Advances in Clinical Medicine IfRE 23 &, 2025, 15(12), 428-439 Hans X
Published Online December 2025 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15123429

ERTHEINBETSEERAL: FBARFIAA
ThRERE TR RO R IR

FEE, TRE, R B
V2 PR 22— B R PR e BRI R, Bk 7%

Weks H . 20254F10H28H; FHHEBA: 2025411 H21H; KA HB: 20254612 H2H

wm B

RE NI RS (POCD) R ZFE B EHH WEAHRE, ERTEXILSERERZ2 L BEREER.
YRR AIESE, MRX EETIRER. BERSWRE. SNEEYSERILERRSETINEME LA
TR ML B R L5 R POCD . PR, JBIBYTIR. WBERFTE. BRI FRH A AEaE R T, 3¢
FEoRERAGY) . AFERHKE AT AT R ER, SR THEEREM, BFEEMEASRE
. KRRBHARKMENTRREEYREY. BALYSERFEEGY, FFRKEM Y, ARt
FRSME IR POCD TR S5 HK

>3 4L

BRCE, IR, REAFTHRER, $EBR, s

Regulation of Circadian Rhythms

and Sleep Optimization: Emerging
Strategies for Preventing Postoperative
Cognitive Dysfunction

Yuhui Jiang*, Wutao Wang, Lin Zhao*
Department of Anesthesia, The First Affiliated Hospital of Xi’an Medical University, Xi’an Shaanxi

Received: October 28, 2025; accepted: November 21, 2025; published: December 2, 2025

Abstract

Postoperative Cognitive Dysfunction (POCD) is a common perioperative complication in elderly
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patients, with circadian rhythm disruption and sleep disorders as its key risk factors. Current stud-
ies confirm that factors such as suprachiasmatic nucleus (SCN) dysfunction, abnormal melatonin se-
cretion, and peripheral circadian clock disturbance can induce POCD by mechanisms including exac-
erbating neuroinflammation and disrupting the blood-brain barrier. In clinical practice, light ther-
apy, melatonin supplementation, and time-restricted feeding (TRF) can regulate circadian rhythms;
non-benzodiazepine drugs, dexmedetomidine, and cognitive behavioral therapy can optimize sleep.
Multi-modal interventions show better efficacy but have limitations such as insufficient individual-
ization. In the future, it is necessary to develop biomarkers for individualized circadian regulation,
new drugs targeting circadian clock genes, and conduct long-term follow-up studies to provide more
precise strategies for POCD prevention.
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1. 518

BEE RN 2RI, 24 8 E B2 FARIBIT R BEE EA, R EIY)ERERSG (Postoperative
Cognitive Dysfunction, POCD) Il R G BEBE < $t s WFFER I, FARAIMG 51 K IR B BRIFE 25906
XA IS, LR R RREEI ROIEIRAS , S PT Re 4T R LAAR A AL P4, A B T A 2R LARIE S
R BRI RS POCD KA MSHAT[1] [2].

BT ERAE Sy LAARSE B A TR O AR B, LR AN AZ X _E % (Suprachiasmatic Nucleus,
SCN) (1) HHX F5 72 15 08 2 2R S5 IR B A0 i B[R] o 08 B 3R 08 i A2 1) 75 e 2 0 A 5 MR IS — i BB ) U AR [3]
[4]. HHWTT SRR, BRCTEA TS POCD ZIAA/ER VIR . Ao AR T & 1) [ mT 68 I il #h 22 98 iE
LB, it — P fie it POCD & 4E[5] [6]. %14 POCD HIFIRT, IfR o ulilid 254 54E 454
F RO BRI . i, A RFERKE N R EE S P 0 EAE 2, i iR
JE M4 90T I N AR POCD R AE#[7] [8]-

MEARI AL, AR SEAEIR /N AT RE T BE XS [5] [9]. Rk, 456 BRd 5 SIEIR AL 6T /7
%, BVFRETS N POCD TG 5T B AL 7 Ml BTk, AR SCLR B AT i 2 5 B AR AL TE T
POCD HHiTi & 2O0E . N AT RE AR M B E E LG, ek, MR, A%
FEWK & FH 25 B AT T T I R T A 285, 48 A AT Tk = ML 7 80P EA G — A2,
JEEEAKRIE T TT 1), Nl 2 4 B AR R KN D Re S BT 5% o
2. BRTES POCD HMRIBEER A
2.1. XX EB(SCN)BIINEES FRMH BRI

WAZ X A% (SCNYWE NI AL BB R T “ Rt ” , @ A FO6E 5 WA . PR i
J AR — MRS A: LR, HLTh RE RS R 4R R A0 IE 8 1 S50l . R A5 5 4% BRI 2 W 7 TR SCN
WHEDIRE: — 2 TGS T N - B#AR - B EIRAh(HPA H), SEUZBEE WAL RIS
MRS “RERC” T, RSB B A 5 e A SCN P& aidte, HI 95 H X B R T
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MIRFERE )]s RG] BE T4 SCN 54N T IS 548, SEH S AMNE SEERIEE T B
[4] [10]o FE/NBRARELF, SomkRRIE S5, A 5 BRI SR A A A FHUG A B [RIFR ATBRE R, SBUNRERCTH
FALFA A2 B FRE[11]. (EfHER NI, BB SCN ThEE AL F 8 KR W 2R, W&
B> S5 FRCRRK, FARMBCE RGNt — PRI MR, TR R A g5 1
+ FARMB MBI, XUER T A EZEEE POCD RKAEREZE® THEEIA[L0]. sk, SCN
DhRe Sk 2> [z M RERR 45 74 . SCN XS RERR [T B () R4 247, 7T RE T EOR 5 RERR B BA XL BEHRVR S
AR, T RENR T R 2 SO RN SCN EPE, TERCBPEEIN, Sl s RE . i X
M TCIR AT XAV, AN T RE RS .
22. BERRTDRESHERIE

Py AR 0 B AR SR R VA 1T BT A S R AR A% O R, o Wb LA PR (R R T R, AN BRI
AR R T O B AR BE IR, 340 T Jd s 4] N B M S A kD2 28 PR 7 (T IL-6. TNF-a) BEJEG
REMARYER . FARS RIS R 2 W TR SR AR B R A AN, S BOR SRR R 2 5w
VB BRAG S Ui KA T, X Rh S i AN OCET B EAR - E R I, 32 B 33 ALK 10 28 9 JiE () 40k R

MIRELHLHRE, #REFEGH =5 POCD M XEF EARIAEM 7T : — 71, HRERMENRUPIA
7], AR 2 FEOR G RIS RGEAN ORI &, (RER & ol it Atk . DNA #5, B
ST DA AR S X (Wi 5 AT I Thaes S0 — 0T, KRR ER Gk = SRR /N BT 4E B 4],
TS H RN B RAER -, IR LR F AL 2 A& 0, 2 WA i B e s 2, ik4hJE
RAEAHMITE Gy 2N X, RIS JORE RS IR FLAESE, 2 B ARG BREACE FRIRES
POCD KA Z 2 IEAHIE, 1AM b 78 48 B 2wl e Pk 2 RIS R WA L 4 42 98E, F#1IK POCD &
AR

DRI, #h AR EE 2K v BERSCA T POCD 11— FhA 24 mE [12] [13] adid P15 kR HE 22K P, W LA i
RIS R, I 9RR S AR, AT MK POCD FR A AE AU -

2.3. INEAEIHESRMEE

AN AP T BEIS B AN R A B (WA . LRI B 2R DR 3R, I e A A 35 IR 1) 3R TA 32 B - R S
FIRE S EOREARW 70 K Re LRI 2, TG D Re[14]. BFFLRIN, LoRBRRREE G, /N BRE2% B
BRIER R IEKPEZ B [11]. FAE, FHBERNJE, KA+ Bmall, Clock. Per2 Al Cry2 [fJ3Rik/K
PR EIHI[15]. SMEAD AL SR T RERRNS, W AT PR B2 R TR R E AR R RSk
W, XEARIEREL S POCD HIKAEAEK[14]. fEZF KRR A, FE IS Nrf2 ((XEF405% 2 MHKH
T 2) N A SECCIE RS Nrf2 T BB RS0, S Bl T AR S AR 28 4 0, 2
ik POCD R4 . Nrf2 £ PWIEHE S Hit RS0 EZRTR T, @ Esm b AIbT 5 #EE R ) #5 3%,
TE LRI 4 A G 52 AN SLIORD 28 355 07 THUR P SRBEE L o« 322 A0 Nrf2 R S 808 5 Th it a8 B R4k
EWOE, N7 TR S ISR 2 SO 5 R, E S EO I . kA, SNEAE RN R
L AT REE L R S % T RE R A RE N2 5 POCD R A= WFFTR M, HEp LR Bmall X /MR o 40 i
HEZ FE(LPS) F 1) IL-6 FikZ L 7FH. RORs il REV-ERBa S5/ T «B (NF-xB)iE EHH EH
YER, REMA JAE SB[ 12] o A1 AR e 3 6L mT REE T R0 S 2 40 M Th A6 AN 98 RE IR 1 10726, IRl FARE F
MIhE 0E, MMt POCD MK JE. FARLLERARERALEIAAZ POCD MEE KRz —. Hitk, i
TAMNE AP S B, A BUN K POCD KUK 1A ORI [16] [17]. @ b F AR 5 A3 AR,
BLRE(R R B AR, D ARG I R R A

DOI: 10.12677/acm.2025.15123429 430 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.15123429

3. EEIRBEREAE POCD HE{EAE
3.1. 1SRRI D 5ot nT 2B 245

1527 MR (SWS) A& T AZ I R S B B B o WAL, A ) SWS i/ b 5 S figh vl 28 18 52 453 VIO
KA AT EIE AN RGN AL A RER,  JOHAE S 2] 52 R Th IR AN T B A A e 12 U R
(K19 7T BE P BRI BT S5, ML iZ B & SIRIEE 7. WTURIL, ZEBEETARIELHN
HEAR R <5 5 FLA RN D RE N B R IEARSG,  SRom MR Y o0 15 S5 A0 AR5 IA RN D RE(POCD) (R Wi AN FT 2 A«
UEAh, T2 IR Y B =TT BEAE I S S AR p- 22 T IR (GABA)REMIZ2 8 i % 3%, #E— P Hinf&ll POCD ()
Mg[18]. BRI, SUEMERCK] & S i 5 MBS AL, 2151 A AR BE 7T 10 F B [4]

3.2. HRIZERZNEERR (REM)RIZF S B ETIER

PRI R 2 BEEHR(REM) 7E 1 26 1 17 e s EEAE A . HRRF S54GRS AR, FEmEAR
JENENIIRER) N . WK, REM BEIRX T1545 5 BB B CHE, = REM HEIR 0] 58 T 8UE 44
PTRE IR Eg, ATITRZ IR B ARG AZ[19] [20]. BAT &, REM BENRAIERZ AT REME BFEAR G200
RN RS, RS SAEMRT L), B&SEONMINRERE—2 T R#21].
I, 2t REM BEHR )T & 5 5@ 808 T 5 17 POCD ) 522 510

3.3. EBIRFE4ASmRETEY

WA AR B R A 0 55 LR S BE (D R <L ), BB B P RER 9L, (HR B3
BN BERRIE SN, IXAME DUAE AR5 E 4 B3 TR A 3wk 60% LA _E[19]. ML 7 e A 9 OR3P X pe 2 2R 4
oy “AEREBERET . RS B R ERR A LB ANIRALA,  HSE Bk R AR I A A
RS E oS, T MNPy BOAl 2l 1o 22 g AR AR A I i 57 5 D E -

WETCREL, MR P Bl 2 W i 3 A2 TR 2, 3 BURG I B P B 4RI, o S S B R 1 RO
2B b T4 Jo 2 i 5 e S8 P [22] o SEIENE T e 2 H R 5 TG — R AN AR B SORE R 1 (U IL-18+
CRP)SE G R AKX, EERBCNR TS, e 2 500 — R A EWR (K 7 EA)
BEANIG, FARAE o, SRR ITIh R ¥ [23]. BB BT M A B ThRRiR AL, I BE B A 5
FEAE “AEBMEEN T, BEIR A BUE 2t — D ORI M e 95 1 . A JS BEIR A BoAb ik £>20 /MG (28 48 i
I e e 52 PR e Btk /3 T v 35%,  HLIX AT i 5 POCD ARZEAR R IEMK. BEAh, HEIR 7 BUL
oIR8 B IR S REM BEHR, [N NI 0477, TR “ R Betk - BRBERR - AR B B
(T
4. FRBHAR IS IA AT HERE RS EOFT SR G
4.1, BRTEREENT R

4.1.1. B

R VENE R T B BT I BT T i, AR EERR K SRR, BR E IR A RS X
EAZ(SCN) 4, AT B AR G BRI R LI R . A FE R, & A 6T 5 2 fom A T 4,
HiE— P ECEAR R BE NG )1, RAT 3 REARG 7 REMIEITIE, i FERERGEER TR
BLR A AR 40%, POCD & 4EZ [ 25%.

B R IRIT (BLT)BE DA A 2 et 48 P /b P i il BB B R R B SN A M05% . RN
KEBR ARG ESRRFEE T, —SAiEEGRIE T BLT (F A AR L)X R B BRI RFAT Ak
R[24].
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&

E—THFEH, 5 KM 90 73 8h LR BLT Bk W38 g 1 HLME S 53 (70~93 ) N AR 7). &
TR FIRE R BRI o 59— T S VP4l T ZhaS BRI A IR B AN AR IR B B Xt 14 & RAETEFRZ BRI
FNGELFMAR(T0~94 5 REAR . I AR LA ZARIER A2 . 55 EoR, IPUrE R R TH 2N AE
FREMRE - FEEN TR RIE DR A BRI . EAh, B R A REE AR R K P B AR AR 2 ) [ T~ 25 B 22 1)
INFIRI -

WG R B S — M BRI R R T SR, AR SUER B ER TN T AR S AR A R e
E\ERES), IXAEAR G HEE R U E I [25] [26]. Eid LED HARME A K IR AL E R 1 (g sk,
TER A SRR I 55— IO FEVPAG T 08 623 i HE BH AL B SR 2R B 3 i e, 45 SR R AT
NEESIRL,  BEAR AT 25 o3

T BRI, J6IT IR W] RE KD 2 B (5 8 p 82 N (R AT B BE ) (1) 22 S T AN R], 30Tk s v
FEARIEENJC R E L, IbAh, JoyT 7R BR B el as & Bt 5 b S n] BE A2 B BR ], DR 91X L3R Hh g HEE
B 25 A AR AN 2 B TR IR BRI 25 AN %

4.1.2. RERREZHFHET

HRBREMA AR TER . TP POCD M Z 5N . MR BN — P A BB
M, Al 2RI T POCD, AAGETTER . KENHTRAE RS RERIPH AR . TESIIAL
RATE TAHRB R WA BSCE I AT ARG SR T Re i . 7R, RATNELE 7 K4 T 10 mg/kg 4
SRR TAL B T Y e K 1S S R R R AR AN R D, G S A/ BRI AR A 3R LA A (R A2 A
[11]. [EFE, ARHET 30 708025 T 10 mg/kg K82 AT S ks S A A S, ORGP AR T 5
MT2-CREB 15 ‘518 .

TEBAE B, BB E SRS 77 (0 75 25 2 i (Ramelteon)) o Y BRI 1 22 4Pt 5B Bk, BERS A 4L
BB A 5 BT & S AT fE . BT R, AR AR A AT DA BRI, 30 RE i8I 1 5 AR ) i A
FEARAIE K, T AT REJRZ> POCD R4 #[27] [28]. BbAb, HEEEZKAETIFT POCD J5 i th 2 8 i 7E
IR AR, LA B R IU N

4.1.3. BHBE)BREI 4R (Time-Restricted Feeding, TRF)

TRF FE B R A R T B, @i & H it & it (A BR 2 75 8~10 /N I (W B4 8 s R4 6 AX),
A5 Ah e de Al B DR, BET ORI IARI[29]. TRF MRZOAR AL T o il U IR B 451,
AU VR B [ RIS RFEAE A, B RMMERGS, CHIE G ARG TR 55 2 B

MAERBLEIRTE , TRF X POCD (B H 3= S i W 7 [ se 3. — 2 RIS e, AU 2t
A RE N “IEES ", BOEHIE. IS8 B AR e R R Rk, eI S e s AR, b
ARJE bR S, RS AR I RE R AN R IR AW SNE, TRF Al KA A A B 8], s
SR E WAL, BRI S R e, A R . DEAUR I, TRE AMY RS FEARAAR
BN SO R R U, AR I I R AR Y SR A RN BE /U, 98> POCD B XU[30] [31]. 1b4h, TRF
FEZAE N oS A TG R, RRSA RS B AR ORI . Ik, TRF AEA— R AR5 il T
B, NARFNENThRERIDLA TR AL 1 i R

4.2. ERMARIGRT A%

4.2.1. YT
FEIR TR AR FEE R 25 (A Ve DL 52 F (zopiclone) ) 7 B AR Ja HERR &5 1y 7 T B AR AR - 9,
WEFURN], XKL RENS P e R IR T B, OB MERRVRSE S LT [R],  MITT SR AR 5 R ARAEAR[32] o
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LA D

ARSI E & — T P o2-FF EIRERAEZ AT, BB BURAPUEIEIER, R AR £ 8
H AR, IR R/ o A AT L 2 AL TS POCD, BLARRARFZ SO PRy LK
Jr B AR TRV AENLEI B, A7 SCFRIKE RIS SN A RS AL, S IR SRR e H
M/ R-6. AN K-8 S SUE MMM 1 A R A AR A R -4, A FR-10 SRR R T
IRk, RARARRESERISRAS . BLAN, A RFERKE X E R R RSN AR RS RO RN, SO AL
MR iZ 50 A B NDMA SR H 5 [27]0 IRPRIIEFLR M, A0 SEFEIKE AT B R MR T, I
POCD MK AR, — I TEPPAh 1 47 SEFEIKE 28 5 M8 55 IR Y7 Al I A B8 R R A RO AR A (147 2P
w2, SiRERARIEKE BEKE T EHFNAG R R, B R AR RMN[33]. R, X
2P AR, RO AT RE S B MO S it 24 4 il AL

UEAL, AR5 RN BT B A G 29 B O, 82 B O BRSSP ARSI [34]. K,
LT TIFIS, B REE AR, WOAFIAT NITIE(CBT-1),  BARRAR 254 HASUX S I 3R T 1R T
R

4.2.2. FFHFM

WHRIAT N7 1:(CBT-1) R IE B AE 08 5 2 Wk i AR S5 SR MIREIR . AT B2 T BRI 350% . #F 90 o, CBT-I
T R R K BRAR AN BN S A7, A B L ST R A (KBRS 45T, W e B AR B [35] . Ak, FRBEAR
1, G R R ATAE AR, XA R ERIR IR BB W, BFAUERM, SR,
S, BPIE, A DU R T R RN R SR [36]. Bk, LA Z AR TITFR, nLLES
RICHh 5 B R S A S B

4.2.3. ZSEXTRAIHEIB A

BRI TE L R R AN 78 5 INRIAT ST (CBT-I) A4S & ) 2 BT TrT REAE FiBs POCD J5 il 8 v A
o JCITTIE I A AR Bl CE MR S, AR AR R A B T2k B ARMERR, 10 CBT-1 @i o s S 4
MERR AR S ATy, it — 2D o MR B OB RO . 2T R R, XA ARG T A RE
SETHIEIR R, B REA ARG N FIRERG (A R [37] [HE, BRI G B 1 22 A 2T T Sems B Ao
Wi PRSI B 1 L R 73, DAL R T RCR -

5. EfF MR THRMEBEREZ. FERSERER
51. BFARHHESERTRNEAMBERE

5.1.1. ReriEME(FARAT 3~7 X)

Sentfs BoRE: BRI RARBUERFR . FREHUWOLHEFAR. HRKFR. BHFAR).
SRt (L BRI . R IhRERRIRAS) . A (R BRI EE A S50, @l
MEERE .

A8 AR S 2R AT I = R (5 455 e el I B 0 5% 8 (2 g e G U 3000 45 ) 12 % R0 28 A iy e IR 465 ) (12 0k e
MR A7 b REM BEARET K . BEAR B E); i My B PR Al (B H - 8 A, M 8 % 1 IR, %4E 3
R BRI R E M 454 V20 RN BT 4R B (PSQI) B R VPG L MEAR i &, IR KA1t 5
MR 5 R T AR

T-105 FHE R € REPAEES R, VP E RAT T T B B, X RF AR B AR
ZOEL (0 R R (] 2y T ) BB BER PR 3, REIAIRITIE + MREBRARMBE T X T4&
FHE2 P RERR PR AS B TR 8, AT SR AT 997 i (CBT- )3T AR AT+
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5.1.2. RPN SIEHEME(FAREX)

JIRIRE 2 i B S R B T R AR R R AT TN A R BRI 7 €, 0%t SCN ThBEME 55 (Z4E . Femtiil
FNIRIR) I B, SRR I BT PRI 1A IR E B 2K R R, HEREAR R R
JE1E Ramsay S vFo)r 3~4 43, G it BEAM A AT R K

AT AR I A PRSI R R O IR (MEFRE 36.0°C~37.0°C, SRR IR B T ).
OFABFMMHRY), MM A EET Rt T PR 4 NSRS, RP& 2 AEHE
S 1 URIMURE, 38 S R 2038 Bl 5 e A R A e T e

5.1.3. REFHMEEARE 1~7 X, <8BTWE)

% Y B T TSI it «

B REHRERFE < ARAR - AR oIS, AR 7 A~ 7 H)RH
6500 K ¥4 (4% LED 4T, JEHEGE & 4E 5 F 500~800 lux (5% 1 KAL), Balm (M 7 £15) e H 2700 K BE 85,
5 JE <50 lux, [FJA$2 fillJs J M <45 43 UL, R 4ERRTE 22°C~24°C,

WS ARZG I RJGE 1 AL, AR B 2 R AR 00 45 SR R T T it o 40 R i R AR B IR > 15
WIS, FEI(3~5 R)INAAVEVC 7 (1~2 mg/ifh); 5T AR i 68 B4 28 2 WA T B4 B 5 (Wl v R 2 2%
AR E <10 po/mI) B, 45 THREEZR (3 mo/i, BERT 1 /NS ARFH)#h 7S, Sl ] SRR T KR .

I (] BRI AT KRG B BIhaek B EH ARG 2~3 K), 18T EE W45 H ) R e e
8:00~18:00, G (A1 & T HRAME LBl AR DR, Ser4E /o E, Wb mp B s xRy
A

SR BN A VPN : A S5 85 H R 1710 BEAR M 0 (00 ¢ B AR AL . SR REL) + PSQI BRI AR (4 Ti%
O 1 ) AT PRIE VP AL s RS 28 3 R L S MV R o Al 5 (5 4 SRR AR B D0, W LER TR ZR, VPG T T8
B, LEREE TR B, EARE 3 KEHE SRR S H<15%, ATEEE T AL _E A SE Tk
E BRI IR (0.2~0.4 pg/kg/h, RIAIRFLE 8 /M), ELEH 2~3 K.

5.1.4. HERREAMEARE 1 MA 31MA)

RO B v SRR K TR S M, AR SO RO RS 4T, &
SER 7~9 sE NI A R AR A IR e AR B TR, g S R i) RE LA
3l iIERE VT +2k B R (ERFRIVETEG &R MoCA. PSQI) AL A RN Thfe SHEIR BT &, A=
P (s, VPSS E A TR S B

T il B EA RS TR S, TREAEER TSR, Wk TRF 4T
JET i AR B AN R AR (2 1.5 malRE), BT TR R AR

5.2. ISR ENEBERERSBRER
5.2.1. Eff#ZEARESRAEZ

PEAT R I
Bb i dE st FR oIk = BR ek = A 15 FUMEMC I I A . IR B, AERUT AR AT L EAl 5
AJE I T T

ANIIEAR R CBT-I THIR LA LB RS S, AJRBEIRIEI Ry e s, EmEy AR T
fEf; ZRATIUP KRR fham R BRBEZRIEME, iR .

iR TT 5

RFIRICE . =R E B WIS T W, AR ARG ARG 1L IE TR E )
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T A

&

RORSHET T BB r R A “ b vPfh + AL B, dnf] PSQI R4S & 0o Il AU 1% 50
RN, RAEIE LED AT + @I IFRSEHLAERDE RS, BRI BN

ERI PR DA BRI RRIE Rt - g Rl e R Do 45 8 (1 M B o PR AR AR MG M
MBLEARAE), XL R, @57 MR ES + ZRIEE7 MIMEILH, REEHHEIT 1
K2R W(MDT), R EAREITHUT R, SRR

2 PRIBCR SR S84 POCD TR AH O A ML TN I5T H (A A BT AR S )« FREG 4 (Ul 3 21 32 M4 sh
FNANERITER], FCEE D AT, RmT IR E.

522. BEBRMNMEER

RS S

FVONHA 2 Hr 2 BH RFK BN “ TSR POCD” AR, WARE “ZEMNR
PERPRT”, ELARE A T VE (I B RN B B HE T90k) . TRF (R R YL FAT &)

AAFEAE AR A ARG V)OS 3 3UE M DAAERF AR, o258 e CBT-1 I 2k (U HE Hi
AR ZR2T): o BF R R R EAYAEIE, BT,

FRURTT

ARETEREZ: KA “EC + M7 B m S KK EvHE POCD fad . i 5 MElR T Pl 2%
P, 258 BRI (AR G AR T U BOASRN T B R BN Ry R ) NEESE “FRACRBINEL” , ¥
W5 s H TR E PR “ B RIGHE 30 438 AT P 20% POCD KU ), 2 3Bl & =il

MEMAEEE: ARG EF IR IP 2 (NRS W) B EURE TR, Wk H 2880 S ARk
W+ 2 B K PO P HIZE NRS < 3 43, AMUEREIR OS2 1F; W TZmEEE, MMt T HZs
T, AR A (IR BB A A R B R AR 28 <5%), T R 24

BOHUEIESL: ARG Ol s TR RREE, ST CRERS” %5, AU B R 5K
AR 5% (n e B FERE AR ), B2 s KR AP

6. RFKMARF RSB
6.1. MELTRIFE

FEAN AT BRI T T, ARRAOWT TR T A AEbR 8N, BB RS 3 e 1 R O it 224k, LA
RS MR T IXLEAE YR S AT AT B BA TS0 Sp s BE AR R P LR, AT ) R B DA G 1 T Tl
it WEFCRM, WIRTEW RS EER W E VIS, JoH2 Bl i) H R4 45 AL B D e B ok L
[38]. Sk, BERE AL =SEM SR aRsh “RRIRN 7 R AT DA 7= AN A IR 2 22 O F B A AR S 4
BENRIE, ROEPIAG AT IR S AR BERE i AR 3BT A2 [39] o RS HEMI A MDbR BN, BATREMSAE IR IR
SR AN R TR A, AL POCD [ TR0 .

6.2. MIEWHERTLHVNML

HT T T 2 R R AR ARRAIE T 5y — N EL T 1) BB AR B EE IR (40 CLOCK.. BMALL)f# /)
I TP RT RE TR TT S0 5 BRI AR DS A Ak T . X e BE R 7R R 15 A= 1 e 7 T R AR A% O
ER, WRARKIVENTINR IS 2 5 R A R R B UIAEDG, WA 45 A RE AN IR LL A (19 [40] [41]
T IS A e PR ) 25 D I, FRATT AT B H A iy ORI S /D BIE R R 2 . B, BE%F CLOCK 2
R (/N - 250 R e A B TR SRR I AR, DT SO A D (e 1) . R SR AT 9 B AR Hh T I /)
S FAYINTE R SRR, CASZEI T R I S B .

DOI: 10.12677/acm.2025.15123429 435 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.15123429

i
%

5

W A

Par
s

6.3. KHARRIF 54 /i

H AT UK 2 S fE R Y] POCD FISZM L, sk Z X6 T T it 5 A RCR AR D s . BRIk, R
SR VIBIE T 5 22 SN SR KIWIRE U5 5 45 R iPAl, LA 1 M 1 AT O AR5 RN Dh BRI 2 . WF FE R 9T,
POCD AJ BEAMM A AL He T 1), A H (10 TN D REAR A [ E 5 ZE R FAIL[42] o IXFPR ML A AT B T PP A5 AN
[l PEE ARFSOR, TR R Im RS . T SACHIRE U LA, R S e il i, AT TR g
i SE U B A POCD [IENASAEAL,  FFOARR T T e £t 5 8 S (R BV S At 15 ST B 4R
7. INGS

AJE AT RERE T (POCD) & 4 3 AR H WIF A, LLER 1. C120 ZARAT D RE T ey 3 22
R, HLWEE ARG R R 5EER . SRR D ZERAIE, ZEFAREHE 5 HLEE LT
POCD il R fa R KB YT Wit FIESE, R EL S BEIR AT 2 15 A POCD )< 8 v 4% (K]
R, O IER 2 mEpEA BN S HES) POCD ALK R

FERRTRIZT, TARN S BRIV 2B X EZ(SCN) [ “ rRaxist ok Thig, S8 mEEsy
WATHSEH R RAAB R R G, HISs AP R ER, S TSNS E A B A RIE,
SR A Z AL SR AR INJR] o TTRERRBEAG 7 T, A 18 MR Rl D 2 10 55 Sl mT 280, M A2 I
PR HR B AR R <5 U 5 01 25 R T BRhS, NEEARN G ARy BOAE B2 S BN I o P e B4, ik Ab
JAFAER FARN X, IR P - A0 7 AR

BExE BN, AT E o T A R . EERCTTEREIEOUR, Ju TR R E PO
HE SCN 5, ARl 3 REARJG 7 KN REMEEF & POCD KAERIFK 25%; HME M 784 M K 5L
Ao P L S AR BEh ) (W T R i), AT IR IR 0 b T A R AP 22 JERE s B ) BR ) 1 32 (TRF) I d 5 7]
DA E R SR, VKRR AR E R SR, HARE KRR S . BEIROUL T B, FER R
AR 2 (WA Ve UL Se ) 5 40 SR E GREVBEE . PUR ST T 15 ) ol S MR 25 4, (B
12 HH RS s KT ATTVA(CBT-) 5 F A A (e 2] IR S8R 1) S5 R 29 P B, Bems i
S ST AR REREE IR 2 5 TG HT % MR SR AN 5 CBT-I &5 & i 2 B0, PR W [R) 3 204 i, 7EF%1IK POCD
KRR EHORE R

FESKPRERTT TAR AR, Gl “RRBTVRAG - AR il - ARJ5 9 - MEekED; 7 02 I i,
i “MmR T RIEFE R, AR T TGRS . FIR, BB BEA R . BE R EZE S
PPAARAEA G — S FRAG, B RRIRACE . MR E . IO R R MR T R, e
BE— PRI T AT PR S A R

A, HHT POCD B VA /E I AR, ok =3 T AEMbR B (B BT RE T . A2 DA AR AL) A
T HT %, RO S —feit, H2HWTUREEIBCR, KRV R = . RR A H A wt
R R A bR BT FHEHET L AR 2B B R D (n CLOCK. BMALL) BT R 25t i, T e
KIBEVTHE T, S ERR N TR GEAE POCD U Tl 5 A EAL T P07 S22 v N, i Al a2
O PR AL S TN L IRBhah & T 107 ik, &4 B POCD PR iRt aiRsHE. R IR
g, WeE 2 FAREEARE NS .

SE

[1] Wu, W,, Lin, J., Qiu, Y., Dong, W., Wan, J., Li, S., et al. (2023) The Role of Epigenetic Modification in Postoperative
Cognitive Dysfunction. Ageing Research Reviews, 89, Article 101983. https://doi.org/10.1016/j.arr.2023.101983

[2] Zhang, Y., Yin,Z., Zou, Z., Feng, S. and Xu, H. (2025) Nanopathways Modulating Postoperative Cognitive Dysfunction:

DOI: 10.12677/acm.2025.15123429 436 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.15123429
https://doi.org/10.1016/j.arr.2023.101983

(3]

[4]
[5]

(6]

[7]

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Extracellular Vesicles. Frontiers in Cell and Developmental Biology, 13, Article ID: 1613378.
https://doi.org/10.3389/fcell.2025.1613378

Ren, S., Yuan, F., Yuan, S., Zang, C., Zhang, Y. and Lang, B. (2022) Early Cognitive Dysfunction in Elderly Patients
after Total Knee Arthroplasty: An Analysis of Risk Factors and Cognitive Functional Levels. BioMed Research Interna-
tional, 2022, Article ID: 5372603. https://doi.org/10.1155/2022/5372603

Campbell, E. and Figueiro, M.G. (2024) Postoperative Cognitive Dysfunction: Spotlight on Light, Circadian Rhythms,
and Sleep. Frontiers in Neuroscience, 18, Article ID: 1390216. https://doi.org/10.3389/fnins.2024.1390216

Neskovi¢, N., Budrovac, D., Kristek, G., Kovaci¢, B. and Skilji¢, S. (2025) Postoperative Cognitive Dysfunction: Review
of Pathophysiology, Diagnostics and Preventive Strategies. Journal of Perioperative Practice, 35, 47-56.
https://doi.org/10.1177/17504589241229909

Zhao, W., Zhang, H. and Li, J. (2023) Effect of Dexmedetomidine on Postoperative Cognitive Dysfunction in Elderly
Patients Undergoing Orthopaedic Surgery: Study Protocol for a Randomized Controlled Trial. Trials, 24, Article No. 62.
https://doi.org/10.1186/s13063-023-07110-9

Li, Z., Yao, S., Cheng, M. and Chen, J. (2021) Evaluation of the Effect of Dexmedetomidine on Postoperative Cognitive
Dysfunction through A and Cytokines Analysis. Iranian Journal of Pharmaceutical Research, 20, 515-522.

Wang, D., He, X., Li, Z., Tao, H. and Bi, C. (2024) The Role of Dexmedetomidine Administered via Intravenous Infusion
as Adjunctive Therapy to Mitigate Postoperative Delirium and Postoperative Cognitive Dysfunction in Elderly Patients
Undergoing Regional Anesthesia: A Meta-Analysis of Randomized Controlled Trials. BMC Anesthesiology, 24, Article
No. 73. https://doi.org/10.1186/s12871-024-02453-5

Jiménez-Pastor, J.M., Morales-Cané, ., Rodriguez-Cortés, F.J., Lépez-Coleto, L., Valverde-Ledn, R., Arévalo-Buitrago,
P., et al. (2025) Interaction between Clock Genes, Melatonin and Cardiovascular Outcomes from ICU Patients. Intensive
Care Medicine Experimental, 13, Article No. 19. https://doi.org/10.1186/s40635-025-00730-2

Cui, Y., Zheng, Z., Zhou, Q., Han, X,, Liu, S., Xia, T., et al. (2025) The Role of Clock Control of DRP1 Activity Involved
in Postoperative Cognitive Dysfunction. Experimental Neurology, 385, Article 115140.
https://doi.org/10.1016/j.expneurol.2025.115140

Wei, Y., Zhang, C., Wang, D., Wang, C., Sun, L. and Chen, P. (2022) Progress in Research on the Effect of Melatonin
on Postoperative Cognitive Dysfunction in Older Patients. Frontiers in Aging Neuroscience, 14, Article ID: 782358.
https://doi.org/10.3389/fnagi.2022.782358

Zhu, H., Zhang, L., Xiao, F., Wu, L., Guo, Y., Zhang, Z., Xiao, Y., Sun, G., Yang, Q. and Guo, H. (2023) Melatonin-
Driven NLRP3 Inflammation Inhibition Via Regulation of NF-xB Nucleocytoplasmic Transport: Implications for Post-
operative Cognitive Dysfunction. Inflammation, 46, 1471-1492. https://doi.org/10.1007/s10753-023-01822-5

Oberman, K., van Leeuwen, B.L., Nabben, M., Villafranca, J.E. and Schoemaker, R.G. (2024) J147 Affects Cognition
and Anxiety after Surgery in Zucker Rats. Physiology & Behavior, 273, Article 114413.
https://doi.org/10.1016/j.physbeh.2023.114413

Birnie, M.T., Claydon, M.D.B., Flynn, B.P., Yoshimura, M., Kershaw, Y.M., Demski-Allen, R.C.R., Barker, G.R.I.,
Warburton, E.C., Bortolotto, Z.A., Lightman, S.L. and Conway-Campbell, B.L. (2022) Circadian Regulation of Hippo-
campal Function Is Disrupted with Chronic Corticosteroid Treatment. bioRxiv.

Sun, Z., Yang, N., Jia, X., Song, Y., Han, D., Wang, X, et al. (2022) Nobiletin Attenuates Anesthesia/Surgery-Induced
Neurocognitive Decline by Preserving the Expression of Clock Genes in Mice. Frontiers in Neuroscience, 16, Article
I1D: 938874. https://doi.org/10.3389/fnins.2022.938874

Song, C., Suo, Z., Wang, Z., Cao, J., Dong, Y. and Chen, Y. (2024) Melatonin Modulates Neuroinflammatory Response
and Microglial Activation in Mice Exposed to Dim Blue Light at Night. Frontiers in Pharmacology, 15, Article ID:
1416350. https://doi.org/10.3389/fphar.2024.1416350

Tavares, C., Memoéria, C.M., da Costa, L.G.V., Quintdo, V.C., Antunes, A.A., Teodoro, D., et al. (2025) Effect of Mel-
atonin on Postoperative Cognitive Function in Elderly Patients Submitted to Transurethral Resection of the Prostate
under Spinal Anesthesia. Clinics, 80, Article 100562. https://doi.org/10.1016/j.clinsp.2024.100562

Li, Y., Long, S., Yu, J,, Feng, J., Meng, S., Li, Y., et al. (2025) Preoperative Sleep Deprivation Exacerbates Anesthe-
sia/Surgery-Induced Abnormal Gabaergic Neurotransmission and Neuronal Damage in the Hippocampus in Aged Mice.
Molecular Neurobiology, 62, 9385-9398. https://doi.org/10.1007/s12035-025-04851-3

Markovic, A., Kaess, M. and Tarokh, L. (2022) Heritability of REM Sleep Neurophysiology in Adolescence. Transla-
tional Psychiatry, 12, Article No. 399. https://doi.org/10.1038/s41398-022-02106-6

Mendoza-Alvarez, M., Balthasar, Y., Verbraecken, J., Claes, L., van Someren, E., van Marle, H.J.F., et al. (2025) Sys-
tematic Review: REM Sleep, Dysphoric Dreams and Nightmares as Transdiagnostic Features of Psychiatric Disorders
with Emotion Dysregulation-Clinical Implications. Sleep Medicine, 127, 1-15.
https://doi.org/10.1016/j.sleep.2024.12.037

DOI: 10.12677/acm.2025.15123429 437 I A [ 2 3k


https://doi.org/10.12677/acm.2025.15123429
https://doi.org/10.3389/fcell.2025.1613378
https://doi.org/10.1155/2022/5372603
https://doi.org/10.3389/fnins.2024.1390216
https://doi.org/10.1177/17504589241229909
https://doi.org/10.1186/s13063-023-07110-9
https://doi.org/10.1186/s12871-024-02453-5
https://doi.org/10.1186/s40635-025-00730-2
https://doi.org/10.1016/j.expneurol.2025.115140
https://doi.org/10.3389/fnagi.2022.782358
https://doi.org/10.1007/s10753-023-01822-5
https://doi.org/10.1016/j.physbeh.2023.114413
https://doi.org/10.3389/fnins.2022.938874
https://doi.org/10.3389/fphar.2024.1416350
https://doi.org/10.1016/j.clinsp.2024.100562
https://doi.org/10.1007/s12035-025-04851-3
https://doi.org/10.1038/s41398-022-02106-6
https://doi.org/10.1016/j.sleep.2024.12.037

e
i
o
4

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]
[32]
[33]
[34]
[35]
[36]

[37]

(38]

[39]

[40]

[41]

Glosemeyer, R.W., Diekelmann, S., Cassel, W., Kesper, K., Koehler, U., Westermann, S., et al. (2020) Selective Sup-
pression of Rapid Eye Movement Sleep Increases Next-Day Negative Affect and Amygdala Responses to Social Exclu-
sion. Scientific Reports, 10, Article No. 17325. https://doi.org/10.1038/s41598-020-74169-8

Puech, C., Badran, M., Runion, A.R., Barrow, M.B., Cataldo, K. and Gozal, D. (2023) Cognitive Impairments, Neuroin-
flammation and Blood-Brain Barrier Permeability in Mice Exposed to Chronic Sleep Fragmentation during the Daylight
Period. International Journal of Molecular Sciences, 24, Article 9880. https://doi.org/10.3390/ijms24129880

Rios, R.L., Kafashan, M., Hyche, O., Lenard, E., Lucey, B.P., Lenze, E.J., et al. (2023) Targeting Slow Wave Sleep
Deficiency in Late-Life Depression: A Case Series with Propofol. The American Journal of Geriatric Psychiatry, 31,
643-652. https://doi.org/10.1016/j.jagp.2023.03.009

Keihani, A., Mayeli, A. and Ferrarelli, F. (2023) Circadian Rhythm Changes in Healthy Aging and Mild Cognitive Im-
pairment. Advanced Biology, 7, €2200237. https://doi.org/10.1002/adbi.202200237

Cordone, S., Scarpelli, S., Alfonsi, V., De Gennaro, L. and Gorgoni, M. (2021) Sleep-Based Interventions in Alzheimer’s
Disease: Promising Approaches from Prevention to Treatment along the Disease Trajectory. Pharmaceuticals, 14, Arti-
cle 383. https://doi.org/10.3390/ph14040383

Hou, T., Yang, C., Lai, T., Wu, Y. and Yang, C. (2024) Light Therapy in Chronic Migraine. Current Pain and Headache
Reports, 28, 621-626. https://doi.org/10.1007/s11916-024-01258-y

Knudsen-Clark, A.M., Mwangi, D., Cazarin, J., Morris, K., Baker, C., Hablitz, L.M., et al. (2024) Circadian Rhythms of
Macrophages Are Altered by the Acidic Tumor Microenvironment. EMBO Reports, 25, 5080-5112.
https://doi.org/10.1038/s44319-024-00288-2

Roy, J., Wong, K.Y., Aquili, L., Uddin, M.S., Heng, B.C., Tipoe, G.L., et al. (2022) Role of Melatonin in Alzheimer’s
Disease: From Preclinical Studies to Novel Melatonin-Based Therapies. Frontiers in Neuroendocrinology, 65, Article
100986. https://doi.org/10.1016/j.yfrne.2022.100986

Bohlman, C., McLaren, C., Ezzati, A., Vial, P., Ibrahim, D. and Anton, S.D. (2024) The Effects of Time-Restricted
Eating on Sleep in Adults: A Systematic Review of Randomized Controlled Trials. Frontiers in Nutrition, 11, Article
ID: 1419811. https://doi.org/10.3389/fnut.2024.1419811

Ezzati, A., McLaren, C., Bohlman, C., Tamargo, J.A., Lin, Y. and Anton, S.D. (2024) Does Time-Restricted Eating Add
Benefits to Calorie Restriction? a Systematic Review. Obesity, 32, 640-654. https://doi.org/10.1002/0by.23984

Kim, J.Y., Kim, W. and Lee, K. (2023) The Role of Micrornas in the Molecular Link between Circadian Rhythm and
Autism Spectrum Disorder. Animal Cells and Systems, 27, 38-52. https://doi.org/10.1080/19768354.2023.2180535

HKEF, KK, M. BT ARIAMRIRE G EA S N AT REREAG /B I T e R[] o IR A, 2023, 61(27):
137-140.

T BTG ANRLF AR 3 B AR REIR RS VP4 5 AR 5 BERR B AS9677 [D]: [ L2200 3] dbat: bt iR 2B,
2022.

Pettit, R.J., Gregory, B., Stahl, S., Buller, L.T. and Deans, C. (2024) Total Joint Arthroplasty and Sleep: The State of the
Evidence. Arthroplasty Today, 27, Article 101383. https://doi.org/10.1016/j.artd.2024.101383

Ong, J.C. and Gamaldo, C. (2020) Optimizing Behavioral Sleep Strategies. Continuum, 26, 1075-1081.
https://doi.org/10.1212/con.0000000000000876

Vital-Lopez, F.G., Doty, T.J. and Reifman, J. (2021) Optimal Sleep and Work Schedules to Maximize Alertness. Sleep,
44, zsab144. https://doi.org/10.1093/sleep/zsab144

Shin, M., Crouse, J.J., Byrne, E.M., Mitchell, B.L., Lind, P., Parker, R., et al. (2024) Changes in Sleep Patterns in People

with a History of Depression during the COVID-19 Pandemic: A Natural Experiment. BMJ Mental Health, 27, e301067.
https://doi.org/10.1136/bmjment-2024-301067

Li, Y., Lu, L. and Androulakis, I.P. (2024) The Physiological and Pharmacological Significance of the Circadian Timing
of the HPA Axis: A Mathematical Modeling Approach. Journal of Pharmaceutical Sciences, 113, 33-46.
https://doi.org/10.1016/j.xphs.2023.08.005

Park, M., Cao, Y. and Hong, C.I. (2024) Methods for Assessing Circadian Rhythms and Cell Cycle in Intestinal Enteroids.
In: Solanas, G. and Welz, P.S., Eds., Methods in Molecular Biology, Springer, 105-124.
https://doi.org/10.1007/978-1-0716-2249-0_7

Verde, L., Galasso, M., Savastano, S., Colao, A., Barrea, L. and Muscogiuri, G. (2025) “Time” for Obesity-Related
Cancers: The Role of Chrononutrition in Cancer Prevention and Treatment. Seminars in Cancer Biology, 114, 15-28.
https://doi.org/10.1016/j.semcancer.2025.06.002

Li, D., Zhou, T., Gao, J., Wu, G. and Yang, G. (2024) Circadian Rhythms and Breast Cancer: From Molecular Level to
Therapeutic Advancements. Journal of Cancer Research and Clinical Oncology, 150, Article No. 419.

DOI: 10.12677/acm.2025.15123429 438 I A [ 2 3k


https://doi.org/10.12677/acm.2025.15123429
https://doi.org/10.1038/s41598-020-74169-8
https://doi.org/10.3390/ijms24129880
https://doi.org/10.1016/j.jagp.2023.03.009
https://doi.org/10.1002/adbi.202200237
https://doi.org/10.3390/ph14040383
https://doi.org/10.1007/s11916-024-01258-y
https://doi.org/10.1038/s44319-024-00288-2
https://doi.org/10.1016/j.yfrne.2022.100986
https://doi.org/10.3389/fnut.2024.1419811
https://doi.org/10.1002/oby.23984
https://doi.org/10.1080/19768354.2023.2180535
https://doi.org/10.1016/j.artd.2024.101383
https://doi.org/10.1212/con.0000000000000876
https://doi.org/10.1093/sleep/zsab144
https://doi.org/10.1136/bmjment-2024-301067
https://doi.org/10.1016/j.xphs.2023.08.005
https://doi.org/10.1007/978-1-0716-2249-0_7
https://doi.org/10.1016/j.semcancer.2025.06.002

https://doi.org/10.1007/s00432-024-05917-w

[42] Mercadante, S. and Bellastella, A. (2024) Chrono-Endocrinology in Clinical Practice: A Journey from Pathophysiologi-
cal to Therapeutic Aspects. Life, 14, Article 546. https://doi.org/10.3390/life14050546

DOI: 10.12677/acm.2025.15123429 439 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.15123429
https://doi.org/10.1007/s00432-024-05917-w
https://doi.org/10.3390/life14050546

	昼夜节律的调节与睡眠优化：预防术后认知功能障碍的新策略
	摘  要
	关键词
	Regulation of Circadian Rhythms and Sleep Optimization: Emerging Strategies for Preventing Postoperative Cognitive Dysfunction
	Abstract
	Keywords
	1. 引言
	2. 昼夜节律与POCD的病理生理联系
	2.1. 视交叉上核(SCN)的功能与手术应激的影响
	2.2. 褪黑素分泌异常与神经炎症
	2.3. 外周生物钟与代谢紊乱

	3. 睡眠障碍在POCD中的作用机制
	3.1. 慢波睡眠减少与突触可塑性受损
	3.2. 快速眼动睡眠(REM)剥夺与情绪调节障碍
	3.3. 睡眠片段化与血脑屏障完整性

	4. 预防术后认知功能障碍的新策略
	4.1. 昼夜节律调控的干预策略
	4.1.1. 光照疗法
	4.1.2. 褪黑素及其受体激动剂
	4.1.3. 时间限制性进食(Time-Restricted Feeding, TRF)

	4.2. 睡眠优化的临床干预方法
	4.2.1. 药物干预
	4.2.2. 非药物干预
	4.2.3. 多模式干预的协同效应


	5. 医疗环境中干预策略的部署路径、障碍与解决方案
	5.1. 围手术期节律与睡眠干预的全周期部署路径
	5.1.1. 术前评估阶段(手术前3~7天)
	5.1.2. 术中监测与调控阶段(手术当天)
	5.1.3. 术后干预阶段(术后1~7天，关键干预期)
	5.1.4. 出院随访阶段(术后1个月、3个月)

	5.2. 临床部署的潜在障碍与解决方案
	5.2.1. 医疗资源不足与成本问题
	5.2.2. 患者依从性差异


	6. 未来研究方向与挑战
	6.1. 个体化节律调控
	6.2. 新型节律调节药物的研发
	6.3. 长期随访与结局评估

	7. 小结
	参考文献

