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Abstract

Sepsis-associated encephalopathy (SAE) is a diffuse brain dysfunction secondary to sepsis without
central nervous system infection, with clinical manifestations ranging from delirium to coma. SAE
is one of the factors of poor prognosis in patients with sepsis, leading to increased mortality in
septic patients, and may be associated with long-term cognitive impairment in some sepsis survi-
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vors and developmental delays in children. SAE currently has no specific treatment, this article
reviews some adjuvant therapies and experimental developments of SAE.
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1. T4

R EEAE (sepsis) /& 15 0B G S B 21 51 RS ) i Je A dim () 98 B DR Rl , R A ERLE K. JETIH
F A 1] B FEE A M i (sepsis-associated encephalopathy, SAE) & —Ff 4k & T B BE 10 77 8 P i o
RERlG, AEA AR RS NS5 i SO B IR IEE W R A T IR ERE R 2] SAE
IREINZHE, RN EE B ERE — RV T RErERG, AT SAE WAFRONIRERAE A LS
%(SAD). SAE WIiZWrINHhtE2 W, BT %A —S 2 kibadE, SAE fEMRERESE H B RN
9%~T1%, & MRFFIE & FE TG0 i B E R R 2 —[3] [4].

SAE HIRENLEI AR, H AT R IE) T RENLHIA :  fix BE R (BBB) Wy BERRAS . #4148 58 SE AT/
BT . A R . AR ZRRIR DI RERERT . M BT DI RERERG . AR
PR N Sr I 28 D RERERG . BRAET-5E, HZBWRe & —SERIEMER R 2 =248 A) (2] [4] [5]
[6]o IXEEHLF AT ARINLAELER), AR T8 P R FH BURE B R R A FIR B e . AERRERIE
AR, LR A S RO RN, FHEISIE BBB MR OBIEVER IR, BBB LhRERREAG 515 28 M4 i
KT i 5@t . A0 (W R SR BB IR T an TL-18) 5530 1 DA/ 40 i A A Q28 O R 4 %8 &R
gt, /NPT MRTE Ak — A AR R A R R R A R /N IR B R o R EOE B A S
S, FEMEICIREREAT IR G[4]. BRIET R — R R AL A R e T T N, R
AIE R R AR R BRI AR AR M i o i S A 0 ) SR AR, 30 S A (B S0 R IR BB T 5 ik BERE S 2% B Dy R
TR R AR B I OG, AR 2 10 70 R IR AU TR AEAE SAE AR 1 R Hx A (7] [8] [9] [10] [11]»

BT HAE SAE BIEHRPEIGIT 77, BB AT 1 K& I EE A 70 R0 I RIS Rt — B 3R T
SAE BIVEIT 7 5. ASCHH AT SAE G IT i Fuidk e R HTis R T 1 4R .

2. J&IT
2.1. ETIRESERNHEEIETT

SAE H Rl M Ics X PhiG YT, W3 T IREERIR T A B, XL N T SAE HVGYT 58 ETT
%, HHT MK X e TT R0 SAE REAHVIF AL . T SAE 3% H % Soa HAtIF A0,
PRI AT FT AT AE B &, IR TR S R AT AR th A2 BRI

U BRI UG B 1 AR S Y T B O ) R VR S A o 2021 4 SSC IR ERIE EIBndi i 445 : R ERRE AL i 3 0k
RSE 88 NALRITT IR R I3, Jei s A B BAR R 750 T A8 IR EEAE MR35 PR AR 50 (8 3 5 3 O AL SUREVE AN
AREREE12]0 KIFAER I AL KR HETE A2 T REV AR BRAE QR & SAE ML 2 —[2], B, I
W IR, BEENHEE, X SAE BEKIAIT FIFEAPIRE X .
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VNRIT IR R R . BN B IR ERE 1 A LR R IR0 i S A SR AR A b R B A
PLAEE[12] [13]. AREWFRE, MREEER S E T RIS PUAE R A 20 R R B G n[13] [14]
[15], PRGN RIFLER 1 /N, FETTR AT 9% [15].

B IR 28 [ i FH T B EE A B YR 7 AT B B EMEAD 50 4EAR, 2021 4F SSC EbrfamiffEdE: T EFF
SRASFH IS T 249897 10 0 R B P PR o S5 T S P R o A e, LA B Joft S ] e 11 o A 7 2
B B AN E [12], (0 — B DASK R o A ] o) - BEORE R B30 KB 3 9T A EE il (6] — AN T
50 ZH RCT W7, G4 12,304 44 EEAE 38 1) Meta 43 W45 SR 0o, AT AR 77 B8 140 B o S [ et 1 6 FH AN
S AR 3 28 RAET 3 S WIAE TR (>60 K), {HA] LARFMK ICU B8 IHAET R K& 4isE ICU R i,
S8 o 28 2 T LAV M 24 A P B ) R TG ML E R [R], 9 L 200 mg/ K 14 )57 5 24 ] e P 4 FH mT DA A AR 5T
A TE IS I 5 EL 7 5 285 70 W At Y e A 2 1 o v e A5 R s IR P XU [ 1610 BRAR H BT M TS 5% T iz i 2K [
BEIEYT SAE HIIGIRBETT, (ALESIIE LR R, A E IR 7] LA F:404E SAE K BUKM H 22
TG H BRI A2 S0, MBS ER, (HIF R0 U R85 2 SAE K RIKIIG ASCREIR S 7l
Ja[17]

TR Z R, KR R i MR AEA, B b A EREERE M aIT. A
— LRI PRAE S S RE 8 YT 2R 250 (AR ABTT 5 BT A A YT 25) vl LA BRI e 35 0E 28 2 1 FE T 3 [18)
[19], (HARYTRZGPH T RREREVR T BIRTAL. 7RS4 7 58 2 0 SRR ([20]. —WUR| AT T 2R 25903697 Ik
BERE/N R BB Fe 45 SR o, AT 2R 25 mT AR IR 3 /N BRITRR 28 98RE, TS /N BROBRERE J5 R0 A
BEAS R AR, AR A BN R HIZE T2 [21]. EE I — I ZE O aTHE AT LRI, hyT 22
Vg AT LAk D R B R K ICU SRS e R AR, R ELAs R AR FH (0 f VT 28 25 508 52 e A 1
AR [22]. B, VT RZWA AN SAE HITETT BT 259 .

IR B B0 I A G TT OB FE AN 20 T2 C@ 46, (H H I H3E = R S R 2 3R A T
UG BERE BT 1 R o R8RS AT T [12], JR T RE AR A B R R A M E B R . Bili—
TGN 39 T RCT WF 5T A4 2729 44 e FE 58 2 (1) meta 23 BT o, 7E 14 J0 48 3 855 ik I e i (CVVH) <
17 DU N BRI E . 3 T AR R B 28 B ks b, BRERRE B E AT R N RS, (HEREA
BAE, WIET R OH(TSA) LIS B E R AU, HARMHAMRE TR E . A5 M2 e b
MR TG T PR 38 TE A T 28 203 (23 ], FRATT 75 22 50 v ot 8 PR 6 DA I B IR 5+ A0 R0 R ALC Ik 70 R85 1)
TR, (L p O/ NREARIG R 7 P R, MR Ak AT B SAE B35 # £8 Ju s 3 R I I AL BB (N SE)
WK B AN, AR T SAE i35 BB T 38 JAH I R IR A2 15 o35 ¥ B E— 2Bt 7 [24] [25]. DAL,
IMBEAIT B FIE SR SAE 1R I7 3R it — 2B I ¢

HFEFEKE (DEX) 2 —M o2 B FIREZAEBSA), #)ZNHT ICU &3 rEEaT . DEX A
AHERYER, /TR B A0 i 02 A B EIREZARN T BRI 2R FOAFI D B 15726 -
BIGRIFFE KB, DEX G n] UL— e 2 LIl SAE B B JORE B, o i AR i T AE[27] -
BIE TN T 77 4 RCT Bt AFE 11,997 LA UGE < EE T DEX FIHARBLE: K meta 7347 2
N, AT HAMEE NS, DEX v DL HUARR S S KA E XK, HAetgfndsan 28 KK
HUBE S Ta), AH [ B 8 BOARE ARS O Bid 2% IR R 554N R 34 XU A S hn, (RO B 22
I P 5 2 TR RS, B S N[ 28] fEX&E B IL T, F7 E N UM < AR EEE 5% B F DEX B,
A REFRRIL 4K K SAE IR

2 B PR -3 o) mg DAE 3 0 ) 4 B R - B T e S S Bt 28 A FH o IR SR AE ] ¥ (tumor necrosis factor,
TNF)-a. 40/ 2 (interleukin, 1L)-1/3 5520 i 8 742 0 7E IR B8 A8 1k 72 i 38 24 FH (9 12 4% 4 IR 7
AR At 2R T A T AE B4 S8 Hh R AN 2 28 4 M PR 04 ), AT DABS AR e 2E /N BRI ZE T 26,
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FRAGIAT T REMIEARRE, SFEPT TNF 1558 U 0] 1 5244 (TNFsr-p55+ TNFsr-p55) LA K&
IL-1 2 AAFEHTFI(rhIL-1ra), {EK S5 I3 AR 6 b 14 % BRI 4L A E BB 5 (BB T R AE G it Bk
e, PURME 29]. (BRFFEE IR 12 IE R R IR EE L YR YT, 2012 4F Peter E Morris 25 AR E T
Bt ADZ9733 (—FhEt % TNF-a 12 vo BEDUA)ZEAT I Ha SAIG RIS 25 3, K ILAE ™ B IR EEAE/ IRk B AR
0 5B T H gz A PR AN 32 M RLAF 307 (HAE 5 SR 1K Tib S3II PR GG b & e B AR AE PR FR 3 TNF-a 7K
F, (HEEIFEAIRKIE[31]. TJLE COVID-19 AT, —WFENL. %R (RECOVERY) K,
FEER YU PPN IL-6 2 5w PR AT DL G Z RT3, LSRR AEBE I 1] sk AT G A L@
FEE32]. B —TshE R B, E SAE /NRH, FIH TL-6 US54 S 0617 (gsp130) b 3,
AT CASR S/ BRI A7 R A e FOA R ThRE, BRI/ R TL-6. TNF-a S5 R ME4HHIR 17K, J8%% BBB
WEAR[33]. ANHE DN S B T AR IR T T REAE 1S BRATT 4 SR &R

H AT E2G8 05 152 TR RNE T VE 22 I oGk, IX Se Rt it L5 5 Bh S s e 0. A, REfE A
PR MIR . LR AR N> BB R VSRR 2R RN SCEREIR. H IR
HEFEE[34] [35],

2.2. AR TEIRER

Bi% SAE HUWFFCRERE, KRERSLIRMEIRST I R, F3k— &l kT HAm A e T s
[, #LIA LS SAE AAEM RIS S IE B A . AR 7 — LW g REAT ik

2.2.1. ®% BBB #ifs

A AR (chBNP) B AT K £ 2 T0 13808 17697« 7E/NRIE BE5 3L % FL(CLP) AL,
thBNP 50 pg/kg/RK R TS AT 4 S kagiE /N AR 2, Dk HOA ARG . thBNP Y677 1] LAY/ D Ik 239 Xf
BBB [f#ifh, #MHHE T, ISR MM F7KF . thBNP A fg i id 4| TLR4-NF-kB i [
ke 58 AN R 77K [36]. thRNP (2 AERAE /N RAPE G T- T B8 5401 TNF-o-Caspase-8-Caspase-3
5B CE (37, BIRKMRURIIE SAE JEAVRITIIIEAE BN thBNP, AIR#K SAE B3 ik
S-1008. NSE 7KV, HA R NG & =[38].

KK By (CBD)&— ML HE 1R &1, 7T DLRAR e R R 73R4 . BBB i385, W EEN SAE ¥RJT
FRAEEFE[39]. LPS A LLIE S/ R MM S 5K . TNF-a Ml COX-2 25 ia8hn. $13 BBB 528, 1M
CBD W] AR FGiX FE2MA[40] o FEARSN L5 H, CBD 8% C34 (TLR4 5 H155) 4R 7] LAy 55 LPS 5k MPLA (TLR4
AR F B THP-1 B MR R MR -[41]. £/ CLP B rh, CBD R AIE K4
Z5n] LA CLP /NN HIEERS, JFFREAET R, XAl AEE CBD BRI (1 S A BBOK A 5 [42].
H AT AR KL CBD ¥R I7 I EEREEL SAE AH G I I R 5T o

RIRBR(KYNA) & —Fl NMDA 245551, 305 SRR & /DT, KYNA 2 KYNA &6
I AT DA AR B /N R 2 A R 1A S1008 B F/KF, 8/ BBB #5405 R 42 kAR Th RERR AT . KYNA 5K
KYNA 80367 Sk i B i /N BRI 454, nT RE 2l ik #f] NMDA-R 8% NET (R4 i 4hea B 1
B 5N BBB JEIE MR ZE R AR5 15[43]

2.2.2. HPHIHRE SAEF /B R 4R AR TE L

TEMRERRE 3 h, /N B 4E MRS AL T S BOA KN T BERRAT, DRI EE ) /IR R A0 B v 7 3R 44 T V89T SAE
AN AT R [44]. TGRS (3UFK Gpbarl )i A 2K G & EHERSZ AR (GPCR)ZRHI KA, 12 K /NB 5T
Y BRI BTN R oA A A ek, AE/NEUI) CLP B8, INT-777 (—Fh TGRS #3)
FETT P — R EE BT CLP /N A R B RS 30800 LR FERRAT S, 3 330 B A BE TR0 980 IR 7D
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b, I HiiBR TGRS WIHRTH X FER o« ITN-777 Ja97 9D 1 BEERE /I B Rh 22 SERE AN /N IR J5T 4 Jfa R s 4
B TN ANFINAT N . ITN-777 Va7 VE I AT ik TGRS5/cAMP/PKA/CREB 15 53l i 7= A2 [45]. %4k
YT 1A S DB B 524K y (PPARY)BEBHFIA P b LA ML s, NRBRAII M2 B &R
F1, PPARy /-5 7 M2 #Ak,, BRIt PPARy 30 77 a ik 5 1 /0N g I3 40 A AX T BT BEAE N 259036 9T SAE [46].

AR EAPEIIER, Y120 T BB AR H2e BUR AT PR MG ARV YT W FEH . 7E CLP /MR
W, H, 808 S /KHRS) AT LR R 44FE SAE K RINAFE2, M3 T SAE KR A SThREREAS, mIRE&iEid
I SAR KR IANE JERE SN A/ ST AR MLTE AL LR 4o 28 J5 5 200 0 ek 2 ot 48 e 4534 ANk e 4 A
IHREFRIG LI, R R B TEIGYT AR5 2% SAE Ji i iz i B A S A AR 2R 6L [47] [48] [49] [50].

7 )11 W 1 (Senkyunolide I, SEI)@& —Ff N B 25 P EU AL &4, BA IR #RERY Pra s
YER . 7E CLP /NREELH, SEI Y7 AT AP i T BRERAE /N BRAETE 2, BRAK T/ RIS 12 28 IR 7 Ik
W T G RRE RN . SEL JRI7 I8/ T MEE /N R S X e ii T, R T /NRIeiZ s, mIREE
i FE S At MAPK {5 5@ B Al NF-«B {5 5B 471, £ CLP /N, BDNF [)FRIA /K FEIK,
Ifi ¢-FOS 7KV F+ i, SEL kg 1 X LEREAR 5 b5 S 8, v RS 3] 1 /N B 4 AR AL A OG5 1] 1
A—41 SAE /N, SEIVAYT{ SAE /MR Ngb % p38 MAPK 2 A 3RiA /K F-BH & L1, SEI x4
1 FAMLAI T BE 5 _E I Ngb %55 LUE A% p38 MAPK 15 5Bk, MM dksh g o st 4 KA 2%[52].

BHE R MENRPIERA, XAAEE. {E@id CLP &M SAE KRR, BHEIRITl
B CLP KRR PIA RS, AT A e it (i a2 Mo ik A Py Rz 40 i v fr 2R R4k 15 WK BELIST NILRP3 485 /M
WO, A0 IL-18 B R E KRG, IR ROE[53].

2.2.3. #PFISRTET

— BRI, BRIETITE SAE HIR A PR R RIME, A48 S A T i FE AT REAE
10T SAE WIBTE . —Sghses i, A0 T30 o] LUR/ D 4 oAb, I3 SAE /b
BRI RIBEAS[54] [55]0 76 CLP M1 SAE KRR, &I, 552 2 nl Al i 4 ) S 40 i gkt T,
% SAE /I BRIV N T RE B RS R s 22 4 5556 -

2.2.4. Hftt

FE/NRRA CLP #EAIr, RRKBEIESTY RNA (IncRNA)ME R E X Y-box 2 (SOX2)HE S kA
(SOX20T) FJ LA M B E /N BRI A D RE Bt , a8l i 1] SOX20T/SOX2 15 5 4% 3 vl e NG 7 s by
SAE HIIB4#[57].

PR S0, T R A A AR T I i - R T s A RAThRE. 76 CLP HEN SAE KRR
B, Gl IS A GE T SAE KERINCIZREAT, FErEE 7 R A5 ) B R4 M M1 ARG R
I, T RE I I 7 b B A AT A R S AR DR TSI o DRI, 308 1 i 3 T A A ) i 1 b R 2
M AT A B AN AMA R e A B T SAE R TT 58]«

3. WjE

FESIT I — KT L3 SAE H SO RIBERT o, 9N T 210 BIkERE RS, HBURIL, SAE &
HIHUOE S 8] LR SRR YT I R ICU {EREi 3% FF SAE &%, JFH SAE B#F ST
AT E[59]0 F— T B MRERRE B3 10 [RUBTEAT 70, A2 3] SAE 35 HIFET % = T3k SAE &
#[60]. SAE B T 82N ICU BFHMIET%, Mokl 2 1B S UEdE 2B, SAE B nl Ae2xitt B K J5 18
[2]. —HCRFFRUESE R, WREEAE 3247 v] Reddt B KA D RefmrG[61] [62]. fHICT SAE MK st
SiE A SR AU D o TE— T LLAE SAE ) LS8 B LEE (AR R & FIAT A I BT RE PR 15 BRIy, Je %
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1 50 4 PICU tH ) SAE &)L MK 5 A TUCEC i) f BExs FRAH AT 1 1 AR 9BE Y5, B 58 K30 SAE BJLIIF
WISTER AW SR RS AR RS, MR TEEILE, SAE BJLMY¥
TG R AR [E Bk 5 20 bt 5 i — 2. JRHORAERCIAE GCS 14> <8 L, fEMEAT
5T ™ E ) AT B AR [63]. SAE MRS BE A RE /X, B, WEREZM. 71T SAE
BT 77 ST o H S A B

4. ING

SAE {ENIKEEAE AP B IR AGE, FET %, HAE ICU kel & ¥ ilfrfe, HRAW RS BBB
Bl M RAERVNE TG BRIE T 2 MO REA O, S A7 ml REIR B KT ROl 8 R G0 B
B E AR ELILERENEREE. SAE BT MR 7 M K2 Wik A6 TT 7 %,
RT SAE IR MG YT 5 ST T+ B2 H Al E P AME BB R EAE R E R S MR B SAE
SRS (RIFE T 28 R e I D RERRAG 77 T AT 1 —SebJg,  E R 2 BT 50 R A Gk = ik — 20 i PR 6
AN RIT B S e . BRIk, $RER SAE WATIMIAIT 7%, WATEFEE L WA,

SE

[1] Singer, M., Deutschman, C.S., Seymour, C.W., ef al. (2016) The Third International Consensus Definitions for Sepsis
and Septic Shock (Sepsis-3). JAMA, 315, 801-810. https://doi.org/10.1001/jama.2016.0287

[2] Gofton, T.E. and Young, G.B. (2012) Sepsis-Associated Encephalopathy. Nature Reviews Neurology, 8, 557-566.
https://doi.org/10.1038/nrmeurol.2012.183

[3] Ebersoldt, M., Sharshar, T. and Annane, D. (2007) Sepsis-Associated Delirium. Intensive Care Medicine, 33, 941-950.
https://doi.org/10.1007/s00134-007-0622-2

[4] Mazeraud, A., Righy, C., Bouchereau, E., ef al. (2020) Septic-Associated Encephalopathy: A Comprehensive Review.
Neurotherapeutics, 17, 392-403. https://doi.org/10.1007/s13311-020-00862-1

[5] Gu, M., Mei, X. and Zhao, Y. (2021) Sepsis and Cerebral Dysfunction: BBB Damage, Neuroinflammation, Oxidative
Stress, Apoptosis and Autophagy as Key Mediators and the Potential Therapeutic Approaches. Neurotoxicity Research,
39, 489-503. https://doi.org/10.1007/s12640-020-00270-5

[6] Tauber, S.C., Djukic, M., Gossner, J., et al. (2021) Sepsis-Associated Encephalopathy and Septic Encephalitis: An
Update. Expert Review of Anti-Infective Therapy, 19, 215-231. https://doi.org/10.1080/14787210.2020.1812384

[71 Huo, L., Liu, C., Yuan, Y., et al. (2023) Pharmacological Inhibition of Ferroptosis as a Therapeutic Target for Sep-
sis-Associated Organ Damage. European Journal of Medicinal Chemistry, 257, Article ID: 115438.
https://doi.org/10.1016/j.ejmech.2023.115438

[8] Lei, X.L., Zhao, G.Y., Guo, R. and Cui, N. (2022) Ferroptosis in Sepsis: The Mechanism, the Role and the Therapeutic
Potential. Frontiers in Immunology, 13, Article ID: 956361. https://doi.org/10.3389/fimmu.2022.956361

[91 Li, Z., Zhang, C., Liu, Y., et al. (2022) Diagnostic and Predictive Values of Ferroptosis-Related Genes in Child Sepsis.
Frontiers in Immunology, 13, Article ID: 881914. https://doi.org/10.3389/fimmu.2022.881914

[10] Wei, X., Jiang, W., Zeng, J., et al. (2022) Exosome-Derived IncRNA NEAT1 Exacerbates Sepsis-Associated Ence-

phalopathy by Promoting Ferroptosis through Regulating miR-9-5p/TFRC and GOT1 Axis. Molecular Neurobiology,
59, 1954-1969. https://doi.org/10.1007/s12035-022-02738-1

[11] Liu, Q., Wu, J., Zhang, X., ef al. (2021) Iron Homeostasis and Disorders Revisited in the Sepsis. Free Radical Biology
and Medicine, 165, 1-13. https://doi.org/10.1016/j.freeradbiomed.2021.01.025

[12] Evans, L., Rhodes, A., Alhazzani, W., et al. (2021) Surviving Sepsis Campaign: International Guidelines for Manage-
ment of Sepsis and Septic Shock 2021. Intensive Care Medicine, 47, 1181-1247.
https://doi.org/10.1007/s00134-021-06506-y

[13] Seymour, C.W., Gesten, F., Prescott, H.C., et al. (2017) Time to Treatment and Mortality during Mandated Emergency
Care for Sepsis. New England Journal of Medicine, 376, 2235-2244. https://doi.org/10.1056/NEJMoal703058

[14] Im, Y., Kang, D., Ko, R., ef al. (2022) Time-to-Antibiotics and Clinical Outcomes in Patients with Sepsis and Septic
Shock: A Prospective Nationwide Multicenter Cohort Study. Critical Care, 26, Article No. 19.
https://doi.org/10.21203/rs.3.rs-1071881/v1

[15] Liu, V.X,, Fielding-Singh, V., Greene, J.D., ef al. (2017) The Timing of Early Antibiotics and Hospital Mortality in

DOI: 10.12677/acm.2024.141296 2105 I IR = =23t e


https://doi.org/10.12677/acm.2024.141296
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1038/nrneurol.2012.183
https://doi.org/10.1007/s00134-007-0622-2
https://doi.org/10.1007/s13311-020-00862-1
https://doi.org/10.1007/s12640-020-00270-5
https://doi.org/10.1080/14787210.2020.1812384
https://doi.org/10.1016/j.ejmech.2023.115438
https://doi.org/10.3389/fimmu.2022.956361
https://doi.org/10.3389/fimmu.2022.881914
https://doi.org/10.1007/s12035-022-02738-1
https://doi.org/10.1016/j.freeradbiomed.2021.01.025
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1056/NEJMoa1703058
https://doi.org/10.21203/rs.3.rs-1071881/v1

FER, P

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[36]

[37]

Sepsis. American Journal of Respiratory and Critical Care Medicine, 196, 856-863.
https://doi.org/10.1164/rccm.201609-18480C

Liang, H., Song, H., Zhai, R., ef al. (2021) Corticosteroids for Treating Sepsis in Adult Patients: A Systematic Review
and Meta-Analysis. Frontiers in Immunology, 12, Article ID: 709155. https://doi.org/10.3389/fimmu.2021.709155

Zhou, R., Sun, X., Li, Y., et al. (2019) Low-Dose Dexamethasone Increases Autophagy in Cerebral Cortical Neurons
of Juvenile Rats with Sepsis Associated Encephalopathy. Neuroscience, 419, 83-99.
https://doi.org/10.1016/j.neuroscience.2019.09.020

Kruger, P., Bailey, M., Bellomo, R., et al. (2013) A Multicenter Randomized Trial of Atorvastatin Therapy in Intensive
Care Patients with Severe Sepsis. American Journal of Respiratory and Critical Care Medicine, 187, 743-750.
https://doi.org/10.1164/rccm.201209-17180C

Lee, C.C., Lee, M.G., Hsu, T.C., et al. (2018) A Population-Based Cohort Study on the Drug-Specific Effect of Statins
on Sepsis Outcome. Chest, 153, 805-815. https://doi.org/10.1016/j.chest.2017.09.024

Kruger, P.S. and Terblanche, M. (2017) Statins in Patients with Sepsis and ARDS: Is It over? No. Intensive Care Med-
icine, 43, 675-676. https://doi.org/10.1007/s00134-016-4564-4

Reis, P.A., Alexandre, P.C.B., Avila, J.C., et al. (2017) Statins Prevent Cognitive Impairment after Sepsis by Reverting
Neuroinflammation, and Microcirculatory/Endothelial Dysfunction. Brain, Behavior, and Immunity, 60, 293-303.
https://doi.org/10.1016/.bbi.2016.11.006

Morandi, A., Hughes, C.G., Thompson, J.L., ef al. (2014) Statins and Delirium during Critical Illness. Critical Care
Medicine, 42, 1899-1909. https://doi.org/10.1097/CCM.0000000000000398

Snow, T., Littlewood, S., Corredor, C., et al. (2021) Effect of Extracorporeal Blood Purification on Mortality in Sepsis:
A Meta-Analysis and Trial Sequential Analysis. Blood Purification, 50, 462-472. https://doi.org/10.1159/000510982
K37, Fr e, MR AT B EERE AR DG 1t i 75 8 2 4 2 o S M AR AL B K P IO B2 R [J]. A VLEE %, 2019,
47(4): 271-274.

2, £, B4R, 5. M0 A iR 1 9 ok 22 T R e 1 M B AL B ) S [T]. RRBABERL R F 2R, 2016,
37(2): 76-79.

Mei, B., Li, J. and Zuo, Z. (2021) Dexmedetomidine Attenuates Sepsis-Associated Inflammation and Encephalopathy
via Central 02A Adrenoceptor. Brain, Behavior, and Immunity, 91, 296-314. https://doi.org/10.1016/j.bbi.2020.10.008

B, B30, WAL, % ARIFEA 32 FR0K E X FREERE A 5GP s i858 98 9 S B« B9 Th B8 % 1o T R () 52 M [J].
Sz R 24 2 2, 2022, 38(20): 2580-2584.

Lewis, K., Alshamsi, F., Carayannopoulos, K.L., et al. (2022) Dexmedetomidine vs Other Sedatives in Critically 111
Mechanically Ventilated Adults: A Systematic Review and Meta-Analysis of Randomized Trials. Intensive Care Med-
icine, 48, 811-840. https://doi.org/10.1007/s00134-022-06712-2

Zanotti, S., Kumar, A. and Kumar, A. (2002) Cytokine Modulation in Sepsis and Septic Shock. Expert Opinion on In-
vestigational Drugs, 11, 1061-1075. https://doi.org/10.1517/13543784.11.8.1061

Morris, P.E., Zeno, B., Bernard, A.C., et al. (2012) A Placebo-Controlled, Double-Blind, Dose-Escalation Study to
Assess the Safety, Tolerability and Pharmacokinetics/Pharmacodynamics of Single and Multiple Intravenous Infusions
of AZD9773 in Patients with Severe Sepsis and Septic Shock. Critical Care, 16, R31. https://doi.org/10.1186/cc11203

Bernard, G.R., Francois, B., Mira, J., et al. (2014) Evaluating the Efficacy and Safety of Two Doses of the Polyclonal
Anti-Tumor Necrosis Factor-a Fragment Antibody AZD9773 in Adult Patients with Severe Sepsis and/or Septic Shock.
Critical Care Medicine, 42, 504-511. https://doi.org/10.1097/CCM.0000000000000043

RECOVERY Collaborative Group (2021) Tocilizumab in Patients Admitted to Hospital with COVID-19 (RECOVERY):
A Randomised, Controlled, Open-Label, Platform Trial. The Lancet, 397, 1637-1645.

Xie, Z.X., Xu, M., Xie, J., et al. (2022) Inhibition of Ferroptosis Attenuates Glutamate Excitotoxicity and Nuclear Au-
tophagy in a CLP Septic Mouse Model. Shock, 57, 694-702.

Zoremba, N. and Coburn, M. (2019) Acute Confusional States in Hospital. Deutsches Arzteblatt International, 116,
101-106. https://doi.org/10.3238/arztebl.2019.0101

Burton, J.K., Craig, L.E., Yong, S.Q., et al. (2021) Non-Pharmacological Interventions for Preventing Delirium in
Hospitalised Non-ICU Patients. Cochrane Database of Systematic Reviews, 7, D13307.
https://doi.org/10.1002/14651858.CD013307.pub2

Li, N., Zhang, E., Zhang, J., et al. (2020) Therapeutic Effects of Recombinant Human Brain Natriuretic Peptide on
Sepsis-Associated Encephalopathy in Mice. International Immunopharmacology, 81, Article ID: 106280.
https://doi.org/10.1016/j.intimp.2020.106280

i, kTR, ok, F SN BN R A SR/ R e 4R IR T e T AR (D). BRI R

DOI: 10.12677/acm.2024.141296 2106 I IR = =23t e


https://doi.org/10.12677/acm.2024.141296
https://doi.org/10.1164/rccm.201609-1848OC
https://doi.org/10.3389/fimmu.2021.709155
https://doi.org/10.1016/j.neuroscience.2019.09.020
https://doi.org/10.1164/rccm.201209-1718OC
https://doi.org/10.1016/j.chest.2017.09.024
https://doi.org/10.1007/s00134-016-4564-4
https://doi.org/10.1016/j.bbi.2016.11.006
https://doi.org/10.1097/CCM.0000000000000398
https://doi.org/10.1159/000510982
https://doi.org/10.1016/j.bbi.2020.10.008
https://doi.org/10.1007/s00134-022-06712-2
https://doi.org/10.1517/13543784.11.8.1061
https://doi.org/10.1186/cc11203
https://doi.org/10.1097/CCM.0000000000000043
https://doi.org/10.3238/arztebl.2019.0101
https://doi.org/10.1002/14651858.CD013307.pub2
https://doi.org/10.1016/j.intimp.2020.106280

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[52]

[53]

[54]

HERE, 2020, 20(7): 1217-1223.

VEFISE, HEE, BAUR, 2% rhBNP 677 BREE A S MM B3 5T S-1008. NSE 7KFHISZMa[I]. 15158 i K2
ZER(BEZERR), 2021, 18(5): 120-123.

Kicman, A. and Toczek, M. (2020) The Effects of Cannabidiol, a Non-Intoxicating Compound of Cannabis, on the
Cardiovascular System in Health and Disease. International Journal of Molecular Sciences, 21, Article No. 6740.
https://doi.org/10.3390/ijms21186740

Ruiz-Valdepeiias, L., Martinez-Orgado, J.A., Benito, C., e al. (2011) Cannabidiol Reduces Lipopolysaccharide-Induced
Vascular Changes and Inflammation in the Mouse Brain: An Intravital Microscopy Study. Journal of Neuroinflamma-
tion, 8, Article No. 5. https://doi.org/10.1186/1742-2094-8-5

Fouda, M.A., Fathy, M.Y., Fernandez, R., et al. (2022) Anti-Inflammatory Effects of Cannabidiol against Lipopoly-
saccharides in Cardiac Sodium Channels. British Journal of Pharmacology, 179, 5259-5272.
https://doi.org/10.1111/bph.15936

Cassol Jr., O.J., Comim, C.M,, Silva, B.R., et al. (2010) Treatment with Cannabidiol Reverses Oxidative Stress Para-
meters, Cognitive Impairment and Mortality in Rats Submitted to Sepsis by Cecal Ligation and Puncture. Brain Re-
search, 1348, 128-138. https://doi.org/10.1016/j.brainres.2010.06.023

Poles, M.Z., Naszai, A., Gulacsi, L., et al. (2021) Kynurenic Acid and Its Synthetic Derivatives Protect against Sep-
sis-Associated Neutrophil Activation and Brain Mitochondrial Dysfunction in Rats. Frontiers in Immunology, 12, Ar-

ticle ID: 717157. https://doi.org/10.3389/fimmu.2021.717157

Yan, X., Yang, K., Xiao, Q., et al. (2022) Central Role of Microglia in Sepsis-Associated Encephalopathy: From Me-
chanism to Therapy. Frontiers in Immunology, 13, Article ID: 929316. https://doi.org/10.3389/fimmu.2022.929316

Jin, P., Deng, S., Tian, M., et al. (2021) INT-777 Prevents Cognitive Impairment by Activating Takeda G Protein-
coupled Receptor 5 (TGRS) and Attenuating Neuroinflammation via cAMP/PKA/CREB Signaling Axis in a Rat Mod-
el of Sepsis. Experimental Neurology, 335, Article ID: 113504. https://doi.org/10.1016/j.expneurol.2020.113504

Castro, L.V.G., Gongalves-De-Albuquerque, C.F. and Silva, A.R. (2022) Polarization of Microglia and Its Therapeutic
Potential in Sepsis. International Journal of Molecular Sciences, 23, Article No. 4925.
https://doi.org/10.3390/ijms23094925

Dumbuya, J.S., Li, S., Liang, L., et al. (2022) Effects of Hydrogen-Rich Saline in Neuroinflammation and Mitochon-
drial Dysfunction in Rat Model of Sepsis-Associated Encephalopathy. Journal of Translational Medicine, 20, Article
No. 546. https://doi.org/10.1186/s12967-022-03746-4

Han, Q., Bai, Y., Zhou, C., et al. (2023) Effect of Molecular Hydrogen Treatment on Sepsis-Associated Encephalopa-
thy in Mice Based on Gut Microbiota. CNS Neuroscience & Therapeutics, 29, 633-645.
https://doi.org/10.1111/cns.14043

Zhang, Y., Chen, J., Wu, H., ef al. (2023) Hydrogen Regulates Mitochondrial Quality to Protect Glial Cells and Alle-
viates Sepsis-Associated Encephalopathy by Nrf2/YY1 Complex Promoting HO-1 Expression. International Immuno-
pharmacology, 118, Article ID: 110009. https://doi.org/10.1016/j.intimp.2023.110009

Dumbuya, J.S., Chen, X., Du, J., ef al. (2023) Hydrogen-Rich Saline Regulates NLRP3 Inflammasome Activation in
Sepsis-Associated Encephalopathy Rat Model. International Immunopharmacology, 123, Article ID: 110758.
https://doi.org/10.1016/j.intimp.2023.110758

Xie, J., Zhao, Z., Li, P., et al. (2021) Senkyunolide I Protects against Sepsis-Associated Encephalopathy by Attenuat-
ing Sleep Deprivation in a Murine Model of Cecal Ligation and Puncture. Oxidative Medicine and Cellular Longevity,
2021, Article ID: 6647258. https://doi.org/10.1155/2021/6647258

HRES, MFTE, WF, 55 BT p38 MAPK {55 @ B ER VTR 25 PI B T 6f e 2 M Ao K BRRD ER 3P 4R I []. R
2539125 5K 253, 2019, 30(9): 1083-1087.

Ding, H., Li, Y., Chen, S., et al. (2022) Fisetin Ameliorates Cognitive Impairment by Activating Mitophagy and Sup-
pressing Neuroinflammation in Rats with Sepsis-Associated Encephalopathy. CNS Neuroscience & Therapeutics, 28,
247-258. https://doi.org/10.1111/cns.13765

Du, L., Wu, Y., Jia, Q., ef al. (2023) Autophagy Suppresses Ferroptosis by Degrading TFR1 to Alleviate Cognitive
Dysfunction in Mice with SAE. Cellular and Molecular Neurobiology, 43, 3605-3622.
https://doi.org/10.1007/s10571-023-01370-4

Xie, Z., Xu, M., Xie, J., et al. (2022) Inhibition of Ferroptosis Attenuates Glutamate Excitotoxicity and Nuclear Auto-
phagy in a CLP Septic Mouse Model. Shock, 57, 694-702. https://doi.org/10.1097/SHK.0000000000001893

Wang, J., Zhu, Q., Wang, Y., et al. (2022) Irisin Protects against Sepsis-Associated Encephalopathy by Suppressing
Ferroptosis via Activation of the Nrf2/GPX4 Signal Axis. Free Radical Biology and Medicine, 187, 171-184.
https://doi.org/10.1016/j.freeradbiomed.2022.05.023

DOI: 10.12677/acm.2024.141296 2107 I IR = =23t e


https://doi.org/10.12677/acm.2024.141296
https://doi.org/10.3390/ijms21186740
https://doi.org/10.1186/1742-2094-8-5
https://doi.org/10.1111/bph.15936
https://doi.org/10.1016/j.brainres.2010.06.023
https://doi.org/10.3389/fimmu.2021.717157
https://doi.org/10.3389/fimmu.2022.929316
https://doi.org/10.1016/j.expneurol.2020.113504
https://doi.org/10.3390/ijms23094925
https://doi.org/10.1186/s12967-022-03746-4
https://doi.org/10.1111/cns.14043
https://doi.org/10.1016/j.intimp.2023.110009
https://doi.org/10.1016/j.intimp.2023.110758
https://doi.org/10.1155/2021/6647258
https://doi.org/10.1111/cns.13765
https://doi.org/10.1007/s10571-023-01370-4
https://doi.org/10.1097/SHK.0000000000001893
https://doi.org/10.1016/j.freeradbiomed.2022.05.023

FER, P

[57]

[58]

[59]

[60]

Yin, J., Shen, Y., Si, Y., et al. (2020) Knockdown of Long Non-Coding RNA SOX20T Downregulates SOX2 to Im-
prove Hippocampal Neurogenesis and Cognitive Function in a Mouse Model of Sepsis-Associated Encephalopathy.
Journal of Neuroinflammation, 17, Article No. 320. https://doi.org/10.1186/s12974-020-01970-7

Xi, S., Wang, Y., Wu, C,, ef al. (2022) Intestinal Epithelial Cell Exosome Launches IL-14-Mediated Neuron Injury in
Sepsis-Associated Encephalopathy. Frontiers in Cellular and Infection Microbiology, 11, Article ID: 783049.
https://doi.org/10.3389/fcimb.2021.783049

Chen, Y., Hu, Y., Li, X., et al. (2022) Clinical Features and Factors Associated with Sepsis-Associated Encephalopathy
in Children: Retrospective Single-Center Clinical Study. Frontiers in Neurology, 13, Article ID: 838746.
https://doi.org/10.3389/fheur.2022.838746

Chen, J., Shi, X., Diao, M., et al. (2020) A Retrospective Study of Sepsis-Associated Encephalopathy: Epidemiology,
Clinical Features and Adverse Outcomes. BMC Emergency Medicine, 20, Article No. 77.
https://doi.org/10.1186/s12873-020-00374-3

Iwashyna, T.J., Ely, E.-W., Smith, D.M., et al. (2010) Long-Term Cognitive Impairment and Functional Disability
among Survivors of Severe Sepsis. JAMA, 304, 1787-1794. https://doi.org/10.1001/jama.2010.1553

Wang, H.E., Kabeto, M.M., Gray, M., et al. (2021) Trajectory of Cognitive Decline after Sepsis. Critical Care Medi-
cine, 49, 1083-1094. https://doi.org/10.1097/CCM.0000000000004897

Kaur, J., Singhi, P., Singhi, S., et al. (2016) Neurodevelopmental and Behavioral Outcomes in Children with Sep-
sis-Associated Encephalopathy Admitted to Pediatric Intensive Care Unit: A Prospective Case Control Study. Journal
of Child Neurology, 31, 683-690. https://doi.org/10.1177/0883073815610431

DOI: 10.12677/acm.2024.141296 2108 I IR = =23t e


https://doi.org/10.12677/acm.2024.141296
https://doi.org/10.1186/s12974-020-01970-7
https://doi.org/10.3389/fcimb.2021.783049
https://doi.org/10.3389/fneur.2022.838746
https://doi.org/10.1186/s12873-020-00374-3
https://doi.org/10.1001/jama.2010.1553
https://doi.org/10.1097/CCM.0000000000004897
https://doi.org/10.1177/0883073815610431

	脓毒症相关性脑病的治疗研究进展
	摘  要
	关键词
	Progress in the Treatment of Sepsis-Associated Encephalopathy
	Abstract
	Keywords
	1. 介绍
	2. 治疗
	2.1. 基于脓毒症的辅助治疗
	2.2. 动物研究中的探索
	2.2.1. 减轻BBB损伤
	2.2.2. 抑制神经炎症和小胶质细胞活化
	2.2.3. 抑制铁死亡
	2.2.4. 其他


	3. 预后
	4. 小结
	参考文献

