS to left
CVN on successful

trials during RT

Paired VNS to left
CVN delivered
when a pre-set
threshold was met
for pull force
during RT

Frequency Motor

and outcomes

duration measures
(T1 = baseline,
T2: post-
intervention,
T3: f/u)

30min twice Peak force, Hit rate at
dailyor5days/ | T1,T2and T3at
week for 5 weeks | 1week

30min twice Hit rate at T1 and T2
daily for 5 days/

week for 5 weeks

30min twice
daily for 5 days/
week for 5 weeks | T2.

Masimum pull force

and hit rate at T1 and

30mintwice | HitRateat Tl and T2
daily for 5 days/

week for 6 weeks

30mintwice | Maximal pull force,
daily for 5 days/ | hit rate at T1 and T2

week for 6 weeks

30mintwice | Peak pull force, hit
daily for 5 days/ | rateat T1 and T2
week for 5 weeks

30mintwice | Peak turn angle, peak
daily for 5 days/ | pull force at T1, T2
week and T3-Gweeks flu
for 5 weeks

30mintwice | Maximal pull force,

daily for 5 days/ | hit rate at and T2

week for 5 weeks

30min twice
daily for 5 days/

Beam-walking test

and staircase test at

week for 3 weeks | T1and T2
F:30mintwice | Peak pull force at T1
daily for 5 days/ | and T2

week for 5 weeks

30mintwice | Peak force, hit rate at
daily for 5 days/ | T1and T2

week

for 5 weeks

Results-
motor
outcomes

Paired VNS vs.
control +§
at
T2and T3

Paired VNS vs.

control: +8

Delayed VNS vs.

control: 0

Paired VNS vs.
control: 48
Extra VNS vs.
control: 48
Delayed VNS vs.
control: 48
Paired VNS
superior to delayed
and Extra

VNS (+5)

VNS (paired +
extra) vs.
control: +§
Paired VNS vs.
Extra VNS:0
Paired VNS vs.
control: +§
Paired VNS vs.
delayed VNS: +§
Delayed VNS vs.
control: 0

Paired VNS vs.

control: +5

Paired VNS vs.
control: + at
T2and T3

Paired VNS vs.

control: 48

aVNS vs. I/R: 45
awNS vs. R+

sham: +5.

Top 20% CLV vs.
control: +5
Bottom 20% CLV'

vs. control: 0

Paired VNS vs.

control: +8

#S indicates a statistically significant improvement. p <0.05) i the actve intervention group/VNS compared to the control group; 0 indicates no significant difference in outcomes between
groups. aVNS, Auricular vagus nerve stimulation; CLY, closed loop vagus nerve stimulation; CVN, Cervical vagus nerve; f/u, follow-up; I/R,infusion and reperfusion; KT, Rehabilitation
therapy; VN, Vagus nerve.
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Identification

E
E
g

Records identified through database

scarching (n=186):

Pubmed (n=81), EMBASE (n-95),

Cochrane (n=10)

Additional records identified through other

sources

(0=28)

Totalrecords (n=214)

Duplicates removed (n=14)

Abstractsscreenedafier
duplicates removed
(n=200)

!

Records excluded based on
inclusion criteria
(n=150)

Full-text articles assessed for
cligibility
(n=50)

Studies for qualitative
synthesis: (n=11animal
studies, n=9human studies)

Human Studies includedin
thequantitative synthesis.
(n=7)

Full-text articles excluded,
with reasons
(0 =31)
- Duplicates not ientified in
the
initial screen
- VNS was not the main
intervention
- Systematic review or meta-
analysis
- Nota clinical trial
- Full text s not available
- No functionalmotor
outcomes






