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急性心肌缺血损伤和PPCI再灌注损伤对STEMI发病后
24h内最终心肌梗死面积的影响

缺血再灌注损伤
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缺血再灌注损伤发病机制

钙超载

活性氧/氧自由基的作用

微血管损伤/栓塞与白细胞的作用

线粒体损伤与高能磷酸化合物生成障碍

……
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心肌细胞内生化和代谢的骤然变化：钙超载

缺血再灌注损伤发病机制
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活性氧/氧自由基的损伤作用

微血管损伤/白细胞的作用

高能磷酸化合物生成障碍

缺血再灌注损伤发病机制
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缺血再灌注损伤的分类

1.再灌注心律失常（Reperfusion arrhythmia，RA）

2.心肌顿抑（Myocardial stunning）

3.微血管阻塞（microvascular obstruction，MVO)

4. 致死性心肌再灌注损伤（lethal myocardial reperfusion injury）

心肌再灌注损伤有四种类型，其中前两种具有可逆性，

后两者为不可逆损伤。
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Approach for Prevention of ischemia-
reperfusion injury

Pharmacological
GLP-1
Cycloporine
Bendavia
Metoprolol

Nonpharmacological
Ischemic post conditioning
Remote ischemic preconditioning
Aspiration and Thrombectomy

Therapeutic hypothermia /hyperoxemia广
东
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Pharmacological intervention – GLP-1 

*p<0.05 vs. placebo

Timmers et al. J Am Coll Cardiol 2009;53:501–10
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PPCI
+ iv exenatide

Drug

Conventional
PPCI

coronary artery
ReperfusionOccluded

Reperfusion
injury

Reperfusion
injury

15 min 6 h

Lønborg et al. Eur Heart Journal, 2011 

Pharmacological intervention
POSTCON II (exenatide)
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Lønborg et al. Eur Heart Journal, 2011 
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Pharmacological intervention – CyA
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Primary endpoint
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Secondary endpoint
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R 
1:1

Primary Endpoint: AUC for CK-MB over initial 72h post PCI
Clinical Endpoint: Composite of all cause death, new onset CHF 

>24h post-PCI within index hospitalization, and 
CHF rehospitalization

Patients with First Anterior STEMI
TIMI 0/1 flow in prox or mid LAD, anticipated Sx to PCI <4 hrs, 

shock

Volume-matched IV Placebo
(N=147)

Blinded

Bendavia IV at 0.05 mg/kg/hr
(N=150) 

Administered > 15 min pre PCI & 60 min post

Pharmacological intervention
EMBRACE(Bendavia)
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Results: Primary Endpoint AUC CK-MB
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Results: Clinical Composite Endpoint
Placebo
(N=60)

Bendavia
(N=58)

p-
value

30 ± 7 days

Death, new-onset CHF >24h post PCI, 
CHF rehospitalization, % (n) 5.0% (3) 8.6% (5) NS

Death, new-onset CHF, CHF 
rehospitalization, % (n) 28.3% (17) 22.4% (13) NS

6 ± 1.5 months

Death, new-onset CHF >24h post PCI, 
CHF rehospitalization, % (n) 8.3% (5) 12.1% (7) NS

Death, new-onset CHF, CHF 
rehospitalization, % (n) 28.3% (17) 25.9% (15) NS
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Pharmacological intervention
METOCARD-CNIC（iv metoprolol）
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远隔缺血处理 亚低温治疗

非药物干

预策略

缺血预处理 缺血后处理

缺血再灌注损伤的非药物干预策略
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缺血预处理（ischemic preconditioning，IPC）

即冠状动脉多次短暂的缺血可以增强心肌对随后长时间

缺血的耐受性,减轻缺血再灌注损伤。

存在两个“时间窗”形式：

第一时间窗（即传统IPC，也称早期

相），在预处理刺激后立即出现，并持续

1～3h；第二时间窗（又称IPC迟后效

应），出现在预处理刺激后的12～24h

缺血再灌注损伤的干预策略
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Postconditioning is the phenomenon whereby several brief coronary artery 
reperfusion reocclusion cycles at the end of a long coronary artery 
occlusion (stuttering reperfusion) reduces infarct size.

缺血后适应（Ischemic post-conditioning）

Zhao, Z-Q et al. Am J Physiol 2003;285:1574
Staat et al., Circulation 112:2143-2148 (2005)
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Ischemic post-conditioning
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Ischemic post conditioning 
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Ischemic post-conditioning

End-
point PLA/PoCo Authors
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Staat et al.
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The Effects of Postconditioning on Myocardial 
Reperfusion in Patients With ST-Segment 
Elevation Myocardial Infarction (POST) 

Randomized Trial

Primary endpoint
The rate of complete ST-segment resolution on 
ECG obtained 30 minutes after the procedure. 

Secondary end points 
Included residual ST-segment deviation, TIMI 
flow after PCI, myocardial blush 
grade, death, reinfarction, severe heart 
failure, stent thrombosis, target vessel 
revascularization, and major adverse cardiac 
events (a composite of death, myocar- dial 
infarction, severe heart failure, or stent 
thrombosis) at 30 days. 
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Results
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Outcomes at 30 days
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DANAMI3:The Third DANish Study of Optimal Acute Treatment of 
Patients with ST-segment Elevation Myocardial Infarction: Ischemic 
postconditioning or deferred stent implantation versus conventional 
primary angioplasty and complete revascularization versus treatment 
of culprit lesion only

1. Which is the best sequence for ischemic post conditioning？Whether the 
repeated balloon inflation- deflation at the site of the culprit lesion might 
have been responsible for excessive inadvertent thrombus 
microembolization?

2. Although the protocol stipulated post-conditioning within 1 min of 
STEMI, the high frequency of thrombectomy likely delayed post-
conditioning beyond the protective 1-min time-frame, and this might have 
diluted the benefits of this protective strategy. 

No Significant!
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• Cycles of brief ischemia/ reperfusion 
can protect the heart and other organs

• Simple, non-invasive, low-cost 
intervention

• RIC potentially reduces PMI by 30 -

40%

远隔缺血处理（Remote ischemic preconditioning）
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Remote Ischemic preconditioning（RIC
）
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Cheung et al.
Iliodromits et al.
Hausenloy et al.
Hoole et al.
Venugopal et al.
Ali et al.
Bøtker et al.
Hong et al.
Li et al.
Munk et al.
Rahman et al.
Rentoukas et al.
Thielmann et al.
Wagner et al.
Zhou et al.
Karuppasamy et al.
Wu et al.
Heusch et al.
Kottenberg et al.
Lee et al.
Pavione et al.
Lucchinetti et al.
Xie et al.
Young et al.
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Effect of RIC on Clinical Outcomes in STEMI 
Patients Undergoing pPCI (CONDI2)
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远端栓塞保护（Impact of Macroscopic Distal Emboli）

DE occurred in 27 
of 178 (15%) pts 

after primary 
PTCA ⇒
↓ ST res

↑ Infarct size
↑ Mortality

Henriques JPS et al. EHJ 2002;23:1112-7

PLCX filling defect at 
primary PCI site

Distal thromboemboli
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Svilaas T et al.
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HR [95%CI] = 
0.94 [0.72 - 1.22]

P=0.63

Frobert O et al. NEJM 2013:on-line
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TOTAL: Primary Endpoint (n=10,063)
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Therapeutic Hypothermia/ Hyperoxemia Negetive
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Approach for Prevention of IR injury

Pharmacological

GLP-1 Promising

Cycloporine Negative

Benvadin Negative

Metoprolol Promising

Nonpharmacological

Ischemic post conditioning Need more RCTs

Remote ischemic
preconditioning

Need more RCTs

Aspiration and thrombetomy Negative

Therapeutic hypothermia
/hyperoxemia

Negative
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Conclusion

• Despite important progress has been made in the quality of 

phase II trials evaluating protective interventions against 

reperfusion injury, there is no “magic bullet” for IRI. 

• The commitment of funding agencies, scientific 

societies, and industrial partners is needed to achieve this 

challenging goal. 
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Thank you
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