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Background: The prevalence of very high-risk atherosclerotic cardiovascular disease (ASCVD) is 
significant in China, with suboptimal rates of low-density lipoprotein cholesterol (LDL-C) compliance 
exacerbating plaque instability and causing a higher incidence of major adverse cardiac events (MACEs). 
Proprotein convertase subtilisin/kexin type 9 inhibitors (PCSK9i) are effective in reducing LDL-C levels, 
increase the stability of vulnerable plaque, and influence the progression of atherosclerosis through multiple 
mechanisms as demonstrated in animal studies. However, there is currently a lack of in vivo evidence 
regarding the efficacy and safety of high-intensity statin therapy combined with PCSK9i in the secondary 
prevention of ASCVD in the Chinese population. This study aims to demonstrate the efficacy of high-
intensity statins combined with PCSK9i on vulnerable plaques in very high-risk ASCVD patients through 
intravascular imaging and non-invasive endothelial function test.
Methods: This randomized, open-label, prospective clinical study involves 240 patients with very high-
risk ASCVD who meet the criteria outlined in the 2023 Chinese lipid management guidelines. Patients 
recruitment will be processed in Beijing Anzhen Hospital from January 2021 to December 2024. Patients 
with thin-cap fibroatheroma (TCFA) detected by optical coherence tomography (OCT) are randomly 
assigned in a 1:1 ratio to the evolocumab group (evolocumab 140 mg every 2 weeks plus atorvastatin 40 mg  
nightly) or the standard treatment group (atorvastatin 40 mg nightly). The primary endpoint is the absolute 
change of the minimum fibrous cap thickness (FCT) at a median follow-up of 1 year. The secondary 
endpoints are other OCT metrics, assessment of MACE rates, alterations in serum lipid profiles and markers 
of inflammation, endothelial function, and adverse drug reactions. Logistic regression, analysis of covariance 
(ANCOVA), Kaplan-Meier curve survival analysis, and Cox regression will be used to investigate the 
relationship between variables and endpoints.
Discussion: The purpose of this study is to evaluate the efficacy of high-intensity statin therapy combined 
to PCSK9i for the secondary prevention of coronary artery disease in Chinese patients with very high-risk 
ASCVD. The results will provide evidence to optimize the management of this high-risk population. 
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Introduction

Background

Atherosclerosis is the major cause of mortality and 
poses a great threat to public health. The Chinese Lipid 
Management Guidelines (2023) (later referred to as 
the “2023 Chinese Guidelines”) define very high-risk 
atherosclerotic cardiovascular disease (ASCVD) as having 
had ≥2 severe ASCVD events or 1 severe ASCVD event 
combined with ≥2 high-risk factors. Severe ASCVD events 
included a recent history of acute coronary syndrome (ACS) 
(<1 year), previous history of myocardial infarction (other 
than ACS), ischemic stroke, symptomatic peripheral vascular 
disease, and prior revascularization or amputation. High-risk 
factors include low-density lipoprotein cholesterol (LDL-C) 
≤1.8 mmol/L, recurrence of severe ASCVD events, early 
onset coronary artery disease (CAD) (male <55 years 
old, female <65 years old), familial hypercholesterolemia 
or baseline LDL-C ≥4.9 mmol/L, previous history of 
coronary artery bypass grafting (CABG) or percutaneous 
coronary intervention (PCI), diabetes mellitus, high 
blood pressure, chronic kidney diseases (CKD) stage 
3–4 and smoke (1). In China, 75.1% of the patients 
are classified as those with very high-risk ASCVD (2).  
Upon admission, only 6.6% of individuals achieved the 
recommended LDL-C level of <1.4 mmol/L, and 95.1% 
still received statin monotherapy at discharge (2,3). The 
2023 Chinese Guidelines recommend that individuals 
with a very high risk of ASCVD who do not achieve 
adequate LDL-C levels with statin treatment may benefit 
from additional non-statin lipid-lowing drugs, such as 
cholesterol absorption inhibitors or proprotein convertase 
subtilisin/kexin type 9 inhibitors (PCSK9i) (1). Although 
the 2023 Chinese Guidelines recommend the initial use 
of conventional or moderate-intensity statin, available 
evidence suggests that high-intensity statin is beneficial to 
reduce the incidence of endpoint events in patients with 
ASCVD among the Asian population (4-7).

Rationale and knowledge gap

Numerous studies have shown that endothelial dysfunction 
is the main initiation factor of atherosclerosis (8-10). Patients 
with coronary microvascular endothelial dysfunction 
(CMED) exhibit more vulnerable plaque characteristics, 
and higher plaque burden associated with a larger necrotic 
core volume (11). The stability of these plaques hinges 
on the fibrous cap thickness (FCT), as the exposure of 
the lipid core to circulating blood can trigger platelet 
activation, leading to sudden cardiac death and ACS (12).  
Vulnerable plaques prone to rupture have a large lipid core, 
thin fibrous cap, and macrophage infiltration near the cap, 
known as thin-cap fibroatheroma (TCFA) (13,14). 

PCSK9, which is mainly synthesized in the hepatic 
endoplasmic reticulum, binds to and accelerates lysosomal 
degradation of LDL receptor (LDLR) on the cell surface, 
thereby inhibiting uptake of LDL-C by hepatocytes, 
leading to increase of LDL-C in plasma, and accelerating 
the progression of atherosclerosis (15). Pre-clinical 
study demonstrated that locally produced PCSK9 within 
atherosclerotic plaques promotes monocyte infiltration and 
macrophage inflammation through an LDLR-dependent 
mechanism in a cholesterol-independent manner, thereby 
influencing lesion composition (16).

Recent studies have shown that PCSK9i has pleiotropic 
effects on atherosclerosis. Studies using multimodal 
imaging techniques have confirmed that the primary effect 
of PCSK9 inhibitors is to reduce plaque burden and alter 
the composition of atherosclerotic plaques by regulating 
lipid levels (17-19). Some preclinical and clinical studies 
have found that PCSK9 can directly induce inflammation 
and exacerbate atherosclerosis, independent of changes 
in lipid profiles. PCSK9 inhibitors can reduce oxidative 
stress, lipid deposition, and plaque lesion area, and enhance 
autophagy, reducing oxidative stress and inflammation in 
atherosclerosis (20-23). This phenomenon has also been 
observed in subjects with LDL-C levels <100 mg/dL, 
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supporting the possibility that PCSK9 inhibitors have a 
net anti-inflammatory effect (24). Systemic and/or vascular 
inflammation biomarkers play an important role in coronary 
plaque formation and rupture (25). About 60% of subjects 
in the secondary prevention for ASCVD can be defined 
as having a “high inflammation risk” based on C-reactive 
protein (CRP) levels (26). The impact of PCSK9i on 
systemic inflammation and local plaque inflammation will be 
evaluated through the analysis of circulating inflammatory 
biomarkers and macrophage aggregation in plaques via 
optical coherence tomography (OCT). Chronic vascular 
inflammation induces endothelial dysfunction, but the 
findings of current research using non-invasive diagnostic 
methods to assess the effect of PCSK9i on endothelial 
function are inconsistent. The sub-study of PACMAN-
AMI found that adding PCSK9 inhibitors to high-intensity 
statin therapy failed to produce a further beneficial effect on 
flow-mediated dilation (FMD) in patients with AMI (27). 
However, another study found that PCSK9i significantly 
improved endothelial function indicators such as FMD in 
patients with ACS after 6 weeks (28).

OCT is an intravascular imaging modality based on 
near-infrared light that provides high-resolution images, 
which can be used to identify high-risk anatomical plaque 
features that have been recognized as fundamental to the 
pathogenesis of CADs, guiding PCI, and optimizing stent 
implantation (29-32). Peripheral arterial tonometry (PAT) 
is a novel non-invasive method that assesses endothelial 
and microvascular dysfunction by measuring reactive 
hyperemia in the microvasculature of the finger. The 
reactive hyperemia index (RHI) is associated with ASCVD 
risk and the presence of CAD (33). Compared to FMD, 
PAT does not require complex sensors, ultrasound systems, 
or highly experienced operators. It is a simpler and more 
cost-effective method that also offers better inter-observer 
reproducibility (34).

Objective

Therefore, it is hypothesized that compared with high-
intensity statin monotherapy, high-intensity statin 
combined with PCSK9i can further increase the stability 
of non-criminal lesion vulnerable plaques in very high-
risk ASCVD patients, improve endothelial function, and 
further reduce the incidence of major adverse cardiac event 
(MACE). This study aims to dynamically observe the 
characteristics of non-criminal lesion vulnerable plaques. 
OCT in patients with very high-risk ASCVD, clarify the 

relationship between “lipid, plaque and events” through in 
vivo analysis, and evaluate the efficacy and safety of high-
intensity statins combined with PCSK9i lipid-lowering 
treatment (LLT) in Chinese population. Additionally, it also 
investigates the relationship between endothelial function 
and plaque vulnerability and the influence of different 
LLT on endothelial function by noninvasive endothelial 
function tests. We present the protocol in accordance with 
the SPIRIT reporting checklist (35) (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-24-336/rc). 

Methods

Study design

This study is a single-center, parallel-group, open-label, 
randomized trial (version 1.0/16th September 2024). All the 
procedures will be conducted at Beijing Anzhen Hospital. 
Recruitment will take place between January 2021 and 
December 2024, with a median follow-up duration of one 
year. Due to the COVID-19 pandemic, we were affected 
in the study preparation phase. Considering the continuity 
of patient enrollment and the possible impact of the 
epidemic on CAD, we have postponed the enrollment to 
2021. Data will be collected within one week after OCT 
image acquisition for each patient. This study has received 
approval from the Ethics Committee of Beijing Anzhen 
Hospital Medical (No. ks202002), which will be conducted 
in accordance with the Declaration of Helsinki (as revised in 
2013), and was registered at Chinese Clinical Trial Registry 
[ChiCTR, chictr.org.cn (ChiCTR2000032570)]. Informed 
consent will be obtained from all participants. The specific 
study timeline of this study is shown in Table 1.

Participants

The participants include adult patients with very high-risk 
ASCVD. PCI procedures are performed in all patients. 
Table 2 shows the complete inclusion and exclusion criteria. 
All eligible patients will receive comprehensive information 
from the researchers and will sign an informed consent 
form.

Randomization and allocation

Once the eligibility is confirmed after OCT imaging and 
written informed consent is obtained, patients will be 
randomized. In order to ensure better balance between the 

https://cdt.amegroups.com/article/view/10.21037/cdt-24-336/rc
https://cdt.amegroups.com/article/view/10.21037/cdt-24-336/rc
http://chictr.org.cn
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Table 1 Study timeline

Study phase Task description Time frame

Study initiation Obtain ethical approval, register study March 2020 to May 2020

Patient recruitment Recruit 240 patients, obtain informed consent January 2021 to December 2024

Randomization and intervention Randomly assign patients, conduct 12-month intervention January 2021 to December 2024

Follow-up Follow-up assessments at 3, 6, 9, and 12 months post-
intervention

January 2022 to December 2025

Data analysis Data cleaning and statistical analysis January 2026 to March 2026

Reporting and publication Write study report, submit for publication April 2026 to December 2026

Table 2 Study inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

1. At least 18 years of age 1. Previous use of any PCSK9i

2. Very high-risk ASCVD 2. Uncontrolled hypertension (SBP ≥180 mmHg; DBP ≥110 mmHg) or diabetes

3. Have a qualifying LDL-C level at the time of screening 
based on the use of either no statin (LDL-C ≥3.4 mmol/L) 
or low or moderate intensity statin (LDL-C ≥1.8 mmol/L) 

3. Known allergy or contraindication to evolocumab or atorvastatin

4. Successful PCI procedure 4. Known history of hemorrhagic stroke

5. OCT detected TCFA (TCFA is defined as FCT <65 mm 
and lipid radian greater than or equal to 2 quadrants)

5. Undergoing cancer treatment

6. Treated with lipoprotein monocollection of blood components

7. Severe liver and kidney dysfunction

8. Pregnant or lactating women

9. For any reason, the investigator considered patients who were not suitable 
for this study

PCSK9i, proprotein convertase subtilisin/kexin type 9 inhibitor; ASCVD, atherosclerotic cardiovascular disease; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; PCI, percutaneous coronary intervention; OCT, optical 
coherence tomography; TCFA, thin-cap fibroatheroma; FCT, fibrous cap thickness.

experimental and control groups, block randomization will 
be employed, and the allocation sequence will be computer-
generated to ensure randomization. Participants will be 
randomly assigned in a 1:1 ratio in a single-blind manner, 
with allocation concealment based on sequential coding. 
Patients will be recruited by surgeons, and randomized and 
allocated by researchers.

In this study, participants will be blinded to their 
group allocation to minimize bias regarding treatment 
expectations. All participants will receive the same 
procedure description to avoid cognitive bias caused by 
inconsistent information. Unblinding will only occur in 
the case of a medical emergency where knowledge of the 
participant’s group assignment is essential for their care. All 

unblinding events will be reported and documented in the 
study records for transparency.

Intervention

Patients will be blindly randomized into two treatment 
groups: either atorvastatin 40 mg QN (p.o.) + evolocumab 
140 mg Q2W (s.c.), or atorvastatin 40 mg QN (p.o.) alone 
(Figure 1). If there is an increase in creatine kinase levels 
≥5 times upper limit of normal (ULN) and/or alanine 
aminotransferase (ALT)/aspartate aminotransferase (AST) 
levels ≥3 times ULN, statin therapy should be discontinued. 
If the above indicators return to normal, statin therapy may 
be resumed after one month of observation; otherwise, the 
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treatment regimen should be discontinued. In cases where 
LDL-C levels drop below 0.5 mmol/L during follow-
up, the investigators will decide whether to terminate the 
regimen.

Measures

OCT image acquisition and analysis
The ILUMIEN OPTIS OCT imaging system will be 
used for OCT image acquisition and analysis. Following 
the PCI procedure, OCT imaging will be promptly 
conducted in the target vessel chosen for investigation 

immediately. Imaging will be strictly executed during 
maximal vasodilatation (through repetitive administration of  
100–200 μg intracoronary nitroglycerin before every 
pullback) throughout the procedure. OCT imaging will 
be obtained by positioning an Abbott Dragonfly OPTIS 
catheter distally and withdrawing it to the aorta at a speed 
of 36 mm/s via automatic pullback for a total length of  
75 mm, which ensures the complete removal of blood 
from the targeted segment. During the procedure, the 
contrast agent will be flushed at a rate of 3–4 mL/s for  
3–6 seconds using a ring-handle syringe. The dedicated 
image inspection system will be used to digitally store and 
analyze OCT images offline, with the image analyst blinded 
to the group assignment. 

Baseline and follow-up OCT image series will be 
meticulously analyzed to align with the target lesion based 
on the proximity to landmarks such as bifurcation or 
calcification. Calibration will be employed prior to analysis. 
For each target lesion, additional manual corrections 
and automated measurement algorithms will be utilized 
to determine the minimum lumen area. Plaques will be 
classified as lipid-rich, fibrous, or fibrocalcific according to 
previously validated criteria. A fibrous cap will be seen as a 
signal-rich tissue layer overlying a region with poor signal. 
The minimum FCT will be measured as follows: three 
candidate frames will be chosen during visual screening, 
and the FCT will be measured at the thinnest part of each 
frame. The minimum FCT will be measured as the smallest 
value of the measurements from the candidate frames. 
Lipid-rich plaques will be characterized by determining 
the lipid-core length and lipid arc. Lipid-core length 
will be defined as the longitudinal length of plaque with 
>90° of lipid involvement. Lipid arc will be measured in 
a lipid-rich plaque at 0.2 mm intervals for recording the 
mean and maximum lipid arc. The lipid index will be 
calculated by multiplying the longitudinal length of the 
lipid core by the mean lipid arc. Macrophages, visualized 
by IVOCT as distinct, signal-rich, or confluent punctate 
regions, will be graded according to their distribution 
within the lesions. Macrophage grading will be performed 
every 0.2 mm as follows: grade 0, no macrophage; grade 
1, localized macrophage accumulation in the lesion with a 
cross-sectional area <30°; grade 2, clustered accumulation 
covering an area of 30° to <90°; grade 3, clustered 
accumulation covering an area of 90° to <270°; grade 4, 
clustered accumulation in an area >270°. All qualitative 
and quantitative OCT parameters that describe continuous 
vascular changes will be compared between groups. 

CAD diagnosed by CAG

Laboratory examination
OCT

endoPAT

240 very high-risk ASCVD patients enrolled

CAG, OCT, endoPAT
Laboratory examination

Randomized 1:1 to study

Primary endpoint: 
absolute change in minimum FCT

Secondary endpoint: 
absolute change in other OCT measurement 

indicators, RHI, MACE

Evolocumab 140 mg Q2W
Atorvastatin 40 mg QN

N=120

Atorvastatin 40 mg 
QN

N=120

Inclusion and exclusion criteria

12 months follow-up

Figure 1 Study design. CAD, coronary artery disease; CAG, coronary 
angiography; OCT, optical coherence tomography; endoPAT, endo 
peripheral arterial tonometry; ASCVD, atherosclerotic cardiovascular 
disease; FCT, fibrous cap thickness; RHI, reactive hyperemia index; 
MACE, major adverse cardiac event.
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Three blood vessels will be scanned by OCT. OCT 
imaging will be performed on plaques with non-left main 
artery and non-culprit lesions with a visual angiographic 
estimate of 20–70% diameter stenosis. If there are 
more than two eligible lesions, the lesion with the most 
severe stenosis will be selected as the target lesion for 
OCT analysis. OCT image analysis will be performed 
back to back by two experienced OCT technicians. Any 
inconsistency in measurement results will be checked by a 
third technician.

Endothelial function test
The non-invasive peripheral endothelial function test 
will be utilized to evaluate endothelial function in eligible 
patients at baseline and at 12-month follow-up. The 
RHI will be measured using the EndoPAT 2000 Machine 
(Itamar Medical Ltd., Caesarea, Israel). Patients will 
be required to fast for 8 hours, abstain from tobacco, 
alcohol, and caffeine, and refrain from exercise for 8 h 
before testing. Administration of nitrates or any other 
medication for erectile dysfunction should be halted 
one day prior to the endothelial function test for each 
patient. The test will be conducted in a quiet, dimly lit, 
and temperature-controlled environment. An occlusion 
cuff will be positioned above the elbow on the left arm, 
and fingertip plethysmograph probes will be positioned 
on the index finger of each hand. Throughout the test 
duration, pulse wave amplitude will be continuously 
recorded by the device. The protocol will commence with 
a 5-minute baseline period, followed by 5 minutes of the 
cuff’s rapid inflation to a supra-systolic pressure of 60 or 
200 mmHg to achieve complete brachial artery occlusion. 
Subsequently, reactive hyperemia will occur during the 
last 5 minutes after cuff release. Trained physicians will 
perform the tests (36,37). 

Follow-up

Patients will be followed up by telephone or clinical visit 
every 12 weeks after PCI, with optimal medical therapy 
for a median of one year. Health and mental status will 
be assessed by the Seattle Angina Pectoris Questionnaire 
(SAQ),  Pat ient  Heal th  Quest ionnie-9  (PHQ-9) , 
Generalized Anxiety Disorder Questionnie-7 (GAD-7), 
and Short-From-36 Health Survey (SF-36). One year after 
PCI, all patients will be required to have a clinical visit 
for coronary angiography and OCT imaging. The visit 
schedule is shown in Table 3.

Endpoints

The primary endpoint is the absolute change of the 
minimum FCT in a matched arterial segment from baseline 
to month 12. The secondary endpoints are the absolute 
change of minimum lumen area, overall macrophage 
accumulation grade, lipid index, mean lipid arc and RHI 
from baseline to month 12. Exploratory endpoints include 
the incidence of MACEs. This study will also observe 
adverse drug reactions, including injection site reactions, 
myalgia, neurocognitive events, and severe bleeding events 
(cerebral hemorrhage, gastrointestinal hemorrhage). 

Data collection

Data collection will be performed via a pre-designed case 
report form. Data elements include patient demographics, 
medical histories, medications, admission conditions, 
laboratory results, coronary angiography, OCT imaging 
results, endothelial function tests, and clinical events (Table 4).

Statistical methods

The assumption in the calculation of sample size is based on 
the primary endpoint of HUYGENS study (38). The change 
of minimum FCT at 50 weeks is 21.5±48.67 μm for the 
placebo group, and 42.7±47 μm for the evolocumab group. 
Assuming a 10% loss of follow-up rate, 120 patients in each 
treatment group are asked to provide 90% power at a 2-sided 
α of 0.05. The sample size is calculated using the two-sample 
T-tests method of pass15.0 statistical software (NCSS, USA).

Categorical variables will be defined as frequency counts 
and compared using Fishers exact test or chi-square test. 
Continuous variables will be defined as mean±standard 
deviation (SD) or median with corresponding interquartile 
range (IQR). Shapiro-Wilk test and Kruskal-Wallis test 
will be used for normality tests. Differences in continuous 
data will be compared using the Mann-Whitney U test or 
Student’s t-test. The univariable and multivariable logistic 
regression will be employed to assess the relationship 
between baseline FCT and clinical measures. The analysis 
of covariance (ANCOVA) will be employed to analyze 
the primary and secondary endpoints for the covariates 
of patient demographics, treatment groups, conventional 
cardiovascular risk factors, and baseline LDL-C. Kaplan-
Meier curve survival analysis will be used to compare the 
effects of different. LLT strategies on MACE at 12-month 
follow-up. To identify predictors, the effects of OCT 
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Table 3 Visit schedule

Evaluation

Screening Baseline Follow-up

V0 V1
V2  

3 months
V3  

6 months
V4 

9 months
V5 

12 months

Visit window −3 to 1 d −1 to 0 d ±7 d ±7 d ±7 d ±7 d

Informed consent ×

Demographic data ×

Medical histories ×

Symptoms × × × × ×

Vital signs × × × × ×

Physical examination × × × × ×

NYHA functional class × × × × ×

ECG × ×

UCG × ×

Blood routine × × × × ×

Coagulation function × × × × ×

Platelet function × ×

Liver and kidney function × × × × ×

Myocardial enzyme × × × × ×

BNP/NT-proBNP × ×

FBG × ×

HBA1c × ×

Lipid profile × × × × × ×

Coronary angiography × × ×

OCT imaging × × ×

Endothelial function × ×

SAQ × × × × ×

SF-36 × × × × ×

PHQ-9 × × × × ×

GAD-7 × × × × ×

MMAS-8 × × × × ×

Medications × × × × ×

MACE × × × ×

X indicates that the procedure needs to be completed. NYHA, New York Heart Association; ECG, electrocardiogram; UCG, ultrasound 
cardiogram; BNP, B-type natriuretic peptide; NT-proBNP, N-terminal pro b-type natriuretic peptide; FBG, fasting blood glucose; HBA1c, 
hemoglobin A1c; OCT, optical coherence tomography; SAQ, Seattle Angina Pectoris Questionnaire; SF-36, Short-From-36 Health 
Survey; PHQ-9, Patient Health Questionnie-9; GAD-7, Generalized Anxiety Disorder Questionnie-7; MMAS-8, 8-item Morisky Medication 
Adherence Scale; MACE, major adverse cardiac event.
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Table 4 Data collection

Content Information

Demographics Age, gender, contact information, education level, occupation, marital status and diet

Medical histories MI, hypertension, diabetes, hyperlipidemia, stroke, peripheral vascular disease, renal failure, obstructive sleep 
apnea, cancer, coronary revascularization, smoking, drinking and family history

Medications Aspirin, P2Y12 receptor inhibitors, statins, other lipid-lowering drugs, nitrates, β-blockers, antihypertensive 
drugs and hypoglycemic drugs

Admission conditions Symptoms, blood pressure, heart rate, BMI, diagnosis, cardiac function, ECG, SAQ, PHQ-9, GAD-7 and SF-36

Laboratory results Routine blood tests, coagulation function, platelet function tests, FBG, HBA1c, ALT, AST, hsCRP, BNP, CK-MB, 
TC, TG, HDL-C, LDL-C, LVEF (UCG), troponin, creatinine

Coronary angiography SYNTAX score; LM lesion; number of vascular lesions; PCI/CABG; CAG time

OCT imaging results FCT, minimum lumen area, overall macrophage accumulation grade, lipid index, mean lipid arc

Endothelial function tests RHI

Clinical events MACE, adverse drug reactions

MI, myocardial infarction; BMI, body mass index; ECG, electrocardiogram; SAQ, Seattle Angina Pectoris Questionnaire; PHQ-9, Patient 
Health Questionnie-9; GAD-7, Generalized Anxiety Disorder Questionnie-7; SF-36, Short-From-36 Health Survey; FBG, fasting blood 
glucose; HBA1c, hemoglobin A1c; ALT, alanine aminotransferase; AST, aspartate aminotransferase; hsCRP, hypersensitive C-reactive 
protein; BNP, B-Type Natriuretic Peptide; CK-MB, creatine kinase-MB; TC, total cholesterol; TG, triglyceride; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; UCG, ultrasound cardiogram; 
LM, left main; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; CAG, coronary angiography; OCT, optical 
coherence tomography; FCT, fibrous cap thickness; RHI, reactive hyperemia index; MACE, major adverse cardiac event.

measurements, LDL-C, and endothelial function on MACE 
will be analyzed using Cox proportional hazard regression 
models. Missing data will be processed by multiple 
imputation. Primary analyses will be based on the intention 
to treat (ITT) principle, that including all randomized 
participants, regardless of protocol adherence, to minimize 
bias and maintain the integrity of randomization. A 
sensitivity analysis for patients with missing data will be 
conducted and baseline characteristics will be compared 
with those of patients with complete data. Statistical analysis 
will be performed by IBM SPSS Statistics 23.0. P<0.05 will 
be considered statistically significant. 

Enrollment strategy

It is anticipated that 240 participants will be enrolled over 
a 36-month period, with an expected recruitment rate of 
approximately 7 participants per month. To encourage 
participation, researchers will offer non-financial incentives, 
such as educational materials about cardiovascular health, 
which will be provided to participants. 

Discussion

To date, the study populations using intravascular imaging to 

assess the effect of PCSK9i have been mostly differentiated 
according to the clinical manifestations of CAD. There is a 
gap in the study of specific populations at risk for ASCVD. 
HUYGENS and PACMAN-AMI studies focused on patients 
with acute myocardial infarction (AMI), with early PCSK9i 
intervention in the experimental groups, demonstrating the 
stabilizing effect of PCSK9i on coronary plaques in non-
infarct-related arteries (18,38). Previous guidelines have 
generally assessed the 10-year overall risk of cardiovascular 
events in patients, categorizing them into different risk 
groups. However, even among ASCVD patients, the risk of 
recurrent ASCVD events varies significantly. The 10-year 
recurrence rate of major vascular events is approximately 
17%, with 18% of patients having a recurrence rate of less 
than 10%, and 22% having a rate exceeding 30% (39).  
Stratifying ASCVD patients according to their risk of 
recurrent cardiovascular events is crucial for guiding 
secondary prevention in this population. Therefore, 
the inclusion of patients with very high-risk ASCVD in 
this experiment is an innovation. Secondly, most of the 
intravascular imaging studies assessing the effects of PCSK9i 
have been currently conducted in European and American 
populations. Among them, 9 OCT studies were conducted in 
Asian populations with medium-intensity statin management, 
and only 3 were combined with PCSK9i, with the longest 
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follow-up time of 9 months (40-42). However, long-term 
follow-up studies of high-intensity statin combined with 
PCSK9i in Asian populations are still lacking, thus the 
treatment regimen design of this experiment is another 
innovation. In this study, the changes in plaque vulnerability 
will be detected by OCT. OCT can be used to accurately 
and quantitatively assess plaque vulnerability characteristics  
in vivo, and FCT is a major determinant of plaque 
vulnerability. Therefore, observing changes in FCT of 
TCFA by OCT is more likely to reveal changes in plaque 
vulnerability, thereby reducing the rate of MACE. Previous 
studies indicated that FMD and reactive hyperemia-
peripheral arterial tonometry (RH-PAT) had similar 
predictive values for future cardiovascular events (43). 
RH-PAT is semi-automated, easier to operate than FMD, 
and provides better inter-observer reproducibility (44). 
Therefore, using RH-PAT technology to assess the impact of 
PCSK9i on endothelial function in patients with very high-
risk ASCVD is another innovative aspect of this study. 

However, there are some limitations to this study. This is 
an investigator-initiated trial. Considering the feasibility of 
conducting both OCT and endo-PAT and the consistency 
of investigator evaluations, we will conduct a single-center 
randomized controlled study rather than a multicenter 
study. In addition, due to the lack of OCT imaging fusion 
module in our center, OCT plaque recognition will be 
based on the relative distance to the characteristic lumen 
structures (such as bifurcations, calcifications, etc.), and the 
quality control will be carried out by experienced OCT 
technicians and surgeons to reduce the error of plaque 
location and measurement.

To address the limitations of a single-center design, we 
may further consider establishing collaborations with other 
eligible and intentional centers for data sharing and post-
trial meta-analysis, which can enhance the generalizability 
of the study findings. Additionally, external blinded reviews 
of the imaging data could provide further robustness. 
For the limitations in OCT imaging, engaging multiple 
independent experienced technicians to analyze the images 
can help mitigate the challenges related to plaque location 
and measurement accuracy. To enhance patient compliance 
in follow-up, an electronic reminder system or telemedicine 
tools could be employed to ensure consistent follow-up 
throughout the study duration.
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