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W E L FEE R M (heart rate variability, HRV) 1€ & K Bt @ £ ## £ (autonomic nervous, AN) Ty &
—NEZH AR, U4k HRV & # 4% # KA (neuropathic pain, NP) # 6 #F 5 % 8| )7 2 X k. 3
M-Bt, HRV 5 NP A [E H&m KA 2 8 0 BAR KB AW, A F B A B+ HRV S50 0 A7 o b fo
ETFEAM AT 2SS —. AXER T HRV 15 NP R A+ AN Thfe By iz A # &, 37 7 HRV
R IFE TEAERINEARTOESN, ALZAERNNP XN AN ZEL T ENER. By
#t HRV 5 NP 48 X #F %, & 4 7 HRV &4, 401§ # (low frequency, LF). & #f (high frequency,
HF). LF/HF L {E&E NP RAFHEMN, AR THEFTETERRALTNFONE. K5, BEL2T
HRV ZENEAIESY . HEEST KNP RE P =, ®F T HRVIEN AN i T AN 5, hk
kFET HRV B NP s )R T FaR (4 T AR EA LRI 7.
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Research advances in heart rate variability for assessing autonomic nervous function in
neuropathic pain *

HU Ye-ju %, LIU Yao ', WANG Yu-kun °, SHEN Wen *, CHEN Li-ping **

(' Jiangsu Province Key Laboratory of Anesthesiology, Xuzhou Medical University, Xuzhou 221004, China;
* Department of Pain Medicine; * Department of Neurology, The Affiliated Hospital of Xuzhou Medical University,
Xuzhou 221002, China )

Abstract Heart rate variability (HRV), as an important indicator reflecting autonomic nervous (AN)
function, has received extensive attention in recent years for its role in neuropathic pain (NP). At present, the
specific correlation between HRV and different types of NP remains unclear, lacks of standardized methods
for interpreting HRV parameters across different patient populations. This review summarizes the progress of
HRYV application for assessing AN function in NP patients and explores its potential as an evaluation tool in
pain mechanism research, especially in monitoring AN disturbances associated with NP. By analyzing studies
on HRV and NP, the review summarizes the changes in HRV parameters such as low frequency (LF), high
frequency (HF), and the LF/HF ratio in NP patients, and discusses their value in prognosis evaluation and risk
prediction. Furthermore, by looking into the prospects of HRV in personalized treatment, precision medicine, and
NP rehabilitation, the review highlights the potential of HRV as an AN function assessment tool and provides
theoretical foundations and practical guidance for future HRV-based clinical interventions in NP.

Keywords neuropathic pain; heart rate variability; autonomic nervous
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1994 4, [EFRZENES 2 (International Association
for the Study of Pain, IASP) T /UK #1458 95 24 9 98
(neuropathic pain, NP) 7& XA “ H#ZE 2 4011 )5k 1
P BT RE RS SR A&7 o 2008 £F, TASP
22993 RV R R 0 %R /N2 (NeuPSIG) i NP 1) 5E
SCHEHTA P R B D FR G R A T B 5 R A
g 7 Mo ARIEI R AR A BIOASE, NP R4
JE L NP R X 1 NP i [l NP 3@ A 4
SR A0 RAE L G A AL B IE T EL
AL BRGNS IR R PR PR AL
B[ 2205 A8 F = M 288 A ME NP IR T A
P RGN A0 07 B D) REFRAG, 8 L T8 4 00 Fi f
ZIRATIES . 2020 4F, 43R 7%~ 10% I HAFE A
B NP, FRIEZH 9000 75 NP JE A, 4S5 B L
S T f4R P

NP ()95 DRI s L) oo AR 56 4 B ke, L 2%
PETE T ASFER R S 250 bl =5 8%, ¥
KA AL BT IR IE ) AR DA S 48 AT R v
HIsh AR, X LR )l B — 57 Mk DLIA B B
AR M, H EMZL (autonomic nervous, AN) £1 35
AR AR, 55 NP R EKEED)
FHOG, TIREEIES S B AV IR o i B b
AR AR P BhAh, AN ZhAE K T S K R
BN Ah, el ERRE AL, FERIGIRTE
J7 R W, 0 AR 7 (heart rate variability, HRV)
TERNVEAT AN DhRe B2 TR, OFF 2 TUlG IR 5T
PRI . ASCEELRER HRV 7E NP Ji A )%l
Bz Wkl g7 0Pl fE - 20 i L AE NP s A 1 I
PRILFHAME, 3 NP Ji A SR #E 12 W f AR 16 97
PR B BB AT vk

—. HEME RGEM GBI R
YEH

REAEE 9T e 7x, AN Djfg 2L A2 NP ji B AR 2
() E EEAH 4y, T R IS AT SRR 2 2 AR I 2 4
Y S AL S ML 2 5 NP [ & . Baron %
W T A2 RGAE B 8 M XU R 45 S AE
(complex regional pain syndrome, CRPS) A H: 1t NP
YR ER, KIS AN DiRekig (i
IS8 AT AR B PIAHSG,  FH I AS i ph 4 ]
DA S50 s P IR AT N o EIRIRITFEH, Reyes
2 Uil 2l A B VAR T T AP 4R (fibromy-
algia, FM) i N S IE & RGMITE BRSO BLHEAN
hRe, KINFLATIESRE RGAFIE B3 1S MR (R AN
Difeksfs, H AN DhfefEmg 2 — 0 a] LAgR FM
VP20 Rm L], FEIRTFI O &R
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LGN LA 52 %5

CPp 22 5 B PO VR4S 5 B B b [ 45 ¥ (2024
W) ) RIS PEITE N 'S ERE (norepineph-
rine, NE) 1 5-¥2 2}l (5-hydroxy tryptamine, 5-HT) 5
PRI, AT LSS 0 NE F1 S-HT 76 58 il [a] B
RO R, S 3 PR P P s R B 480 A 0 N )
IRy, R, 6T AN ZhEg R rm A, i
VEYTIE W] LLES S AN DhRE, S8 om s 2 iV T UR
SO AR TS B ™ IR A T B T LA Y
AT NEYE, IR SRR E AT, A R
% NP AR Ty, JUHE M EREREX
PR LEAAE (CRPS TAD Ji A P, X defsudl
Wi, T AN DhRef BT 22/ NP JF s His .

o REAR MR B F A RS DIRER

HRV IR FEASIE T 20 AL 60 AR, Zid A
kS 5edE, W4 CAEXTT AN W0 I PR S
A EIZ R . HRV 23 Hr 7 g ds s 8 i A
AT U T SR BT S AR ek 23 s 1Y,
A PR 5 B 2 IR s 2 A AR 3 # ik (L
F 1R o WESHEAOHERL 2N, W
FH B B 38048 br L 4G IR RR 0] (1) #5 4E % (standard
deviation of R-R interval, SDNN). 1[I % RR /a1 #)°F)
AR #EZE (standard deviation of the averages of 5-minute
RR intervals, SDANN). AHAFIEH RR [HJHAZEAE 13 7
(root mean square of the difference of adjacent R-R interval,
tMSSD) , LA JZAH4E R-R (A 2 46 > 50 ms 19144
Ft 5 H 43 b (the percentage of pairs of R-R intervals
with > 50 ms difference, pNN50) %5, #5543 H7 < 1E
NSRBI DI o3 A, FE 5 A5G 354 RR 18] B
7 ZEW) AT (total power, TP). &4l (high frequency,
HF). &40 (low frequency, LF), JLr HF F1 LF W5 F
HF. LF H—4t (norm) &, HA4F 2 ]/ MEAL 54T,
B fi e U 4 T M S AT ik I A R 20 B ) T A
B L.

HRV 7] DLFE— @R E Ot AN DI RERAS
2 AN D) Be St I, HRV (1% TR b B 23— 52
)32 4. B, f£— Wk T g & BEE & Ak (irritable
bowel syndrome, IBS) HIWF 7+, 74 KB IBS J5
AW HF $RRFEAR, EGEMATIRERES, 2MEa
G193 97N N NS ViR N N e S TS
7% HRV A2 AL AT LU B AN T AER 2R3 o Mroz 461
MRS ZRERY, FEHYFW (HIZE, &%
HRREM 2R WRAT T B aED wl ek
IBS Ji A HRV $645,  JUH @ B 0k 2E wh 22 %
P, BIHF $8bRTHE, AR . 7E— Bk T
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fatr Rt =94
SDNN 100~150 ms, < 50 ms 7R 54 S WREAR ) E E A Ih R
SDANN 80~140 ms, <350 ms HE/RFEH SWRAZ AN 5K 1 KA, 50 F RS AR B 43 A O
rMSSD 15~45ms, < 15ms FERFEIE SRR AS IR K 1 KN, 5 0 Z 1 PR AR B 43 A O
pNN50 1%~12%, <0.75% $ER 55 SRR TEZ B D RE
SDNN: RR [Wl3frEZ; SDANN: RR [ - FMERHEZ; MSSD: RR [AHZEE M7 pNN50: R-R [AIZ{H > 50 ms A4
BT i o L
R 2 HRV gk
fatr R 9%
TP 346641018 ms*/Hz BT A oy R D 2 0
LF 1170+416 ms*/Hz o
s SRR IS 5K )
LF norm 1170+416 ms/Hz
HF 9754203 ms’/H
e SRR B 2 13K )
HF norm 2943 nu
LE/HF 1.5~2.0 A B il A2 S 22 R P IR

TP: RR MG ZRIhE, LF: {&#i; LFnorm: LF H—{k{f; HF: &#; HF norm: HF H—{L{i

12 PEICHR B L I, JRHIRIE N 1 HRV 75 &2 1]
ANFIRERR I BRI i . Jrp, 18RRI IR
PR AR B REAR 1 B3 2 H DL S ph s BR 2 e AR 3 By
D Z R, SDNN. HF faAn 8K, LF/HF LU %L
o PO B B i R S N, NI AT RE S A - R
TE M PATI CAR, R T  F AT SR 22 3 B PR D
ﬁ?% [13]O

=0 AR M AE 2 L R R TR
N FH

NP Ji AR T /77E AN ThaE R, et a R
FOAR AN B AR B 15 IR, X SR R A BAE A st —
WINE T AN AL, BT %K -E e
IhAER” HRBEIEIR . FORm N T fE S5 AN 3t
AR N NS, N NP IR Bt T
PGS U, Kk, HRV B 924E N NP 2Kk
YRR ED

1. o0 R0 S 1 7 ) L o 28 L P A 9 03 1 1)
N FH

HRIEZ I A4 (postherpetic neuralgia, PHN)
Rl R b W NP 2 —. Dl fg4% ) %f PHN
i A HRV 4T 79T, 4553800 PHN i A I LF
4 LbAT LE/HF LU B B & F B ABE, $278 PHN
N AN ThREZEL, HAZBEAMPEThae R 5 ES.
Ty S U@ AT AT 309 6 HZ 9% A\ HRV FIARA,
KB AN THEERRAK ) HZ 95 N3 5 & € 4 PHN, H
0 HF {8 2 PHN R ARRIR &K, Bt h
HRV %} PHN [ & A BAT — & T8 - Mao 25 17
I A HZ F1 PHN i A5 1EH AN AN Dige A&
A4k, RELHZ A PHN 95 A 50 A 1)~ 35 00 R T 155

SDNN. RMSSD F1 HF & 2 [&{%, RIFEKEMZL
TEPEIR TS o T A AE A 20 E A T R B PR 1 AT
TR PRI R A N IR AT 0 ) G i e 3 o R
H, R E S Bhisk > 2 5 30HE £ 0045 35 M
N, X HE— 25 5835 T PHN 9 A A S0 9 B L o
Kk, HRV {EA—Foe & E I EIR bR, AR H 2K
PG Z4F PHN R A AN ZHESIRZS, NIRRT
R A SRR A 1,

20 Uity X AR 1 2 R MR 4 A2 (distal symmetric
polyneuropathy, DSPN) & & F£45 J 1 #H £ A2 o
Islam %5 "' 50 7 HRV 5 DSPN {41561k, 2 H
XoF W R 97 B R SR PR e N 2R AT I HRV U5 0,
A BT W7 DSPN (1 & A 3 2 K A f9 4 77 1.
Chao 25 V@ W& G H AR KL, KA HRV,
H &% ¥l sy SDNN. SDANN Al --MSSD %5 Jif 73 &
FRAR, 5N TN a-sHyp V3 R B0 52 5 2 18] 1)
REEMER R Z WA M. T ERK infTub
a-sHyp WIEAL & R R 55 4%, e IR
JERAH 22 AT A 28 T BT AR 48 0 I B AL TN
B R RS A% ) £ B A B A R T S 4 S H
TG o ZBFFUESE T DSPN #5559 A 1) A
B A R I IS AN ThAE RS 1 AR A 5%
Py BEFCIE KB, HRV [ B 5 0 R 458 £ 9
PR B IS A TR A DS, T I PR JRE AT R X
PRI B U S A A0 N R = A= F i e, 386
INENBE T T B XU . X EEI B AN T REZXEL AT g
& DSPN [ bz — Y, J@itiE5% DSPN ik A M
AN IhE, FRRlRmkEr gk, aIRea BTk
FETIR RN N, B s N AT

S

(T
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— Y HZEJH (trigeminal neuralgia, TN) J& 50 =
XME—ANZE A3 SIS NP R 2 IR i
FLRW, TN R AEIEH 280G AN, 52 HRV 284k,
Léonard &5 P 5@ i b 4 TN 5 N 5 i 5 6 182 1)
HRV, RIEREIRET TN A S fd X R 4L LF
FHF fabrf o2 25 MAEAESLEH, TN W
N LF fa b5 )38 % 2 2 850, HF F84a kbt B8
3%, RITN 55 N (A2 A 28 V% 2 39 in e 55 56 K,

RIS A AT B D IR R T B2 . = XA O
S5 (trigeminocardiac reflex, TCR) #& —F ixi T [ i ,
MR RION A% R R DR, EEO
JE A58 B2 — TR 4 T IR T 4 R BRI 1 R
(AL HH B TCR 512 K B 8] 1 00 452 48, I 72 3 9 ()
RIS B HRY, 070 8 0 R 4 7 BR 3
JEIEIEST ) TN i AT AR SR H HRV 081, K
BUIEREE 5 S RIS E 5, WANRIS &
TESh IR, RPN HF o & 3 SHfr, HAEIE
FLZE R A) HF 48 b5 — D5, X AN Zhae
RS O IHF RS YA G AR IX — 1
B, BT S S PR BE 2 BT HE i 0.5 mg K
W H WA, DGR RS E T, BEA
R JIE A5 A RURS: Be BERT P4 Y I T AR AIE s
7 HRV 23 LF #1 LE/HF Al B BEXT T AR S /%
HHORK T R H RS S I TNAE . DRI, R
J AR TN 955 N#E4T HRV W53, 5 B 1 53R 51
AIREAAE TCR BN, AT S 30 A ) T TR F s
WOAR AN BRI KA.

2. oL FEAR S M 1 X A 2 5 L AR 7
% FH

— I EE 17 TUF 5. ¥ % 2529 Bl N 1 R 5t
PEAN RIS 20 AT o, RETU f5 NP R A0 2
1K 53%, IR PRI AN BOPE N ™ 1) B AR 55 A0
S, ARG RS A EAR PG ) 3 A A P,
Ab, HMETH TR T AR E NP 249+ B0 £
BEZ PPN RS, GnZicas. mb N, EHEE
FRE RS, HYF 2% NBMEZLE 2893697, 15k
TR EAEAE, HEMAENEHER MR, BT
R, XA N G B ER AN
BaAS, HRRAE S A A ) Rt B A AR &
NP, Karri 25 PO@E B CUESE TIX W, S5 R
KU, EHER G NP N5 NP R AL, &
& HRV F8FREAR, JCH /& 7E SDNN ks L2722 7 3%,
K—RIEW, HRV HHERN—MaIHEE, %
B EACEBEBG 5 NP (FLEE, FFiE7R AN §53)
TEHBEI 5 12 P NP R A AR AR . 2
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F b, Karri 25 " #5015 7 HRV B85 8H1% 5
NP 7 IR, R BTl 478 il L 3R (Bre EStim)
VER—Fp B AR N T 1073, it B 3 0 fid
RIFE P AL B A 2, R S
NP BA BEMIRIT AR, HEmEMNS AN e
PR B VIO, X R BTG 5 NP 767 fe fit
TR RN T

114> #% 7% (Parkinson's disease, PD) ¥ N A
NP, WFAKRPXAMLEGIZI RFE XA K, LAl HE
5 X R AR JE AN 274 55 . HRV 0 Hr 383E T
XM A P, PD R K LE 845 TH 5« HF $8hRFEAS,
PN A A 22 ) 3 i T B A SR VR BRSSO
H AN KA A] 58 /& PD 5 A NP FREEA7AE 1 B H -
— ISR Mt — e s, SRR AL, PD
J95 NI HRV 2%+ HF Al RMSSD fEHRFHE, Hral &
FERIRMIY, RIS T ThRE s iR 2 B,
Valente 25 P2 38 i %t 105 451 PD %5 A 1) W0 82 M 0F 5%
KB, HRV 73 T BE# 46 78 AN D RE R IRAS, JF
NN AN TRE R & 5 5 BN W A Ok IX 2
R L B S E R R iEe, Feal2h o2 '§ 1
IREZREZAN S LR LR KRR, £ TTK
IRV 2R e AN 1 AT SRR 2 T AT I It 1Y) B L2 R
gy, HEHEEENERER D KB REM
HEHES FEERE EIRE BRI, X Rt
FERTREMHI R LT EIRRR AR IER
Dige, AT HI S50 FATHHEES RER, o2 24k
IS AT DI RERE B 55, PIRAS 5 1 R HHIE
P3G, B RN A R A Ak B,

3. O AR S PR o 20 0 L A 4 R 1 4 B
SRR

H AT HRV CLZ 7 A e i 2 93 71 56 R 1) 7
TEFEbR, BIAnTE £ K HEELL (multiple sclerosis, MS)
N BRI HE F8 5 55 5 IR IR 07 48 44 56 F
R T A DA B — I TR AT M
R TE 1, HRV JCHJE HF 8451 LE/HF J%
2 5INRAT AR IR T B 2 b A 5 P NP A
AL G 2 AT, JUH R AMARAE . FIARE A 0]
PRI E A, I RE K P RF ST ()5 T AR
JEME 5 AR 2 (R A7 AE AR TR BRI 3R . KR
FAEW], HALES HRV TR VIAHSE, H HRV B
5 FOVARIE P E R A i i 5 BRI, (R, HRV AT
VE R B2 W ARAE f AR ) B 2448 bR Kircanski
2 B RE L EE HE, HRV AT DA A [ 2 2 4 A e
XTI TT RS, AT BT 116 PR 25 i 5] b g
RN AFTINAC 250 R 3R 2, MRS N ] Re /5 22 L
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a7 F B

FF LR#EFL, HRV 484 NP 3697 F TS
PEAGERAE T80 B o O AR S A W I 5% (HRV-BF)
VB — P B WA & 15t HRV 4R, RES #5 B)
o NI AN, AT 38 00 2R AR BEOIR 25 BY. 1
FL# M, HRV-BF 1EiGI7MARE . £ e O fa)
153 )i L s 1Y 2 T AT B RUR

I, /hh e

i BTk, HRVAE N —FRfii 8. &%, €8
H A AN ZhEEVEAL T B, B B2 W R N H
TSy IEE IR AT AN A L o W 2 ROV
HRV #8805 A b o A1 2 U0 Bk IR B i A8 4k, T 52
VTR A B 28 R R A SN 2 1R TG Bl S FL P
TG A, JOHE A KA 2
HEERKIM, RET RN AN ThfE R PEAE 3R 4t B 2
. AR, HRV N HWBAZE SRR E. &
Je, HRV FIAMAZE SRR, RIHLRERERAET,
HAMCIR NG5, e LAHITT 88— B9 PR S F b o
Hk, HElHRV Mo br ik 288, 6z el
BTIEAEAS bR HE, T BEAS R FTRTIEG PR 5 i
HRV 45 F 1) fift 52 47 70 50K 10 32 00 1k AAS — B
H Al HRV CfED ML R BahES. 15 % 1P
AR R B Tz N R 7, AR NP A R A
XFTFIRNFAR NP (1) R Ii AL S T R8T IR T S s
BA BEEE . AR TN BT E U HRV K
MINETR et O A ST I 1 e == 3 SN A 7 S
K Fm LR TT R vl S o A ik R, $RER
HRV 5 ARG E AR Can i 77 [ S Buset: . ARtk
I MG, 44 4MBIT oG
LEFFB, NP IX—E MBI e 1
BT AW
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