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Abstract 

Background Percutaneous coronary intervention (PCI)-related myocardial infarction (MI), especially the distal type 
associated with microvascular dysfunction, is not an uncommon complication of the procedure. Specific lesion 
features, the echo-attenuated plaques (EA) in particular, are well-established contributors to the pathogenesis 
of distal-type MI. These plaques are prone to disruption during PCI, leading to microvascular thrombosis and distal 
embolism. Tenecteplase (TNK), a 3rd-generation thrombolytic drug, has demonstrated effective thrombolytic capacity 
without significantly increasing the bleeding risk. Our study aims to evaluate whether a low-dose intracoronary TNK 
administration prior to PCI in patients with intravascular ultrasound (IVUS)-detected EA can reduce the occurrence 
of PCI-related MI and improve clinical outcomes.

Methods This trial is designed as a multicenter, prospective randomized controlled trial with a 1-month follow-up. 
The primary outcome of the study is the incidence of PCI-related myocardial infarction (MI) occurring within 48 h 
after PCI, which serves as a valid surrogate endpoint for assessing the efficacy of tenecteplase-based PCI in prevent-
ing future major adverse cardiovascular events (MACE) in patients with EA (Bulluck, et. al, Eur Heart J 42:2630–42, 
2021) {1b.1}. Secondary outcomes include the proportion of patients with elevated postoperative high-sensitivity cTnI 
exceeding 5, 10, 35, and 70 times of the normal baseline, incidence of coronary slow flow after stent implantation 
and post-dilation, frame count of angiographic flow after stent implantation and post-dilation, as well as the inci-
dence of MACE during hospitalization and at the 1-month follow-up.

Discussion This trial may demonstrate that an immediate intracoronary administration of low-dose TNK follow-
ing PCI can effectively lower the incidence of PMI in patients with EA, while confirming the safety of this therapeutic 
approach.
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Trial registration Chinese Clinical Trial Registry (ChiCT R2400 084840). Registered on May 27, 2024.

Keywords Peri-procedural myocardial infarction, Coronary artery disease, Echo-attenuated plaque, Percutaneous 
coronary intervention, Tenecteplase, Major adverse cardiovascular events

Introduction
Background and rationale {6a}
Percutaneous coronary intervention (PCI) is currently 
the main revascularization strategy for obstructive 
coronary artery disease (CAD). However, periproce-
dural myocardial infarction (PMI), which is defined as 
a significant elevation of troponin within 48 h after 
PCI accompanied by clinical features of myocardial 
ischemia (MI) [1], is not uncommon. PMI has emerged 
as a frequent and severe complication of PCI, with 
incidences ranging from 5 to 50%, varying by differ-
ent criteria and definition [2, 3]. Clinically, PMI draws 
attention as it significantly increases the risk of major 
adverse cardiovascular events (MACE) [4].

PCI-related MI can be categorized into proximal and 
distal types. The proximal type occurs adjacent to the 
stent-implanted segment, typically due to dissection 
and side branch occlusion. The distal type, whereas, is 
more common, affecting 50% to 75% of cases. Its under-
lying pathophysiology is associated with microvascular 
dysfunction, including microembolism and vasospasm 
[5]. Notably, lesion characteristics are the main factors 
contributing to the development of distal-type PMI. 
Previous intravascular ultrasound (IVUS) studies have 
demonstrated a strong association between high plaque 
burden, echo-attenuated plaque (EA), or necrotic 
plaque and PCI-related MI [6, 7]. These plaques are 
prone to disruption during PCI, potentially leading to 
lipid leakage and the release of thrombogenic compo-
nents into the coronary circulation, eventually causing 
microvascular thrombosis and distal embolism.

Low-dose intracoronary administration of thrombo-
lytics has shown potential in inducing fibrinolysis and 
rapid dissolution of thrombi without significant adverse 
events [8–10]. Among these agents, TNK exhibits high 
specificity and efficient thrombolysis capacity without 
increasing the risk of systemic bleeding. Its intracoro-
nary administration during PCI has been linked to sig-
nificantly improved perfusion of the coronary arteries 
and microcirculation system [11–13]. Therefore, this 
study hypothesizes that the preventive use of low-dose 
TNK during elective PCI in CAD patients with EA, as 
identified by IVUS, may inhibit local thrombus activa-
tion, improve distal microcirculation perfusion, reduce 
the occurrence of distal type PMI, and potentially 
improve clinical prognosis.

Evidence before this study
To address vasospasm and the no-reflow phenomenon 
in distal type PMI, the use of coronary vasodilators (e.g., 
calcium channel blockers, nitroglycerin, sodium nitro-
prusside, or adenosine) might be beneficial, although 
the superiority of any specific agent remains unclear. 
Glycoprotein IIb/IIIA (GP IIb/IIIa) receptor inhibitors 
are recommended (ESC IIa Class C) for specific salvage 
therapies, including cases with high thrombus burden 
and instances of slow or no-reflow during the procedure 
[14]. However, GP IIb/IIIa receptor inhibitors may not be 
beneficial for AMI patients with high thrombus burden, 
as fibrin-rich fresh thrombi are less responsive to GPI 
therapy. The Chinese Expert Consensus on Microvascu-
lar Protection Strategy during Emergency PCI Therapy 
in Patients with ST-Elevation Myocardial Infarction 
(STEMI) recommends the use of intracoronary urokinase 
or TNK for targeted thrombolysis in cases with high cor-
onary thrombus burden [15]. Kelly et al. also found that 
intracoronary TNK is safe and well-tolerated in patients 
experiencing thrombotic complications during complex 
PCI, showing consistent efficacy regardless of GP IIb/IIIa 
inhibitor use [16].

Added value of this study
Despite existing knowledge of PMI pathophysiology, 
current research has only focused on STEMI patients, 
with no investigations into the preventive use of low-
dose intracoronary thrombolytics in routine elective 
PCI patients conducted. Consequently, current practice 
guidelines available lack specific preventive measures for 
PCI-related MI. Data from our study could help inform 
the clinical efficacy of low-dose thrombolytic agents, pro-
viding insights that could refine clinical guidelines and 
improve patient care.

Objectives {7}
To determine the effectiveness of low-dose intracoronary 
TNK administration in preventing PCI-related MI in 
CAD patients with EA.

Trial design {8}
This study is a multicenter, prospective, randomized, 
controlled, open-label parallel-group superiority trial. 
Patients will be randomly allocated at a 1:1 ratio to evalu-
ate the effectiveness of low-dose intracoronary TNK 

https://trialsearch.who.int/Trial2.aspx?TrialID=ChiCTR2400084840
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administration in preventing PCI-related MI in CAD 
patients with EA. Since the primary outcome, PCI-
related MI, is a surrogate endpoint to MACE and mor-
tality, we have adhered to the SPIRIT-Surrogate reporting 
guidelines in our protocol [17] {8.1}. The associated 
checklists are submitted as Additional file  1 for refer-
ence. For additional trial registration information and the 
expected timeline of this study, see Table 1 and Fig. 1.

Methods: participants, interventions, 
and outcomes
Study set‑up {9}
This study aims to enroll coronary artery disease (CAD) 
patients with EA confirmed by IVUS at multiple centers, 
including Sir Run Run Shaw Hospital affiliated with Zhe-
jiang University School of Medicine (lead unit), The First 
People’s Hospital of Hangzhou Lin An District, Zhejiang 
Greentown Cardiovascular Hospital, The Fifth People’s 
Hospital of Hangzhou Yuhang District and Ningbo Ninth 
Hospital.

Eligibility criteria {10}
Inclusion criteria
Patients’ inclusion criteria will be: (1) age ≥ 18 years; (2) 
CAD patients tolerating dual antiplatelet therapy, and 
clinically indicated for elective PCI; (3) IVUS confirms 
lesion length ≥ 20 mm and meets the characteristics of 
EA: plaque showing ultrasound signal attenuation (lon-
gitudinal attenuation length ≥ 5 mm), excluding calcified 
and dense fibrous plaques; (4) acceptance of terms and 
conditions of the study and signature of the informed 
consent form, with a full understanding of the trial con-
tent, process, and potential adverse reactions; (5) willing 
to adhere to medical follow-up.

Exclusion criteria
Patients’ exclusion criteria include (1) positive cardiac 
troponin I (cTnI) prior to percutaneous coronary angiog-
raphy; (2) coronary artery bypass graft (CABG) lesion; (3) 
chronic total occlusion (CTO); (4) in-stent restenosis; (5) 
severe calcification; (6) left main coronary artery disease 
(LMCAD); (7) intervention of > 1 major coronary artery 
branch in a single PCI procedure; (8) side branch occlu-
sion or blood flow-affecting dissection during PCI; (9) 
cardiogenic shock during PCI; (10) vulnerable popula-
tions, such as individuals with mental disorders, cognitive 
impairment, critical illness, pregnancy, lactation, genetic 
or acquired bleeding disorders with anticoagulation fac-
tor deficiency, or current use of oral anticoagulants.

Informed consent {26a.1}
Each subject will be fully informed in writing about the 
purpose, nature, procedures, and potential benefits and 

risks of the study. Subjects should be informed that they 
have the right to withdraw from the study at any time. 
Before enrollment, each subject should be given suffi-
cient time to consider participation. Only subjects who 
voluntarily sign the informed consent form after being 
fully informed will be included in the study. If a subject is 
unable to read the informed consent form (e.g., illiterate 
subject), a witness must observe the informed consent 
process and sign the informed consent form.

Who will take informed consent? {26a}
Researchers will perform an initial eligibility screening 
and collect written informed consent. Written informed 
consent will be collected prior to baseline assessment.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
If there is collection of any data that is not included in 
the initial informed consent process for the main clini-
cal trial, each participant must sign an additional consent 
form for the ancillary study.

Interventions
Explanation for the choice of comparators {6b}
In this randomized controlled trial, participants will be 
randomly divided into the intervention group (intrac-
oronary administration of 4 mL of 0.9% NaCl solution 
containing 4mg of TNK) and the control group (intrac-
oronary administration of 4 mL of 0.9% NaCl solution). 
The control intervention allows the evaluation of TNK 
effects in preventing PCI-related MI. Patient education 
encompassing disease-related knowledge, lifestyle guid-
ance, complication prevention, rational drug use, and 
other pertinent contents will also be delivered to the con-
trol group. Both the intervention group and the control 
group will receive standard pharmacological treatments.

Intervention description {11a}

• Experimental group: Immediate intracoronary 
injection of 4 mL of 0.9% NaCl solution containing 
4mg of TNK following balloon angioplasty (dilation).
• Control group: Immediate intracoronary injec-
tion of 4 mL of 0.9% NaCl solution following balloon 
angioplasty (dilation).
• The use of other devices during PCI will be decided 
based on the operator’s experience.

Criteria for discontinuing or modifying allocated 
interventions {11b}
Discontinuation from the treatment program will be con-
sidered in the following conditions:
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Table 1 WHO trial registration data set

Data category Information

Primary registry and trial identifying number ChiCTR2400084840

Date of registration in primary registry 2024/05/27

Secondary identifying numbers -

Source (s) of monetary or material support Self-funded

Primary sponsor The study received no specific sponsor

Secondary sponsor(s) The study received no specific sponsor

Contact for public queries Wenbin Zhang

Contact for scientific queries Wenbin Zhang

Public title Intracoronary administration of tenecteplase to prevent PCI-related myocardial infarction in patients 
enriched with attenuated signal coronary plaques

Scientific title Intracoronary administration of tenecteplase to prevent PCI-related myocardial infarction in patients 
enriched with attenuated signal coronary plaques

Countries of recruitment China

Health condition(s) or problem(s) studied Coronary heart disease

Intervention(s) Immediate intracoronary injection of 4 mL of 0.9% NaCl solution containing 4mg of TNK follow-
ing balloon angioplasty (dilation)

(Control) Immediate intracoronary injection of 4 mL of 0.9% NaCl solution following balloon angioplasty 
(dilation)

Key inclusion and exclusion criteria -

(Inclusion criteria) 1. Age ≥ 18 years;
2. CAD patients tolerating dual antiplatelet therapy, and clinically indicated for elective PCI;
3. IVUS confirms lesion length ≥ 20 mm and meets the characteristics of EA: plaque showing ultra-
sound signal attenuation (longitudinal attenuation length ≥ 5 mm), excluding calcified and dense 
fibrous plaques;
4. Acceptance of terms and conditions of the study and signature of the informed consent form, 
with a full understanding of the trial content, process, and potential adverse reactions;
5. Willing to adhere to medical follow-up

(Exclusion criteria) 1. Positive cardiac troponin I (cTnI) prior to percutaneous coronary angiography;
2. Coronary artery bypass graft (CABG) lesion;
3. Chronic total occlusion (CTO);
4. In-stent restenosis;
5. Severe calcification;
6. Left main coronary artery disease (LMCAD);
7. Intervention of > 1 major coronary artery branch in a single PCI procedure;
8. Side branch occlusion or blood flow-affecting dissection during PCI;
9. Cardiogenic shock during PCI;
10. Vulnerable populations, including individuals with mental disorders, cognitive impairment, criti-
cal illness, pregnancy, lactation, genetic or acquired bleeding disorders with anticoagulation factor 
deficiency, or current use of anticoagulants

Study type Interventional study

Multicenter, prospective, randomized controlled, open-label trial

Primary purpose: To determine the effectiveness of low-dose intracoronary TNK administration 
in preventing PCI-related MI in CAD patients with EA

Date of first enrolment August 1, 2024

Target sample size 432 (Both control and experimental group)

Recruitment status Pending

Primary outcome(s) Incidence of PCI-related MI

Key secondary outcomes Proportion of patients with elevated postoperative high-sensitivity cTnI exceeding 5, 10, 35, and 70 
times of the normal baseline;
Incidence of slow-flow after stent implantation and post-dilation;
Frame count of angiographic flow after stent implantation and post-dilation;
Incidence of MACE during hospitalization and post-operative 1-month follow-up
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(1) Participants voluntarily withdraw from the study;
(2) If the participant is unable to continue the protocol 

treatment due to adverse events;
(3) The researcher(s) deem continued participation to 

be inappropriate or detrimental to the participant.

Strategies to improve adherence to interventions {11c}
Routine follow-up is necessary for every patient who 
underwent PCI. Therefore, no extra measures will be 
taken to improve the adherence.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Both the intervention group and the control group will 
receive standard pharmacological treatments and hospi-
tal care.

Provisions for post‑trial care {30}
The administration of TNK aims to prevent the occur-
rence of PCI-related MI. The dosage of TNK used in our 
trial is reported safe in other studies. If any risk of harm 
is identified, the principal investigator will intervene to 

Fig. 1 Illustration of the research phases
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minimize the potential harm. Besides, the research team 
will provide appropriate compensation if necessary.

Outcomes {12}
Outcomes will be collected during hospitalization and 
again at 1-month follow-up after PCI.

Primary outcome measure
Incidence of PCI‑related MI
PCI-related MI is defined as the increase of high-sensi-
tivity cTnI to more than 5 times the 99th percentile upper 
reference limit (> 5 × 99th percentile URL) within 48 h 
post-PCI in patients with normal baseline cTnI values. 
Notably, PCI-related MI is a valid surrogate endpoint for 
subsequent MACE [1]. The rationale for employing a sur-
rogate endpoint, rather than a clinical endpoint, includes 
(a) the significantly higher incidence rates of PMI com-
pared to MACE in post-PCI conditions, which facilitates 
more straightforward and efficient observation of out-
comes; and (b) the primary focus of this research on PMI, 
which is strongly associated with increased cardiac mor-
tality and heightened risk of future MACE [1, 18] {12.1}.

Secondary outcome measures

1. Proportion of patients with elevated postoperative 
high-sensitivity cTnI exceeding 5, 10, 35, and 70 
times of the normal baseline.

2. Incidence of slow-flow after stent implantation and 
post-dilation.

3. Frame count of angiographic flow after stent implan-
tation and post-dilation.

4. Incidence of MACE during hospitalization and post-
operative 1-month follow-up.

Safety endpoints
Proportion of major bleeding (BARC bleeding classifica-
tion type 2 or type 3) occurring within 24 h post-PMI.

Participant timeline {13}
The participant timeline is shown in Fig. 2.

Sample size {14}
This study is a RCT with an experimental group and a 
control group. The allocation ratio between the groups 
is 1:1. Based on previous literature and clinical data from 
our center, the assumed incidence rate of PCI-related 
MI in the control group is 20% [1, 3]. The experimental 
group is assumed to have a 35% lower incidence rate of 
PCI-related MI compared to the control group. Using a 
two-sided alpha of 0.05 and a power of 80%, a total sam-
ple size (N) of 720 patients was calculated using PASS 

2023 software. Considering a 20% dropout rate due to 
loss to follow-up or refusal to follow-up, at least 864 sub-
jects are required for the studies, with at least 432 sub-
jects in each group.

Recruitment {15}
Participant recruitment will begin in August 2024 and is 
expected to continue until August 2025. We will recruit 
participants from the other four sub-centers, including 
The First People’s Hospital of Hangzhou Lin An Dis-
trict, Zhejiang Greentown Cardiovascular Hospital, The 
Fifth People’s Hospital of Hangzhou Yuhang District, and 
Ningbo Ninth Hospital.

Assignment of interventions: allocation
Sequence generation {16a}
This randomized controlled trial will employ a 1:1 alloca-
tion ratio on the participants. The allocation process will 
be managed using Electronic Data Capture (EDC), a clin-
ical trial centralized randomization system. Researchers 
will access the system with unique account credentials. 
Upon entering a participant’s information, participants 
will be randomly assigned following simple randomiza-
tion procedures, and a randomized number generated by 
the system will be used to track each patient.

Concealment mechanism {16b}
Allocation concealment will be guaranteed through the 
following mechanisms: Staff will log in to the EDC Trial 
Data cloud and enter the information for the partici-
pants. The EDC system will randomly assign participants 
to either group in a 1:1 ratio. A unique patient profile will 
be generated once all necessary baseline information is 
entered. Access to these data requires authorized account 
credentials.

Implementation {16c}
The allocation sequence will be generated by EDC cen-
tralized randomization system. XH will be in charge of 
enrolling the patients. The Trial Management Committee 
(TMC) will assign participants to interventions.

Assignment of interventions blinding
Who will be blinded {17a}
Participants and investigators will be aware of the inter-
vention that has been assigned to them in this open-
label trial. Because of the nature of the patient-reported 
outcome measures, not all outcome evaluations will 
be blinded. During the analysis, the statistician will be 
blinded to the allocation.
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Fig. 2 Participant timeline
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Procedure for unblinding if needed {17b}
Procedure for unblinding is not applicable as this is an 
open-label trial.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Data will be collected utilizing EDC at each site. Data 
collection will commence 1 month post-PCI and will 
be stored in the form of an electronic case report form. 
The clinical research coordinator (CRC) will complete 
the electronic case report form. Investigators will be 
notified of any changes made by CRC and a system/
edit check automatically be conducted by the system. 
Authorized investigators will be permitted to access the 
study computers and evaluate the data throughout the 
study.

Plans to promote participant retention and complete 
follow‑up {18b}
If any missing data is detected via the EDC system, the 
researcher will contact the participants by telephone.

Data management {19}
Study teams are tasked with self-monitoring both study 
processes and data to ensure a well-run trial and to 
identify and mitigate issues before they are identified by 
external monitoring entities, potentially avoiding time-
consuming corrections. Internal monitoring includes 
monitoring for proper informed consent documenta-
tion/records, eligibility criteria, and data quality.

Monitoring is usually conducted by stakeholders 
involved in the research to pinpoint issues and enhance 
processes. A unique identification code will be gener-
ated for data analysis to ensure security. Any errors or 
missing data information will be reported to data man-
agers (DM) in Data Query Reports. DM receiving the 
inquiry will verify the original records to ascertain the 
necessary corrections. Original paperwork and signed 
informed consent forms will be stored in locked file 
cabinets.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
All data will be entered by two members of the research 
team independently, and analyzed once confirmed to be 
consistent. Statistical analysis will be conducted using 
SPSS 22.0.

(1) Quantitative data

Continuous data will be examined for normal distribu-
tion using Shapiro–Wilk method:

• Data with a normal distribution will be expressed 
as means ± SD and compared between groups using 
the t-test.
• Data with a non-normal distribution will be 
expressed as medians (interquartile range) and com-
pared between groups using the Mann–Whitney U 
tests.

(2) Count data

Count data will be expressed as counts (percentages) 
and compared between groups using chi-square tests or 
Fisher’s exact test.

(3) Dropout analysis

The number of actual enrolled participants and 
excluded participants will be statistically described to 
understand the underlying reasons for dropout.

(4) Baseline equivalence analysis

Analysis of variance (ANOVA) or Fisher exact test will 
be adopted to compare demographic data and other base-
line characteristics to assess equivalence among groups.

Methods for additional analysis (e.g., subgroup analysis) 
{20b}
No additional analysis will be conducted.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
There will be no replacement or imputation of missing 
values. Patients who are lost to follow-up will be con-
sidered to have dropped out of therapy. Results will be 
reported using both the intention-to-treat approach and 
the per-protocol analysis, accounting for any missing 
data.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
There will be no data monitoring committee as this is 
considered to be a low-risk intervention.

Interim analysis {21b}
There will be no interim analysis. However, if deemed 
necessary after careful consideration by all its members, 
an unplanned interim analysis concerning safety and effi-
cacy may be initiated at any point during the trial. The 
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results from this analysis will provide guidance to the 
principal investigator on whether to continue, modify, or 
terminate the study.

Adverse event reporting {22}
The primary study-related adverse events are adverse 
reactions to TNK, which include intracranial hemor-
rhage and other minor bleeding events. Previous studies 
have shown that the use of small-dose TNK during sur-
gery does not increase the risk of bleeding. However, the 
research team will closely monitor for bleeding events 
and provide timely treatment based on the severity of 
the bleeding, referring to the 2016 Acute Coronary Syn-
drome (ACS) Antithrombotic Therapy and Bleeding Pre-
vention Multidisciplinary Expert Consensus. The types 
and frequencies of any adverse event will be reported 
to the Chinese National Adverse Reaction Monitoring 
Center. The adverse events monitored include: i) normal 
or abnormal laboratory test changes before and after the 
clinical trial; and ii) the relationship between the abnor-
mal changes and management strategies employed.

Frequency and plans for auditing trial conduct {23}
Audit procedures will comply with the ICH GCP (Guide-
line for Good Clinical Practice of the International Con-
ference on Harmonisation) and regulatory requirements. 
A project management-related meeting will be conducted 
both weekly and monthly. Weekly meetings will be held 
every Friday. Monthly meetings will be conducted at the 
last day of every month. The project management group 
will audit information on the research. The ethics com-
mittee will meet every 6 months.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
The steering committee (SC) will be responsible for 
assessing and approving any protocol revisions. The 
amended protocol will also be submitted to the Medical 
Ethics Committee of the Sir Run Run Shaw Hospital of 
Zhejiang University and reported to the participants as 
deemed necessary.

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
The results of the clinical trial will be published in the 
form of articles, but the specific scope and time of pub-
lication are yet to be determined. All relevant data 
and information will be disclosed when the article is 
published.

Confidentiality {27}
This study will adhere strictly to the ICH GCP guidelines 
for data collection, sharing, and maintenance. To ensure 
confidentiality, several measures will be implemented: 
(1) all participants must sign a detailed informed consent 
form before any data collection begins; (2) each partici-
pant will be assigned a unique, randomized identification 
number to protect their privacy in the tracking process; 
(3) access to the study dataset will be only granted to 
approved investigators and study nurses; (4) research-
ers only have access to the data collected by themselves 
and cannot review data collected by others. All data will 
be stored on a secure database (EDC) for confidentiality. 
No associated information will be disclosed beyond the 
scope permitted by relevant laws and/or regulations.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
No genetic or molecular analysis will be conducted in 
this trial or for future use.

Composition of the coordinating center and trial steering 
committee {5d}
Design and conduct of the study: preparation of protocol 
and amendments; preparation of IB (investigators bro-
chure) and CRFs (case report forms); reports on stud-
ies to be published; establishment of the composition of 
TMC’s members.

SC (steering committee): final protocol agreement; 
patient recruitment and communication with the lead 
investigator; review of the trial’s progress; consent for 
protocol and/or IB adjustments to ensure a smooth run 
of the study. The steering committee comprises all princi-
pal investigators, with a designated regional coordinator 
selected from among the principal investigators at each 
study site.

Trial Management Committee (TMC) (principal inves-
tigator, research physician, administrator): study plan-
ning; organization of steering committee meetings; 
report of adverse events to the Chinese National Adverse 
Reaction Monitoring Center; maintenance of the trial 
master file; budget management and contractual dif-
ficulties with individual centers; randomization; data 
verification.

Lead investigators: recruitment; data collection; CRF 
completion, as well as study patient follow-up and adher-
ence to the study protocol and IB. Each participating 
center will be assigned a lead investigator who is respon-
sible for patient identification and management.
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Dissemination plans {31a}
The findings of the study will be presented to the public 
at academic conferences. The authorship will be deter-
mined by the steering group based on contributions.

Discussion
The most critical strategy in managing PMI manage-
ment is prevention. However, current procedural and 
pharmacological strategies have shown limited effective-
ness. To date, apart from antiplatelet drugs and statins, 
no other medications—including the widely prescribed 
calcium channel blocker (CCB) and Angiotensin-con-
verting enzyme inhibitors/ Angiotensin receptor blockers 
(ACEIs/ARBs)—have demonstrated efficacy in reducing 
PMI incidence [3]. Consequently, this protocol presents 
a detailed description of a multicenter RCT, designed to 
evaluate the effectiveness of low-dose intracoronary TNK 
in preventing PMI in CAD patients with EA but do not 
have MI. Despite the controversial efficacy of TNK-facil-
itated PCI in STEMI patients, these cases were largely 
attributed to specific underlying issues, such as full-dose 
thrombolytic usage, insufficient anticoagulation/anti-
platelet therapy, and treatment delays [19, 20]. Our study 
aims to minimize these factors while standardizing the 
extent of microvascular obstruction and ischemic times 
for optimal drug effectiveness and study results. Further-
more, TNK was chosen as the subject of our study due 
to its demonstrated advantages in both animal and clini-
cal studies, including reduced systemic bleeding, higher 
fibrin specificity, and improved thrombolytic efficacy in 
cardiovascular and cerebrovascular events [21, 22]. The 
dosage of intracoronary TNK used in our study is a 4 mg 
bolus, primarily referencing to the safety dosage reported 
by Gibson CM et al. [11, 13, 20].

This study has several critical implications. Similar to 
previous studies involving other drugs, we will adminis-
ter the thrombolytic agent directly and immediately into 
the culprit artery following PCI.  This approach allows 
us to explore the therapeutic efficacy in CAD patients 
undergoing PCI to the optimal extent. Secondly, the pres-
ence of EA, which contributes to the pathogenesis of 
PMI, solidifies the clinical relevance of our findings.

There are some limitations of this study. Firstly, our 
study primarily focuses on PMI, which is considered an 
early periprocedural complication. Consequently, we just 
keep track of MACE for 1 month, rendering long-term 
outcomes unknown. Secondly, the optimal regimen and 
dosage of TNK in this setting, which may influence the 
trial results, are unknown.
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Protocol version {3}: original; version 1.1 20,240,606.

Recruitment start date: August 1, 2024.
Anticipated completion of recruitment: August 1, 
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