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Abstract

After myocardial infarction, the size of the infarct and changes in cardiac function are of great im-
portance to the patient’s prognosis and have a direct impact on mortality. By limiting the size of
myocardial infarction in a timely and appropriate manner, cardiac insufficiency can be improved
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and the prognosis and quality of life can be improved, thereby reducing the mortality of the dis-
ease. Scientific research has confirmed that if a patient is receiving oxygen at a pressure above one
atmosphere, the physical dissolution rate of oxygen in the blood can be increased, resulting in an
increase in the oxygen content of the tissue cells, which is conducive to a certain degree of recov-
ery of the ischaemic and damaged myocardial cells, and can also delay and stop the progression of
the acute myocardial infarction, protecting the damaged myocardium and thus improving the func-
tion of the heart. There are no clear guidelines for the clinical application of hyperbaric oxygen for
the treatment of myocardial infarction. This article reviews the progress of research on hyperbar-
ic oxygen therapy for acute myocardial infarction.
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1. 518

SO LT (Acute myocardial infarction) & $8 it T 0o IE RO TR B ik, kA= 2k %€, S RSN,
FREE PR gt b iy, R ARSI S ECOVUIASE, Tk — SO ThRE 4, IF H™ 5 S A dr il 2k
TRAE[L]e SO JUUASE B A — o 1 E 5 ) N B AR i B 1) FE K, RO gk e o s, IR RAEZ, P
DAFET- 2R R 2] [3]. B R N AR 3 i, O MU B AR R WIE W L. Sk ST Bdh
= B0 U BE (ST-segment elevation myocardial infarction, STEMI)& 3. [E S LS 0 18R K [4].  [F,
AT S VAL R TT R TG Bk 5GE . 1960 4F, BFEE —RZLMrie X (LmrAd) kK&,
LT, A R AT IR R 40U . Boerema [SEIGHRE/R AT, AT LAE I 8 s fid R 4EREAL
NI iy

2. BESKERNE

1 RS (HBO) YR IT A2 4R LB — AN KR R FR NI FE 100% O, (YA YT 77325, 5 L ATA KRR,
1ATA = 760 mmhg (101.32 kPa). HBO XTI R b &Mk ftEgms, JCHEM2Ed . OISR A
—EMBITAEA5]. P il AR TR AE — DN R AR LT, BRI AR EEAE 77/ HBO
LA SEESEIRERE AT, B—f kR RS2 FE e = BT =, BE R &S
A FTRE, WESES RN, SAUARREH I RIS RIAR[6]. & R AL v] R iz
EARM TR A AR, AT DA BE M e v A VA R R S B, T R S B B
NI AR 2H 23 e (1) B80S B AN RS At BEC A S PR o, ot 978 P L 20 B, 11 65 - () A8 50 4 S A VR R AR X 02>
DAL AT DA 2050 e LA R SEIRAS o 7E w8 R S LA B 1) — S A Bk B A AR R A LA A AR 9k, 1%
DI =3, B P MY kA A, SeEA RS, R SR & SL[7]. =
JEAAIIN 7R A RS, JR ORI 740 B IR BEFIVE ], AR AE IR B R UE FANRERE I 4
AN A5 2 2 B A TUBEN, BEN 1 A ZAGR  f SE R, AT IE 1SR AR i s S8 A 92D AT BELRS IfL
IR AR SR AR, M — e REFE B REAS T AR AT B AR S8 R E AL, & R T I AR e
IR FB PR R, FEIUE T R
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3. BESRTTECIET SRR
3.1 BERATEXROAIETRARE PR

Mariosoliveira 258 i b O 3 AR 5 77375 A -E I KRR (n = 105)BEHL A BC R LA N =412 —: BF R4 (SH
= 26). OHLFEZEA (M1 = 45) RO ILEESE + & AR 41(HBO = 34, 2.5 atm 1 /). sl IR30 kA ZE 90
Oy, WSRO IERE AR F T B (B BV o TR S B A B I A A SRR SR AR R 3- i R
AR BT, SRR, &EAITIE ]S O WU BT S B0 U (9 S0 Ji 92 1) R P AR AE T
HK[8]. A5 AW Tt £ Y] Bel-2 Fifl 5 Baxc-caspase-3 ({253 2 0o LR AR & AR W T 10 B i TR bx .
T R P v s SR 0 B S8 1) 1 1 K B O UL ZE X BaxC-caspase-3 IR 1A/K T, _Eif Bel-2 (RIEK . Fr
DL, o e RS B S 08 % AMI BRSO BRI O LR, 78 28R I B I AR HROdhAT — @ I, I FLRERE XY
KB LA R B T AT — e F2 R B RIAMEI[9]. BT I: HBO BEANUAN 5, ML h s f A & & &
I, CFIFAEFEXT IS, AT O WL R R A XS D, G RS R AR AT B R, S XA
OSBRI A M. HBO — @R BTN B B, SEmIIER BEIRIARG, ATP & &
M, BRI R IR, SRR 1S B8 0, X AERER i X A L B S . AR R EEH A
2k UREFE K SRR F = AT IS, WERC AR B AMI R AR 5 R T BER 5 148 F HBO 677 7T B 20
KB LR BETHIAR , 325 177 50 O 28 RSO B 87 5K T R, RS T2 ek 00 70 3 v ) R 2B I R Ji [10] & K 4T
B2 ik SRR 7 R IR v R R D B T A B R AR YR YT O WA, ML P (9 1S NO. SOD /K734 8. 3 7t i,
8Oy LA BB 5 WA B S R B A B G [11]). B RB K BRI, fERIEE S ERER TR, KW O,
Wz, CFESHUAEG R SOD (HEMEAGER)MIRE 713, MIfi ] inssiE b B AP A RE J[12],
S0 O AT BE 5| RS 1) 5 A TR N, AT 9800 S A o 2 4 LR — 20 40, I Je B 8 2 4040
Ji, SRR E I R AR A5 . IR R R A SD KRR A 7 4l 4 1 TR 4 (sham), 4
2 NIEHZSBREH(CTL), HAihdlsE HBO1. 6. 24, 48 A1 72 h (H1. H6. H24. H48. H72 )5 i#k{T
TRAMEGRIL . SR F G = 2R DY e e k) s O VRSB TR AR, G0 Sk 7 O B DI RE S 4. SR AR v It e A% 7
TR B dUTP i D R b5 10 (TUNEL) BH 14 G4 €72 i 4 A 03 T-F2 % o &I Caspase-3 i 14« Bel-2 1 Bax
Fik, GREH HBO =AY ER, HBO Ml T 428 10 L2 3 7k A B i 37 45 13]
Chen C ALK, & EE(HBO)M M /R o FUALEE B LARK 1O LS IL-FEVE VA 45145 (MIRI) 2638 00 JULATE 2
[14], Syt oefs FH 45 L7 7 AR 20 ik i 3 S OK SRS 5 HBO o Ak B %65 o LAk 1L FBE T 152493 (MR 1) 15 (1)
PERE S [ WK ()P E S AT AE AL ] . LRI T 25 R W], HBO RIS O LB AT I k> MIR 353 1)
ONAHHE T eAh, HBO &2 #lH] MIRI 755 1 2 P20 B X5 o X Fi A F 5 TLR4-#% A1 kappa-B (NF-xB)
T FAHA K. BAh, BRI HBO 383 I 75 1A 2% 2 (M TOR)IE 2 14 7L 3 W) S b e el ik B2 W
X AT DLIE I 7 R B O (AR A R b mTOR 1 B8 = A 7K P RAIE B [15] » HBO J7 ikl 15 & 1
WU 22— 3 5t 184 8 i 1t 4 2R FR 37 IS T TR [ 16] . YUmiin G 25 FH 25 3L 72wl B S T IR Bl O B 1 K B
AMI BERLHEAT SR80 I HBO 53 1O LR B AN 3 MALATL (— R 2 L8 A s K B AR 4a 0 RNA)
PAAIH] miR-92a )ik, FHAKIE miR-92a X CoULHESE 5 Aot 350Ul KLF2 A1 CD31 A H4IfEH, A
TSR M I K. 75t HBO iS5 MALATL 9 AMBAR ] 1 A0 IUREBE Ji 37 A2 I8 2 1 10 4 I 8
MvayT TR[L7]. AR FE RSNk A %E 60 4380 7E KB i S ONUEESE, REWE M, 3 RiEHE
R AT, 1 S RO R R R 20 R R 5 T4 (M SCs) B A 21 MI Xk, #2 48 MSCs (1K B
#iE T R EFA(HBO: 100% O, 2 MNMaxf K <E) 90 7r#h, 5 RIF, 4k 4 B 70 MI (). Ox (MI
+ HBO). MSC (MI + MSC)#1 MSC + Ox (Ml + MSC + HBO). 5 MI g MSC 4HAf L, & LEE SR
MSC + Ox LT Th R BT . SH AN T HZEX MSCs [IAE N R 2 5, Hoah R 0 K RO IS
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U Je i e A T GE AN . T E[18].
3.2. BESATEDAER BE FHIGRYE

AR, &R A LA RO O U SERAR R . 2 ORI IE & . R4
Ll —E R E G O OIREMIEAI[19]. W70 18 4l S O UEESE B3 4 X IR AH 9 1], WLER4
9, XFHEAL A IR 26T, SR AR ECH A6 7 I R 2R YT - AlATTREX Wagner [#] QRS
PO E(ED IR N1, aVR SEELIANS S Q 94 R I TERE. RIQ K& RIS WeRIE LA, HE0MH, K
BT E A INRIAE 1 O B B ) R KBGO U ST AR . 45 SR R @idia)T 10d 5, W
F 3 QRS 10 I H B BAR T X 84 QRS 1843, ‘L INAEESEL LVSWI. LVWI. VI. CO. CI. SV %
SE TR, MEIRIT 20 K QRS id4y, MEA LB IRAHA Tt — B F%. AHEHAREH, X
FEFUE IO NIEZE & 42 BEREURBEE R IRTT, K 16 12k O U8 8 & B2 I 6 )T Je 3T
REEIRTT, B WG AR, SRBUA KRG FEHET @ R AR YT O IR SR B L N i & EF
B ESV L IRetebs 5 R EAT HBO JAIT 1B A B I st , DRI Al AT 145 H v TR 4808 97 e 8 G
e g AMI SB35 FOD IR ThAE[20]. 7 RERBF70IELK AMI B35 200 6], 438 AL B 4Lpidl, A 4Ll Sk
CUVEEH AGYT + 10 d B9 06T . B A48 SO IUEAE R B EIE T, ANBHT mIEEIRTT . 4R
R A BAE SV OIUEZEE AT + 10 d B s SR YT T B A AR B BT 21 [21]. HpL
Hilh: AN TR I R SR B A A, XU R SRR R, R A R I SRR R
MANSZ LR, R SRR o8 B O UL A BT e, (RO ThREIIRE . HBO AR A 1)
PSP CRIF LR, ks> 4 By DL KSR 0 IR 9 RE S o505 20 A AU ARl IRt M P R R R o il
THRHEN T, mEEASFSE A BERNESIRITE S OV R E P B N AN E, FFFd R
TR AT DR A 1 R TR IA KPS B IO R D RE . HIHI AT AE 2% 0o VL0 = H A [22] . mRATIE
(HBOT) & —FhRA B & G y7 B O I i J77%,  Martin-Hernandez P 2565 24 4 ST Bt s AL AR
FEEHBENL P ECE] HBOT (n = 13)AIxt R4l (n = 11). WZLIBEAT T PCI, JH4%[8 STEMI & FIE R #E47R
J7. HBOT 4147 T HBO ¥AJT . 45 KRIAE STEMI 3 {FH HBOT 5 PCI &, i 0o ULEEE /S 2 s
A L 5> Z 3G N [23]. Dekleva M S8441E 2L 74 {518 Y0 SE O JULBE SE 85 AL 7 P2 52 v 1 AU 5 B
B (HBO+) M B 55 B (HBO-) AT, 45 A5 HBO—HE A LL, HBO+HE W — K25 = Ak gi K
WIS N, AV lUEIEE 3 A G, HBO+A B 4 i /r B 6 ok, 1 HBO—4H H 3 (1) 5 i
I BURFE BRIR (M 46.27%%)] 50.81%5% Eb M 45.54%%1 44.05%, P <0.05), FH 2tk O NURESE 7 G BEA
JE SRR TR A0 O SRR T e SO L A R AT R A [ 52 [24]

4. BESRE

BT LR, MPO JRITHE AMI FF IR —E RIBRAE R, AT AR N Z2 o URESEEAR 5
AIE G COMUREFE,  INTH e300 5 HOWSL AR e AT SR DI RE,  SEZ St O )3 B R AR SR JE - IRt e R 4R 7
OISR — 2B NIG)T TBL B MM MME SRR . m AT T RET T O U AL B (1 —
LARTT, TRV SR, DS ER TR . A Bl 2 AT, RS ERT TR
2 ZER N T ONUESERETT, Be OISR DNLARRIASEI e, ORI CoVLARI, B B
PR, RIS NFICE 2 (3 1], TSGR BE HUS, A SET R, BUSIRAR R IR

SE 3K
[ E39k, Bokih PRREMI. bt AR T/ ARG, 2013,

DOI: 10.12677/acm.2022.1291262 8748 I IR = =23t e


https://doi.org/10.12677/acm.2022.1291262

FEEM, XER

(2]
(3]

(4]
(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]

[23]

Bulluck, H., Yellon, D.M. and Hausenloy, D.J. (2016) Reducing Myocardial Infarct Size: Challenges and Future Op-
portunities. Heart, 102, 341-348. https://doi.org/10.1136/heartjnl-2015-307855

Wu, L., Lin, H.D., Hu, Y., et al. (2019) The Major Causes and Risk Factors of Total and Cause-Specific Mortality
during 5.4-Year Follow-Up: The Shanghai Changfeng Study. European Journal of Epidemiology, 34, 939-949.
https://doi.org/10.1007/s10654-019-00543-0

AR, mERE, WE, & ChELO MR 2018) MEZE[J]. HEIIEFR LK, 2019, 34(3): 209-220
Fife, C.E., Eckert, K.A. and Workmanm, W.T. (2016) Ethical Issues, Standards and Quality Control in Practice of

Hyperbaric Medicine. In: Textbook of Hyperbaric Medicine, 6th Edition, Springer, New York, 597-608.
https://doi.org/10.1007/978-3-319-47140-2_48

AR, WAE, FEM, 5. —FCETER AR R AR P AR A B s R A BRI ALRILI]. R RS A
B2k i, 2009, 26(3): 327-329.

R, A8 &R CWIETT IR R RANMEN]. #AREE%, 2011, 32(4): 758-760

Oliveira, M.S., Tanaka, L.Y., Antonio, E.L., et al. (2020) Hyperbaric Oxygenation Improves Redox Control and Re-
duces Mortality in the Acute Phase of Myocardial Infarction in a Rat Model. Molecular Medicine Reports, 21,
1431-1438. https://doi.org/10.3892/mmr.2020.10968

¥, EAAAR, TR, & AR T 2 S OSOR A R Tk S o URE SRR L R B O DO RE SR D], Hh A
g E2 5 m R EEYAGE, 2019, 26(5): 408-411.

FEMBZR, 3R, S O URESE K SRR M SR T A e 2 S D RE IS R (3], h AT B2 2 5 m UR BE A 2% 38
2010, 17(2): 113-115.

SRAL, DM, BREE. S AU N JBE i G I [R] 78 40 B A RO IDUARE ZE K BRI — 48l U S A ) B AL Bl
AP, W E LR AR K, 2014, 30(z1): 5-7+8.

Thom, S.R., Bhopale, V.M., Velazquez, O.C., et al. (2006) Stem Cell Mobilization by Hyperbaric Oxygen. American
Journal of Physiology—Heart and Circulatory Physiology, 290, H1378-H1386.
https://doi.org/10.1152/ajpheart.00888.2005

Sun, Q., Sun, Q., Liu, Y., et al. (2011) Anti-Apoptotic Effect of Hyperbaric Oxygen Preconditioning on a Rat Model of
Myocardial Infarction. Journal of Surgical Research, 171, 41-46. https://doi.org/10.1016/j.jss.2010.01.036

Chen, C., Chen, W., Nong, Z., et al. (2016) Cardioprotective Effects of Combined Therapy with Hyperbaric Oxygen
and Diltiazem Pretreatment on Myocardial Ischemia-Reperfusion Injury in Rats. Cellular Physiology and Biochemistry,
38, 2015-2029. https://doi.org/10.1159/000445561

Chen, C., Chen, W, Li, Y., et al. (2017) Hyperbaric Oxygen Protects against Myocardial Reperfusion Injury via the
Inhibition of Inflammation and the Modulation of Autophagy. Oncotarget, 8, 111522-111534.
https://doi.org/10.18632/oncotarget.22869

Yumin, G., Kahaman, C., Kahaman, N., et al. (2016) Effects of Hyperbaric Oxygen Therapy Combined with Plate-
let-Rich Plasma on Diabetic Wounds: An Experimental Rat Model. Archives of Medical Science, 12, 1370-1376.
https://doi.org/10.5114/aoms.2016.62905

Shyu, K.G., Wang, B.W., Fang, W.J., Pan, C.M. and Lin, C.M. (2020) Hyperbaric Oxygen-Induced Long Non-Coding
RNA Malatl Exosomes Suppress Microrna-92a Expression in a Rat Model of Acute Myocardial Infarction. Journal of
Cellular and Molecular Medicine, 24, 12945-12954. https://doi.org/10.1111/jcmm.15889

Khan, M., Meduru, S., Gogna, R., et al. (2012) Oxygen Cycling in Conjunction with Stem Cell Transplantation Induc-
es Nos3 Expression Leading to Attenuation of Fibrosis and Improved Cardiac Function. Cardiovascular Research, 93,
89-99. https://doi.org/10.1093/cvr/cvr277

20K, EAE, SRR, S E R AR T SR D WUEEBE R O WA AL IR D e B ORPE R 0], TR AR A,
2010, 30(24): 3649-3651.

X, BRAN. & R A T7 X 2 O URE 28 8 R 5 L Dh R s m 0], O S R E R 2= &, 2005, 14(4):
323-324.

AER. EEERBEST SO IEZE YT R[] T ERRS 2%, 2008, 8(21): 5127-5128.

X, R, INVE, . S EEBCE TS A BRGSO WUBE BT B85 i e 5 48 1k DX L0 D RE 1)
R[], RN S S SRR 2% K, 2019, 26(2): 134-138.

Martin-Hernandez, P., Gutiérrez-Leonard, H., Quintana, A.R., et al. (2021) Hyperbaric Oxygen Therapy Following

Percutaneous Coronary Intervention for St-Segment Elevation Myocardial Infarction. Cardiovascular Revasculariza-
tion Medicine, 27, 14-19. https://doi.org/10.1016/j.carrev.2020.04.031

DOI: 10.12677/acm.2022.1291262 8749 Il R 125 23k i


https://doi.org/10.12677/acm.2022.1291262
https://doi.org/10.1136/heartjnl-2015-307855
https://doi.org/10.1007/s10654-019-00543-0
https://doi.org/10.1007/978-3-319-47140-2_48
https://doi.org/10.3892/mmr.2020.10968
https://doi.org/10.1152/ajpheart.00888.2005
https://doi.org/10.1016/j.jss.2010.01.036
https://doi.org/10.1159/000445561
https://doi.org/10.18632/oncotarget.22869
https://doi.org/10.5114/aoms.2016.62905
https://doi.org/10.1111/jcmm.15889
https://doi.org/10.1093/cvr/cvr277
https://doi.org/10.1016/j.carrev.2020.04.031

fEEM, XER

[24] Dekleva, M., Neskovic, A., Vlahovic, A., et al. (2004) Adjunctive Effect of Hyperbaric Oxygen Treatment after
Thrombolysis on Left Ventricular Function in Patients with Acute Myocardial Infarction. American Heart Journal, 148,
E14. https://doi.org/10.1016/j.ahj.2004.03.031

DOI: 10.12677/acm.2022.1291262 8750 I IR = =23t e


https://doi.org/10.12677/acm.2022.1291262
https://doi.org/10.1016/j.ahj.2004.03.031

	高压氧治疗对急性心肌梗死的研究进展
	摘  要
	关键词
	Advances in Hyperbaric Oxygen Therapy for Acute Myocardial Infarction
	Abstract
	Keywords
	1. 引言
	2. 高压氧的作用机理
	3. 高压氧治疗在心肌梗死当中的应用
	3.1. 高压氧治疗在大鼠心肌梗死模型中的研究
	3.2. 高压氧治疗在心肌梗死患者中的临床观察

	4. 总结与展望
	参考文献

