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I. Trial organization 

Principal Investigator: Yaling Han (Department of Cardiology, General hospital of Northern Theater 

Command, Shenyang, China). 

 

Co-Principal Investigator: Gregg W. Stone (Icahn School of Medicine at Mount Sinai, New York, NY, USA). 

 

Steering committee: Yaling Han (Chair); Gregg W. Stone; Quanmin Jing (Department of Cardiology, 

General hospital of Northern Theater Command, Shenyang, China), Xiaozeng Wang (Department of 

Cardiology, General hospital of Northern Theater Command, Shenyang, China) and Yi Li (Department of 

Cardiology, General hospital of Northern Theater Command, Shenyang, China). 

 

Project manager: Zhenyang Liang (Department of Cardiology, General Hospital of Northern Theater 

Command, Shenyang, China). 

 

Clinical events adjudication committee: Peng Qu (Chair, The Second Affiliated Hospital of Dalian Medical 

University, Dalian, China); Dalin Jia (The First Affiliated Hospital of Chinese Medical University, Shenyang, 

China); Zhijun Sun (The Second Affiliated Hospital of Chinese Medical University, Shenyang, China); 

Wenyue Pang (The Second Affiliated Hospital of Chinese Medical University, Shenyang, China). 

 

Contract research organization: ExcellentCRO Co, Ltd, Shenyang, China. 

 

Data analysis center: Beijing Bioknow Information Technology Co. Ltd, Rm111, Block B, Haidian Cultural 

and Educational Industrial Park, No. 44 Beisanhuan Middle Road, Beijing, China.  
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II. Participating centers and investigators 

 Site Site 

Investigator(s) 

Patients 

randomized 

1 General Hospital of Northern Theater Command, Shenyang, China Yaling Han 1248 

2 Kaifeng Central Hospital, Kaifeng, China Lei Qin 315 

3 West China Hospital of Sichuan University, Chengdu, China Mian Wang 267 

4 Yuzhou City Peoples Hospital, Yuzhou, China Xianzhao Wang 263 

5 Taian City Central Hospital, Taian, China Huanyi Zhang, 

Jinlong Li 

252 

6 Tianjin Chest Hospital, Tianjin, China Yin Liu 234 

7 Tangdu Hospital, Air Force Medical University, Xi’an, China Yang Li 222 

8 The Fifth People's Hospital of Jinan, Jinan, China Zhisheng Jia 220 

9 The Second Hospital of Shenyang Medical College, Shenyang, 

China 

Limin Liu, Jie Lu, 

Jingru Ma 

201 

10 Affillated Hospital of Qilu Medical University (The People’s 

Hospital of Xintai City), Xintai, China 

Hongyan Zhang 179 

11 Ganzhou People's Hospital, Ganzhou, China Jun Luo 155 

12 Bozhou People’s Hospital, Bozhou, China Songwu Dong 116 

13  Beijing Luhe Hospital of Capital Medical University, Beijing, China Jincheng Guo 110 

14 Ganzhou Municipal Hospital, Ganzhou, China Hengqing Zhu 98 

15 Shangqiu First People's Hospital, Shangqiu, China Shengli Li 93 

16 Jiaozuo People’s Hospital, Jiaozuo, China Haijun Zheng 86 

17 The First Affiliated Hospital of Anhui University of Science and 

Technology, Huannan, China 

Lijun Liu 85 

18 The Second Affiliated Hospital of Nanchang University, 

Nanchang, China 

Yanqing Wu 77 

19 First Affiliated Hospital of Gannan Medical University, 

Ganzhou, China 

Yiming Zhong 77 

20 The Third Affiliated Hospital of Xinxiang Medical University, 

Xinxiang, China 

Haiyan Sun 73 

21  Yanbian University Hospital, Yanbian, China Yuzi Li 63 

22 The Fourth Affiliated Hospital of China Medical University, 

Shenyang, China 

Yuanzhe Jin 58 

23 Heze Municipal Hospital, Heze, China Xiaolei Ma 58 

24 Huainan Cardiovascular Research Laboratory, Huannan, China Feng Li 48 

25 Xichang People’s Hospital, Xichang, China Qiancai Xiang 48 

26 The First Affiliated Hospital of Zhengzhou University ward 2, 

Zhengzhou, China 

Haibo Yang 48 

27  Peking University Third Hospital Yanqing Hospital, Beijing, China Lixin Wang 48 
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28 The First Hospital of Lanzhou University, Lanzhou, China Ming Bai 47 

29 Taihe County People's Hospital, Taihe, China Jili Fan 46 

30 Taizhou Central Hospital, Taizhou, China Haipeng Cai 46 

31 The Affiliated Traditional Chinese Medicine Hospital of 

Southwest Medical University, Luzhou, China 

Xue Bai 45 

32 Datong Third People's Hospital, Datong, China Chengqi Gu 42 

33 Luohe Central Hospital, Luohe, China Xiuhui Yang 42 

34 The Second Hospital of Jilin University, Changchun, China Bin Liu 42 

35 China-Japan Union Hospital of Jilin University, Changchun, China Fanbo Meng 42 

36 Fuyang People's Hospital, Fuyang, China Bin Ning 41 

37 The Affiliated Hospital of Guizhou Medical University, 

Guiyang, China 

Wei Li 41 

38 Meizhou People's Hospital, Meizhou, China Zhixiong Zhong 40 

39 Qingdao Municipal Hospital, Qingdao, China Zhengzhong Wang 40 

40 Affiliated Hospital of Zunyi Medical University, Zunyi, China Pei Shi 40 

41 Bengbu Second People's Hospital, Bengbu, China Zhuo Shang 40 

42 Yueyang Central Hospital, Yueyang, China Xiaojian Feng 37 

43 The First Affiliated Hospital of Zhengzhou University ward 1, 

Zhengzhou, China 

Kui Chen 37 

44  People's Hospital of Pingchang County, Pingchang, China Dingbao Zhang 37 

45 Yunnan St.John's Hospital, Kunming, China Yuncheng Zou 36 

46 Fuwai Central China Cardiovascular Hospital, Zhengzhou, China Xiaohui Zheng 33 

47 The First Hospital of Liangshan, Liangshan, China Gang Zhao 28 

48 Central Hospital Affiliated to Shandong First Medical 

University, Jinan, China 

Guohai Su 28 

49 Nanjing First Hospital, Nanjing, China Shaoliang Chen 27 

50 The First Affiliated Hospital of Nanchang University, 

Nanchang, China 

Zheqi Zheng, 

Xiaoping Peng 

24 

51 Tianjin Medical University General Hospital, Tianjin, China Qing Yang 23 

52 Hengshui Cardiovascular Hospital, Hengshui, China Guanshan Zhang 23 

53 Hospital Of Chengdu University of Traditional Chinese 

Mediciine, Chengdu, China 

Wen Xie 23 

54 Tongji Hospital, Tongji Medical College of HUST, Wuhan, China Hesong Zeng 21 

55 Zaozhuang Central Hospital of Shandong Guoxin Healthcare 

Group, Zaozhuang, China 

Yucai Cheng 20 

56 Shandong Second Provincial General Hospital, Jinan, China Jidong Liu 20 

57 Union Hospital, Tongji Medical College Of HUST, Wuhan, 

China 

Qiutang Zeng, 

Xiang Cheng 

19 

58 Xuzhou Central Hospital, Xuzhou, China Ke Zhu 19 
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59 The First People's Hospital of Ruzhou, Ruzhou, China Junxing Hu 19 

60 The Affiliated Hospital of Northwest University, Xi’an, China  Kang Cheng 17 

61 Shanxi Cardiovascular Hospital, Xi’an, China Jingping Wang 17 

62 Suzhou Municipal Hospital of Anhui Province, Suzhou, China Renli Cheng 17 

63 Chongqing University Fuling Hospital, Chongqing, China Yinpin Zhou 14 

64 Heze Mudan People's Hospital, Heze, China Benyun Wang 14 

65 The Fifth Affiliated Hospital of Xinjiang Medical University, 

Urumqi, China 

Guiqiu Cao 13 

66 Dalian No.3 People’s Hospital, Dalian, China Nan Li 13 

67 Linquan County People’s Hospital, Linquan, China Lunhua Zhu 13 

68 General Hospital of Fuxin Mining Industry Group of Liaoning 

Health Industry Group, Fuxin, China 

Bing Liu 10 

69 General Hospital of Benxi Iron & Steel Industry Group of 

Liaoning Health Industry Group, Benxi, China 

Boning Xu 10 

70 Yulin First People’s Hospital, Yulin, China Ping Li 9 

71 The First People's Hospital of Xinmi, Xinmi, China  Xiaolei Li 8 

72 General Hospital of Fushun Mining Industry Group of Liaoning 

Health Industry Group, Fushun, China 

Fengjun Qi 8 

73 The Frist Affiliated Hospital of Zhejiang Chinese Medical 

University, Hangzhou, China 

Wei Mao 7 

74 The Second Affiliated Hospital of Xi’an Jiaotong University, 

Xi’an, China 

Qiangsun Zheng 6 

75 No.2 People’s Hospital of Fuyang City, Fuyang, China Jiazhong Lu 6 

76 Xiangtan Central Hospital, Xiangtan, China Jianping Zeng 5 

77 Loudi Central Hospital, Loudi, China Yuqin Wang 4 

78 Jiangxi Provincial People‘s Hospital, Nanchang, China Lang Hong 4 

79 Wuhan Asia Heart Hospital, Wuhan, China Xi Su 2 

80 Jiangsu Taizhou People‘s Hospital, Taizhou, China Ruzhu Wang 2 

81 Chifeng College Affiliated Hospital, Chifeng, China Xuchen Han 2 

82 Chengdu Second People's Hospital, Chengdu, China Jianxiong Liu 2 

83  General Hospital of Tiefa Coal Industry Group Of Liaoning 

Health Industry Group, Tiefa, China 

Piqiao Jiang 2 

84 Fushun Central Hospital, Fushun, China Zhanchun Song 1 

85 Yan’an University Affiliated Hospital, Yan’an, China Feng Gao 0* 

86 Fourth Affiliated Hospital of Harbin Medical University, 

Harbin, China 

Wei Yang 0* 

87 Suixi Hospital, Suixi, China Lianling Wu 0* 

*Screened patients but none were randomized. 
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III. Inclusion and exclusion criteria  

Inclusion criteria (all must be present): 

(1) Any age. 

(2) STEMI patients with symptom onset ≤48 hours and planned primary PCI (STEMI defined as ST-

segment elevation ≥1 mm in ≥2 contiguous leads or new left bundle branch block or persistent ischemic 

symptoms in the presence of right bundle branch block). 

(3) Patients requiring staged revascularization of non-culprit vessels within 30 days may also be enrolled. 

In such cases the antithrombotic agents in the staged PCI must be the same as randomized for the index 

PCI.  

(4) No contraindications to dual antiplatelet therapy, and dual antiplatelet agents must be administered 

according to current guidelines before PCI (loading doses and maintenance doses of aspirin and 

clopidogrel or ticagrelor).  

(5) The subject or legal representative has been fully informed of the nature of the study, understood the 

provisions of the protocol and provided written informed consent. 

 

Exclusion criteria (all must be absent): 

(1) Not suitable for primary PCI as judged by the local physicians. 

(2) STEMI treated by thrombolysis prior to PCI. 

(3) Patients received heparin (unfractionated or low molecular weight), fondaparinux, bivalirudin, or a 

glycoprotein IIb/IIIa inhibitor within 48 hours before the index PCI. 

(4) Mechanical complications (such as ventricular septal rupture, papillary muscle rupture, or acute 

mitral regurgitation). 

(5) Known allergy or contraindications to heparin, bivalirudin, aspirin, or both clopidogrel and ticagrelor 

(6) Patients are participating in other drug or device studies.  

(7) Patients whom the investigators consider participation in the study to be inappropriate or who may 

be nonadherent to the study protocol during the follow-up period, such as those with psychiatric 

disorder, alcoholism or drug addiction.  
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IV. Primary and secondary endpoint definitions 

Cardiovascular death:  

Deaths caused by immediate heart-related causes (such as MI, low cardiac output heart failure or fatal 

arrhythmia) are adjudicated as cardiovascular deaths, including deaths related to cardiovascular surgery 

and accompanied treatment. Deaths caused by cerebrovascular diseases, pulmonary embolism, 

aneurysm rupture or other vascular diseases are also considered cardiovascular deaths. Finally, for this 

protocol any deaths without known cause will be considered cardiovascular deaths.  

 

Non-cardiovascular death:  

Any deaths that are not covered in the definitions of cardiovascular death, including those caused by 

infection, pyemia, pulmonary diseases, accidents, suicide or injury. 

 

Recurrent myocardial infarction: 

Myocardial infarction is defined according to the fourth Universal Definition of Myocardial Infarction.1  

Type 1: Detection of a rise and/or fall of cardiac troponin (cTn) values with at least 1 value above the 

99th percentile upper reference limit (URL) and with at least 1 of the following:  

• Symptoms of acute myocardial ischemia;  

• Myocardial infarction (MI);  

• New ischemic ECG changes;  

• Development of pathological Q waves; 

• Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality in a 

pattern consistent with an ischemic etiology;  

• Identification of a coronary thrombus by angiography including intracoronary imaging or by 

autopsy*.  

*Postmortem demonstration of an atherothrombus in the artery supplying the infarcted myocardium, 

or a macroscopically large circumscribed area of necrosis with or without intramyocardial hemorrhage, 

meets the type 1 MI criteria regardless of cTn values.  

Type 2: Detection of a rise and/or fall of cTn values with at least 1 value above the 99th percentile URL, 

and evidence of an imbalance between myocardial oxygen supply and demand unrelated to acute 

coronary atherothrombosis, requiring at least 1 of the following:  

• Symptoms of acute myocardial ischemia;  

• New ischemic ECG changes;  
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• Development of pathological Q waves; 

• Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality in a 

pattern consistent with an ischemic etiology.  

Type 3: Patients who suffer cardiac death, with symptoms suggestive of myocardial ischemia 

accompanied by presumed new ischemic ECG changes or ventricular fibrillation, but die before blood 

samples for biomarkers can be obtained, or before increases in cardiac biomarkers can be identified, or 

MI is detected by autopsy examination.  

Type 4a: Coronary intervention–related MI is arbitrarily defined by an elevation of cTn values >5 times 

the 99th percentile URL in patients with normal baseline values. In patients with elevated 

preprocedural cTn in whom the cTn level are stable (≤20% variation) or falling, the postprocedural cTn 

must rise by >20%. However, the absolute postprocedural value must still be at least 5 times the 99th 

percentile URL. In addition, 1 of the following elements is required:  

• New ischemic ECG changes;  

• Development of pathological Q waves*; 

• Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality in a 

pattern consistent with an ischemic etiology;  

• Angiographic findings consistent with a procedural flow-limiting complication such as coronary 

dissection, occlusion of a major epicardial artery or a side branch occlusion/thrombus, disruption 

of collateral flow, or distal embolization†.  

*Isolated development of new pathological Q waves meets the type 4a MI criteria if cTn values are 

elevated and rising but <5 times the 99th percentile URL. 

†Postmortem demonstration of a procedure-related thrombus in the culprit artery, or a 

macroscopically large circumscribed area of necrosis with or without intra-myocardial hemorrhage 

meets the type 4a MI criteria.  

Type 4b: A subcategory of PCI-related MI is stent/scaffold thrombosis, type 4b MI, as documented by 

angiography or autopsy using the same criteria utilized for type 1 MI. It is important to indicate the 

time of the occurrence of the stent/scaffold thrombosis in relation to the timing of the PCI procedure. 

The following temporal categories are suggested: acute, 0 to 24 hours; subacute, >24 hours to 30 days; 

late, >30 days to 1 year; and very late >1 year after stent/scaffold implantation.  

Type 4c: Occasionally MI occurs and—at angiography, in-stent restenosis, or restenosis following 

balloon angioplasty in the infarct territory—is the only angiographic explanation since no other culprit 

lesion or thrombus can be identified. This PCI-related MI type is designated as type 4c MI, defined as 

focal or diffuse restenosis, or a complex lesion associated with a rise and/or fall of cTn values above the 
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99th percentile URL applying, the same criteria utilized for type 1 MI.  

Type 5: CABG-related MI is arbitrarily defined as elevation of cTn values >10 times the 99th percentile 

URL in patients with normal baseline cTn values. In patients with elevated preprocedural cTn in whom 

cTn levels are stable (≤20% variation) or falling, the postprocedural cTn must rise by >20%. However, 

the absolute postprocedural value still must be >10 times the 99th percentile URL. In addition, 1 of the 

following elements is required:  

• Development of pathological Q waves*; 

• Angiographic documentation of a new graft occlusion or new native coronary artery occlusion;  

• Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality in a 

pattern consistent with an ischemic etiology.  

*Isolated development of new pathological Q waves meets the type 5 MI criteria if cTn values are 

elevated and rising but <10 times the 99th percentile URL.  

 

Target vessel revascularization (TVR): TVR is defined as any repeat percutaneous intervention or 

surgical bypass of any segment of the target vessel. The target vessel is defined as the entire major 

coronary vessel proximal and distal to the target lesion, which includes upstream and downstream 

branches and the target lesion itself.  

Non-TLR: Non-TLR is defined as any repeat percutaneous intervention or bypass surgery of any 

other lesion except for target lesion.  

Non-TVR: Non-TVR is defined as any repeat percutaneous intervention or surgical bypass of any 

segment of other vessels except for target vessel.  

Ischemia-driven TVR. An ischemia-driven TVR is defined if angiography at follow-up shows a 

percent diameter stenosis ≥50% (core lab QCA assessment) and if one of the following occurs:  

1. a positive history of recurrent angina pectoris, presumably related to the target vessel;  

2. objective signs of ischemia at rest (ECG changes) or during exercise test (or equivalent), presumably 

related to the target vessel;  

3. abnormal results of any invasive functional diagnostic test (eg, Doppler flow velocity reserve, 

fractional flow reserve);  

4. A TLR or TVR with a diameter stenosis ≥70% even in the absence of the above-mentioned ischemic 

signs or symptoms. 
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Stent thrombosis (ARC):2 

   Definite: Angiographic confirmation of stent thrombosis. The presence of a thrombus that originates 

in the stent or in the segment 5 mm proximal or distal to the stent associated with at least 1 

of the following criteria:  

• Typical angina pectoris symptoms lasting for >20 minutes;  

• New ischemic ECG changes that suggest acute ischemia;  

• Typical rise and fall in cardiac biomarkers consistent with MI. 

    

Probable: Unexplained death within 30 days after the procedure, or acute myocardial infarction 

involving the target-vessel territory without angiographic confirmation. 

 

Possible: All unexplained deaths occurring at least 30 days after the procedure. 

 

For this protocol, stent thrombosis will be considered only as definite or probable thromboses. 

 

Stent thrombosis is reported as a cumulative value over time. Time 0 is defined as the time point after 

the guiding catheter has been removed and the patient has left the catheterization laboratory.  

• Acute stent thrombosis: 0 to 24 hours after stent implantation 

• Subacute stent thrombosis: >24 hours to 30 days after stent implantation 

• Late stent thrombosis: >30 days to 1 year after stent implantation 

• Very late stent thrombosis: >1 year after stent implantation 

 

Stroke: 

Stroke is defined as an acute event of non-hemorrhagic cerebrovascular origin causing focal or global 

neurologic dysfunction lasting >24 hours, which is confirmed by both clinical and radiographic criteria. 

 

BARC bleeding:3 

Type 0: 

  No evidence of bleeding. 

Type 1: 

Bleeding that is not actionable and patient does not have unscheduled studies, hospitalization or  

treatment by a health care professional. 

Type 2: 

Any clinically overt sign of hemorrhage that is actionable but does not meet criteria for types 3, 4 

or 5 bleeding. It must meet at least one of the following criteria: 

1) requiring medical or percutaneous intervention guided by a health care professional, 

including (but are not limited to) temporary/permanent cessation of a medication, coiling, 

compression, local injection; 

2) leading to hospitalization or an increased level of care; 

3) prompting evaluation defined as an unscheduled visit to a healthcare professional resulting 

in diagnostic testing (laboratory or imaging). 
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   Type 3: 

Clinical, laboratory and/or imaging evidence of bleeding with specific healthcare provider 

responses, as listed below: 

3a 1) Any transfusion with overt bleeding; 

2) Overt bleeding plus hemoglobin (Hb) drop ≥3 to <5g/dL (provided Hb drop is related 

to bleeding). 

3b 1) Overt bleeding plus Hb drop ≥5g/dL* (Hb drop is related to bleed); 

2) Cardiac tamponade; 

3) Bleeding requiring surgical intervention for control (excluding  

dental/nasal/skin/hemorrhoid); 

4) Bleeding requiring intravenous vasoactive drugs. 

3c 1) Intracranial hemorrhage (does not include microbleeds or hemorrhagic 

transformation; does include intraspinal). Subcategories: confirmed by autopsy, imaging 

or lumbar puncture; 

2) Intraocular bleed compromising vision. 

   Type 4: 

CABG – Related Bleeding 

1) Perioperative intracranial bleeding within 48 hours; 

2) Reoperation following closure of sternotomy for the purpose of controlling bleeding; 

3) Transfusion of ≥5 units of whole blood or packed red blood cells within a 48-hour period; 

4) Chest tube output ≥2L within a 24-hour period. 

    

Type 5: 

Fatal Bleeding. Bleeding directly causes death with no other explainable cause. 

Categorized further as either definite or probable. 

5a Probable fatal bleeding; no autopsy or imaging confirmation but clinically suspicious. 

5b Definite fatal bleeding; overt bleeding or autopsy or imaging confirmation. 

 

Acquired thrombocytopenia: Nadir platelet count <150×109/L after the index procedure in patients in 

whom the baseline platelet count was >150×109/L.4 

 

MACCE: The composite of all-cause death, recurrent myocardial infarction, ischemia-driven target vessel 

revascularization, or stroke 

 

NACE: The composite of MACCE or BARC types 3-5 bleeding  

 

References 
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Table S1. In-hospital medication use 

 Heparin 

(N=3007) 

Bivalirudin 

(N=3009) 

P value 

Dual antiplatelet therapy 2990 (99·4%) 2989 (99·3%) 0·62 

Aspirin 2990 (99·4%) 2989 (99·3%) 0·62 

  P2Y12 inhibitor 3007 (100%) 3009 (100%) - 

  Clopidogrel 1033 (34·4%) 1014 (33·7%) 0·59 

    Ticagrelor 1974 (65·7%) 1995 (66·3%) 0·59 

Chronic oral anticoagulant 64 (2·1%) 80 (2·7%) 0·18 

  Warfarin (vitamin K antagonist)  21 (0·7%) 23 (0·8%) 0·76 

  Direct-acting oral anticoagulant 43 (1·4%) 57 (1·9%) 0·16 

Beta-blocker 2262 (75·2%) 2303 (76·5%) 0·23 

Calcium channel blocker 209 (7·0%) 239 (7·9%) 0·14 

ACEI/ARB/ARNI 1762 (58·6%) 1690 (56·2%) 0·06 

Mineralocorticoid inhibitor 804 (26·7%) 796 (26·5%) 0·80 

Digoxin or similar agent 15 (0·5%) 13 (0·4%) 0·70 

Diuretic 1799 (59·8%) 1731 (57·5%) 0·07 

Any lipid-lowering agent 2838 (94·4%) 2873 (95·5%) 0.07 

  Statin 2678 (89·1%) 2765 (91·9%) - 

  Other lipid-lowering agent 164 (5·5%) 129 (4·3%) - 

Data are number of patients (%).ACEL/ARB/ARNI denotes angiotensin converting enzyme inhibitor or 

angiotensin receptor blocker or angiotensin receptor-neprilysin inhibitor.  

  



 14 

  

Table S2. Details of BARC types 3-5 bleeding events within 30 days. 

 

 Heparin Bivalirudin P value 

BARC types 3-5 bleeding N=24 N=5   

In-hospital 19 (79·2%) 5 (100·0%) 0·55 

Post discharge 5 (20·8%) 0 (0·0%) 0·55 

   Access site-related 1 (4·2%) 0 (0·0%) 1.0 

   Non-access site-related 23 (95·8%) 5 (100·0%) 1.0 

      Gastrointestinal 17 (70·8%) 4 (80·0%) - 

      Intracranial 4 (16·7%) 1 (20·0%) - 

      Other 2 (8·3%) 0 (0·0%) - 

   Baseline hemoglobin, g/dL 12·9 ± 1·7 13·2 ± 1·2 0·68 

   Nadir hemoglobin, g/dL 7·8 ± 2·3 9·6 ± 2·7 0·18 

   Delta hemoglobin, g/dL 5·2 ± 2·7 3·9 ± 2·5 0·34 

   Blood transfusion 18 (75·0%) 2 (40·0%) 0·29 

      Mean transfusion volume, units 2·3 ± 0·7  1·8 ± 0·4 0·31 

   Surgery for treatment of bleeding 0 (0·0%) 0 (0·0%) - 

Endoscopic procedure for bleeding  4/17 (23·5%) 1/4 (25·0%) 1·0 

   DAPT discontinuation* after bleeding† 21 (87·5%) 4 (80·0%) 1·0 

   Stent thrombosis after bleeding† 0 (0·0) 0 (0·0) - 

   Death after bleeding† 10 (41·7%) 2 (40·0%) 1·0 

*Discontinuation of either aspirin or a P2Y12 inhibitor or both. †Within the 30-day follow-up period. BARC denotes 

Bleeding Academic Research Consortium. DAPT, dual antiplatelete therapy. 
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Table S3. Clinical outcomes at 30 days in patients treated with or without provisional tirofiban.  

 
Heparin without 

tirofiban 

(n=2591) 

Heparin with 

tirofiban 

(n=411) 

HR (95% CI) 

Bivalirudin 

without tirofiban 

(n=2659) 

Bivalirudin 

with tirofiban 

(n=347) 

HR (95% CI) 
P value for 

interaction 

Primary endpoint: All-cause 

death or BARC types 3-5 

bleeding 

109 (4·2%) 20 (4·9%) 1·16 (0·72-1·87) 70 (2·6%) 20 (5·8%) 2·23 (1·35-3·66) 0·07 

Death from any cause 97 (3·7%) 18 (4·4%) 1·17 (0·71-1·94) 67 (2·5%) 20 (5·8%) 2·33 (1·41-3·83) 0·06 

From cardiovascular  

 causes 
93 (3·6%) 17 (4·1%) 1·15 (0·69-1·93) 65 (2·4%) 20 (5·8%) 2·40 (1·45-3·96) 0·0475 

BARC types 3-5 bleeding 21 (0·8%) 3 (0·7%) 0·90 (0·27-3·02) 4 (0·2%) 1 (0·3%) 1·92 (0·21-17·16) 0·55 

Myocardial infarction 20 (0·8%) 5 (1·2%) 1·58 (0·59-4·21) 13 (0·5%) 4 (1·2%) 2·36 (0·77-7·25) 0·60 

Ischemia-driven TVR 15 (0·6%) 3 (0·7%) 1·26 (0·37-4·36) 7 (0·3%) 2 (0·6%) 2·20 (0·46-10·57) 0·59 

Stroke 14 (0·5%) 0 (0·0%) - 14 (0·5%) 1 (0·3%) 0·55 (0·07-4·16) 0·97 

Stent thrombosis 28 (1·1%) 5 (1·2%) 1·13 (0·44-2·92) 8 (0·3%) 3 (0·9%) 2·88 (0·77-10·87) 0·26 

Acute (<24 hours) 11 (0·4%) 3 (0·7%) 1·73 (0·48-6·21) 3 (0·1%) 1 (0·3%) 2·56 {0·27-24·67} 0·77 

Subacute (1-30 day) 17 (0·7%) 2 (0·5%) 0·74 (0·17-3·22) 5 (0·2%) 2 (0·6%) 3·08 (0·60-15·89) 0·21 

MACCE 129 (5·0%) 23 (5·6%) 1·13 (0·72-1·75) 95 (3·6%) 26 (7·5%) 2·14 (1·39-3·31) 0·0437 

BARC bleeding, types 2-5 60 (2·3%) 17 (4·1%) 1·80 (1·05-3·08) 55 (2·1%) 8 (2·3%) 1·12 (0·53-2·34) 0·30 

BARC type 2 bleeding 41 (1·6%) 14 (3·4%) 2·17 (1·18-3·98) 51 (1·9%) 7 (2·0%) 1·05 (0·48-2·32) 0·15 

BARC type 3 bleeding 18 (0·7%) 3 (0·7%) 1·05 (0·31-3·57) 3 (0·1%) 1 (0·3%) 2·56 (0·27-24·59) 0·50 

BARC type 4 bleeding 0 (0·0%) 0 (0·0%) - 0 (0·0%) 0 (0·0%) - - 

BARC type 5 bleeding 3 (0·1%) 0 (0·0%) - 1 (0·04%) 0 (0·0%) - 0·99 

All-cause death or BARC types 

2-5 bleeding 
146 (5·6%) 34 (8·3%) 1·48 (1·02-2·15) 119 (4·5%) 26 (7·5%) 1·70 (1·11-2·60) 0·65 

Acquired thrombocytopenia* 107/2539 (4·2%) 16/410 (3·9%) 0·92 (0·55-1·56) 90/2596 (3·5%) 7 (2·0%) 0·58 (0·27-1·25) 0·33 

NACE 139 (5·4%) 25 (6·1%) 1·14 (0·74-1·74) 97 (3·7%) 26 (7·5%) 2·14 (1·39-3·31) 0·05 



 16 

  

Event rates are number of events (Kaplan-Meier estimated percentages). *Defined as nadir platelet count <150×109/L after the index procedure in patients in whom the 
baseline platelet count was >150×109/L. BARC denotes Bleeding Academic Research Consortium. MACCE, major adverse cardiac or cerebral events = Death from any 
cause, myocardial infarction, ischemia-driven target vessel revascularization, or stroke. NACE, net adverse clinical events = MACCE or BARC types 3-5 bleeding. TVR, 
target vessel revascularisation. CI confidence interval. 
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Table S4. Clinical outcomes at 30 days in the per-protocol population. 

Events 
Heparin 

(N=2897) 

Bivalirudin 

(N=2868) 

Hazard Ratio 

(95%CI) 
P value 

Primary endpoint: All-cause death 

or BARC types 3-5 bleeding 
126 (4·4%) 87 (3·0%) 0·69 (0·53-0·91) 0·0089 

All-cause death  112 (3·9%) 84 (2·9%) 0·76 (0·57-1·00) 0·052 

From cardiovascular causes 107 (3·7%) 82 (2·9%) 0·77 (0·58-1·03) 0·08 

BARC types 3-5 bleeding 24 (0·8%) 5 (0·2%) 0·21 (0·08-0·55) 0·0015 

    Access site-related 1 (0·03%) 0 (0·0%) - - 

    Non-access site-related 23 (0·8%) 5 (0·2%) 0·22 (0·08-0·58) 0·0021 

Myocardial infarction 25 (0·9%) 17 (0·6%) 0·69 (0·37-1·27) 0·23 

Ischemia-driven TVR 18 (0·6%) 9 (0·3%) 0·50 (0·23-1·12) 0·09 

Stroke 14 (0·5%) 15 (0·5%) 1·08 (0·52-2·24) 0·83 

Stent thrombosis 33 (1·1%) 11 (0·4%) 0·34 (0·17-0·66) 0·0017 

Acute (<24 hours) 14 (0·5%) 4 (0·1%) 0·29 (0·10-0·88) 0·0281 

Subacute (1-30 days) 19 (0·7%) 7 (0·2%) 0·37 (0·16-0·88) 0·0246 

MACCE 149 (5·1%) 118 (4·1%) 0·80 (0·63-1·01) 0·07 

BARC bleeding, types 2-5 77 (2·7%) 62 (2·2%) 0·81 (0·58-1·14) 0·23 

BARC type 2 bleeding 55 (1·9%) 57 (2·0%) 1·05 (0·72-1·52) 0·80 

BARC type 3 bleeding 21 (0·7%) 4 (0·1%) 0·19 (0·07-0·56) 0·0025 

BARC type 4 bleeding 0 (0·0%) 0 (0·0%) - - 

BARC type 5 bleeding 3 (0·1%) 1 (0·03%) 0·34 (0·04-3·24) 0·35 

All-cause death or BARC types 2-5 

bleeding 
177 (6·1%) 141 (4·9%) 0·80 (0·64-1·001) 0·0512 

Acquired thrombocytopenia* 122/2853 (4·3%) 96/2818 (3·4%) 0·79 (0·61-1·04) 0·09 

NACE 161 (5·6%) 120 (4·2%) 0·75 (0·59-0·95) 0·0164 

Event rates are number of events (Kaplan-Meier estimated percentages). *Defined as nadir platelet count <150×109/L 
after the index procedure in patients in whom the baseline platelet count was >150×109/L. BARC denotes Bleeding 
Academic Research Consortium. MACCE, major adverse cardiac or cerebral events = Death from any cause, myocardial 
infarction, ischemia-driven target vessel revascularization, or stroke. NACE, net adverse clinical events = MACCE or 
BARC types 3-5 bleeding. TVR, target vessel revascularisation. CI confidence interval. 
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Table S5. Clinical outcomes at 30 days among patients in whom PCI was performed. 

Events 
Heparin 

(N=2949) 

Bivalirudin 

(N=2942) 

Hazard Ratio 

(95%CI) 
P value 

Primary endpoint: All-cause death or        

BARC types 3-5 bleeding 
126 (4·3%) 84 (2·9%) 0·66 (0·50-0·88) 0·0038 

All-cause death  112 (3·8%) 81 (2·8%) 0·72 (0·54-0·96) 0·0259 

From cardiovascular causes 107 (3·6%) 79 (2·7%) 0·74 (0·55-0·99) 0·0403 

BARC types 3-5 bleeding 24 (0·8%) 5 (0·2%) 0·21 (0·08-0·55) 0·0014 

    Access site-related 1 (0·03%) 0 (0·0%) - - 

    Non-access site-related 23 (08%) 5 (0·2%) 0·22 (0·08-0·57) 0·0020 

Myocardial infarction 25 (0·9%) 16 (0·5%) 0·64 (0·34-1·20) 0·16 

Ischemia-driven TVR 18 (0·6%) 9 (0·3%) 0·50 (0·22-1·11) 0·09 

Stroke 14 (0·5%) 15 (0·5%) 1·07 (0·52-2·23) 0·85 

Stent thrombosis 33 (1·1%) 11 (0·4%) 0·33 (0·17-0·66) 0·0016 

Acute (<24 hours) 14 (0·5%) 4 (0·1%) 0·29 (0·09-0·87) 0·0272 

Subacute (1-30 days) 19 (0·6%) 7 (0·2) 0·37 (0·15-0·87) 0·0235 

MACCE 149 (5·1%) 114 (3·9%) 0·76 (0·60-0·97) 0·0302 

BARC bleeding, types 2-5 75 (2·5%) 62 (2·1%) 0·83 (0·59-1·16) 0·28 

BARC type 2 bleeding 53 (1·8%) 57 (1·9%) 1·08 (0·74-1·57) 0·68 

BARC type 3 bleeding 21 (0·7%) 4 (0·1%) 0·19 (0·07-0·56) 0·0024 

BARC type 4 bleeding 0 (0·0%) 0 (0·0%) - - 

BARC type 5 bleeding 3 (0·1%) 1 (0·03%) 0·33 (0·03-3·21) 0·34 

All-cause death or BARC types 2-5 

bleeding 
175 (5·9%) 138 (4·7%) 0·79 (0·63-0·99) 0·0366 

Acquired thrombocytopenia* 123 (4·2%) 97 (3·3%) 0·79 (0·60-1·03) 0·08 

NACE 161 (5·5%) 116 (3·9%) 0·72 (0·57-0·91) 0·0065 

Event rates are number of events (Kaplan-Meier estimated percentages). *Defined as nadir platelet count 

<150×109/L after the index procedure in patients in whom the baseline platelet count was >150×109/L. BARC 

denotes Bleeding Academic Research Consortium. MACCE, major adverse cardiac or cerebral events = Death from 

any cause, myocardial infarction, ischemia-driven target vessel revascularization, or stroke. NACE, net adverse 

clinical events = MACCE or BARC types 3-5 bleeding. TVR, target vessel revascularisation. CI confidence interval.

 



 19 

  

 

Figure S1. Kaplan-Meier time-to-first event curves for selected secondary outcomes in the intention-

to-treat population. 

A) Net adverse clinical events (NACE); B) Major adverse cardiac and cerebral events (MACCE); C) Stent 

thrombosis; D) Bleeding Academic Research Consortium (BARC) types 2-5 bleeding. 

 
Figure S1A.  
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Figure S1B. 
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Figure S1C.  
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Figure S1D. 
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PROTOCOL SYNOPSIS 

Title of Study BRIGHT-4 Study - BivaliRudin with prolonged high-dose Infusion durinG primary 
PCI: a Multicenter, Randomized, Open-label Trial 

Sponsor General Hospital of Northern Theatre Command 

Principal Investigator Yaling Han, MD, Professor of Medicine 
Director, Dept. Cardiology, General Hospital of Northern Theatre Command 
 

Co-principal Investigator Gregg W. Stone, MD, FACC 
Professor of Icahn School of Medicine at Mount Sinai, Director of Academic Affairs 
for the Mount Sinai Heart Health System 

Major Study Center General Hospital of Northern Theatre Command 

Study Centers 85 sites in China 

Study Design Prospective, multicenter, randomized, open-label, active drug parallel-controlled 
study  

Purposes The primary study objective is to evaluate the net clinical benefit of bivalirudin 
with prolonged high-dose infusion vs heparin alone among ST elevation 
myocardial infarction (STEMI) patients undergoing primary PCI.  

Study Population STEMI patients undergoing primary PCI 

Study Medication Bivalirudin (Jiangsu Hansoh Pharmaceutical Group Co., Ltd.) 

Control Medication Heparin Sodium Injection (Shanghai Pharma No.1 Biochemical Pharmaceutical Co., 
Ltd.) 

Primary Endpoint The incidence of a composite of all-cause death or Bleeding Academic Research 
Consortium (BARC) types 3-5 bleeding at 30 days after randomization.  

 

Secondary Endpoints 1. Net adverse clinical events (NACE, defined as a composite of all-cause death, 
recurrent myocardial infarction, ischemia-driven target vessel 
revascularization, stroke or BARC types 3-5 bleeding);  

2. The incidence of a composite of all-cause death or BARC types 2-5 bleeding;  
3. Stent thrombosis (defined as the definite or probable stent thrombosis 

according to Academic Research Consortium definition);  
4. Major adverse cardiac and cerebral events (MACCE, defined as a composite 

of all-cause death, recurrent myocardial infarction, ischemia-driven target 
vessel revascularization or stroke);  

5. BARC types 3-5 bleeding;  
6. BARC types 2-5 bleeding;  
7. Thrombocytopenia (defined as post-PCI platelet counts <150×109/L for 

patients with baseline platelet count >150×109/L);  
8. The incidence of each individual event, including all-cause death, cardiac 

death, non-cardiac death, recurrent myocardial infraction, ischemia-driven 
target vessel revascularization, ischemia-driven target lesion 
revascularization and stroke.  

All secondary endpoints are assessed at 30 days, 6 and 12 months after 
randomization.  
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Inclusion Criteria (All must be present) 
1. Any age;  
2. STEMI patients with symptom onset ≤48h with primary PCI planned (STEMI is 

defined as ST elevation ≥1mm in ≥2 contiguous leads or new LBBB, or 
persistent ischemic symptoms in the presence of RBBB7);  

3. Patients requiring staged revascularization of non-culprit vessels within 30 
days may also be enrolled. In such cases the antithrombotic agents and 
procedures in the staged PCI must be consistent with the index PCI, especially 
the peri-procedural antithrombotic agents including assigned heparin vs. 
bivalirudin, and tirofiban);  

4. No contraindications to dual antiplatelet therapy, and dual antiplatelet agents 
must be administrated according to current guidelines before PCI (loading 
doses and maintenance doses of aspirin and clopidogrel/ticagrelor);  

5. The subject or legal representatives has been fully informed and written 
informed consent provided.  
 

Exclusion Criteria (All must be absent) 
1. Not suitable for primary PCI as judged by the physician;  
2. STEMI treated by thrombolysis; 
3. Patients received heparin, LMWH, fondaparinux, bivalirudin, or GP IIb/IIIa 

inhibitor (GPI) within 48 hours before the index PCI;  
4. Mechanical complications (such as ventricular septal rupture, papillary muscle 

rupture or acute mitral regurgitation, etc.);  
5. Known allergy or contraindications to heparin, bivalirudin, aspirin, clopidogrel 

or ticagrelor;  
6. Patients are participating in other drug or device studies;  
7. Patients for whom the investigators consider participation in the study to be 

inappropriate or who may be nonadherent to the study protocol during the 
follow-up period, such as those with psychiatric disorder, alcoholism or drug 
addiction.  

Follow-up Period Primary end point: 30 days; Secondary end points:12 months. 
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Treatment Plan 1. Bivalirudin group: in the cath lab, bivalirudin 0.75 mg/kg intravenous bolus 
loading dose is started before angiography, and is immediately followed by an 
intravenous infusion of 1.75 mg/kg/h until 2-4 hours after primary PCI. 
Activated clotting time (ACT) is monitored 5 min after the first administration, 
and if ACT is <225 s (Hemotec method), an additional intravenous injection of 
0.30 mg/kg of bivalirudin is administered, to ensure the re-checked ACT 
is >225 s.  
Bivalirudin bolus loading dose is not affected by renal function. Bivalirudin 
maintenance infusion dose should be reduced to 1.0mg/kg/h for patients with 
eGFR <30 ml/min and 0.25 mg/kg/h for patients on dialysis.  
eGFR = (140-age) × weight(kg)/72×CCr(mg/dl) × (0.85 if female). 

2. Heparin group: in the cath lab, an intravenous bolus injection of heparin 70 
U/kg is given before angiography. ACT is monitored 5 min after the first 
administration, and if the ACT is <225 s (Hemotec method), an additional 
intravenous injection of 1000 U of heparin is administered, to ensure the re-
checked ACT is >225 s. 

 
Routine use of GPI during procedure is strictly forbidden. Intravenous or intra-
coronary tirofiban is only allowed for target vessel slow blood flow, no-reflow, 
obvious thrombus or thrombosis complication during PCI. If necessary, 
intravenous tirofiban should be started with a 10-25 μg/kg bolus infusion (given 
over more than 5 min) followed by 0.15 μg/kg/min maintenance infusion for up to 
18 hours. For patients with eGFR <60ml/min, the maintenance dose is reduced to 
0.075 μg/kg/min. Intra-coronary injection of tirofiban should be 500-750μg per 
injection, with repeated injection intervals of 3-5 min and total dose no more than 
1500-2250μg. 
 LWMH after primary PCI can be administered at operator’s discretion. 
 Loading dose of aspirin (300mg), and P2Y12 receptor inhibitor clopidogrel 
(300/600mg) or ticagrelor (180mg) shall be administered before index PCI. Other 
medications are prescribed according to current guidelines. Trans-radial 
(preferred) or -femoral approach, and stent type are at operator’s discretion.  
 

Statistical Methods 

Endpoint Analyses The efficacy analysis will be performed on the full analysis set according to the 
intention-to-treat principle. This analysis will be repeated in the per protocol set to 
support the primary results.  
The safety analysis will be performed on the safety set, defined as the population 
who received at least 1 dose of study drugs and who have data observed at any 
time after randomization until the end of the study. 
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Sample Size 
Determination  

The main aim of this study is to investigate if bivalirudin with prolonged high-dose 
infusion after PCI is superior to heparin alone in reducing 30-day death or major 
bleeding for patients with STEMI undergoing primary PCI. The null hypothesis (H0) 
for this analysis is that the incidence of primary endpoint in the intervention group 
is same as that of the control group, namely P0=P1. The alternative hypothesis (H1) 
is that the incidences of primary endpoints in the two groups are not equal, 
namely P0≠P1. Assuming the incidence of the primary endpoint in heparin group is 
3.3%, and assuming 1% loss of the primary endpoint at 30 days, 3000 evaluable 
patients in each group (6000 in total) are planned to be enrolled and randomly 
assigned in a 1:1 ratio, in order to provide 80% power to detect a 1.2% absolute 
risk reduction (35% relative risk reduction) in the bivalirudin group in comparison 
with the heparin group with a 2-sided type I error of 0.05.  
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1. INTRODUCTION 

Bivalirudin, a direct thrombin inhibitor, is a synthetic hirudin derivative with 20 amino acids. Bivalirudin 
directly and specifically binds and inhibits thrombin, significantly prolongs the activated clotting time 
(ACT), and thus provides an anticoagulant effect for preventing thrombosis. Bivalirudin rapidly and 
reversely effects result in a low bleeding risk, and has a better safety profile in comparison with 
traditional heparin. Thrombin induces platelet activation, leading to platelet aggregation and granule 
secretion. Therefore, bivalirudin may also indirectly suppress platelet activation through inhibiting 
thrombin. In recent years abundant studies have demonstrated that bivalirudin decreases bleeding 
events for patients undergoing primary percutaneous coronary intervention (PCI) compared with 
heparin, with comparable antithrombotic efficacy, and may even reduce the risk of cardiac death1,2. 
However, some clinical trials showed that the risk of stent thrombosis (ST) was elevated with bivalirudin 
among patients undergoing primary PCI3, and several meta-analyses also had consistent findings4,5.  

  This potential detrimental risk of bivalirudin may be associated with its administration strategy. The 
half-life of bivalirudin is approximately 25 min. Patients with ST segment elevation myocardial infarction 
(STEMI) have a delayed bioavailability of P2Y12 receptor inhibitors including both traditional clopidogrel 
and the novel potent agents ticagrelor and prasugrel, not reaching their maximum platelet inhibition 
effects until 6-8 hours after administration. Therefore, a “window period” lack of antithrombotic effect 
may exist if the bivalirudin infusion is stopped immediately in the cath lab as in the early clinical trials in 
primary PCI, with patients in a hypercoagulable state. A meta-analysis verified the above hypothesis, 
showing that most bivalirudin-related acute ST events occurred during the first few hours after PCI4. To 
address this issue, our team conducted the BRIGHT study exploring the impact of peri-procedural 
bivalirudin administration on clinical outcomes in patients undergoing emergency PCI6. With 2194 
recruited patients from 82 cites, our study pioneered the continuous high-dose (1.75mg/kg/h) 
bivalirudin maintenance infusion treatment after the procedure and reported that with this high-dose 
infusion bivalirudin substantially reduces bleeding events without increasing the risk of ST, providing an 
important benefit for patients undergoing emergency PCI6.  

  Based on the BRIGHT study, the current study aims to further compare the safety and efficacy of 
bivalirudin with a prolonged high-dose infusion versus heparin alone among STEMI patients undergoing 
primary PCI, with the goal of providing critical clinical evidence to select the optimal peri-procedural 
anticoagulation strategy for these high-risk patients.  

2. STUDY OBJECTIVES 

The perspective, randomized, open-label, active drug parallel-controlled BRIGHT-4 study aims to explore 
the efficacy and safety of bivalirudin with a prolonged high-dose infusion for 2-4 hours after procedure 
versus heparin alone during primary PCI in STEMI patients at 30 days, 6 and 12 months.  
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3. BASIC INFORMATION OF MEDICATIONS 

3.1 Bivalirudin 

3.1.1 Pharmacology 

Bivalirudin is a direct, specific, reversible thrombin inhibitor. Bivalirudin directly binds to either free or 
clot-bound thrombin at the catalytic site and anion-binding exosite and provides an anticoagulation 

effect independent of antithrombin (AT) Ⅲ and platelet granule secretion. Thrombin inhibition by 
bivalirudin is rapid and transient, because thrombin induces proteolytic cleavage of Arg3-Pro4 bond of 
bivalirudin restoring the acting site of thrombin. In vitro, bivalirudin prolongs the activated partial 
thromboplastin time, thrombin time and prothrombin time in both healthy volunteers and patients 
undergoing PCI in a concentration-dependent manner. Coagulation is immediately inhibited after 
bivalirudin intravenous infusion and recovers to normal level 1 hour after bivalirudin discontinuation. 
The half-life of bivalirudin is approximately 25 min. Currently no antidote drug exists for the overdose of 
bivalirudin.  

3.1.2 Drug interaction 

Bivalirudin does not interact with plasma proteins or erythrocytes. Concomitant use of heparin, warfarin 
or thrombolytics increases the bleeding risk of bivalirudin.  

3.1.3 Adverse drug reaction 

Bleeding is the common adverse drug reaction (ADR) of bivalirudin, mostly occurring at the access site of 
PCI, and may also occur at non-access sites. If blood pressure or volume suddenly decreases, or other 
unknown symptoms appear, bivalirudin infusion shall be immediately stopped. Other infrequent ADRs 
include thrombocytopenia, anemia, hypersensitivity, ventricular tachycardia, angina pectoris, 
bradyarrhythmia, dyspnea, rash, back pain, headache, hypotension, etc.  

3.2 Heparin 

3.2.1 Pharmacology 

Heparin is a mucopolysaccharide sulfate, composed of glucosamine sulfate, α-L-iduronic acid 2-sulfate, 
N-acetylglucosamine, and D-glucuronic acid. The average molecular weight of heparin is 12000-15000 
Da, with a range from 3000 to 50000 Da. The major anticoagulation mechanism of heparin is binding to 

AT Ⅲ, inactivating Factor Ⅱa, Ⅹa, Ⅸa and XIIa. The ratio of heparin-AT complex to Factor Xa and IIa 
inhibition is about 1:1.  

  After administration, 80% of heparin combines with serum albumin, and a small proportion is 
absorbed by blood cells or diffuses to the extravascular space. After biotransformation in the 
reticuloendothelial system of liver, heparin, including a small part in unchanged form, is excreted in 
urine. The excretion rate of heparin is dependent on infusion dose. The half-life of 100, 400 or 800 U/kg 
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heparin is 1, 2.5 and 5 h, respectively. The excretion may be delayed in individuals with chronic kidney 
disfunction or obesity, leading to heparin accumulation. The time to onset of heparin is associated with 
the route of administration. Intravenous infusion immediately reaches the maximum effect but varies 
greatly among individuals. Subcutaneous administration of heparin prolongs the duration of action.  

3.2.2 Drug interaction 

The bleeding risk may be increased when heparin is administered in combination with drugs as follows: 

1) dicumarol and its derivative, leading to reduction of Factor Ⅸ and bleeding; 2) non-steroidal anti-
inflammatory drugs including aspirin, mefenamic acid, salicylic acid, inhibiting platelet function, and 
potentially inducing gastrointestinal bleeding; 3) Dipyridamole or dextran inhibiting platelet function; 4) 
Adrenocorticosteroid and adrenocorticotropic hormone inducing gastrointestinal ulceration and 
bleeding; 4) Others including uric acid, tissue plasminogen activator, urokinase and streptokinase, etc.  

  The following drugs are contraindicated with heparin: kanamycin, amikacin, daunorubicin, 
erythromycin lactate, gentamicin sulfate, hydrocortisone sodium succinate, polymyxin B, doxorubicin, 
tobramycin, vancomycin, cefoperazone, cefamandole, cefalotin sodium, chloroquine, chlorpromazine, 
promazine, anesthetic analgesics.  

3.2.3 Adverse drug reaction 

Spontaneous bleeding is the major ADR of heparin, and it is recommended to measure blood clotting 
time before administration. If severe bleeding occurs after heparin administration, intravenous infusion 
of protamine sulfate may be used to neutralize heparin’s effect. Additionally, heparin may cause 
hypersensitivity and thrombocytopenia, often 5 to 9 days after administration. Therefore, the platelet 
count shall be monitored during the first month after treatment. Transient hair loss or diarrhea 
occasionally happens. Heparin may also cause osteoporosis and spontaneous bone fracture. Long-term 

use of heparin in individuals with hepatic dysfunction may induce depletion of AT Ⅲ, leading to 
bleeding.  

4. STUDY DESIGN 

4.1 Overall study design and flow chart  

This is a prospective, multicenter, randomized, open-label, active drug parallel-controlled superiority 
study.  

javascript:;
javascript:;
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Figure 1. BRIGHT-4 Trial Design 

 
4.2 Treatment  

All enrolled STEMI patients will be randomized after providing written consent. Study medication 
treatment will be administered according to assigned group before angiography in the catheterization 
laboratory. ACT is monitored 5 min after the first administration, and if ACT is <225 s (Hemotec method), 
an additional intravenous injection of 0.30 mg/kg of bivalirudin, or 1000 U of heparin according to 
assigned group is administered to ensure the re-checked ACT is >225 s.  

GPI use is strictly limited. Intravenous or intra-coronary tirofiban is only allowed for target vessel slow 
blood flow, no-reflow, obvious thrombus or thrombosis complication during PCI. At operator’s discretion 
in the above indications, tirofiban 10-25μg/kg intravenous infusion for loading dose is administered over 
5 min, followed by intravenous infusion of 0.15μg/kg/min maintenance dose for up to 18 hours. For 
patients with eGFR <60ml/min, the maintenance dose is reduced to 0.075μg/kg/min. For intra-coronary 
infusion, tirofiban 500-750μg per injection with a 1500-2250 total dose is recommended, and the time 
interval is 3-5 min between injections.  

  LWMH after primary PCI is administered at operator’s discretion. Loading dose of aspirin 300mg, and 
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P2Y12 receptor inhibitor clopidogrel 300/600mg or ticagrelor 180mg shall be administered before index 
PCI. Other medications are prescribed according to current guidelines. Trans-radial (preferred) or -
femoral approach, and stent type are at operator’s discretion.  

  Telephone or outpatient follow-up will be conducted at 30 days, 6 and 12 months after PCI. If any 
adverse event occurs, subjects shall immediately contact their physicians.  

4.3 Randomization 

A centralized randomization method and electronic data collection system are used in this study. Patients 
meeting ALL the inclusion criteria and NONE of the exclusion criteria will be assigned to intervention or 
control group via centralized randomization system after signing informed consent. An interactive web 
response system will generate a randomization number for each eligible patient, and simultaneously 
track the enrollments from all participating sites.  

4.4 Blinding 

This study has a single-blind design. Investigators and subjects are aware, but the independent clinical 
events committee (CEC) is unaware of the type of study medication subjects receive.  

4.5 Schedule of data collection 

Table 1. Schedule of data collection 

Study procedures 
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 

PCI Discharge 30 days 6 months 12 months 

Window Period 0d  ±7d ±14d ±30d 

Eligibility Criteria  X     

Patient Informed Consent  X     

Randomization  X     

Medical History/ Demographics  X     

Vital Signs  X     

Blood and Urine Routine Test1  X     

Blood Biochemical Examination2 X     

Cardiac Markers (including TnT or 
TNI/CK/CK-MB)3 X     

ACT Test X     

12-Leads ECG4 X     

Key Symptom Inspection X X X X X 

Clinical Assessment  X X X X X 

Concomitant Medications X X X X X 

Coronary Artery Angiography X     
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Cardiovascular Events X X X X X 

Adverse Events X X X X X 

1-4 are routine tests, repeated tests during in-hospital period are at physicians’ discretion.  

5. STUDY POPULATION 

Enrolled subjects should be patients with STEMI undergoing primary PCI.  

5.1 Inclusion criteria 

1. Any age;  
2. STEMI patients with symptom onset ≤48 hours with primary PCI planned (STEMI is defined as ST 

elevation ≥1mm in ≥2 contiguous leads or new LBBB, or persistent ischemic symptoms in the 
presence of RBBB7);  

3. Patients requiring staged revascularization of non-culprit vessels within 30 days may also be 
enrolled. In such cases the antithrombotic agents and procedures in the staged PCI must be 
consistent with the index PCI, especially the peri-procedural antithrombotic agents including 
assigned heparin vs. bivalirudin, and tirofiban);  

4. No contraindications to dual antiplatelet therapy, and dual antiplatelet agents must be 
administrated according to current guidelines before PCI (loading doses and maintenance doses of 
aspirin and clopidogrel/ticagrelor);  

5. The subject or legal representatives has been fully informed and written informed consent 
provided. 

5.2 Exclusion Criteria 

1. Not suitable for primary PCI as judged by the physician;  
2. STEMI treated by thrombolysis; 
3. Patients received heparin, LMWH, fondaparinux, bivalirudin, or GPI within 48 hours before the 

index PCI;  
4. Mechanical complications (such as ventricular septal rupture, papillary muscle rupture or acute 

mitral regurgitation, etc.);  
5. Known allergy or contraindications to heparin, bivalirudin, aspirin, clopidogrel or ticagrelor;  
6. Patients are participating in other drug or device studies;  
7. Patients whom the investigators consider participation in the study to be inappropriate or who 

may be nonadherent to the study protocol during the follow-up period, such as those with 
psychiatric disorder, alcoholism or drug addiction. 

5.3 Criteria of patient removal, treatment discontinuation and drop out 

5.3.1 Criteria of removal 

Patient should be withdrawn from the study if one of the following occurs:  
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• Misdiagnosis;  

• No record of physical or laboratory test results;  

• Does not meet the inclusion criteria or meet at least one exclusion criteria.  

Withdrawn patients will not be included in the efficacy analysis but may be included in the safety 
analysis if there are any records regarding efficacy or safety.  

5.3.2 Criteria of treatment discontinuation 

Discontinuation of any study medication is defined as stopping the experimental treatment. The reason 
for discontinuation should be clearly noted in the original medical records and case report form (CRF).  

Treatment should be discontinued if: 

• If patient withdraws informed consent;  

• For intolerable side effects of study medications;  

• For severe allergy that cannot be relieved by anti-allergic therapy;  

• At investigator’s discretion, if adverse events occur or for abnormal laboratory test results 
indicating that continuation of treatment would be inappropriate;  

• At investigator’s discretion, of the patient suffered severe complications which necessitates 
withdrawing study medications;  

• At investigator’s discretion, if treatment discontinuation is in the patient’s best interest;  

• At investigator’s discretion, for major deviation of the study protocol;  

• At investigator’s discretion, for severe adverse events that threaten the patient’s health.  

5.3.3 Criteria for drop out  

All patients enrolled in the trial shall be retained until completion of follow-up. Patients have the right 
to withdraw from the study at any time without penalty and would not lose any benefits. The reasons 
that patients drop out may include but are not limited to:  

• Severe adverse events causing termination of the study;  

• Unexpected illness for which further treatment would be inappropriate;  

• Lost to follow-up;  

• Patient withdrew informed consent;  

• Other reasons causing termination of the study;  
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• Poor patient compliance which might affect efficacy or safety.  

If patients met the above criteria and stop participating in the study, investigators must:  

• Inform the study supervisor;  

• Complete the “completion of study” page in the case report form;  

• If patient withdrawal is caused by an AE/SAE, continue the clinical follow-up until the AE/SAE is 
resolved or stabilized until the 28th day from last study treatment. Follow-up results shall be 
recorded in the initial medical record and CRF;  

• Perform necessary examinations related to visit termination for all subjects who discontinue 
treatment. Finish the follow-up procedures that can be performed if subjects request withdrawal 
of informed consent or lose the ability to freely provide informed consent (such as incarceration 
or treatment for mental or physical illness).  

6. STUDY CONDUCTION 

6.1 Study medications 

Table 2. Identity of Investigational Product  

Study drug  The form and dosage of 
drug  

Manufacturer  

Zelang (bivalirudin)  0.25g/bottle 
Jiangsu Hansoh Pharmaceutical 
Group Co., Ltd. 

Heparin Sodium 
Injection (heparin)  

12500U/2ml 
Shanghai Pharma No.1 Biochemical 
Pharmaceutical Co., Ltd. 

 

6.2 Follow-up 

Patients enrolled in this study will be followed-up at 30 days, 6 and 12 months after randomization.  

6.3 Treatment plan 

6.3.1 Bivalirudin group (intervention group) 

In the cath lab, bivalirudin 0.75 mg/kg intravenous bolus loading dose is started before angiography, and 
is immediately followed by an intravenous infusion of 1.75 mg/kg/h until 2-4 hours after the index 
primary PCI. ACT is monitored 5 min after the first administration, and if ACT is <225 s (Hemotec 
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method), an additional intravenous injection of 0.30 mg/kg of bivalirudin is administered, to ensure the 
re-checked ACT is >225 s.  

Bivalirudin bolus loading dose is not affected by renal function. Bivalirudin maintenance infusion dose 
should be reduced to 1.0mg/kg/h for patients with eGFR <30 ml/min and to 0.25 mg/kg/h for patients 
on dialysis.  

 
6.3.2 Heparin group (heparin group) 

In the cath lab, an intravenous bolus injection of heparin 70 U/kg is given before angiography. ACT is 
monitored 5 min after the first administration, and if the ACT is <225 s (Hemotec method), an 
additional intravenous injection of 1000 U of heparin is administered, to ensure the re-checked ACT 
is >225 s.  

6.3.3 Concomitant medications 

1. Routine use of GPI during procedure is strictly forbidden. Intravenous or intra-coronary tirofiban is 
only allowed for target vessel slow blood flow, no-reflow, obvious thrombus or thrombosis 
complication during PCI. If necessary, intravenous tirofiban should be started with a 10-25μg/kg 
bolus infusion (given over more than 5 min) followed by 0.15μg/kg/min maintenance infusion for 
up to 18 hours. For patients with eGFR <60ml/min, the maintenance dose is reduced to 
0.075μg/kg/min. Intra-coronary injection of tirofiban should be 500-750μg per injection, with 
repeated injection intervals of 3-5 min and total dose no more than 1500-2250μg. LWMH after 
primary PCI can be administered at operator’s discretion  

2. Clopidogrel 300/600mg or ticagrelor 180mg for loading dose (LD), followed by clopidogrel 75mg 
per day or ticagrelor 90mg twice per day for 12-month maintenance dose (MD) is administered. 
Aspirin 300mg for LD, followed by 100mg per day for long-term MD is administered. Other 
medications are prescribed according to current guidelines. Trans-radial (preferred) or -femoral 
approach, and stent type are at operator’s discretion.  

7. ENDPOINTS 

7.1 Primary endpoint 

The incidence of a composite of all-cause death or Bleeding Academic Research Consortium (BARC) 
types 3-5 bleeding at 30 days after randomization. 

7.2 Secondary endpoints 

1. Net adverse clinical events (NACE, defined as a composite of all-cause death, recurrent myocardial 
infarction, ischemia-driven target vessel revascularization, stroke or BARC types 3-5 bleeding);  

2. The incidence of a composite of all-cause death or BARC types 2-5 bleeding;  
3. Stent thrombosis (defined as the definite or probable stent thrombosis according to Academic 

Research Consortium definition);  
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4. Major adverse cardiac and cerebral events (MACCE, defined as a composite of all-cause death, 
recurrent myocardial infarction, ischemia-driven target vessel revascularization or stroke);  

5. BARC types 3-5 bleeding;  
6. BARC types 2-5 bleeding;  
7. Thrombocytopenia (defined as post-PCI platelet counts <150×109/L for patients with baseline 

platelet count >150×109/L);  
8. The incidence of each individual event, including all-cause death, cardiac death, non-cardiac 

death, recurrent myocardial infraction, ischemia-driven target vessel revascularization, ischemia-
driven target lesion revascularization and stroke.  

Secondary endpoints are assessed at 30 days, 6 and 12 months after randomization. 

8. SAFETY 

There are two classifications of adverse events: adverse event (AE), and serious adverse event (SAE). AEs 
must be monitored until resolved or adequately explained. All serious and unanticipated AEs must be 
reported, regardless of the cause. 

8.1 AE 

Any adverse medical events occurring in a clinical trial, not necessarily having a causal relationship with 
the study treatments. AEs could be any signs (including abnormal laboratory values), symptoms, or 
temporary disease, whether related or unrelated to the study drug use. An AE may be categorized as the 
following:  

• Mild – signs or symptoms that do not interfere with the patients’ usual activities or is transient 
and resolves without treatment of sequelae;  

• Moderate – interferes with the patients’ usual activities and/or requires symptomatic treatment;  

• Severe – symptoms cause severe discomfort and significant impact for the patient’s usual 
activities and requires treatment.  

8.2 SAE 

A study-related event that is fatal, life-threatening, requires inpatient hospitalization or prolongation of 
an existing hospitalization, requires intervention to prevent permanent impairment/damage, or results 
meet in one or more of the following criteria:  

• Death;  

• Is life-threatening;  

• Requires in-patient hospitalization or prolongation of existing hospitalization;  

• Persistent or significant disability/incapacity or substantial disruption of the ability to conduct 
normal life functions;  
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• A congenital abnormality or birth defect;  

• An important medical event that may jeopardize the subject or may require medical intervention 
to prevent one of the outcomes listed above.  

8.3 Reporting of SAE 

The investigator must complete the SAE form for each SAE, then sign and date the report. The event 
should be treated immediately and reported to the Investigational Review Board (IRB)/Ethics 
Committee (EC), national regulatory authority, sponsor and CRO within 24 hours (from the point in time 
when the SAE is identified by the site) via telephone or fax. The sponsor and investigator should 
immediately analyze the SAE, take necessary measures to protect the safety and interests of subjects, 
promptly report to the Primary Investigator and the drug supervision and administration department, 
and also inform other investigators who are in charge of clinical trials involving the same drug. The 
report form for the SAE should be submitted within 24 hours, including filling in the corresponding 
section in CRF, and sending an email containing the event information to the sponsor. If the SAE is 
determined to be definitely associated with study medications, the sponsor should provide the fees for 
treatment and corresponding economic compensation.  

The investigator shall record a detailed death case report, if death happens. If post-mortem autopsy is 
conducted, the investigator shall send a copy of the post-mortem autopsy report to the sponsor as soon 
as possible.   

Any SAE that occurred before the last administration of study medication should be reported according 
to the above procedures. SAE beyond this time limit shall be reported to the sponsor and relevant 
authorities if the investigator deems the SAE relevant to the study medication.  

8.4 Management of AE 

8.4.1 Follow-up of AE 

For ALL AEs the subject’s course must be monitored until the event has subsided, including completing 
the study or finishing the final report of this subject.  

Even though they have completed the study, subjects with SAEs should receive clinical follow-up until the 
adverse event has subsided, or investigators believe the patient has reached a chronic or stable 
condition.  

8.4.2 Treatment of AE 

The investigator should firstly assess the AE and provide appropriate medical treatments, then 
reasonably adjust treatments according to subject’s condition, and finally conduct the corresponding 
visits.  
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8.4.3 Measures for AE 

Data of AEs should be collected during the whole period of study. The investigator should record ALL AEs 
on corresponding CRFs and provide supervision until recovery.  

9. DATA COLLECTION 

9.1 Filling in CRF 

• All qualified subjects who have signed the informed consent shall have all items in the CRFs 
carefully recorded. No blank items or missing items shall be allowed, and those that do not need 
to be filled in shall be marked with a diagonal line;  

• Data recorded in the CRF should be verified with source medical records to ensure accuracy;  

• Any change in the CRF should be marked with a deletion line. The correction should be written 
with the investigator’s signature and date;  

• The copy of original laboratory test sheets and electrocardiograms (ECG) should be pasted in 
CRFs;  

• Any abnormal data (deviation from normal or clinically unacceptable) should be verified by the 
investigator;  

• Details are in accordance with the instruction of filling in the CRF.  

9.2 CRF auditing 

• Monitors should audit patient consents and enrolment periodically at each participating center;  

• To ensure that data in the CRF are correct and are consistent with the original medical records;  

• To ensure all errors and missing data are corrected or illustrated and signed by the investigator;  

• To ensure each therapeutic change, concomitant medication and complication is recorded 
accurately. 

• To ensure that all patient withdrawals or loss of follow-up are recorded in the CRF;  

• To ensure that all AEs are recorded and all SAEs are reported per standard procedure;  

• To ensure that the delivery, storage and recycling of study drugs abide to regulatory 
requirements and are recorded.  
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10. STATISTICAL ANALYSIS 

10.1 Sample size determination 

The study hypothesis is that bivalirudin with a prolonged full-dose infusion is superior to heparin alone 
for the 30-day primary endpoint, a composite of all-cause death or BARC types 3 to 5 bleeding after 
primary PCI in patients with STEMI. 

  H0: PI=PC  

  H1: PI≠PC, α=0.05 (two-sided)  

PI denotes the primary endpoint rate in the bivalirudin group, PC is the primary endpoint rate in the 
control group.  

  Power calculations are based on a superiority comparison for the primary endpoint, a composite of 
all-cause death or BARC types 3-5 bleeding at 30 days after primary PCI in patients with STEMI. Assuming 
the incidence of the primary endpoint in heparin group is 3.3%, and assuming 1% loss to follow-up for 
the primary endpoint data at 30 days, 3000 evaluable patients in each group (6000 in total) are planned 
to be enrolled and randomly assigned in a 1:1 ratio, in order to provide 80% power to detect a 1.2% 
absolute risk reduction (35% relative risk reduction) in the bivalirudin group in comparison with the 
heparin group with a 2-sided type I error of 0.05. 

10.2 Description of analysis sets 

Full analysis set (FAS): Patients who meet the study inclusion criteria, sign the written informed consent 
and receive study medications after randomization and have any assessment for the primary events will 
be included in FAS. FAS will be used as baseline characteristics and endpoint analysis.  

Per-protocol set (PPS): Population will consist of all randomized subjects without any major deviations 
(including but not limited to violations of inclusion or exclusion criteria) from the protocol. PP set will be 
used for endpoint analysis.  

The primary efficacy analysis will be performed in the FAS. This analysis will be repeated in PPS to 
support the primary results.  

Safety set (SS): Population will consist of subjects who are successfully randomized, received at least one 
dose of study medications and who have data collected at any time after randomization until the end of 
the study. The safety analysis will be performed in SS.  

10.3 Methods of statistical analyses 

Continuous variables will be summarized as the number of observations, number of missing values, 
mean, standard deviation, median, quartiles, and range. Categorical variables will be summarized as the 
number of observations, number of missing values, frequencies, and percentages. Baseline clinical, 
demographic, laboratory and procedural characteristics will be summarized by randomized treatment 
group.  
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All statistical analyses are performed using SPSS software, Version 22. For comparison between the two 
groups, all hypothesis tests are conducted by two-side test, α=0.05.  

The efficacy analysis will be conducted according to the intention-to-treat (ITT) principle. Kaplan-Meier 
curves and log-rank test will be used to analyze and compare the timing of the first event in each 
group. P <0.05 is statistically significant. The reliability of all confidence intervals (CI) is 95%, and Cox 
proportional risk regression model is used to determine the hazard ratio (HR).   

10.4 Subgroup analyses  

The primary and secondary endpoints will be also analyzed in the following clinically relevant pre-
specified subgroups. 

- Age (<65 years, ≥65 years) 

- Sex (male, female) 

- BMI (<25kg/m2, ≥25kg/m2) 

-   Killip class (class I, II, III, IV) 

- Diabetes mellitus (yes, no) 

- Renal function (eGFR<60, ≥60 mL/min/1.73m2) 

- Anaemia (hemoglobin <12.0 g/dL in women and <13.0 g/dL in men; yes, no) 

- Type of P2Y12 inhibitors (ticagrelor, clopidogrel) 

-   Any other anticoagulant treatment after PCI (yes, no) 

- GRACE score (<140, ≥140) 

- OPT-CAD score (<90, ≥90) 

-   CRUSADE score (<30, ≥30) 

- First medical contact to PCI time (≤90 mins, > 90 mins) 

- Access site (radial, femoral) 

- Multivessel disease (yes, no) 

- GPI during PCI (yes, no) 

-   Left main/Proximal LAD disease (yes, no) 

-   Circulation assist device (yes, no) 

-   No/slow-reflow (yes, no) 
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-   ACT met standard after first bolus injection (yes, no, not performed) 

All stratified analyses will be accompanied by a test for interaction between treatment effect and 
stratification factor. 

11. QUALITY CONTROL 

Sponsor shall appoint monitors to conduct systematic monitoring for the study in accordance with GCP 
principles to ensure the study is carried out according to the protocol and the case report form is 
identical with original data. The monitors should also assess compliance corresponding to the 
regulations and protocol. Investigators must ensure the integrity of the medical files. All study files will 
be reviewed by the sponsor and monitors. Monitors should ensure the following: the rights of the 
subjects should be protected; original data should comply with GCP and protocol requirements.  

12. CEC 

A CEC is organized for this study. The committee is composed of a number of interventional 
cardiologists who are not participants in this study. The committee shoulders the mission for the 
classification of clinical events and the development of specific criteria of clinical endpoints used in this 
study. The CEC will request the original data if necessary. All CEC members are unaware of the type of 
study medication subjects receive. All events are judged based on ARC, BARC and other standard 
definitions (Appendix 1). The Committee shall regularly make assessments and judgments on:  

• Death;  

• Myocardial infarction (MI);  

• Ischemia-driven target vessel revascularization;  

• ST;  

• Bleeding;  

• Stroke;  

• Thrombocytopenia;  

• Others.  

13. EC 

The investigator is responsible submitting the study protocol, informed consent form and other related 
study documents to the EC. The investigator should also meet all the requirements to obtain approval 
for conducting this clinical trial from EC. During the study, the sponsor or contract research organization 
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appointed by the sponsor should promptly report SAEs, including risks to subjects and other issues to 
EC.  

14. STUDY MANAGEMENT 

14.1 Modification in the protocol 

Any modification in the protocol should be released by the sponsor and signed and dated by the 
investigators. The updated protocol should be saved as an annex. Modifications that do not impact 
subjects’ interests and study outcome assessment, after identification from the Primary Investigator, 
could apply for exemption of approval from EC. Any other modifications to protocol should be approved 
and recorded by EC. If deviations from the protocol are necessary, investigators should inform the 
sponsor as soon as possible, and discuss the specific situation to reach an agreement. The reason for 
deviation from the protocol should be recorded. If the telephone or address is changed during the study, 
the sponsor will inform investigators in writing without modification to protocol.  

14.2 CRF tracking 

All CRFs of subjects who signed an informed consent should be turned over regardless of whether the 
study is completed. Any questions or comments on the CRF must be submitted directly to the sponsors 
and CRA.  

14.3 Training 

Sponsor must ensure that all staff involved in the study have been trained by the sponsor or the 
organization designated by sponsor before the study starts. An investigators’ meeting will be convened 
for all investigators to be familiarized with the protocol, CRF, and distribution of study medications, etc.  

14.4 Replacement of research site 

Research centers which are replaced must be documented. The only reasons to replace a research 
center are slow enrollment and poor compliance.  

14.5 Follow-up and medical measures at the end of study  

All AEs and SAEs (including laboratory abnormalities) that are unsolved at the end of study or when the 
subject drops out early should be followed up; see details in the relevant sections about AEs.  

15. RESPOSIBILITIES OF EACH PARTY 

15.1 Responsibilities of sponsor 

1. Design the study protocol and sign contracts with the investigators and contract research organization;  

2. Provide instruction of the drug used in the study to the investigators and monitors; 
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3. Provide relevant training to the investigators before study initiation;  

4. Collect and keep clinical data and information;  

5. Collect and keep relevant information, such as clinical programs, medical records, the EC opinions, 
adverse event reports, statistical analysis, basic data and final clinical report;  

6. Report side effects to the administration;  

7. Provide rights and ability to terminate the study.  

15.2 Responsibilities of investigators 

1. Be familiar with and strictly follow the study protocol;  

2. Complete the clinical study within the stipulated time, including 30-day, 6-month, and 12-month clinic 
and telephone follow-up;  

3. Submit the study protocol to local EC and update progress to sponsor;  

4. Be familiar with relevant data (nature, efficacy and safety of the study drug), and newest information 
associated with the study drug, which is reported during the course of the study;  

5. Conduct the clinical trial in qualified medical institutions capable of handling emergency situations to 
ensure the safety of subjects; laboratory test results should be accurate and reliable;  

6. Obtain consent from the medical institutions, and ensure the clinical study is completed within the 
stipulated time. Investigators should ensure that all stuff members are familiar with study materials, 
rules and their responsibilities, in order to enroll a sufficient number of subjects in this trial;  

7. Ensure that subjects are familiar with detailed information of study drugs, have enough time to 
consider participating this study, and sign the informed consent forms prior to study initiation;  

8. If adverse events occur, investigators must immediately take appropriate therapeutic measures for 
the subjects, and report the events to the EC, the sponsor and collaborative organizations in a timely 
fashion. If SAEs occur, the sponsor and investigator should immediately analyze SAEs, take necessary 
measures to protect safety and interests of subjects, promptly report to the Primary Investigator and 
the drug supervision and administration department, and also inform other investigators who are in 
charge of clinical trials involving the same drug;  

9. Ensure that the data is true, accurate, complete, reported in a timely fashion, and legally recorded in 
the medical files and CRF;  

10. Accept the monitoring and auditing of the monitors as well as inspection of the drug supervision and 
management department so as to ensure the quality of the clinical study;  

11. Ensure no conflict exists with other clinical studies;  

12. The interests of the subjects are the first priority in any situation. Protecting subjects from adverse 
events is consistent with the protocol, but any AEs and deviations from the protocol should be described 
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in the final report;  

13. Any modification (for subjects’ safety) that deviate from the protocol should be reported to the EC 
and the sponsor;  

14. If unexpected events occur, investigators should terminate the clinical study and notify the subjects 
and their doctors;  

15. Take primary responsibility to ensure the validity, clarity and reliability of all documents relating to 
the study;  

16. Any modification to the original data must be signed by an authorized person and dated, and the 
original records must be retained for future reference;  

17. Ensure the retention of original data for a certain period of time (as required by national laws and 
regulations). After completion of the follow-up for the study, submit a final study report to the sponsor, 
and take legal responsibility for the accuracy, clarity and reliability of the report;  

18. Maintain confidentiality obligations regarding information provided by the sponsor during the entire 
process of the study.  

15.3 Responsibilities of CRO 

1. Monitor the entire process of the study;  

2. Promptly update any adverse events or deviations to the sponsor and investigators;  

3. Follow the protocol and report any variances from the protocol to the sponsor in writing, and reach 
consensus with the sponsor;  

4. Use study drugs strictly according to the protocol, and report any deviations to the sponsor;  

5. Ensure that personnel and facilities conduct clinical trials safely and effectively;  

6. Conduct systematic monitoring of the study in accordance with GCP principles;  

7. Ensure informed consent of the subjects has been obtained;  

8. In accordance with national regulations, the case record form should be recorded on time and 
consistent with the data from the subject;  

9. Record and report any adverse events to the sponsor;  

10. Retain records for non-compliance of drug prescription and any study terminations from subjects;  

11. After completion of the follow-up for the study, submit a final study report to the sponsor and 
investigators, and accept legal responsibility for the accuracy, clarity and reliability of the report;  

12. Maintain confidentiality obligations regarding information provided by the sponsor during the entire 
process of the study.   
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17. APPENDIX 1 - DEFINITION  

Death: Deaths that are not caused by definite non-cardiac factors are deemed to be cardiac deaths. 
Specifically, any unexpected deaths in subjects are deemed to be cardiac deaths, even if they also have 
potential fatal non-cardiac diseases (for example, cancer and infection).  

Cardiac death: Any deaths without known cause, and deaths caused by immediate heart-related factors 
(such as MI, low cardiac output heart failure or fatal arrhythmia) are deemed to be cardiac deaths, 
including those related to surgery and accompanied treatment.  

Vascular death: Deaths caused by cerebrovascular diseases, pulmonary embolism, aneurysm rupture 
or other vascular diseases.  

Non-cardiovascular death: Any deaths that are not covered in the definitions above, including those 
caused by infection, pyemia, pulmonary diseases, accident, suicide or injury.  

Myocardial infarction. Myocardial infarction is defined according to the fourth Universal Definition of 
Myocardial Infarction.  

Type 1: Detection of a rise and/or fall of cardiac troponin (cTn) values with at least 1 value above the 
99th percentile upper reference limit (URL) and with at least 1 of the following:  

• Symptoms of acute myocardial ischemia;  

• Myocardial infarction (MI);  

• New ischemic ECG changes;  

• Development of pathological Q waves; 

• Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality in a 
pattern consistent with an ischemic etiology;  

• Identification of a coronary thrombus by angiography including intracoronary imaging or by 
autopsy*.  

*Postmortem demonstration of an atherothrombus in the artery supplying the infarcted myocardium, 
or a macroscopically large circumscribed area of necrosis with or without intramyocardial hemorrhage, 
meets the type 1 MI criteria regardless of cTn values.  

Type 2: Detection of a rise and/or fall of cTn values with at least 1 value above the 99th percentile URL, 
and evidence of an imbalance between myocardial oxygen supply and demand unrelated to acute 
coronary atherothrombosis, requiring at least 1 of the following:  

• Symptoms of acute myocardial ischemia;  

• New ischemic ECG changes;  

• Development of pathological Q waves; 
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• Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality in a 
pattern consistent with an ischemic etiology.  

Type 3: Patients who suffer cardiac death, with symptoms suggestive of myocardial ischemia 
accompanied by presumed new ischemic ECG changes or ventricular fibrillation, but die before blood 
samples for biomarkers can be obtained, or before increases in cardiac biomarkers can be identified, or 
MI is detected by autopsy examination.  

Type 4a: Coronary intervention–related MI is arbitrarily defined by an elevation of cTn values >5 times 
the 99th percentile URL in patients with normal baseline values. In patients with elevated 
preprocedural cTn in whom the cTn level are stable (≤20% variation) or falling, the postprocedural cTn 
must rise by >20%. However, the absolute postprocedural value must still be at least 5 times the 99th 
percentile URL. In addition, 1 of the following elements is required:  

• New ischemic ECG changes;  

• Development of pathological Q waves*; 

• Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality in a 
pattern consistent with an ischemic etiology;  

• Angiographic findings consistent with a procedural flow-limiting complication such as coronary 
dissection, occlusion of a major epicardial artery or a side branch occlusion/thrombus, disruption 
of collateral flow, or distal embolization†.  

*Isolated development of new pathological Q waves meets the type 4a MI criteria if cTn values are 
elevated and rising but <5 times the 99th percentile URL. 

†Postmortem demonstration of a procedure-related thrombus in the culprit artery, or a 
macroscopically large circumscribed area of necrosis with or without intra-myocardial hemorrhage 
meets the type 4a MI criteria.  

Type 4b: A subcategory of PCI-related MI is stent/scaffold thrombosis, type 4b MI, as documented by 
angiography or autopsy using the same criteria utilized for type 1 MI. It is important to indicate the 
time of the occurrence of the stent/scaffold thrombosis in relation to the timing of the PCI procedure. 
The following temporal categories are suggested: acute, 0 to 24 hours; subacute, >24 hours to 30 days; 
late, >30 days to 1 year; and very late >1 year after stent/scaffold implantation.  

Type 4c: Occasionally MI occurs and—at angiography, in-stent restenosis, or restenosis following 
balloon angioplasty in the infarct territory—is the only angiographic explanation since no other culprit 
lesion or thrombus can be identified. This PCI-related MI type is designated as type 4c MI, defined as 
focal or diffuse restenosis, or a complex lesion associated with a rise and/or fall of cTn values above the 
99th percentile URL applying, the same criteria utilized for type 1 MI.  

Type 5: CABG-related MI is arbitrarily defined as elevation of cTn values >10 times the 99th percentile 
URL in patients with normal baseline cTn values. In patients with elevated preprocedural cTn in whom 
cTn levels are stable (≤20% variation) or falling, the postprocedural cTn must rise by >20%. However, 
the absolute postprocedural value still must be >10 times the 99th percentile URL. In addition, 1 of the 
following elements is required:  
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• Development of pathological Q waves*; 

• Angiographic documentation of a new graft occlusion or new native coronary artery occlusion;  

• Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality in a 
pattern consistent with an ischemic etiology.  

*Isolated development of new pathological Q waves meets the type 5 MI criteria if cTn values are 
elevated and rising but <10 times the 99th percentile URL.  

Recurrent myocardial infarction: Incident MI is defined as the individual’s first MI. When features of MI 
occur in the first 28 days after an incident event, the second event is not counted as a new MI for 
epidemiological purposes. If characteristics of MI occur after 28 days following an incident MI, it is 
considered to be a recurrent MI.  

 

Revascularization  

Target lesion revascularization (TLR): TLR is defined as any repeat percutaneous intervention of the 
target lesion or bypass surgery of the target vessel performed for restenosis or other complication of 
the target lesion. All TLRs should be classified prospectively as clinically indicated or not clinically 
indicated by the investigator prior to repeat angiography. An independent angiographic core laboratory 
should verify that the severity of percent diameter stenosis meets requirements for clinical indication 
and will overrule in cases where investigator reports are not in agreement. The target lesion is defined 
as the treated segment from 5 mm proximal to the stent and to 5 mm distal to the stent.   

A revascularization is considered clinically indicated if angiography at follow-up shows a percent 
diameter stenosis ≥50% (core lab QCA assessment) and if one of the following occurs: (1) a positive 
history of recurrent angina pectoris, presumably related to the target vessel; (2) objective signs of 
ischemia at rest (ECG changes) or during exercise test (or equivalent), presumably related to the target 
vessel; (3) abnormal results of any invasive functional diagnostic test (eg, Doppler flow velocity reserve, 
fractional flow reserve); (4) A TLR or TVR with a diameter stenosis ≥70% even in the absence of the 
above-mentioned ischemic signs or symptoms.  

Target vessel revascularization (TVR): TVR is defined as any repeat percutaneous intervention or 
surgical bypass of any segment of the target vessel. The target vessel is defined as the entire major 
coronary vessel proximal and distal to the target lesion, which includes upstream and downstream 
branches and the target lesion itself.  

Non-TLR: Non-TLR is defined as any repeat percutaneous intervention or bypass surgery of any other 
lesion except for target lesion.  

Non-TVR: Non-TVR is defined as any repeat percutaneous intervention or surgical bypass of any 
segment of other vessels except for target vessel.  

Ischemia-driven TVR. An ischemia-driven TVR is defined if angiography at follow-up shows a percent 
diameter stenosis ≥50% (core lab QCA assessment) and if one of the following occurs:  

1. a positive history of recurrent angina pectoris, presumably related to the target vessel;  
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2. objective signs of ischemia at rest (ECG changes) or during exercise test (or equivalent), presumably 
related to the target vessel;  

3. abnormal results of any invasive functional diagnostic test (eg, Doppler flow velocity reserve, 
fractional flow reserve);  

4. A TLR or TVR with a diameter stenosis ≥70% even in the absence of the above-mentioned ischemic 
signs or symptoms.  

 

Stent thrombosis (ST)  

ST should be reported as a cumulative value over time and at the various individual time points 
specified above. Time 0 is defined as the time point after the guiding catheter has been removed and 
the patient has left the catheter laboratory.  

Acute stent thrombosis 0 to 24 hours after stent implantation 

Subacute stent 
thrombosis 

>24 hours to 30 days after stent implantation 

Late stent thrombosis >30 days to 1 year after stent implantation 

Very late stent 
thrombosis 

>1 year after stent implantation 

 

Classification of ST:  

1. Definite ST. Angiographic confirmation of stent thrombosis. The presence of a thrombus that 
originates in the stent or in the segment 5 mm proximal or distal to the stent and presence of at least 1 
of the following criteria within a 48-hour time window:  

• Typical angina pectoris symptoms lasting for over 20 minutes;  

• New ischemic ECG changes that suggest acute ischemia;  

• Typical rise and fall in cardiac biomarkers (refer to definition of spontaneous MI).  

2. Probable ST. Unexplained death within 30 days after the procedure, or acute myocardial infarction 
involving the target-vessel territory without angiographic confirmation.  

3. Possible ST. All unexplained death occurring at least 30 days after the procedure.  

 

Stroke. Stroke is defined as an acute event of non-hemorrhagic cerebrovascular origin causing focal or 
global neurologic dysfunction lasting > 24 hours, which is confirmed by both clinical and radiographic 
criteria.  



 54 

  

 

Definition of BARC bleeding  

Type Definition 

0 No evidence of bleeding. 

1 Bleeding that is not actionable and patient does not have unscheduled studies, 
hospitalization or treatment by a health care professional. 

2 Any clinically overt sign of hemorrhage that is actionable but does not meet criteria for 
type 3, 4 or 5 bleeding. It must meet at least one of the following criteria: 
1) requiring medical or percutaneous intervention guided by a health care profession, 
includes (but are not limited to) temporary/permanent cessation of a medication, 
coiling, compression, local injection; 
2) leading to hospitalization or an increased level of care; 
3) prompting evaluation defined as an unscheduled visit to a healthcare professional 
resulting in diagnostic testing (laboratory or imaging). 

3 Clinical, laboratory and/or imaging evidence of bleeding with specific healthcare 
provider responses, as listed below: 

3a 1) Any transfusion with overt bleeding; 
2) Overt bleeding plus hemoglobin (Hb) drop ≥3 to <5g/dL * (provided Hb drop is 

related to bleeding). 

3b 1) Overt bleeding plus Hb drop ≥5g/dL* (Hb drop is related to bleed); 

2) Cardiac tamponade; 
3) Bleeding requiring surgical intervention for control (excluding 
dental/nasal/skin/hemorrhoid); 
4) Bleeding requiring intravenous vasoactive drugs. 

3c 1) Intracranial hemorrhage (does not include microbleeds or hemorrhagic 
transformation; does include intraspinal). Subcategories: confirmed by autopsy, 
imaging or lumbar puncture; 
2) Intraocular bleed compromising vision. 

4 CABG – Related Bleeding 
1) Perioperative intracranial bleeding within 48 hours; 
2) Reoperation following closure of sternotomy for the purpose of controlling bleeding; 
3) Transfusion of ≥5 units of whole blood or packed red blood cells within a 48-hour 

period; 
4) Chest tube output ≥2L within a 24-hour period. 

5 Fatal Bleeding. Bleeding directly causes death with no other explainable cause. 

Categorized further as either definite or probable. 

5a Probable fatal bleeding is bleeding that is clinically suspicious as the cause of death, but 
the bleeding is not directly observed and there is no autopsy or confirmatory imaging. 

5b Definite fatal bleeding is bleeding that is directly observed (either by clinical specimen 
– blood, emesis, stool, etc. – or by imaging) or confirmed on autopsy. 

 
Thrombocytopenia. Thrombocytopenia is defined as the lowest platelet count <150×109/L for patients 
with baseline platelet count >150×109/L after treatment. 
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VIII. Statistical Analysis Plan 

 

STATISTICAL ANALYSIS PLAN 

 

 

BivaliRudin with prolonged high-dose Infusion durinG Primary PCI versus Heparin Trial  
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ACRONYMS AND ABBREVIATIONS 

Acronym/Abbreviation Term 

ACT activated clotting time 

AE Adverse event 

ALT  alanine aminotransferase 

ARC Academic Research Consortium 

BARC  Bleeding academic research consortium 

BRIGHT 
BivaliRudin with prolonged high-dose Infusion durinG 

primary PCI versus Heparin Trial 

CEC clinical event committee 

CI confidence interval 

CRF case report form 

EDC  electronic data capture 

eGFR estimated Glomerular filtration rate 

FAS Full analysis set 

GPI GP IIb/IIIa inhibitor 

HR Hazard ratio 

ITT intent-to-treat 

LBBB left bundle branch block 

LMWH low molecular weight heparin 

MACCE major adverse cardiac and cerebral event 

NACE net adverse clinical event 

OR odd ratio 

PCI percutaneous coronary intervention 

PPS per protocol set 

SAE serious adverse event 

SAP statistical analysis plan 

SS safety set 

STEMI ST-segment elevation myocardial infarction 

ST stent thrombosis 

 



 58 

  

1 INTRODUCTION 

This document contains the Statistical Analysis Plan (SAP) for BRIGHT-4 trial, protocol Version 1.10. 

1.1 Preface 

Bivalirudin, a direct thrombin inhibitor, is a synthetic hirudin derivative with 20 amino acids. Bivalirudin 

directly and specifically binds and inhibits thrombin, significantly prolongs the activated clotting time 

(ACT), and thus provides an anticoagulant effect for preventing thrombosis. Bivalirudin rapidly and 

reversely effects result in a low bleeding risk, and has a better safety profile in comparison with 

traditional heparin. Thrombin induces platelet activation, leading to platelet aggregation and granule 

secretion. Therefore, bivalirudin may also indirectly suppress platelet activation through inhibiting 

thrombin. In recent years abundant studies have demonstrated that bivalirudin decreases bleeding 

events for patients undergoing primary percutaneous coronary intervention (PCI) compared with 

heparin, with comparable antithrombotic efficacy, and may even reduce the risk of cardiac death1,2. 

However, some clinical trials showed that the risk of stent thrombosis (ST) was elevated with bivalirudin 

among patients undergoing primary PCI3, and several meta-analyses also had consistent findings4,5.  

  This potential detrimental risk of bivalirudin may be associated with its administration strategy. The 

half-life of bivalirudin is approximately 25 min. Patients with ST segment elevation myocardial infarction 

(STEMI) have a delayed bioavailability of P2Y12 receptor inhibitors including both traditional clopidogrel 

and the novel potent agents ticagrelor and prasugrel, not reaching their maximum platelet inhibition 

effects until 6-8 hours after administration. Therefore, a “window period” lack of antithrombotic effect 

may exist if the bivalirudin infusion is stopped immediately in the cath lab as in the early clinical trials in 

primary PCI, with patients in a hypercoagulable state. A meta-analysis verified the above hypothesis, 

showing that most bivalirudin-related acute ST events occurred during the first few hours after PCI4. To 

address this issue, our team conducted the BRIGHT study exploring the impact of peri-procedural 

bivalirudin administration on clinical outcomes in patients undergoing emergency PCI6. With 2194 

recruited patients from 82 cites, our study pioneered the continuous high-dose (1.75mg/kg/h) 

bivalirudin maintenance infusion treatment after the procedure and reported that with this high-dose 

infusion bivalirudin substantially reduces bleeding events without increasing the risk of ST, providing an 

important benefit for patients undergoing emergency PCI6.  

  Based on the BRIGHT study, the current study aims to further compare the safety and efficacy of 
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bivalirudin with a prolonged high-dose infusion versus heparin alone among STEMI patients undergoing 

primary PCI, with the goal of providing critical clinical evidence to select the optimal peri-procedural 

anticoagulation strategy for these high-risk patients.  

2 OBJECTIVES 

2.1 Primary Objective 

The primary study objective is to test the hypothesis that bivalirudin with a prolonged high-dose infusion 

for 2-4 hours after the procedure is superior to heparin alone during primary PCI in reducing the rate of 

all-cause death or Bleeding Academic Research Consortium (BARC) types 3-5 bleeding at 30 days (primary 

endpoint) in STEMI patients. 

2.2 Secondary Objectives 

Secondary objectives include evaluation of net adverse clinical events (a composite of all-cause death, 

recurrent myocardial infarction, ischemia-driven target vessel revascularization, stroke or BARC types 3-

5 bleeding), ST, individual components of the primary endpoint as well as secondary variables listed 

below (section 4.2). 

3 STUDY DESIGN 

3.1 Overall study design and flow chart 

BRIGHT-4 is a perspective, randomized, open-label, active drug parallel-controlled superiority trial. See 

Figure 1. 
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Figure 1.  Study flowchart of the BRIGHT-4 trial 

 

3.2 Inclusion/Exclusion criteria 

Enrolment into the study requires meeting all inclusion AND none of the exclusion criteria. Patients 

meeting all entry criteria will provide informed written consent. 

Inclusion criteria are listed below. 

(1) Any age;  

(2) STEMI patients with symptom onset ≤ 48h with primary PCI planned (STEMI is defined as ST 

elevation ≥1mm in ≥2 contiguous leads or new LBBB, or persistent ischemic symptoms occur in the 

presence of RBBB7);  

(3) Patients requiring staged revascularization of non-culprit vessels within 30 days may also be 

enrolled. In such cases the antithrombotic agents and procedures in the staged PCI must be consistent 
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with the index PCI, especially the peri- 

procedural antithrombotic agents including assigned heparin vs. bivalirudin, and tirofiban);  

(4) No contraindications to dual antiplatelet therapy, and dual antiplatelet agents must be 

administrated according to current guidelines before PCI (loading doses and maintenance doses of 

aspirin and clopidogrel/ticagrelor);  

(5) The subject or legal representatives has been fully informed and written informed consent 

provided. 

  

Patients may not enter the study if any of the following exclusion criteria are met: 

(1) Not suitable for primary PCI as judged by the physicians; 

(2) STEMI treated by thrombolysis; 

(3) Patients received heparin, LMWH, fondaparinux, bivalirudin, or GP IIb/IIIa inhibitor (GPI) within 48 

hours before the index PCI; 

(4) Mechanical complications (such as ventricular septal rupture, papillary muscle rupture or acute 

mitral regurgitation, etc.); 

(5) Known allergy or contraindications to heparin, bivalirudin, aspirin, clopidogrel or ticagrelor; 

(6) Patients have participated in other drug or device studies; 

(7) Patients whom the investigators consider participation in the study to be inappropriate or who 

may be nonadherent to the study protocol during the follow-up period, such as those with psychiatric 

disorder, alcoholism or drug addiction. 

3.3 Subject randomization 

Patients meeting ALL the inclusion criteria and NONE of the exclusion criteria will be assigned to the 

bivalirudin or heparin group via centralized randomization system after signing informed consent. 

Patients will be randomized to the bivalirudin or heparin group using a 1:1 allocation ratio with randomly 

varied block sizes of 4 and 6. The block sizes will not be revealed to sites. The electronic data capture 

system (EDC) will be used to randomize subjects. The EDC will assign a treatment arm for patients and 
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specify the appropriate medication number for the package of investigational treatment to be dispensed 

to the patient. 

Enrolled patients who do not meet eligibility for randomization will not receive any more study drugs, and 

subsequent management strategies will be administered at their attending physicians’ discretion in 

accordance with the local standard of care. 

3.4 Blinding 

The trial program is open-label.  

An independent Clinical Events Committee (CEC) will adjudicate all relevant clinical events. The committee 

members and the CEC management team will be completely blinded to the randomized therapy, as well 

as to any patient identifying information. The CEC will adjudicate the events based on pre-determined 

definitions. 

The study statistician will be blinded for the primary analyses. 

3.5 Study medications and Treatments 

Study medications were listed in Table 1. 

All enrolled STEMI patients will be randomized after providing written consent. Study medication 

treatment will be administered according to assigned group before angiography in catheterization 

laboratory. ACT is monitored 5 min after the first administration, and if the ACT is <225 s (Hemotec 

method), an additional intravenous injection of 0.3 mg/kg of bivalirudin, or 1000 U of heparin according 

to assigned group is administered to ensure the re-checked ACT is >225 s.  

GPI use is strictly limited. Intravenous or intra-coronary tirofiban is only allowed for target vessel slow 

blood flow, no-reflow, obvious thrombus or thrombosis complication during PCI. At operator’s discretion 

for the above indications, tirofiban 10-25μg/kg intravenous infusion for loading dose is administered 

over 5 min, followed by intravenous infusion of 0.15μg/kg/min maintenance dose for up to 18 hours. For 

patients with eGFR <60ml/min, the maintenance dose is reduced to 0.075μg/kg/min. For intra-coronary 

infusion, 500-750μg per injection with a 1500-2250 total dose is recommended, with the time interval of 

3-5 min between injections.  

LWMH after primary PCI is administered at operator’s discretion. Loading doses of aspirin 300mg, and 

P2Y12 receptor inhibitor clopidogrel 300/600mg or ticagrelor 180mg shall be administered before index 
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PCI. Other medications are prescribed according to current guidelines. Trans-radial (preferred) or -

femoral approach, and stent type are at operator’s discretion.  

Table 1. Identity of Study Medications 

Study drug  The form and dosage of 
drug  

Manufacturer  

Zelang (bivalirudin)  0.25g/bottle 
Jiangsu Hansoh Pharmaceutical 
Group Co., Ltd. 

Heparin Sodium 
Injection (heparin)  

12500U/2ml 
Shanghai Pharma No.1 Biochemical 
Pharmaceutical Co., Ltd. 

3.5.1 Bivalirudin group 

In the cath lab, bivalirudin 0.75 mg/kg intravenous bolus loading dose is started before angiography, and 

immediately followed by an intravenous infusion of 1.75 mg/kg/h until 2-4 hours after PCI. ACT is 

monitored 5 min after the first administration, and if the ACT is <225 s (Hemotec method), an additional 

intravenous injection of 0.3 mg/kg of bivalirudin is administered to ensure the re-checked ACT is >225 s.  

Bivalirudin bolus loading dose is not affected by renal function. Bivalirudin maintenance infusion dose 

should be reduced to 1.0mg/kg/h for patients with eGFR <30 ml/min and 0.25 mg/kg/h for patients on 

dialysis.  

 

3.5.2 Heparin group 

In the cath lab, an intravenous bolus injection of heparin 70 U/kg is given before angiography. ACT is 

monitored 5 min after the first administration, and if the ACT is <225 s (Hemotec method), an additional 

intravenous injection of 1000 U of heparin is administered to ensure the re-checked ACT is >225 s. 

3.5.3 Concomitant medications 

Routine use of GPI during procedure is strictly forbidden. Intravenous or intra-coronary tirofiban is only 

allowed for target vessel slow blood flow, no-reflow, obvious thrombus or thrombosis complication 

during PCI. If necessary, intravenous tirofiban should be started with a 10-25μg/kg bolus infusion (given 

over more than 5 min) followed by a 0.15μg/kg/min maintenance infusion for up to 18 hours. For 

patients with eGFR <60ml/min, the maintenance dose is reduced to 0.075μg/kg/min. Intra-coronary 



 64 

  

injection of tirofiban should be 500-750μg per injection, with repeated injection intervals of 3-5 min and 

total dose no more than 1500-2250μg. LWMH after primary PCI can be administered at operator’s 

discretion.  

Clopidogrel 300/600mg or ticagrelor 180mg aspirin for loading dose (LD), followed by clopidogrel 75mg 

per day or ticagrelor 90mg twice per day for 12-month maintenance dose (MD) is administered. Aspirin 

300mg for LD, followed by 100mg per day for long-term MD is administered. Other medications are 

prescribed according to current guidelines. Trans-radial (preferred) or -femoral approach, and stent type 

are at operator’s discretion.  

3.6 Study variables 

Data collection commences after the subject has provided informed consent. Data collection including 

subject demographic information, laboratory tests, and procedural characteristics, medications, as well 

as follow-up visits or telephone contacts will be conducted by an investigator or site coordinator who 

has been trained on the protocol and Case Report Forms (CRF). Data required for analysis will be 

obtained as outlined in Table 2. 

 

Table 2 Schedule of Data Collection 

Study procedures 
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 

PCI Discharge 30 days 6 months 12 months 

Window Period 0d  ±7d ±14d ±30d 

Eligibility Criteria  X     

Patient Informed Consent  X     

Randomization  X     

Medical History/ 
Demographics  

X   
  

Vital Signs  X     

Blood and Urine Routine 
Test1  

X   
  

Blood Biochemical 
Examination2 

X   
  

Cardiac Markers X     
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(including TnT or 
TNI/CK/CK-MB)3 

ACT Test X     

12-Leads ECG4 X     

Key Symptom Inspection X X X X X 

Clinical Assessment  X X X X X 

Concomitant Medications X X X X X 

Coronary Artery 
Angiography 

X   
  

Cardiovascular Events X X X X X 

Adverse Events X X X X X 

1-4 are routine tests, repeated tests during in-hospital period are at physicians’ discretion.  

3.6.1 Study timetable and end of study 

Trial enrolment of BRIGHT-4 began in January 2019 and the last patient will be enrolled in April 2022. 

The last patient 30-day follow-up visit will occur in May 2022. 

4 PRIMARY AND SECONDARY ENDPOINTS 

4.1 Primary endpoint 

The primary endpoint is the first occurrence of all-cause death or BARC types 3-5 bleeding at 30 days after 

randomization. Time to event will be calculated using calendar days with date of randomization as day 0. 

4.2 Secondary endpoints 

Secondary endpoints listed below will be evaluated: 

1.  Net adverse clinical events (NACE, defined as a composite of all-cause death, recurrent myocardial 

infarction, ischemia-driven target vessel revascularization, stroke or BARC types 3-5 bleeding) at 30 days, 

6 and 12 months after randomization;  

2.  The incidence of a composite of all-cause death or BARC types 2-5 bleeding at 30 days, 6 and 12 

months after randomization;  

3.  Stent thrombosis (defined as definite or probable stent thrombosis according to Academic Research 
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Consortium definition) at 30 days, 6 and 12 months after randomization;  

4.  Major adverse cardiac and cerebral events (MACCE, defined as a composite of all-cause death, 

recurrent myocardial infarction, ischemia-driven target vessel revascularization or stroke) at 30 days, 6 

and 12 months after randomization;  

5.  BARC types 3-5 bleeding at 30 days, 6 and 12 months after randomization;  

6.  BARC types 2-5 bleeding at 30 days, 6 and 12 months after randomization;  

7.  Thrombocytopenia (defined as post-PCI platelet counts <150×109/L for patients with baseline 

platelet count >150×109/L) at 30 days after randomization;  

8.  The incidence of each individual event, including all-cause death, cardiac death, non-cardiac death, 

recurrent myocardial infarction, ischemia-driven target vessel revascularization, ischemia-driven target 

lesion revascularization and stroke at 30 days, 6 and 12 months after randomization.  

4.3 Safety endpoints 

Adverse events (AEs) of interest will be collected throughout the study period. All serious adverse events 

(SAEs) will be recorded from the time of informed consent throughout the study. Section 8 in the Protocol 

gives more detailed information on adverse event data collection. 

5 SAMPLE SIZE 

The study hypothesis is that bivalirudin with a prolonged high-dose infusion is superior to heparin alone 

for the 30-day primary endpoint, a composite of all-cause death or BARC types 3 to 5 bleeding after 

primary PCI in patients with STEMI.  

H0: PI=PC  

H1: PI≠PC, α=0.05 (two-sided)  

PI denotes the primary endpoint rate in the bivalirudin group, PC is the primary endpoint rate in the 

control group.  

Power calculations are based on a superiority comparison for the primary endpoint, a composite of all-

cause death or BARC types 3-5 bleeding at 30 days after primary PCI in patients with STEMI. Assuming the 

incidence of the primary endpoint in the heparin group is 3.3%, and assuming 1% loss to follow-up the 

primary endpoint data at 30 days, 3000 evaluable patients in each group (6000 in total) are planned to be 

enrolled and randomly assigned in a 1:1 ratio, in order to provide 80% power to detect a 1.2% absolute 
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risk reduction (35% relative risk reduction) in the bivalirudin group in comparison with the heparin group 

with a 2-sided type I error of 0.05. 

6 ANALYSIS SETS 

6.1 Full analysis set (FAS) 

All patients who have been randomized to study treatment will be included irrespective of their protocol 

adherence and continued participation in the study. Patients will be analysed according to their 

randomized study drug assignment (not to which treatment they actually received) irrespective of 

whether the event occurred before or following discontinuation of study drug. Patients who withdraw 

consent to participate in the study (or are lost to follow-up) will be included up to the date of their study 

termination except for vital status known through public records (for use in the analyses of deaths). All 

primary, secondary, and exploratory efficacy variables will be analysed using the FAS. The FAS will be 

considered the primary analysis set for the primary and secondary variables and for the exploratory 

variables. 

6.2 Per protocol set (PPS) 

The PPS consists of all randomized subjects without any major deviations from the protocol. The 

following deviations in randomized subjects will lead to exclusion from the PP population. The primary 

analyses will be repeated in the PPS to support the primary results. 

The following deviations will lead to exclusion from the PP population: 

1. Not fulfilling randomization eligibility criteria at the time of randomization; 

2. Not receiving the assigned treatment at the time of randomization. 

6.3 Safety analysis set 

The safety analysis set includes patients who received at least 1 dose of study drug and who have data 

observed at any time after randomization until the end of the study. Throughout the safety results 

sections, erroneously treated patients (patients randomized to one of the treatment groups but actually 

given the other treatment) will be accounted for in the actual treatment group. Patients with erroneous 
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treatment would be analyzed according to that treatment only if they only received the erroneous 

treatment and none of the correct treatment. 

All safety variables will be analysed using the safety analysis set. 

7 SUBGROUPS  

The primary and secondary endpoints will be also analysed in the following clinically relevant pre-specified 

subgroups. 

- Age (<65 years, ≥65 years) 

- Sex (male, female) 

- BMI (<25kg/m2, ≥25kg/m2) 

-   Killip class (class I, II, III, IV) 

- Diabetes mellitus (yes, no) 

- Renal function (eGFR<60, ≥60 mL/min/1.73m2) 

- Anaemia (hemoglobin <12.0 g/dL in women and <13.0 g/dL in men; yes, no) 

- Type of P2Y12 inhibitors (ticagrelor, clopidogrel) 

-   Any other anticoagulant treatment after PCI (yes, no) 

- GRACE score (<140, ≥140) 

- OPT-CAD score (<90, ≥90) 

-   CRUSADE score (<30, ≥30) 

- First medical contact to PCI time (≤90 mins, > 90 mins) 

- Access site (radial, femoral) 

- Multi-vessel disease (yes, no) 

- GPI during PCI (yes, no) 

-   Left main/Proximal LAD disease (yes, no) 

-   Circulation assist device (yes, no) 

-   No/slow-reflow (yes, no) 

-   ACT met standard after first bolus injection (yes, no, not performed) 
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All stratified analyses will be accompanied by a test for interaction between treatment effect and 

stratification factor. 

8 LOST TO FOLLOW-UP AND MISSING DATA 

In keeping with an intent-to-treat philosophy, the primary analyses are performed on all randomized 

subjects. We anticipate that the amount of missing data will be minimal in the present study as we are 

specifically asking all study sites to ensure that the data elements are complete. No imputation will be 

carried out for missing baseline data. Those subjects who withdraw, are lost to follow-up or have 

missing data will be included in the primary ITT analysis. 

9 STATISTICAL METHODS 

9.1 General principles 

Statistical analyses will be performed using SAS version 9.3 or greater. Unless otherwise stated, all 

hypothesis tests will be performed using two-sided tests at the 5% significance level. Data will be 

summarised overall and by treatment group. Continuous variables will be summarised as the number of 

observations, number of missing values, mean, standard deviation, median, quartiles, and range. 

Categorical variables will be summarised as the number of observations, number of missing values, 

frequencies, and percentages. Baseline clinical, demographic, laboratory and procedural characteristics 

will be summarized by randomized treatment group using descriptive statistics. P-values will not be 

shown in the baseline table since any significant difference can be explained by the play of chance if the 

randomization was performed properly. 

9.2 Analysis for the primary endpoint  

The primary objective of BRIGHT-4 is to determine the impact of bivalirudin versus heparin on the 

endpoint of all-cause death or BARC types 3-5 bleeding that occurs between the time of randomization 

and 30 days thereafter. Event rates will be estimated at 30 days after randomization and Kaplan-Meier 

curves will be plotted from the time of randomization to the first occurrence of confirmed all-cause death 

or BARC types 3-5 bleeding by treatment group. Patients not experiencing a primary endpoint event 

during this time interval will be censored at last contact date (for subjects withdrawing consent of lost to 

follow-up) or 30 days after randomization, whichever comes first. 
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A hazard ratio (HR) and two-sided 95% CI for the primary endpoint will be generated using the Cox 

proportional hazards model that includes treatment group (bivalirudin versus heparin) as a covariate. The 

null hypothesis for this analysis is that the HR for the treatment group (H0) = 1. The alternative hypothesis 

is that the HR for the treatment group (H1) ≠ 1. A test of superiority at the two-sided 0.05 level will be 

performed and the null hypothesis will be rejected if the HR and 95% CI excludes one. This analysis will be 

performed in the ITT cohort and repeated in the PP cohort to support the primary results. 

9.3 Analysis for the secondary endpoints 

Analysis of the secondary endpoints will be based on the intention-to-treat principle by treatment 

group. Kaplan-Meier curves will be plotted by treatment group. Patients not experiencing an endpoint 

event during corresponding time interval will be censored at last contact date (for subjects withdrawing 

consent or lost to follow-up) or 30 days, whichever comes first. 

A hazard ratio (HR) and two-sided 95% CI for the primary endpoint will be generated using the Cox 

proportional hazards model. The null hypothesis (H0) for this analysis is that the HR = 1. The two-sided 

alternative hypothesis (H1) is that the HR ≠ 1. A test of superiority at the two-sided 0.05 level will be 

performed using a p-value from a log-rank test. 

- NACE, defined as a composite of all-cause death, recurrent MI, ischemia-driven target vessel 

revascularization, stroke or BARC types 3-5 bleeding at 30 days, 6 and 12 months after randomization;  

- A composite of all-cause death or BARC types 2-5 bleeding at 30 days, 6 and 12 months after 

randomization;  

- Definite or probable stent thrombosis according to ARC definition at 30 days, 6 and 12 months after 

randomization;  

- MACCE, defined as a composite of all-cause death, recurrent MI, ischemia-driven target vessel 

revascularization or stroke at 30 days, 6 and 12 months after randomization;  

- BARC types 3-5 bleeding at 30 days, 6 and 12 months after randomization;  

- BARC types 2-5 bleeding at 30 days, 6 and 12 months after randomization;  

- Thrombocytopenia (defined as post-PCI platelet counts <150×109/L for patients with baseline 

platelet count >150×109/L) at 30 days after randomization; 

- The incidence of each individual event, including all-cause death, cardiac death, non-cardiac death, 
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recurrent MI, ischemia-driven target vessel revascularization, ischemia-driven target lesion 

revascularization and stroke at 30 days, 6 and 12 months after randomization.  

All analysis will be repeated in the PPS to support the primary results. 

9.4 Safety analysis 

All safety analyses will be based on the safety analysis set defined in Section 6.3. 

All adverse events will be listed for the FAS population with randomized treatment, seriousness, severity, 

time of onset and resolution counted from randomization, relationship to heparin and/or bivalirudin, 

action taken, resolution, ICD-10 code and verbatim free text, and summarized by randomized treatment 

as number and percent of patients with event.  

9.5 Subgroup analysis 

The primary endpoint will be summarised in clinically relevant subgroups of the FAS as a whole and by 

treatment group. Subgroup analyses will be performed using a proportional hazards model with 

treatment, subgroup, and treatment-subgroup interactions, and will be presented with within-group 

hazard ratios with 95% CIs and the interaction p-value. Interaction p-values should be interpreted with 

caution because of the multiplicity of comparisons. Patients with missing data for the subgroup will be 

excluded from the analysis in question. The specific subgroups are shown in Section 7. 

9.6 Sensitivity analyses 

Sensitivity analyses of the primary and secondary endpoints will be performed in the PPS. 

10 TABLE LISTINGS 

1. Enrolled Cohort 

1.1 Registration (inclusion and exclusion criteria) 

1.1.1 Baseline demographics (age, sex, height, weight, et al.) 

1.1.2 Baseline clinical and medical history (risk factors, pre-admission antiplatelet therapy, et al.) 

1.1.3 Baseline vital signs and clinical presentation (heart rates, blood pressure, et al.) 
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1.1.4 Baseline laboratory assessment 

1.1.5 Baseline medications pre-procedure 

1.1.6 Baseline angiographic details 

1.1.7 Baseline intervention details 

1.1.8 Baseline medications in cath-lab 

1.1.9 Adverse events during baseline hospitalization 

1.2.1 Site reported AEs/SAEs 

1.2.2 Adjudicated AEs/SAEs 

1.2.3 Mortality assessment 

1.2.4 Medications adherence (bivalirudin and heparin) 

1.2.5 Eligibility for randomization evaluation 

1.2.5.1 Reasons for randomization ineligibility 

2. Randomized ITT Cohort 

2.1 Registration (Inclusion and Exclusion criteria) 

2.1.1 Baseline demographics (age, sex, height, weight, et al.) 

2.1.2 Baseline clinical and medical history (risk factors, pre-admission antiplatelet therapy, et al.) 

2.1.3 Baseline vital signs and clinical presentation (heart rates, blood pressure, et al.) 

2.1.4 Baseline laboratory assessment 

2.1.5 Baseline medications pre-procedure 

2.1.6 Baseline angiographic details 
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2.1.7 Baseline intervention details 

2.1.8 Baseline medications in cath-lab 

2.1.9 Adverse events during baseline hospitalization 

2.2.1 Site reported clinical events 

2.2.1.1 30 days binary frequency and Kaplan-Meier estimates 

2.2.1.2 6 months binary frequency and Kaplan-Meier estimates 

2.2.1.3 12 months binary frequency and Kaplan-Meier estimates 

2.2.2 Adjudicated clinical events 

2.2.2.1 30 days binary frequency and Kaplan-Meier estimates 

2.2.2.2 6 months binary frequency and Kaplan-Meier estimates 

2.2.2.3 12 months binary frequency and Kaplan-Meier estimates 

2.2.3 Medications adherence (bivalirudin and heparin) 

2.2.4 Subject disposition (lost or consent withdrawn) 
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