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Long - term follow - up study of variable frequency stimulation mode deep brain
stimulation for axial symptoms in Parkinson’s disease

CHENG Yi-feng, YIN Shao-ya, CUI De-qiu, WANG Chun-juan, ZHAO Guang-rui, FENG Ke-ke

Department of Functional Neurosurgery, Tianjin Huanhu Hospital, Tianjin University; Clinical School of
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[Abstract] Objective To focus on the efficacy at variable frequency stimulation (VFS) after deep
brain stimulation (DBS) for the treatment of axial symptoms in Parkinson’s disease (PD). Methods
Clinical data of 12 patients with PD who underwent bilateral DBS followed by VFS more than one year from
January 2018 to June 2022 at Tianjin Huanhu Hospital, Tianjin University were retrospectively analyzed.
Axial symptoms were assessed using Unified Parkinson’s Disease Rating Scale (UPDRS)-gait posture, Timed
Up and Go Test (TUGT) time and the occurrence of freezing of gait (FOG), The Freezing of Gait -
Questionnaire (FOG -Q), and Berg Balance Scale (BBS). The above indicators were recorded one week
before DBS surgery and in the drug "off" period (baseline), at the end of high frequency stimulation (the
end of HFS), at one month follow-up of VFS (short-term VFS), and at one year or more follow-up of VFS
(long-term VFS). Results Compared with baseline, BBS scores increased at the end of HFS (1 = - 2.845,
P =0.008); UPDRS-gait posture (t=12.703, P =0.000; ¢t = 11.737, P = 0.000), TUGT time (t =8.923, P =
0.000; ¢ =8.025, P =0.000) and the occurrence of FOG (1=4.448, P=0.000; t =4.181, P =0.000), and FOG-
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Q scores (1=9.186, P =0.000; ¢t = 8.186, P =0.000) decreased, while the BBS scores increased (1 =-7.686,
P =0.000; t =-6.106, P =0.000) in both short-term VFS and long-term VFS. Compared with the end of
HES, UPDRS-gait posture (¢t=11.583, P =0.000; t=10.618, P =0.000), TUGT time (:=6.922, P =0.000; ¢t =
6.022, P =0.000) and the occurrence of FOG (1=3.612, P=0.001; ¢ =3.344, P =0.002), and FOG-Q scores
(t=7.915, P=0.000; t=6.915, P=0.000) decreased, while the BBS scores increased (1 =-4.842, P =0.000;
t=-3.262, P=0.003) in short-term VFS and long-term VFS. Conclusions For PD patients with HFS but

poor axial symptoms efficacy after DBS, the use of VFS significantly improves multifaceted axial symptoms

with reliable long-term efficacy.

[Key words] Parkinson disease; Deep brain stimulation;

Subthalamic nucleus; Motor disorders
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Table 1. Clinical efficacy at baseline and different programming modes after DBS surgery in PD patients

LEDD(mg)

PDQ-39(F43) 58.75 +

619.17 +135.54

9.78

345.00 + 64.94

4250+

5.27

342.92+70.93
3483+ 7.13

(n=12, x+5s)

g =R E| F2k (1) HFS453(2) VEFSHEHI(3) VES K11 (4)
UPDRS- &% (TF4)) 21.67+ 2.59 21.08+ 2.02 15.08+ 1.50 15.58+ 1.66
TUGT-R i) (s) 1413+ 1.79 13.14+ 2.10 9.74+ 1.71 10.18+ 1.68
TUGT-#R 45 25 B WAL (K) 325+ 0.83 3.00+ 0.91 1.92+ 0.95 2.00+ 0.91
FOG-Q(iF4)) 1242+ 1.55 11.67+ 1.55 7.00+ 2.12 7.58+ 2.10
BBS(¥F4)) 28.83+ 6.19 31.08% 5.74 3492+ 6.42 33.67+ 5.15

18 GEIR (P23 )

UPDRSII - 343 5550+ 2.57 42,00+ 2.04 40.50+ 1.85 4133+ 1.75
UPDRSII -7 B 11.08+ 247 6.75+ 1.42 7.08+ 1.44 6.50+ 1.76
UPDRSII i & 10.92+ 2.36 6.50+ 1.89 6.17+ 1.46 6.25+ 1.64
UPDRSII -i2 53R % 17.67+ 1.49 12.92+ 1.50 1233+ 1.43 1250+ 1.76

358.75+63.91
3517+ 7.78

frequency stimulation, 1= i) VES, variable frequency stimulation , 2% J il i

UPDRS, Unified Parkinson’s Disease Rating Scale, 4 — A 4 FR 9% PE 24, TUGT, Timed Up and Go Test, FEVIRY 2R i 2 o £ L
FOG-Q,The Freezing of Gait-Questionnaire, gk A A5 In) % BBS, Berg Balance Scale, Berg A 3% LEDD, levodopa equivalent
daily dose, 7o i€ £ 0 H &Rk 5 PDQ-39, 39-Ttem Parkinson’s Disease Questionnaire, 39 TG MF 43 A% 6 o A % ; HFS, high
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Table 2. Table of variance analysis of randomized block
design data on axial symptoms at baseline and different
programming modes after DBS surgery in PD patients

A5 5K TR SS df  MS FIE Py

UPDRS-# & & H4
b B 441563 3 147.188 91.322 0.000
X 2 136.229 11 12384 7.684 0.000
2 53.188 33 1.612
RES 16801.000 48

TUGT-H} ]
b B 168.672 3 56.224 38.840 0.000
X 41 112.287 11  10.208 7.052 0.000
2 47.770 33 1.448
RES 7009.890 48

TUGT-VR &5 & ik 8k
Qb B 16.750 3 5.583 10.380 0.000
X 41 21.417 11 1.947 3.620 0.002
R 17.750 33 0.538
B R 366.000 48

FOG-Q
Qb B 276.167 3 92.056 44.133 0.000
X 41 95.667 11 8.697 4.169 0.001
2% 68.833 33 2.086
BARR 4926.000 48

BBS
Qb B 265.083 3 88.361 23.531 0.000
X 41 1544250 11 140.386 37.386 0.000
R 123917 33 3.755
BARR 51470.000 48

UPDRS, Unified Parkinson’s Disease Rating Scale , 4t — Ifl 4 #% %
P-4 i 3 TUGT, Timed Up and Go Test, #2 37 - 17 3E T B I 4
FOG-Q, The Freezing of Gait-Questionnaire, %4k 4 5 0 4%  BBS,
Berg Balance Scale,Berg *F-ffi it % . The same for Table 3
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Table 3. Pairwise comparison of axial symptoms in PD patients at different time points

UPDRS-# 25 B # TUGT- ] TUGT-%: 45 4 5 IR B FOG-Q BBS
HNF L

tff PAE fE PAE A Py A Py {H PAE
(1):(2) 1.120 0.268 2.001  0.054 0.836 0.410 1271 0212 -2.845  0.008
(1):(3) 12.703 0.000 8.923  0.000 4.448 0.000 9.186  0.000 -7.686  0.000
(1):(4) 11.737 0.000 8.025  0.000 4.181 0.000 8.186  0.000 -6.106  0.000
(2):(3) 11.583 0.000 6.922  0.000 3.612 0.001 7.915  0.000 -4.842  0.000
(2):(4) 10.618 0.000 6.022  0.000 3.344 0.002 6.915  0.000 -3.262  0.003
(3):(4) -0.965 0.342 -0.900 0375 -0.268 0.782 -0.983  0.330 1.580  0.124

R AR A FE LS IR A HL R R S A ) AR P S AR AR 2 ) TR 0 % A 1 T B AL DX A e B U 22
VARTES

Table 4. Table of variance analysis of randomized block design data on motor symptoms, medication, and the quality of life at
baseline and different programming modes after DBS surgery in PD patients

75 S ok 5 SS df MS FE  PE || Z5FKE SS df MS Fii P
UPDRSII - £1.43 UPDRSI -iz 5 iR 2%

JLgL 1834.000 3 611.333 158.850 0.000 b 3 234729 3 78.243  48.698 0.000
X 41 79.667 11 7.242 1.882  0.079 X 41 62.229 11 5.657  3.521 0.002
R 127.000 33 3.848 2% 53.021 33 1.607

B 98522.000 48 B 9563.000 48

UPDRS Il - 7% i LEDD

b 168.896 3 56.299  33.869 0.000 Ab 7 659227.083 3 219742.361 83.919 0.000
X 41 104.229 11 9.475 5.700  0.000 X 41 294010.417 11 26728220 10.207 0.000
2% 54.854 33 1.662 2% 86410.417 33 2618.497

B R 3289.000 48 B 9364 650.000 48

UPDRSII - 7. PDQ-39

Qb 192,083 3 64.028 86.536 0.000 b 4514729 3 1504.910 66.214 0.000
X 41 143.417 11 13.038  17.621 0.000 X 41 2066.562 11 187.869  8.266 0.000
2% 24.417 33 0.740 R2E 750.021 33 22.728

B 3030.000 48 B 95311.000 48

UPDRSII , Unified Parkinson’s Disease Rating Scale Il ,i‘hémﬁ{i\ﬂﬁﬁﬂzﬁriﬁ/ﬁfﬁzgﬁﬁ;LEDD,levudopa equivalent daily dose, 22 i€ £ I H
L3S0 5 ;PDQ-39,39-Item Parkinson’s Disease Questionnaire, 39 TFMA 4 RN A % . The same for Table 5
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Table 5. Pairwise comparison of motor symptoms, medication, and the quality of life at different time points

T UPDRSII -4 UPDRSII -7Z &5 UPDRS Il i 7. UPDRSIl -iz 7y iR ¢ LEDD PDQ-39
ol Pl tfl Pl il PAE tfl Pg tfl Pg i PfE
(1):(2) 16.854  0.000 8.232  0.000 12.593  0.000 9.188 0.000 13.124  0.000 8.350  0.000
(1):(3) 18.727  0.000 7.605  0.000 13.533  0.000 10.309 0.000 13.223  0.000 12.292  0.000
(1) :(4) 17.690  0.000 8.707  0.000 13.305  0.000 10.000 0.000 12.466  0.000 12.117  0.000
(2):(3) 1.873  0.070 -0.627  0.531 0.940  0.349 1.122 0.268 0.100  0.921 3.941  0.000
(2): (4) 0.836  0.411 0.475  0.638 0.712  0.482 0.812 0.426 -0.658 0.515 3.767 0.001
(3):(4) -1.036  0.306 1.103  0.276 -0.228 0814 -0.329 0.749 -0.758 0.454  -0.170 0.865

RGBS s SR o ABTIE 12 GIIA G AR B 3 5 B 4B 2 il o 000 800 2 O A8 B s, 5
i TR TR HL IR IR TE R RO R AR 2R EE, VSRR VIS K B U5 45 5 W, A8 U
il K AL B BBS P 0 A FLAR Rl PEAE IR 5 JE W0 Wk M R R A B AR AR D AR B ARG RS LS
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