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2015 ESC guidelines for non ST-ACS
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不同抗血小板药物作用靶点

ticagrlor
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• The Assessment by a Double Randomization of a Conventional Antiplatelet 
Strategy versus a Monitoring-guided Strategy for Drug-Eluting Stent 
Implantation and of Treatment Interruption versus Continuation One Year 
after Stenting (ARCTIC) 

2012.11.04
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No benefit of PR monitoring in all comers PCI patients

Collet et al. NEJM 2013

HR = 1.13 
[0.98-1.29]
p=  0. 096 Conventional

Monitoring

100        200 3000

34.6%
31.1%

0.6

0.4

0.2

n =2240 ptsADVERSE EVENT

p = NS
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1. Low risk patients (mainly stable CAD)

2. Inadequate therapeutic strategy to overcome HTPR

3. Primary end-point driven by peri-procedural MI (H6 troponin) 
which is unlikely related to PR

4.  Complex design (aspirin resistance, use of 
clopidogrel/prasugrel…)

Limitations of ARCTIC
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我们的思考

Ø血小板功能检测到底有没有临床使用价值？

Ø血小板高反应性的定义？

Ø何种血小板功能的检测方法才是合适的？

Ø可否与CYP2C19基因型检测相结合指导临床治疗？

Ø是否需考虑种族差异？
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光线 光线

激活剂

1、光学比浊法血小板聚集试验（LTA）

• 1962即建立方法, 

• 缺限：耗时很长

      检测结果可重复性差, 

血标本的需要量较大

抗血小板抵抗的定义：

受试者服用氯吡格雷后达到
的最大血小板抑制率与基线
相比<10%为抵抗，10－29%
为半抵抗
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2, VerifyNow

原理

枸橼酸抗凝全血中加入诱导剂TRAP，使血小板

与纤维蛋白原珠凝集时的透光度增加，凝集程度

与透光度增加呈正比，结果以mV/10s报告
优点：快速：10’样本稳定期，3’出结果，
      适于床旁监测

  简便：全血，无需样本预处理
    操作人员无需专业培训
    结果不受抗凝剂和致聚剂的影响

不足：
昂贵，目前多用于科研2017
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②P-选择蛋白（GMP-140）：用P-选择蛋白的单克隆抗体标测，分析血小板P-

选择蛋白的表达。

③GPⅡb/Ⅲa：用GPⅡb/Ⅲa的单克隆抗体标测，分析血小板GPⅡb/Ⅲa的表达。 

这种方法用的不是全血，而且耗时而繁琐，所以限制了临床上的推广。

①舒血管物质磷酸蛋白（VASP）：利用VASP的磷酸化作用来评价氯吡格雷作用

3、流式细胞仪检测血小板激活的标志物 
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血凝块的形成源于凝血酶诱导纤维蛋白A聚集，形成三维纤维蛋白性纤维网。

它具有抵抗剪切张力引起变形的性质，此特性可通过弹性指数测量，而定量

监测血凝块形成的全过程。

4, 血栓弹力图（Thrombelastography，TEG）
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阿司匹林无反应性与不良临床事件显著相关

53 studies, 6450 subjects

19 studies, 3003 
patients

15 studies, 2693 patients

阿司匹林无反应性cutoff值：EPI<193秒
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氯吡格雷低反应对临床预后的影响（早期小样本研究）
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2013 Aug 17;382(9892):614-23. 

• 8583例PCI患者，随访12个月

• VerifyNow检测，PRU>208定义为血小板高反应性
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血小板高反应性是PCI术后不良事件的危险因素

Adjusted Risk of PRU>208 for events in ADAPT-DES (N=8583)

Stone GW  et al, Lancet 2013; 382: 614–23
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• 17项以西方人群为主的近期研究

• 标准化血小板功能检测，排除了较老的LTA检测
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Relative risk of stent thrombosis according to platelet reactivity levels. 

Dániel Aradi et al. Eur Heart J 2015;36:1762-1771
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Relative risk of bleeding events according to platelet reactivity levels. 

Dániel Aradi et al. Eur Heart J 2015;36:1762-1771
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Relative risk of mortality according to platelet reactivity levels. 

Dániel Aradi et al. Eur Heart J 2015;36:1762-1771
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Interaction analysis according to subgroups. 

检测方法

检测方法

药物

药物

疾病状态

疾病状态
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   ? ? ????....

患者是否应该区别对待？

不同风险患者治疗策略有所不同？
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阜外医院-前瞻性干预研究

Ø Clopidogrel Response Evaluation And Therapeutic 
InterVEntion in High Risk PCI Patients 

   CREATIVE study

Ø根据TEG检测结果，入选1050例血栓高危患者， 随机分为
标准双抗组、氯吡格雷加倍组、加用西洛他唑组。

Ø随访12个月 (MACCE，TEG，出血事件）
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Study Flow Chart

Elective PCI Pts.

ASA+ Clopidogrel 75mg 
Qd （n=362）

ASA+ Clopidogrel 75mg Qd+ 
Cilostazol 100mg Bid(n=355)

ASA+ Clopidogrel 150mg Qd 
(n=359)

Clopidogrel low responders by TEG:
ADP% < 50% + MA（ADP）> 47

30 day 3 month 6 month 9 month 12 month 18 month

Telephone 
Follow-up

Telephone 
Follow-up

Telephone 
Follow-up

Telephone 
Follow-up

Onsite visit: TEG test; Gene 
testing, drug use condition; acquire 
Endpoints Events and Adverse 
Events

Onsite visit: TEG test; drug use 
condition; acquire Endpoints Events 
and Adverse Events

Therapy maintain for 12 months  
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Population Characteristics 

　

STANDARD
N=362

DOUBLE
N=359

TRIPLE
N=355 P value

Gender (male) 214 (59.1%) 219 (61.0%) 211 (59.4%) 0.136 

Age (year) 58.64±8.75 58.12±8.97 58.39±9.03 0.201

BMI (kg/m^2) 25.78±3.12 26.02±3.16 25.69±3.04 0.073 

SBP (mmHg) 128.1±17.5 127.2±16.4 126.9±15.4 0.599 

DBP (mmHg) 77.6±10.7 78.6±10.5 77.3±9.3 0.197 

diabetes mellitus 121 (33.4%) 115 (32.0%) 121 (34.1%) 0.838 

Hypertension 243 (67.1%) 219 (61.0%) 229 (64.5%) 0.228 

Dyslipidemia 233 (64.4%) 246 (68.5%) 229 (64.5%) 0.408 

Pre-stroke 39 (10.8%) 37 (10.3%) 46 (13.0%) 0.503 

Smoking 124 (34.3%) 137 (38.2%) 137 (38.6%) 0.320 

Pre-MI 57 (15.7%) 59 (16.4%) 44 (12.4%) 0.260 

Pre-CABG 8 (2.2%) 7 (1.9%) 4 (1.1%) 0.495 

Pre-PCI 72 (19.9%) 77 (21.4%) 67 (18.9%) 0.688 

Atrial fibrillation 353 (97.5%) 355 (98.9%) 348 (98.0%) 0.367 
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Procedural Characteristics

　
STANDARD

N=362
DOUBLE
N=359

TRIPLE
N=355 P value

Presentation 0.9931
   NSTEMI 43 (11.9%) 48 (13.4%) 46 (13.0%)
   STEMI 25 (6.9%) 24 (6.7%) 26 (7.3%)
   Unstable angina 148 (40.9%) 148 (41.2%) 140 (39.4%)
   Stable angina 146 (40.3%) 139 (38.7%) 143 (40.3%)

Procedure time 26.34±16.10 29.77±21.05 28.55±20.85 0.061 
No. of stents 1.65±0.75 1.73±0.85 1.73±0.84 0.215 
Length of stents 31.86±16.89 32.79±18.66 31.71±17.16 0.672 
Transradial approach 339 (94.4%) 338 (94.2%) 330 (93.5%) 0.635 
Pre-dilatation 254 (70.2%) 264 (73.5%) 258 (72.7%) 0.578 
B2/C type lesions 282 (78.8%) 297 (83.9%) 277 (78.7%) 0.128 
No. of target lesions 　 　 　 0.064 
      1 274 (75.7%) 242 (67.4%) 235 (66.2%) 　

      ≥2 88 (24.3%) 117 (32.6%) 120 (33.8%) 　

CTO lesions 48 (13.4%) 56 (15.6%) 47 (13.3%) 0.741 

2017
年

“
中

国
血

栓
论

坛
”



Baseline Medication

　 STANDARD
N=362

DOUBLE
N=359

TRIPLE
N=355

P value

Clopidogrel regimen 　 　 　 0.579

   Loading dose, 300 mg 135 (37.3%) 146 (40.7%) 133 (37.5%)

   Maintenance, 75 mg＞5d 227 (62.7%) 213 (59.3%) 222 (62.5%) 　

Perioperative anticoagulation

  LMWH 197 (54.4%) 192 (53.5%) 195 (54.9%) 0.925

  Fondaparinux 111 (30.7%) 118 (32.9%) 107 (30.1%) 0.706

  Unfractionated heparin 138 (38.1%) 134 (37.3%) 140 (39.4%) 0.843

  IIb/IIIa inhibitors 44 (12.2%)  52 (14.5%) 44 (12.4%) 0.598

Statin 1818 (86.7) 1895 (89.2) 1761 (90.6) 0.625

Calcium-channel blocker 480 (22.9) 514 (24.2) 418 (21.5) 0.081

Proton pump inhibitor 41 (11.3%)  29 (8.1%) 35 (9.9%) 0.028
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Primary Endpoint: MACCE
 (CMH Chi square test)

-8-10 -6 -4 -2 0 2 4 6 8 10

Non-superiority

Superiority

DOUBLE vs STANDARD

TRIPLE vs STANDARD
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Survival Analysis for MACCE
(death, MI, TVR, stroke)

STANDARD 13.0%

DOUBLE 9.7%

TRIPLE 6.8%

DOUBLE vs STANDARD
HR: 0.736, 95%CI: 0.475-1.140, P=0.170

TRIPLE vs STANDARD
HR: 0.506, 95%CI: 0.309-0.827, P=0.007

No. at Risk:
STANDARD 362 342 337 331 327 321 315

DOUBLE 359 347 344 338 334 330 324

TRIPLE 355 344 342 341 333 332 331

DOUBLE vs STANDARD: Log-Rank P=0.165

TRIPLE vs STANDARD: Log-Rank P=0.0062017
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NACCE: death, MI, stroke, major bleeding

STANDARD 10.5%

DOUBLE 9.1%

TRIPLE 5.9%

DOUBLE vs STANDARD
HR: 0.869, 95%CI: 0.545-1.385, P=0.555

TRIPLE vs STANDARD
HR: 0.553, 95%CI: 0.324-0.942, P=0.029

No. at Risk:
STANDARD 362 340 335 330 329 326 324

DOUBLE 359 342 338 334 330 329 326

TRIPLE 355 342 340 337 336 336 334

DOUBLE vs STANDARD: Log-Rank P=0.552

TRIPLE vs STANDARD: Log-Rank P=0.027
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All-cause Death

STANDARD 1.7%

DOUBLE 0.6%

DOUBLE vs STANDARD
HR: 0.309, 95%CI: 0.062-1.540, P=0.152

TRIPLE  0.0%

TRIPLE: no death

No. at Risk:
STANDARD 362 362 362 360 359 358 356

DOUBLE 359 359 359 359 358 358 357

TRIPLE 355 355 355 355 355 355 355

DOUBLE vs STANDARD: Log-Rank P=0.158

TRIPLE vs STANDARD: Log-Rank P=0.015
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Myocardial infarction

STANDARD 6.0%

DOUBLE 3.9%

TRIPLE 3.1%

DOUBLE vs STANDARD
HR: 0.702,95%CI: 0.357-1.378, P=0.304

TRIPLE vs STANDARD
HR: 0.547, 95%CI: 0.264-1.131, P=0.103

No. at Risk:
STANDARD 362 347 344 340 339 336 334

DOUBLE 359 348 348 347 346 346 343

TRIPLE 355 346 346 346 346 346 344

DOUBLE vs STANDARD: Log-Rank P=0.180

TRIPLE vs STANDARD: Log-Rank P=0.0572017
年
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Target vessel revascularization

STANDARD 4.4%

DOUBLE 3.3%

TRIPLE 3.4%

DOUBLE vs STANDARD
HR: 0.701, 95%CI: 0.330-1.488, P=0.354

TRIPLE vs STANDARD
HR: 0.734, 95%CI: 0.346-1.558, P=0.421

No. at Risk:
STANDARD 362 360 358 355 351 346 341

DOUBLE 359 359 358 356 353 350 345

TRIPLE 355 353 353 353 345 344 343

DOUBLE vs STANDARD: Log-Rank P=0.438

TRIPLE vs STANDARD: Log-Rank P=0.469
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Stroke

STANDARD 1.9%

DOUBLE 2.5%

TRIPLE 1.1%

DOUBLE vs STANDARD
HR: 1.294, 95%CI: 0.482-3.473, P= 0.610

TRIPLE vs STANDARD
HR: 0.579, 95%CI: 0.170-1.978, P=0.383

No. at Risk:
STANDARD 362 359 358 355 354 353 350

DOUBLE 359 358 355 352 350 349 348

TRIPLE 355 354 352 351 351 351 351

DOUBLE vs STANDARD: Log-Rank P=0.608

TRIPLE vs STANDARD: Log-Rank P=0.378
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Major Bleeding （BARC ≥ 3 grade）

STANDARD 1.9%

DOUBLE 3.3%

TRIPLE 2.5%

DOUBLE vs STANDARD
HR: 1.734, 95%CI: 0.683-4.405, P=0.247

TRIPLE vs STANDARD
HR: 1.310, 95%CI: 0.488-3.518, P= 0.592

No. at Risk:
STANDARD 362 357 356 354 353 352 350

DOUBLE 359 354 351 351 348 347 345

TRIPLE 355 350 350 348 347 347 346

DOUBLE vs STANDARD: Log-Rank P=0.241

TRIPLE vs STANDARD: Log-Rank P=0.590
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Stent Thrombosis 

Time to event 
(day) Classification Asprin Clopidorel Cilotazol Outcomes

Standard 0 Definite Continued Continued MI, TLR

0 Definite Continued Continued MI, TLR

21 Definite Continued Continued MI, TLR

67 Proboble Continued Continued MI, cardiac death

93 Proboble Continued 0 MI, TLR

242 Proboble Continued Continued MI, cardiac death

Double 18 Proboble Continued 75mg MI

146 Proboble 0 Continued MI, cardiac death

Triple 0 Definite Continued Continued Continued MI, TLR

5 Proboble Continued Continued 0 MI

27 Proboble Continued Continued 0 MI

62 Proboble Continued Continued Continued MI
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Distribution of CYP2C19 Genotype
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Change of Platelet Function

P=0.076 P<0.001 P<0.001

P<0.001 P<0.001

P=0.092

Ø 论是双倍氯吡格雷还是加用西洛他唑的

三联方案，均可改善血小板功能学指标

。两种强化治疗方案在改善血小板功能

学指标方面均优于传统治疗组，但两者

之间并没有显著差异。
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Conclusions

• The platelet function monitoring and treatment adjustment could 

improve the clinical outcomes of high risk elective PCI patients

• In patients with low responsiveness to clopidogrel, the intensified 

antiplatelet strategies (the additional cilostazol or double-dose 

clopidogrel) significantly reduced platelet reactivity and the 

MACCE without increasing the risk of major bleeding.
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• 共收集205例患者，其中

有10例（4.88%）转服

替格瑞洛。

• 转服替格瑞洛前平均接

受强化治疗2.2个月。

患者基线临床资料的比较 　

　 替格瑞洛 强化抗血小板 P值
　 N=10 N=195

年龄(岁) 54.9(8.7) 57.1（9.70） 0.492 

男性[例(%)] 8（80） 132（67.7） 0.640 

冠心病类型[例(%)] 0.716 

      STEMI 1(10) 10(5.1)

      NSTEMI 1(10) 32(16.4)

      不稳定型心绞痛 0 4(2.1)

      稳定型心绞痛 8(80) 149(76.4)

合并症[例(%)]

      糖尿病 5(50) 67(34.4) 0.502 

      高脂血症 8(80) 122(62.6) 0.435 

      高血压 5(50) 116(59.5) 0.791 

生活方式[例(%)]

      吸烟 5(50) 95(48.7) >0.999

      饮酒 2(20) 43(22.1) >0.999

CYP2C19 基因型[例(%)] 0.122 

      快代谢型 1(11.1) 49(29.5)

      中代谢型 4(44.4) 90(54.2)

      慢代谢型 4(44.4) 27(16.3) 　

传统强化方案vs 新型药物（替格瑞洛）

2017
年

“
中

国
血

栓
论

坛
”



TEG 结果 　 　 洛 　 强化抗血小板   P值

　 　 N=10 　 N=195
　
　

基线
ADP抑制率 8.35±9.29 11.33±9.16 0.323

MAADP 54.3±7.2 55.6±5.7 0.519

随访3个月
*

ADP抑制率 52.25±35.91 20.26±20.94 0.002

MAADP 36.0±19.0 48.9±11.7 0.028

变化值

ADP抑制率 43.9±37.06 8.94±21.86 0.003

MAADP 　 -18.28±18.47 　 -6.68±12.18 0.028
*转服替格瑞洛前，接受强化抗血小板治疗时间平均为2.2个月。

替格瑞洛

在3个月随访时，替格瑞

洛组ADP抑制率及MAADP

改善情况优于传统强化治

疗组
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新型P2Y12-ADP 受体抑制剂的血小板反应性

Storey. JACC 2010  Michelson AD. EHJ 2009

Prasugrel vs 
clopidogrel

Ticagrelor vs 
clopidogrel

个体差异减少了，但并未消失！
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指南对血小板功能检测怎么说?

NSTEMI ESC 2011

Revascularization ESC 2014

可结合基因型，选择性用于高危患者，辅助临床，指
导个体化的抗血小板治疗。
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血小板功能学检测+氯吡格雷代谢基因型
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u 阜外医院研究结果（2012-10至今）

等位基因频率分布 代谢型分布

* Chang M, Dahl ML, Tybring G (1996) Use of omeprazole as a probe drug for CYP2C19 phenotype in Swedish Caucasians: comparison with S-
mephenytoin hydroxylation phenotype and CYP2C19 genotype. Pharmacogenetics 5:358–363
# Persson I, Aklillu E, Rodrigues F (1996) S-mephenytoin hydroxylation phenotype and CYP2C19 genotype among Ethiopians. Pharmacogenetics 
6:521–526

2017
年

“
中

国
血

栓
论

坛
”



基因型-血小板功能学检测（5933例）
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患者的对抗血小板药物的反应性存在种
族差异吗？
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新型P2Y12受体抑制剂主要基于欧美人群的研究，
而针对东亚人群的临床证据非常有限 

Levine GN, Glob Heart. 2014;9(4):457-67. 

研究 东亚患者数(%) 东亚亚组结果
氯吡格雷 vs 普拉格雷/替格瑞洛，ACS
      TRITON-TIMI 38 <1% N/A
      TRILOGY-ACS 571 例东亚患者(8.1%) HR 1.19 (0.75-1.89)
      PLATO 1096例亚洲患者 (5.9%)，其中东亚患者644例 HR 0.87 (0.62-1.21)
氯吡格雷 vs 安慰剂，ACS或PCI
    CURE 0 N/A
    CURE-PCI 0 N/A
    CREDO 0 N/A
    COMMIT/CCS-2 45852例中国患者（100%） OR 0.91 (0.86-0.97)
    CLARITY 0 N/A
    PCI-CLARITY 0 N/A
双联抗血小板治疗，冠状动脉支架置入
    ISAR 0 N/A
    STARS 0 N/A
标准剂量 vs 高剂量氯吡格雷，PCI治疗的ACS
    CURRENT-OASIS 7 2363例东亚患者（13.7%） HR 0.81（0.54-1.21）
血小板功能检测指导治疗
    GRAVITAS 0 N/A
    ARCTIC 0 N/A
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东亚ACS/PCI患者具有不同于欧美人群的
自身特点

出血风险高
缺血风险低
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东亚ACS患者存在高血小板反应性 (HPR)
和低缺血风险的“东亚悖论”现象

Levine GN, Glob Heart. 2014;9(4):457-67.

“This finding of a higher prevalence of high on-treatment platelet 
reactivity, but a thrombotic event rate after PCI that is similar or lower 
in East Asian patients than in white patients, has been called the ‘East 
Asian paradox’.”

    研究发现，东亚患者在PCI术后双联抗血小板治疗时，虽然具
有高血小板反应性，但是缺血事件发生风险与白人相似甚至更
低。——这就是“东亚悖论”现象。
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Ø血小板功能学指标是预测PCI患者不良预后与出血风险的独立危险因素，

这一点在近期的大规模临床研究和荟萃分析中得以验证。

Ø血小板功能检测和药物代谢基因型是指导PCI术后个体化抗血小板治疗

的重要手段，两者相结合的方式或许是未来的发展方向。

Ø东亚/中国人群中，氯吡格雷慢代谢型较多，药物反应性差异大，因此需

要寻找更合适的检测界值。我们前期的研究探索了适用于中国人群的检

测指标，后续将在干预性研究中进行确认。

Ø推荐对患者行血小板功能学检测，平衡获益/出血风险，从而进行个体化

抗血小板治疗。

总结与展望
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