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[ Abstract ] Septic cardiomyopathy is known as sepsis-induced myocardial depression. 18% ~ 65% septic patients suffered from

myocardial depression and its mortality rate is 40% ~70% . Heart function may recover in 7 ~ 19 days after the onset of sepsis. The etiology,

pathogenesis and treatment of septic cardiomyopathy are uncertain except that sepsis leads to a complex intramyocardial inflammatory

response and mitochondrial non-homeostasis, which may result in myocardial dysfunction. Since sepsis-induced myocardial depression is

recognized as a major predictor of prognosis,the recent findings about pathogenesis, diagnosis and manipulation are reviewed in this article.

[ Key words ] Sepsis ; Myocardial depression ; Cardiomyopathy ; Mitochondria

¥ B 10 50U LA 1) SR g Je 0 20 LG , A
JHEEIMAE 51 A A DI e AN 42 18% ~ 65% (1) ik B 4E
B2 RO WU, e PRI R0 2 9k (BT sk A
WeAE hRE RS , PURGIA T A BE B DI RE, KR 7 ~
19 d JE O DRERTBEMR A . 1984 4F Parker B Y i
T PEAZ 2R 148 3 52 1 AR IR Sk 75 5 O UL 6 1) 47
TEo A4, Ozier Ji PR 55 48PS H ARARLIE 52 M s e 0 L
. 50 A, X R I s PR K B L AL 22 0Tk,
TIT TR, RIHBET- RN 40% ~70% 7, ki
i 00 WL ) S A 52 W) e i i U RO B I AR, B
SR I AE AL O LR 1 A9 LA I PR A2 BBl R 7 A —
gk,

1 BRBEEROARRIILS BT

JHeREAE AL LA %) ML il A 5 2 & ) 03 494 Sy g
Ty SRR AL, LA E S B S A B
0|5 SR EN VIS
L1 JELAIRHLHl
L 1.1 Toll FEZZARA T Y RAE SN

i SR DG 3 F B GE 2 Toll A 52 {& ( Toll-like
receptors, TLRs) 5| 4&5E 5 v A0 LA M 98 7=, TLRs
WG A% B R AN R 2, A W A0 M TE 8 0 )Ry R 1Y
A A RS AL, S8 LR R A W AR T, S0 B &
3 v 90 A A BRSO LA AR PN 980 S 0, A1
ORI T BF5E48 Y, R TLRs XJ M 4E 5 O
LI A A T o o, T 3 3o A P U 22
PRV R AR/ IMA A% BR A5 6 S RAC G AL SR 2 1A 2R
A3, DT 3 R E SR 5 S S 345 T 3 3k 5 W L
PRI R4 A, FIRZoRi k3 . TLRs i 2 Fhn
MINAE 5 5% T A% I F «BL 22 275 1 8 1 T i
( mitogen-activated protein kinase , MAPKs) Notchl JE[H]
(Notchl) \#EHE Ik WILES-3 -1 B v ( phosphatidylinositol 3
kinase y, PI3Ky) 453476 71 S I TR F 40 2 VA 2
BEPY . EPHMTT S — Rl LG 259 , B R AR E 1M
ENBE B v ] 2 GE K, Ml TLR4/ B K F «B
AR, TS e NRE 5 o LB 5 . A WRIE
JH MicroRNA-146b #114f] Notchl 3&48 , (&3 B0 DL
T REAE ) S S, I O LA R T A
FEAR I PI3 Ky HE DA 5 /) BROGT Ik 25 0 375 5 14 O JJL 41D

HA AR
1.1.2 AR

HNUAMAAL A5 S 2% RNA R ST/ MBS, 2 5 40
JRLTEI S am B o A7 SCHREE M, IREEAE J8 7 1M v iy Ak
WMAZ: 55 e B A B0 L 1 98 JE S5 17 T4 Ak I K
P,
113 AR

JHRBERE JHCE 22 b JAE PR, 3R I A8 PN B 7 A= R
7 — & 1k & 77 ¥ 7% TE A& (reactive nitrogen species,
RNS) , il A R S RE A0 7™ AE A 3™ 3% 1 4
(reactive oxygen species, ROS), ROS HI RNS i# iof Fh
R TR/ HE S A (cAMP/PKA ) FIFR 5 H R/ 35
fitt G(cGMP/PKG) {5 5 i 2451 T b A A, B IR 42
REARYE T, 45 03 1L P9 . ROS A1 RNS 38 7] 4 H
Tl Bk R 2K, F R ORI, ARk
Bl o2 F1 B3 LA 5L 7K 2R A2 A ) 50 3 i B I %
KRR L DE = RR 2 H1 i ( caspase 3/8/9 ) i %,
/RGBS 23K, T T RYE @ 1A 78 MR AE O L
AR AR T R AR vk B — SR B R
SEULRLIMR AR 5 R 1Y JAE SR © 5 microRNALSS ]
R/ IN BRSNS il /o JHR B R LA A B A2 A
(OB , B3 e A 5 R A T RE AR A7) s R F 2
FZE A [ 53 A T T S5 3 R 1/ 120 3R 46
ity 1 FIAZ IR 7~ B2 A JC R 115 518 B, IR A1 48010 L33
BB L L
1.2 ZeRifktE s

LRLRBR - ATP, 8 2 5VF Z AN DI Be, 45
TSR NS AT ST RN R C AR PR A
MUAE S5 T AE A T A E T R S E I . 1
220 IV 996 1) = 2 B AR AL ) 2 4ok 1R T fig
AN A RS, A0 ) S il A I P RE R . ZokE
RN B BRI RE AR R T 1] o | T e 2 i A
U JUL 6 B Ay AT 398 %) 240 L85 0 i R, A0 0 A A i
FET, BT LARREEAE B0 JUL 19 24 s HIL 0 ] AE 2 41l RE
AR A LR AR D BERE %
12,1 SOk AE & A5 8 2

O JULAR M 1A Y 2037 i SR GOk, 0 LR
PR FE AL REE B ATP, H 4R BT o A 280 L4k



- 1152 -

O IR AR 2019 45 11 A% 40 555 8 W] Adv Cardiovasc Dis ,November 2019, Vol. 40, No. 8

L TRENISPEREN TR (ER T ERONE SRR (N1 E 1358 TR I NOBE
RZ . SRR T RE B A5 12 B 5 Ik A ™ o A 52 0
JE A o I S ) 0 A1 S S0 IE S, I R RE 70
WU LR AR D e e i G4 « L2 i SR AL iR A 5
WSO RS L 7 TR BRE (pH ) 66 B2 S, 11T
FATP TR, SN B, WP EE S AW R R, AR
TSN BH W 2R S AL BERR AL, e 22 B0 ATP 5 1L
AU AR IR AR R v % B e T AE B0 LA
U8 TR AR 1Y) B i A B A5, S HL 5 R A 45 38 1 R
i, A SHC
1.2.2 ZRifish oy AR R A I

5 AL NUEE AT Ny (NS S Y oy A N
P ATE R RS L ORI RCR A O R R Zhn
TRRE IR LRG0 R 42 40 LA i DG B . IR 9 3R W, ik
$iE 24 h AR ERLC IR, RIS 2 SR A i il 2R i
TR S % s Bl AHOGEE 1 (ZRRLIR R & 1 4
RARREGEE 2 M AZEAE N 1) AR CE
(BhHMISEEA 1), RN RARRE S, Lobiik )
(R R E GUE R AR RaL 7k =1 O B = ¢ TR S/ =K e
REJIIS, PR, (G S S R G, RN, E AL
PRI R 2R AR W 4% | S 3R IA DNA S5 R
S A TR I A, T 5 0O L2 L 235 A R
REME A L LR DN TR AE 0 T 00 0 Bk 2 4 4k
e K B, gt ATP A= B Y R A 25 PO 2 O3
U PRI R ARt R DA 1 T 2 K S
13 772 A A LRI T A
2 BREBEROANFISE

JHREE AL O U SR R B 5 S H O LA ], R A
AR IR J5 A A D RERE AT AL D REAS 4, Holh R RR
MEZ At 7 A A AT, AR, k2
ik S A1 i 4 BEL T BRAIG, WA S IR O R ST koK 25 6
e, TTA AR O LS5 ) e B A 5 1 A 7)o I i 22 [
I TERAREE, OO NLET TR DD AR RS, S B0 CoHE i 2
RTE, IR I, i SOFA 3743 (Sequential Organ Failure
Assessment ) AU B X 43 R FEAE & I IE S DI e 3 1
E G A B R R IR AL L O

TE H URR R JUVES AR T R T A A i PR
RO WU B2 W A8 o, b I SR S8 I F-ac L LA
-6 28 A 10 F b Mo 20 i B R il AH G
NIz 5 2 [ o AT AR Oy kB AE Y0 WL 1) 2 2% 4R
R XA b T 5 s e e T A 0 JULARE LA T 4
i, LY RE E

SO U PSR A TE B A A I R PE A TR, 12
e B i Y0 WU e B Bz —, & E RTIE AR R R
i Co LI 08 2 B o o R 2500 I 8 75 AN A AT i

J W e AE 0 LR BB 3 kO YT IR Y A Tk
REAR, WAl 300 2 58 10 50T B, [R]BsAk 5t AR
F 0 B i R A AR I B A ZH R 2
VAL NEET 5K DD RE AT . A MRET TR T 0 E IR
H(E) EPR MR (A) (E/A R RIFIRET 7K
R IE(E T (e') (EF KM DG (E L (') (e'/a" I
E/e" Jp s A O NEET iR DI RE R FE bR . E/e’ > 15 em/
s fl/5K e <8 em/s FHE/REFIK DI BERERT . BESTHR
5 MeEERE AL T35 YT A OC A 20 WL 46 ) g R A
T O WLEF I D RERERS o IHe A, IO 28 1 A8 % | B
SR A RN BE ) i UR S BOR R e A s it 2
Wr.Co L) BE A A , FE VR YT 5 O D RB IR B2 IR ST
A B

PUAE, WRFEE B 25 0 A B il 3t 20 o7 2% Wl , 4n
Swan-Gans T8 K548 7~ 7% 220 HE i &, 77 3% 2k
WA B . i 29 J0 F. i 20 Jok e 0 o0 1l #  H e
FOE IAEPARE 7 A0 i A BH g, EE 2 i A A I K
PR o, S0 TSI 2 A AN e i AR O HE I Y
A AN A RE 1 B AR
3 RBEEOIFRETREE

U TR 00 JULATD A1) 2 338 M0 e B 1L 26 T 28 1Y) e
FERE, HErRRBURIE T B, BB gIG 7 I
AR R . BEXTMEEEAE 6 h IR A S ek
JURST , HIRAAR S 75, A8 TS P25 W, 4k Hr 1 21
VW SEYsh KR =65 mm Hg(1 mm Hg =0. 133 3 kPa),
FK M RIS =65% , TR Ebk T 4ESE 8 ~ 12 mm Hg,
PREEAERF 0.5 mL/ (kg « h) , 1 F R 5% . U 6 75 R A 1)
ML B 725 W W, Sl 28 PFAS e B AR s AR 0 L 0 D fig
FIANEIRE 7 , V81755 %0 v 1M A8 3% R 25 0
B b MR 3% 7 et A A 1l 4 ) g R 3 BT 0 o B B 7Y
PR ARSI 5 8 FH B L T35 R 25 22 T4 1 T Rigss
WU SR AL 36, Al 5] 0 LISk o, 34 A 3E 1 3
Zangrillo %5 % 7 AMIF5T 3L 246 (kAR L UEF TS
AT, B AE VY i FLAS 22 B T R B I R AR AR T
s Morelli 5 i ] B 32 U B 77 # 47— 390 RCT
5T, G5 3R, B A2 AR Hi 77038 2ok 3% A1 e o A8 30
B 0O VEAFE BEAIG T 28 d FET- 3K 50% o £ XT
O LA 2 S S5z Iz AR 48 A s iz 1) 38 3R AR 4R Ak 3 T 71
HIT, R T3 SE g B
4 DEMRE

JeFEAE AL U 2 e s AE BOUE R E RN 22—,
JHeBEAE B3 L0 3O D) e A RN A0 J] I A8 RE g S B
ALZ W e B E B0 LS O JUE AR 75 A 092 W R
TS VEAS AR 3 R RS S A R PGSR T
RS 750 F0 N FH 25 W R 2RO H TS 2 B3R



OB R 2019 4E 11 A58 40 356 8 Wl Adv Cardiovasc Dis ,November 2019, Vol. 40, No. 8

- 1153 -

Jrorae i T USRI A BE 2O i REAE B0 AL
o B R, K Sk M o AL T T BF S L B0 i AR | ik
JEALEE, M S AT SV | 2ok J3E 48 A 80 L 2 hE
PRSI 2 R A5 A P2 S W EL3o % e 2
AL 17 B BE S8 J5 1) A e

(9]

[10]

(1]

[12

[13

[14]

[16]

[17]

& & 3wk

Han S], Tae HL, Cho HB, et al. Risk factors and outcomes of sepsis-induced
myocardial dysfunction and stress-induced cardiomyopathy in sepsis or septic
shock. a comparative retrospective study [ J]. Medicine ,2018,97 :13 (0263).
Prescott HC,Angus DC. Enhancing recovery from sepsis: a review [J]. JAMA,
2018,319(1) :62-75.
Karnad DR, Saseedharan S. Myocardial dysfunction in sepsis and septic shock
[J]. Assoc Physicians India,2017,65(12) ;11-12.

Robert RE, Ashley NS, Mark JF,et al. Pathophysiology , echocardiographic eval-
uation , biomarker findings,and prognostic implications of septic cardiomyopathy :
a review of the literature [ J]. Crit Care,2018,22.112-126.

Zhou D,Zhu Y, Ouyang MZ, et al. Knockout of Toll-like receptor 4 improves
survival and cardiac function in a murine model of severe sepsis [ J]. Mol Med
Rep,2018,17(4) :5368-5375.

Unuma K, Aki T, Nagano S, et al. The down-regulation of cardiac contractile pro-
teins underlies myocardial depression during sepsis and is mitigated by carbon
monoxide [ J]. Biochem Biophys Res Commun,2018,495(2) :1668-1674.

Elio A, Enrico F,Katia D, et al. Myocardial depression in sepsis: from patho-
genesis to clinical manifestations and treatment [ J]. J Crit Care,2014,29 :500-
S11.

Wang Y, Zhang L,Zhao X, et al. An experimental study of the protective effect
of simvastatin on sepsis-induced myocardial depression in rats [J]. Biomed
Pharmacother,2017,94.705-711.

Wang X, Yu Y. MiR-146b protect against sepsis induced mice myocardial injury
through inhibition of Notchl [ J]. J Mol Histol ,2018,49(4) :411-417.
Ndongson-Dongmo B, Heller R, Hoyer D, et al. Phosphoinositide 3-kinase gam-
ma controls inflammation-induced myocardial depression via sequential cAMP
and iNOS signalling [ J]. Cardiovasc Res,2015,108(2) :243-253.

Juliana MR, Ludmila RPF, Gustavo HE ,et al. Exosomes from patients with sep-
tic shock convey miRNAs related to inflammation and cell cycle regulation: new
signaling pathways in sepsis? [J]. Crit Care,2018,22.68-79.

Stanzani G, Duchen MR, Singer M. The role of mitochondria in sepsis-induced
cardiomyopathy [ J]. Biochim Biophys Acta Mol Basis Dis, 2019, 1865 (4):
759-773.

Jacek H. Heartfelt sepsis: microvascular injury due to genomic storm [ J]. Kar-
diol Pol,2018,76(8) :1203-1216.

Yang N, Shi X, Zhang B, et al. The trend of 33-adrenergic receptor in the devel-
opment of septic myocardial depression: a lipopolysaccharide-induced rat septic
shock model [ J]. Cardiology,2018,139,234-244.

Yu X,Wang Y, Yang D, et al. a2A-adrenergic blockade attenuates septic car-
diomyopathy by increasing cardiac norepinephrine concentration and inhibiting
cardiac endothelial activation [ J]. Sci Rep,2018,8:5478-5493.

Li H,Xing Y, Yang D,et al. Alpha-1 adrenergic receptor agonist phenylephrine
inhibits sepsis-induced cardiomyocyte apoptosis and cardiac dysfunction via acti-
vating ERK1/2 signal pathaway [J]. Shock,2019,52(1) :122-133

Vasques NF, Laundos TL, Cerqueira RJ, et al. MicroRNA-155 amplifies nitric

[18]

[19]

[22

(23]

[24]

[25

[26

[27

[28

[29]

oxide/cGMP signaling and impairs vascular angiotensin II reactivity in septic
shock [J]. Crit Care Med,2018,46(9) :e945-e954.

He C,Zhang W ,Li S,et al. Edaravone improves septic cardiac function by indu-
cing an HIF-1a/HO-1 [J]. Oxi Med Cell Longev, 2018,
2018 :5216383.

pathway

Xu J,Lin C,Wang T,et al. Ergosterol attenuates LPS-induced myocardial injury
by modulating oxidative stress and apoptosis in rats [ J]. Cell Physiol Biochem,
2018 ,48:583-592.
Dagmar J,Michaela M, Jan H, et al. Cellular mechanisms of myocardial depres-
sion in porcine septic shock [ J]. Front Physiol ,2018,9.726.
Vanasco V,Saez T,Magnani ND et al. Cardiac mitochondrial biogenesis in en-
dotoxemia is not accompanied by mitochondrial function recovery [J]. Free
Radic Biol Med,2014,77:1-9.
Sanchez-Villamil JP, D’ Annunzio V, Finocchietto P et al. Cardiac-specifc over-
expression of thioredoxin 1 attenuates mitochondrial and myocardial dysfunction
in septic mice [ J]. Int J Biochem Cell Biol,2016,81:323-324.
Gonzalez AS, Elguero ME, Finocchietto P, et al. Abnormal mitochondrial fusion-
fission balance contributes to the progression of experimental sepsis [ J]. Free
Radic Res,2014,48(7) :769-783.
Pan P,Wang X, Liu D. The potential mechanism of mitochondrial dysfunction in
septic cardiomyopathy [ J]. J Int Med Res,2018,46(6) :2157-2169.
Matkovich SJ, Khiami BA, IEfimov IR, et al. Widespread down-regulation of
cardiac mitochondrial and sarcomeric genes in patients with sepsis [J]. Crit
Care Med,2017,45(3) :407-414.
Walley KR. Sepsis-induced myocardial dysfunction [J]. Curr Opin Crit Care,
2018,24(4) :292-299.
Masson S1, Caironi P, Fanizza C, et al. Sequential N-terminal pro-B-type natri-
uretic peptide and high-sensitivity cardiac troponin measurements during albu-
min replacement in patients with severe sepsis or septic shock [J]. Crit Care
Med, 2016,44(4) :707-716.
Sanfilippo F, Corredor C, Fletcher N, et al. Left ventricular systolic function e-
valuated by strain echocardiography and relationship with mortality in patients
with severe sepsis or septic shock: a systematic review and meta-analysis [ J].
Crit Care,2018,22:183-195.
Vallabhajosyula S, Pruthi S,Shah S, et al. Basic and advanced echocardiograph-
ic evaluation of myocardial dysfunction in sepsis and septic shock [ J]. Anaesth
Intensive Care,2018,46(1) :13-24.
Liu YC. Yu MM, Shou ST, et al. Sepsis-induced cardiomyopathy ; mechanisms
and treatments [ J]. Front Immunol ,2017,8:1021.
Dellinger RP,Levy MM, Rhodes A, et al. Surviving Sepsis Campaign: interna-
tional guidelines for management of severe sepsis and septic shock:2012 [J].
Crit Care Med,2013,41:580-637.
Sato R,Nasu M. Time to re-think the use of dobutamine in sepsis [ J]. J Inten-
sive Care,2017,5:65.
Zangillo A, Putzu A, Monaco F,et al. Levosimendan reduces mortality in pa-
tients with severe sepsis and septic shock: a meta-analysis of randomized trials
[J]. T Crit Care,2015,30(5) :908-913.
Duan EH, Oczkowski SJ, Belley-Cote E, et al. beta-Blockers in sepsis ; protocol
for a systematic review and meta-analysis of randomised control trials [ J]. BMJ
Open,2016,6(6) :e012466.
Morelli A, Ertmer C, Westphai M, et al. Effect of heart rate control with esmolol
on hemodynamic and clinical outcomes in patients with septic shock:a random-
ized clinical trial [J]. JAMA,2013,310(16) :1683-1691.

&A% B #71:2019-03-09



