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Ty FRHItE MR ER AR - [N AR RARY AR T 1R K
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balance) = [Nt - ATLLFIEEY) - GI40 © OF 3% 1EIR%E ~
T REENEE ~ JS R BUE RIS - VEUAR > 11 8
fi ~ BREEIARE - B URUENILE ~ $13% © MAMEK
Tast o B0 - ESREHEE - (HAEPHET B - fhaL
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stimulator, SCS) - #K 7& fHi £X ] /% 25 (vagus nerve
stimulator, VNS) ~ K8 &) 28 (peripheral
nerve stimulator, PNS)Z o

., AEapypi

AT E 2 - IR B PR A R s
(International Neuromodulation Society) > F/2&—f&
Feify - FTLAE B E RN &4 TR ER
WEEET TR E R AOE MR 3 (alteration)
J 2 (modulation) » ZEFEFREHEIY HEY © 15 ELHE
TEFS RN s AR R E - A A RER
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FE SN E B BRI,
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BYEIE

DTM stimulation
Medtromc

e
M

St. Jude

.v/‘- Ty
57 . ® 2013
ConstantVoltage 7/  10KHz stimulation
Medtronic ' - "':2'(:2
VI
I @ DRG stimulation 2008
Spinal Modulation
( Acquisition by
Constant Current st. Jude in 2015 )
. St. Jude
Tonic stimulation
1971~present
Bl= tpw7d g BEITA O MR R e

75 R AT BE S MEAR DI BR 1% i (7 B F (failed back surgery
syndrome, FBSS) ~ %5 8 {4575 2 (radiculopathy) ~ 1
R ME 57 BB K 9 E i B (CRPS) ~ i (i1 14 9K
(peripheral ischemic pain) ~ Kz i [& 1% 0 4 V&8
(refractory angina pectoris) > 2 & I~ FRIELLRE
AR -

BB RS = RE Sy ¢ WM EE A (electrode or
probe) ~ #E A H] X B A (internal programmable
generator, IPG) ~ K EadNRETES (external device) °
T AT o B P& » 73 A1l Ry Iz A (trial phase) 5z
/K A HE A (permanent implant) ST H B ZA
R IEFTA B9 A ED o] DL e B 2 K SR A
B B E W EEE R - EiEA
KB R 2Ly 1 BRI - 08 IDESSRE
% » ABREAIIEA - FREUINIEE ZHIRE
BIFE PR - R  HERE - THEDRE
& ~ FlEdly - ERrE - TH2H - REE AR
TER ~ Filo A EA BN RIANFHEES]  HisLt
WIEARRCEFHNE » FHGERH -

{H47Y SCS S#EEE 40 £ > RFEEEN
Melzack and Wall J4 1965 £EF2HIAY T PIRIEE SR |
(Gate control theory)[6] » DUEAEIYE F IS A BEET
FEAVRT IE e, - 5 DASES R R IR A A
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88 AN EEAIRAVAREE > Frag " LU |
Ay aR = B A AT SRR M FE eI 7T
SRR - {HZ 0 B 10 FEIVERIRERGEEIR 0 B
TR LY H BSR4 55-60% FE SR A @ 1EE] AR
50% FYEIRERES (50-50 effect)[7]  MEZATE A SCS
B KBRS B F I A B GE AR -
il SCS Z A HEZHVEREE  (HERERRAR
REEME R 2 NSRS 75K - A2 Fr—fXAY SCS
TEIB T 20 FEACRET IR WA EUE4LE SCS 1Y
(@) -

=L AAF I PR
(—) =B R AR HEE  (high-frequency SCS,

HF-SCS, HF10)

B4R SCS B MEMIF(60-120 Hz) » &
EHR A\ & A B ERORITY RV - A SRR Ei L
[81° FRIIL » STt AR - DA ERF R EE s HE i
ERIBI B BESAL » F% /5 E fi7(mapping) °

FrET SRR > DL 1 ERfZ4(10K Hz » 5
{5 HF10)5E5 08 > 562 B AR A EAR T -
Hir» SENZA study [9] 1 FEAIE Kt <5 8 » HF10
TEER I T R AR A EAH SCS « 4751455
IEJRERCREE M 50% DL BRI A TE T BRURETRE ALY
H 83.5%5 NJRES (f51H 83-50 effect) » ¥f NEfIFE
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IEJRZEET] 84.2% (84.2-50 effect) » FH¥FHYEHIAAH [
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BEE 60-70% > R AT EREMZG - ZTTTE
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BRI AT DATE RS 7 A e 5 B R 5 1 YR
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burst N7 5 {7 (pulses) > & pulse & 1 msec Jif
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(B2 P EAD S MATRA EE 1R [16] -
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(evoked compound action potentials, ECAP)¥Z 1l » ##
FEhRERYE E i BN S PRI e R E A
[18] - ECAP freEEE&HYaT | » (red BCHIEE AR 8
SRR - ST A E T E E I Fw A
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s (E R E AV AT - 35 Fok AE AN
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AR ES (open-loop SCS) [20,21] » A~ H HEHGIK
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HEe4EmE - 154 - BER - EYERE L > WD
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targeted multiplexed or DTM SCS)

DTM SCS YR Fasat BRI 24551 SCS 58
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REN > DA E FIAE RS T R (A R AR | - 22
FIR[ERY ILERCR - HATRIRIHIT R SR
LB AR Y B ki i AT A TTHY 12 £
[22] © TS PERYFRESE EER - BR T &t L
A o FHESIBAHRE - A R B dliHE (microglia) » BX,
FE N AR (astroglia)  H & 2 EAC MR
PR AERF[23] -

B EIINESE L 383 DTM Il AT EL B
EAHEG S AR A SN » MRES AR
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ANBEHYZ L eI EE S i 5E[26] - tE8HR 1 1% >
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69% > TRCEEIEES VAS Z38fE DTM F1 {Ha%
SCS 71 flliE 5.36vs.3.37» [MAEMLE ~ FEfEER -
FOREE » DTM #{E A #4575 SCS -

3. HEESEE R ES (ultrahigh frequency SCS,

UFH-SCS)

BEEE LSBT R SRR S o
FFIERR > #EEARE = U A R AE AR AL Ef
B9 AR BRIl » B % HH AT B0 A B A
G S e A BRI B R A R AR A SR ES « TEF AR &S
BRI AR FIFE S HH 500 kHz (1Y
R DARSERAT RS =X 7 I Bt A BE e A -
SFTALLS 38 ~ 10 77§ ~ 20 7788 UHF R (R
R TTHBUNFIE R 25 2 K - [FIRE KSRV 4C 8%
B A 2B 0 Fi #H IE A8 EL & & (pre-frontal
somatosensory cortex)F1{tZ2 15 4% 122 il i1y i F7 2020
(anterior cingulate cortex) » & H] DI BHEAATE R
SR o

Tt sepk 2 T/ NI AT BE A A Bt 0 il
o B R S R A A B AR AR BT BB R R 1 S5
UHF SCS A IFma R « H SCS #yaths - i\ A
3£ 10 fir > 48 5 RBI% - AR VAS 7378 DL
FHFE 7.9 [550 3.1 - SPHHY VAS &g 780 i
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& > FrARCR T B4R | A - HATHERMS
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# AN ZIEE

B 1997 fF35E] FDA 788 2K & (& FD% 2
(vagus nerve stimulation, VNS) » & t #8348 20 4 o
T AT VNS » F5 DAl SHER 2k Bt a8 & b & i »
W% EAEAEAMAPG) » & FHVEEIRIE A 2 a7%
T [ BRI E » (E 28 BT 18 18R B R [ AV
7 BIFEEEERE - FZOBBIES(27] - A
PPlERE VNS FA RS s S 0 » (HRHED
Sy HYEAR S BRI AR 4 - KBS EERA
KEBSTHIEIAS B &S 2] B2 T 80% FYly At
B8 Rz 20% g H RS AT DU FRRE A 24 K
BIENERER - (e - EhaEEn S
EEAN " i34 BRI S #AE (microbiota-gut-
brain communication) | °

REIFMEGFE AT VNS » FrsFasm i %
BEIMERZHT VNS - A0m] DLFF 5 A E SRk E
FEEPRARYIESE AT VNS (noninvasive VNS)[28] »
s H % 7 A AE R B S e EERY  auricular
VNS[29] - A THICEEE @ B HIFE AME VNS TTLL
IR S 2 EE AU B[ 28-30] « hAh » 2R AL
T N - RS RS- B AR PSSR (HPA axis) » 111
HIEVEAHAAE I TNF-alpha [ 2478 KR > KRS
AL HPA Bl P& R HE RS Al s A a2 s B 1E T
[31] -

HENTFAIREE H pTE N BIEE AR EREY)
WH7EEEER  SHRISRG S 438 3R - BhaRTTfE
£ fiE (Crohn's disease) F17& 555 14 45 B 3% (ulcerative
colitis) S HPImEAESI[31] - JHEUH K]
W20 By T RE S A AL E A M8 MR LRAET R A8
BB SI[32,33]

PR ENEE

18 L8 25 (peripheral nerve stimulation,
PNS) 2 REESAY$450 » 4fBERE PR ER [ ]
M7 BE A A S S R s
(permanent PNS) ~ &£ F7 {1 4% 1] % 25 (percutaneous
PNS) - X 18 f# & F 1Y &8 &7 1 &% H) B 28
(transcutaneous nerves stimulator, TNS) - .51 » ZER

LRI 2% (percutaneous PNS) Y ALFE » 7 A
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Neuromodulation Concept and the Novel Advances
of Interventional Pain Therapy

Yeong-Ray Wen'!+

Abstract: In recent years, researches on chronic pain are getting more abundant. Although the patient's pain cannot
be completely relieved so far, the means and concept of pain management are becoming more and more complete.
In addition to traditional pain relief drugs, rehabilitation, surgery, and injection block commonly used by pain
physicians, the technology of neuromodulation is included for treatment by implantation of a non-drug, non-
destructive, low-invasive, and long-term effective electrostimulation devices in body. Taking spinal cord stimulator
(SCS) as an example, although traditional low-frequency SCS have been utilized for nearly 50 years, more and
newer stimulation concepts, parameters, and paradigms have been developed in the past decade, such as: high-
frequency SCS (HF SCS), burst SCS, closed-loop SCS, differential targeted multiplexed (DTM) SCS, etc., not
only improve the efficiency of pain relief, but also control emotion, enhance daily activities, and have a wider
range of clinical applications. In addition, such as the application of vagus nerve stimulators (VNS) to chronic
headache, and emergence of various permanent or temporary implantable peripheral nerve stimulators (PNS) for
different peripheral neuropathic pain or degenerative pain, the concept of neuromodulation has been widely applied
for treatment of chronic pain. This will gradually replace opioid painkillers and become a new trend and new
mainstream in the treatment of intractable pain patients.

Key Words: chronic intractable pain, neuromodulation, spinal cord stimulation, vagus nerve stimulation,

peripheral nerve stimulation
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