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Abstract

Introduction

Despite the available secondary preventive treatments, the management of stable coronary
artery disease (SCAD) remains challenging. Intermediate coronary lesion (ICL), defined as
luminal stenosis between 50% and 70%, is a key stage of SCAD. However, existing thera-
peutic strategies are limitated in delaying plaque progression and associated with various
adverse effects and economic burdens. Qing-Xin-Jie-Yu Granules (QXJYG) with proven
anti-platelet, anti-inflammatory, and lipid-lowering effects may compensate for the draw-
backs of current treatments and can be tested as a complementary therapy. Therefore, this
study aims to investigate the efficacy and safety of QXJYG in treating ICL, with a particular
focus on its impact on myocardial ischemia and plaque progression.

Materials and methods

This is a multicenter, randomized, double-blind, placebo-controlled trial. A total of 120 partic-
ipants with ICL will be randomly assigned to two groups in a 1:1 ratio. In addition to basic
medications, the intervention group will receive QXJYG, while the control group will receive
a placebo for over 6 months, followed by a 12-month follow-up. The primary efficacy out-
come is computed tomography-derived fractional flow reserve. The secondary outcomes
include the degree of coronary stenosis, coronary artery calcification score, Gensini score,
Seattle Angina Questionnaire score, high-sensitivity C-reactive protein, matrix metallopro-
teinase-9, blood lipids, and carotid artery ultrasound parameters. Major adverse cardiovas-
cular events are recorded as endpoints. The safety outcomes include composite events of
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bleeding, laboratory test results, and adverse events. Clinical visits are scheduled at base-
line, every 2 months during the treatment, and after a 12-month follow-up.

Discussion

This trial is anticipated to yield reliable results to verify the efficacy and safety of QXJYG in
the treatment of ICL, which will provide novel insights to help address the prevailing thera-
peutic dilemma of ICL, thereby facilitating for the management of SCAD.

Trial registration
Chinese Clinical Trial Registry, ChiCTR2200059262. Registered on April 27, 2022.

Introduction

Coronary artery disease (CAD) is a leading cause of mortality globally, with its incidence
increasing every year [1, 2]. Stable coronary heart disease (SCAD) has a higher incidence than
myocardial infarction (MI) [3]. Despite the available secondary preventive treatment, manag-
ing the progression of SCAD remains challenging. Intermediate coronary lesion (ICL), defined
as luminal diameter stenosis between 50% and 70% [4], is a key stage in the progression of
SCAD. Approximately 78% MIs originate from ICL, which are often precipitated by plaque
rupture [5]. However, in patients with SCAD, ICL resides within a gray area of revasculariza-
tion [6], and drug therapy remains the mainstay treatment. Anti-platelet therapy, such as aspi-
rin, can prevent ischemic adverse events but entails a risk of bleeding [7]. Intensive lipid-
lowering therapy has demonstrated the potential to reduce the occurence of cardiovascular
events [8]. However, statin intolerance is an ongoing problem, and using proprotein conver-
tase subtilisin/kexin type 9 (PCSK-9) inhibitors is costly. A residual inflammatory risk also per-
sists, leading to the onset of cardiovascular events [9]. The available anti-inflammatory agents
are marked by inconclusive evidence and burdened by serious side effects [10, 11]. Moreover,
the patient’s quality of life and mental well-being are negatively affected by recurrent angina,
which raises an additional concern.

Qing-Xin-Jie-Yu Granules (QXJYG), a Chinese herbal preparation composed of Astragalus
membranaceus (Huangqi), Salvia miltiorrhiza Bunge (Danshen), Ligusticum chuanxiong Hort
(Chuanxiong), Pogostemon cablin (Guanghuoxiang), and Coptis chinensis (Huanglian), has
been used to treat CAD for nearly two decades in China. QXJYG can alleviate angina and
reduce the incidence of cardiovascular events [12-14], possibly due to its regulatory effects on
glycolipid metabolism and anti-platelet and anti-inflammatory properties [15]. A previous ani-
mal study has affirmed the ability of QXJYG to lower lipid levels and counteract high-fat diet-
induced inflammation through the modulation of the gut microbiota and bile acid metabo-
lism. [16]. It also impedes the onset of atherosclerosis by inhibiting macrophage ferroptosis
[17]. However, the impact of QXJYG on delaying atherosclerosis progression, thereby improv-
ing myocardial ischemia, necessitates substantiation through high-quality evidence from clini-
cal trials. Therefore, this study designed as a multicenter, randomized, double-blind, placebo-
controlled clinical trial aims to validate the efficacy and safety of QXJYG in treating ICL.
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Materials and methods
Study objective

This exploratory study primarily aims to evaluate the efficacy and safety of QXJYG in treating
ICL. It hypothesizes that QXJYG combined with conventional drug therapy will demonstrate
superior outcomes when compared with conventional drug therapy alone.

Study design

This multicenter, block-randomized, double-blind, placebo-controlled trial has been regis-
tered in the Chinese Clinical Trial Registry (registration number: ChiCTR2200059262), and
the protocol has been approved by the Ethics Committee of Xiyuan Hospital, China Academy
of Chinese Medical Sciences (reference number: 2022XLA038-1) (S1 and S2 Files). This trial
is expected to run from June 2022 to June 2025, following the principles of the Declaration of
Helsinki and the Good Clinical Practice guidelines. Patients who meet the eligibility criteria
will be recruited from three centers in China after signing a written informed consent form
(ICF). Subsequently, 120 participants will be randomly assigned to the QXJYG group (n = 60)
or the placebo group (n = 60) for 6-month treatment and total 12-month follow-up. Clinical
visits are scheduled at baseline (visit 1), every 2 months during the treatment (visits 2-4), and
after the 12-month follow-up (visit 5). Data management and statistical analysis will be con-
ducted independently by third-party personnel stationed at the Clinical Pharmacology Center,
Xiyuan Hospital, China Academy of Chinese Medicine Sciences. This protocol strictly adheres
to the international recommendations of SPIRIT 2013 statements (S3 File) [18], and a detailed
schedule is provided in Fig 1. When reporting the study results, compliance with the Consoli-
dated Standards of Reporting Trials (CONSORT 2017) [19] will be ensured, as depicted in the
flow diagram presented in Fig 2. The study design can be summarized as shown in S1 Fig.

Participants

Diagnostic criteria. The “2021 ACC/AHA/SCAI Guideline for Coronary Artery Revascu-
larization” will be followed as the diagnosis criteria for ICL [6]; ICL is defined as luminal diame-
ter stenosis ranging from 50% to 70% in major coronary arteries. Only patients diagnosed with
SCAD will be screened. The diagnosis criteria of SCAD will be followed as the “2014 ACC/
AHA/AATS/PCNA/SCAI/STS focused update of the guideline for the diagnosis and manage-
ment of patients with stable ischemic heart disease” [20] and the “2021 AHA/ACC/ASE/
CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain” [21].

Inclusion criteria.

1. Patients with SCAD who have at least one major coronary artery with a luminal diameter
stenosis of 50-70%, as confirmed using coronary computed tomography angiography
(CCTA).

2. Patients with heart function graded as NYHA grade I-Il.
3. Patients aged 18-75 years.

4. Patients who are well-informed and voluntarily sign the ICF.

Exclusion criteria.

1. Patients who underwent coronary stent implantation or coronary artery bypass grafting, or
those with a history of MI within the last 3 months.
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Fig 1. A SPIRIT schedule of study enrollment, interventions, and assessments. QXJYG: Qing-Xin-Jie-Yu Granules; GDT: Guideline-
directed drug therapy; CT-FFR: Computed tomography-derived fractional flow reserve; CCTA: Coronary computed tomography
angiography; SAQ: Seattle Angina Questionnaire; Hs-CRP: High-sensitivity C-reactive protein; MMP-9: Matrix metalloproteinase-9;
MACE: Major adverse cardiovascular events. Note: * CCTA includes the percentage of diameter and area stenosis, coronary artery
calcification score, and Gensini score derived from the CT images. ® Blood lipids include total cholesterol (TC), triglycerides (TG), low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), apolipoprotein Al (Apo A1), Apolipoprotein B
(Apo B) and lipoprotein (a) [Lp(a)]. © Carotid ultrasound parameters include IMT (mm), carotid plaque length X thickness (mm), and
carotid lumen stenosis (%). ¢ Laboratory tests include complete blood count, coagulation function, liver and renal function, blood
glucose, and routine urine and stool examinations.

https://doi.org/10.1371/journal.pone.0307074.9001

2. Lesions characterized by diameter stenosis >50% in the left main coronary artery or in all
three major arteries including the left anterior descending, left circumflex, and right coro-
nary arteries.

3. Presence of diffuse lesions throughout the diseased vessels.

4. Severe calcified lesions with a coronary artery calcification score (CACS) >1000.
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Assessed for eligibility (n=?)

Excluded (n=?)

* not meetting inclusion criteria (n=?)
* declined to participate (n=?)

* other reasons (n=?)

Informed consent

Baseline data collection (visit 1)

J

Randomization (n=120)

|

Allocated to treatment group (n=60) Allocated to control group (n=60)

* Received QXJYG + GDT (n=?) * Received Placebo + GDT (n=?)

* Did not receive QXJYG + GDT (give reasons) (n=?) * Did not receive Placebo + GDT (give reasons) (n=?)
Treatment period

Month 2 assessment (visit 2)
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J

Post-treatment period
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Lost to follow-up (give reasons) (n=?) Lost to follow-up (give reasons) (n=?)
Discontinued intervention (give reasons) (n=?) Discontinued intervention (give reasons) (n=?)
Analyzed (n=?) Analyzed (n=?)

* Excluded from analysis (give reasons) (n=?) * Excluded from analysis (give reasons) (n=?)

Fig 2. Study flow diagram. QXJYG: Qing-Xin-Jie-Yu Granules; GDT: Guideline-directed drug therapy.
https://doi.org/10.1371/journal.pone.0307074.9002

5. History of severe blood pressure fluctuations or poorly controlled hypertension, with sys-
tolic blood pressure >160 mmHg and diastolic blood pressure >100 mmHg within the last
3 months.

6. Resting heart rate >100 beats/min that is difficult to control.
7. Patients with a history of other cardiac operations, such as valve replacement.

8. Patients with severe cardiac, hepatic, or renal insufficiency rendering them unsuitable for
CCTA and related examinations and treatments.

9. Patients with mental disorders.
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Table 1. Hospitals participating in this study.

Code Participating Hospitals Role

01 Xiyuan Hospital of China Academy of Chinese Medical Sciences, Beijing Leader
02 Guan’anmen Hospital of China Academy of Chinese Medical Sciences, Beijing Member
03 Beijing Tongren Hospital Affiliated to Capital Medical University, Beijing Member

https://doi.org/10.1371/journal.pone.0307074.t001

10. Patients afflicted by hepatitis, tuberculosis, acquired immunodeficiency syndrome, or
other infectious diseases.

11. Patients with allergic predispositions.
12. Pregnant and lactating women
13. Anticipated life expectancy <1 year.

14. Participation in other clinical trials within the last 3 months.

Recruitment

The recruitment period is from June 2022 to December 2024 and will encompass both inpa-
tients and outpatients across the three research centers (Table 1). Various recruitment meth-
ods will be employed, including direct identification during routine clinical processes, public
notifications through advertising, and screening via hospital’s internal database. Each poten-
tially qualified patient will undergo a thorough evaluation by two experienced cardiologists
independently, to ascertain whether they meet the recruitment criteria. Prior to enrollment,
each participant will be given a comprehensive introduction outlining the trial’s purpose, pro-
cedures, potential benefits, associated risks, and rights they possess and will be required to vol-
untarily sign a written ICF.

Interventions

Intervention medications. According to the existing guidelines [22, 23], patients diag-
nosed with SCAD will be administered anti-platelet and lipid-lowering drugs as the basic treat-
ment. The details of the basic treatment protocol and the drug information are shown in
Tables 2 and 3. Other guideline-directed medications for MI prevention, symptom relief, and

Table 2. Basic treatment protocol.

Patients with a primary diagnosis of CAD

Anti-platelet Aspirin 100 mg will be administrated daily.

drugs Clopidogrel 75 mg daily will be recommended as an alternative for patients with aspirin
intolerance.

Lipid-lowering Atorvastatin 20 mg will be administrated daily.

drugs

Patients with a long-standing diagnosis of CAD

Anti-platelet Aspirin 100 mg, or clopidogrel 75 mg, according to the original dosing regimen

drugs

Lipid-lowering For patients who achieved the goal*, the original lipid-lowering regimen will be continued.

drugs For patients who did not achieve the goal*, the original lipid-lowering regimen will be

enhanced by adding ezetimibe 10mg daily.

*Lipid-lowering goals: LDL-C <1.8 mmol/L for patients with CAD, and LDL <1.4 mmol/L for CAD patients with
diabetes. CAD: coronary artery disease; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density
lipoprotein cholesterol.

https://doi.org/10.1371/journal.pone.0307074.t1002
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Table 3. Information on the basic medications.

Medicine name Brand name Specifications Manufacturer

Aspirin enteric-coated tablets Bayaspirin™ 100 mg/tablet Bayer HealthCare Manufacturing S.r.1.
Clopidogrel bisulfate tablets PLAVIX"® 75 mg/tablet Sanofi Winthrop Industrie

Atorvastatin calcium tablets Lipitor® 20 mg/tablet Pfizer Ireland Pharmaceuticals

Ezetimibe tablets Crestor®™ 10 mg/tablet MSD International Gmbh (Singapore Branch)

https://doi.org/10.1371/journal.pone.0307074.t003

risk factor management will also be used at the patient’s discretion. Notably, anti-ischemic
medications (including nitrates, beta-blockers, and calcium channel blockers) may affect the
accuracy of computed tomography-derived fractional flow reserve (CT-FFR) assessment,
while PCSK-9 inhibitors used for more than a year can significantly reduce the plaque volume
[24-26]. Therefore, the regimens and dosages of the patients taking these medications before
enrollment will be maintained, whereas such medications will not be initiated during the study
in those who did not take them previously. Medications that are necessary for the patients’
concurrent conditions and do not impact the interpretation of outcomes will be permissible.
All therapies used during the trial will be accurately documented, including the name, dosage,
frequency, and duration of use, to optimize the statistical analysis and reporting of the effec-
tiveness of the basic treatment. Meanwhile, lifestyle modifications will be recommended, such
as smoking cessation, exercise, and diet modification [27].

Based on the conventional therapy, participants will be randomly assigned to either the
intervention group treated with QXJYG or the control group treated with a placebo for a con-
tinuous 6-month treatment. Both groups will receive 12-month follow-up. The test drugs,
QXJYG and its placebo granules, are manufactured by China Resources Sanjiu Modern Chi-
nese Medicine Pharmaceutical Co., Ltd. QXJYG consists of five herbal granules (Table 4). The
placebo is composed of 5% raw materials of QXJYG and 95% dextrin, mimicking the appear-
ance, smell, and taste of the active granules. The drug production strictly complies with the
Good Manufacturing Practice guidelines, and the drug quality conforms the National Drug
Standards issued by the National Medical Products Administration. The details of drug quality
inspections are provided in $4 File.

Intervention programs. Regarding the administration process, the participants will be
provided with the test drugs bearing the respective drug number based on their enrollment
order and will be instructed to dissolve one packet of the granules (5 g/packet) in 100 mL of
hot water and take it orally twice daily. Drugs for a 2-month supply will be distributed to the

Table 4. Herbs and active components in QXJYG.

Chinese name | Latin or English Origin Active components [15] Weight
name (%) *
Huang Qi Astragalus The dried root of Astragalus Astragaloside IV, Calycosin, Astragaloside I, Formononetin, 27.27
membranaceus membranaceus (Fisch.) Bge. Calycosin-7-O-B-D-glucoside, and Astragaloside II
Dan Shen Salvia miltiorrhiza The dried root or rhizome of Salvia Tanshinol, Protocatehydehyde, Salvianolic acid B, and Tanshinone | 27.27
miltiorrhiza Bge. IIA
Chuan Xiong | Ligusticum The dried rhizome of Ligusticum Ferulic acid, Ligustrazine and ligustichamine, and Ligustilide oxide | 18.18
chuanxiong Hort chuanxiong Hort.
GuangHuo Pogostemon cablin The dried above-ground part of Patchouli alcohol 18.18
Xiang Pogostemon cablin (Blanco) Benth
Huang Lian Coptis chinensis The dried rhizome of Coptis chinensis Berberine hydrochloride, Epiberberine, Coptisine, Berberine, and 9.09
Franch. Palmatine

*Weight of each herb in one packet of QXJYG (5 g).

https://doi.org/10.1371/journal.pone.0307074.t004
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participants in person at each visit. A drug management record card will be established to
record the drug quantity and verify the drug numbers. Throughout the trial period, the use of
other Chinese medicines for CAD, atherosclerosis, or hyperlipidemia will be prohibited. To
ensure compliance, investigators will engage in weekly phone calls with all participants to rein-
force the medication instructions, remind the participants of their clinic appointments before
each visit, and collect all remaining drugs to assess medication adherence.

Withdrawal and discontinuation criteria. In cases where the patient’s condition worsens
during the treatment, leading to events such as acute coronary syndrome or necessitating med-
ication adjustments, hospitalization, or surgery, decisions regarding the adjustment of thera-
peutic measures or discontinuation of the study will be made by experienced physicians.

Patients with the following conditions will be withdrawn after the investigator’s assessment:
1) conditions that continue to deteriorate; 2) presence of comorbidities, complications, or
notable physiological changes; 3) poor compliance or usage of prohibited drugs; 4) adverse
events (AE); and 5) compromised study blinding. Patients will also have the right to withdraw
voluntarily from the study at any point. In the event of voluntary withdrawal during treatment,
the investigators will make every effort to maintain contact with the dropouts, inquire about
the reasons for dropping out, record the time of the last dose taken, and request the dropout to
complete as many assessments as possible. Furthermore, participants who withdraw due to
ineffectiveness or adverse reactions, will receive appropriate medical care and financial
compensation.

The clinical trial will be discontinued under the following circumstances: 1) serious safety
concerns arise; 2) poor efficacy of the test drug; 3) major protocol errors or significant devia-
tions in its implementation; and 4) discontinuation is requested by the sponsor for financial or
administrative reasons.

Outcomes

Efficacy outcomes. The primary efficacy outcome is CT-FFR, including the CT-FFR val-
ues of target vessels (CT-FFRyesse1), CT-FFR values of target lesions (CT-FFRegi0n), and the
ACT-FFR.

The secondary outcomes are as follows: First, the imaging indicators measured using
CCTA included the percentage of diameter stenosis (% DS), the percentage of area stenosis (%
AS), CACS, and Gensini Score. This non-invasive quantitative CCTA measurement allows for
a comprehensive and visual assessment of coronary lesions. Second, the Seattle Angina Ques-
tionnaire (SAQ) will be employed to evaluate patients’ symptom improvement. Third, consid-
ering that lipid deposition causing luminal narrowing is the main pathological change of AS
and inflammatory response may increase plaque instability, levels of high-sensitivity C-reac-
tive protein (hs-CRP), matrix metalloproteinase-9 (MMP-9), and blood lipids, including total
cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), apolipoprotein Al (Apo Al), apolipoprotein B (Apo B), and
lipoprotein (a) [Lp(a)], will also be tested. Fourth, carotid artery ultrasound parameters,
including the carotid intima-media thickness (IMT; mm), carotid plaque length x thickness
(mm), and carotid lumen stenosis (%), will also be evaluated. These parameters are indirect
efficacy indicators, as carotid plaque and increased carotid IMT are correlated with CAD
severity [28]. Finally, major adverse cardiovascular events (MACE) will also be recorded as
endpoints, including non-fatal MI, cardiovascular death and revascularization therapy.

Safety outcomes. The primary safety outcome is the composite events of type 2, 3, or 5
bleeding as defined by the Bleeding Academic Research Consortium [29]. Secondary safety
outcomes include complete blood count, coagulation function, liver and renal function, fasting
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blood glucose, routine urine and stool tests, and electrocardiography. AEs will be recorded
throughout the trial. Periodic physical examinations will also be conducted, including vital
signs and cardiac examinations.

CCTA measurements

CCTA scanning. A dual-source computed tomography (CT) scanner (SOMATOM Defi-
nition Flash, Siemens Healthcare, Forchheim, Germany) will be utilized to perform CCTA
scans. The procedure will be as follows: First, the participants will be instructed to hold their
breath. Nitroglycerin (0.5 mg) will be administered 3 min before the examination to dilate the
coronary arteries. If necessary, beta-blockers will be administered to control the heart rate to
<70 beats/min. Next, a nonionic contrast medium, ioversol (350 mgl/mL, Libbel Flarsheim,
Canada), will be injected into the patient’s right anterior elbow vein using a high-pressure
syringe. The injection will deliver 60 ml of ioversol at a rate of 5.0 mL/s, followed by 40 mL of
saline at the same flow rate. Third, images will be acquired in a threshold-triggered scan mode,
with the region of interest (ROI) set at the root of the aorta with a threshold of 100 HU. Scan
monitoring will be initiated at the start of the injection, and once the average CT value within
the ROI reaches the predetermined threshold, the scanner will be triggered with a 5-s delay.
The scan area will range from the carina to the diaphragm of the heart. Finally, the best phase
function will be selected to determine the optimal time-phase diagram for coronary
reconstruction.

Image post-processing and FFR analysis. All CT scanning images will be sent to the
Syngo. workstation for post-processing using advanced modeled iterative reconstruction tech-
nology. This image reconstruction techniques include maximum intensity projection, multi-
planar reformation, volume rendering, and curved planner reformation. Subsequently, two
independent radiologists from the Radiology Department of Xiyuan Hospital will perform a
quantitative image analysis in accordance with the Guideline [30]. Qualified CCTA images
will be exported in DICOM format and transmitted to the DEEPVESSLE FFR (DVFFR) plat-
form (KEYA MEDICAL Tech. Co. Ltd., China) for CT-FFR measurement using a deep
machine learning model.

Quantification of coronary lesions. According to a consensus [31], the CT-FFRyegser
value should be obtained at a diameter of 2 mm distal to the target vessel. In the case of mul-
tiple vessel lesions, the CT-FFRy.¢se1 Value of the vessel with more severe stenosis is adopted.
The CT-FFRy.on value should be obtained 2 cm distal to the lesions. The ACT-FFR is the
difference between the proximal and distal CT-FFR values of the lesions. The % DS will be
calculated as [1-(minimum lumen diameter/reference vessel diameter) x100%], whearas the
% AS will be calculated as (plaque area/reference vessel area) x100%. To ensure the consis-
tency of the pre-/post-measurements, the most severe stenosis will be selected as the target
lesion, and its distance to the coronary opening will serves as a reproducible reference
index. The Gensini score employs a 15-segment model of the coronary arteries to quantify
stenosis in each vessel [32]. It then calculates a total score to reflect the overall coronary ste-
nosis in each subject [33]. The CACS employs the Agatston score to quantitatively assess
the plaque burden [34]. The detailed calculation steps for these two scores are shown in S1
and S2 Tables.

Adverse events

Participants will be obligated to honestly report any symptoms of discomfort during the trial
and investigators will regularly monitor the patients’ physical examinations, vital signs, and
laboratory tests. In the event of an AE, the investigators will provide symptomatic treatments
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or discontinue the intervention based on the severity of the event. Detailed information
regarding the AE and possible causes will be documented in the case report form (CRF). Fur-
thermore, in case of serious AEs, investigators will mandatorily complete the Serious Adverse
Event Report Form and immediately report them to the National Medical Products Adminis-
tration, the ethics committee, and the sponsor within 24 h. Simultaneously, the Data and Safety
Monitoring Committee will periodically verify the reporting and handling of AEs.

Study-specific visits and procedures

The schedule of the study procedures is illustrated in Fig 1. Eligible patients who have signed
the ICF will be enrolled in the trial, followed by basic data collection and random allocation at
baseline (visit 1). Clinical visits will take place at 2 months + 3 days (visit 2), 4 months + 7 days
(visit 3), and 6 months + 7 days (visit 4). Follow-up visits will take place at 12 months + 14
days (visit 5) via phone interviews or in-hospital meetings. The efficacy will be measured at
baseline (visit 1) and after 6 months of treatment (visit 4). The SAQ, physical examination, and
medication adherence will be assessed every 2 months during the treatment phase. Composite
events of bleeding and AEs will be recorded throughout the treatment period, while other
safety outcomes will be measured at baseline (visit 1), after 2 months (visit 2) and 6 months
(visit 4). MACE will be documented after the 12-month follow-up (visit 5). Additionally, the
patients will be assessed by the same investigator in each procedure to maintain consistency.

Sample size calculation

The sample size was calculated based on the estimated post-treatment CT-FFR values. The
PROMISE study revealed an average CT-FFR value of 0.77 £ 0.1 for patients with ICL [35]. A
previous clinical study indicated that after intervention with traditional Chinese medicine,
patients with CAD had CT-FFR values of 0.92 + 0.16 [36]. Therefore, the CT-FFR value in the
control group was assumed to be 0.77, while the value in the intervention group could be ele-
vated to 0.92 after treatment; the standard deviation (o) was 0.13 for both groups. Results from
the NXT study indicated that for every 0.05 unit decrease in CT-FFR, there was an indepen-
dent correlation with an increased rate of composite cardiovascular events [37]. Based on this,
we set the cut-off value to A = 0.03 in this superiority trial. The number of cases in the two
groups will be allocated in a ratio of 1:1, i.e., ¢ = 1. Given a type I error rate of o. = 0.05 (two-
sided test), a power of 95% (type II error rate of B = 0.05), so u, = 1.96, ug = 1.64, and n; = n,
~ 55. Considering a maximum dropout rate of 10%, a total of 120 patients will be needed. The
calculation formula is as follows:

2

1 u,+ugle |° 1 .

n, = e [+ uy) +-u’, and n, = cn,
¢ fir — pic — A 4

Randomization and blinding

This study will be conducted using simultaneous randomization and blinding. First, the ran-
dom seed, block length of 4, grouping ratio of 1:1, sample size allocation ratio to each center of
1:1:1, and a total number of patients have been determined. Based on these, a third-party statis-
tician will use SAS 9.4 software to generate 120 random sequences. The sequence numbers
arranged according to the random sequences will also serve as drug numbers. The blinding
envelope containing the random sequence, drug numbers, and corresponding groups (Group
A or Group B) has been sealed in duplicate and stored at the Clinical Pharmacology Center,
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Xiyuan Hospital of the China Academy of Chinese Medicine Sciences. Participants will get the
unique drug number based on their enrollment sequence and subsequently be assigned to
either the treatment or control group. The test drugs will be individually packed in large iden-
tical boxes labeled with the respective drug numbers. Anyone participating in the trial (i.e.,
participants, attending physicians, inspection operators, and statisticians) will remain blinded
to the treatment assignments. This study will employ a two-step, unblinding process. Primary
unblinding will occur after data entry and database locking, revealing the assignments of each
drug number to either Group A or B. Secondary unblinding will occur after statistical analysis,
revealing the treatment methods corresponding to the two groups. In addition, an emergency
letter (electronic) containing drug numbers and group assignments has been prepared for situ-
ations warranting unblinding, such as serious AEs, serious complications, and patient
deterioration.

Data collection and management

Data collection will be conducted through the completion of a CRF for each enrolled patient.
The baseline data collection will include demographic and clinical data. Data on vital signs,
concomitant medications, and remaining test drugs will be documented at each visit. Outcome
indicator results will be recorded following each measurement. The full content is provided in
the S5 File. For participants who withdraw from the trial, the reasons for discontinuation and
the results of their last measurements will also be documented in the CRF. Meanwhile, follow-
ing the paper-based version of the CRF, an electronic CRF (eCRF) has been designed for data
entry. To ensure the reliability of data collection, all investigators will receive training to com-
plete the CRF, and data entry will be performed by two independent operators after each visit.

An electronic database will be created using SQL Sever2000 to facilitate data preservation,
acquisition, and verification. Access to the data will be controlled through password protection
and account authorization to ensure data security and confidentiality. The Clinical Pharmacol-
ogy Center of Xiyuan Hospital is responsible for data management.

Data monitoring and quality control

Data monitoring and quality control procedures will be consistently enforced throughout the
study to guarantee data integrity, validity, and authenticity. A comprehensive data verification
and cleaning approach will be implemented at regular 2-month intervals. First, clinical
research associates (CRAs) will conduct on-site inspections at each participating center to
ensure the consistency of the eCRF data with the source data. Second, an automatic logic
check system will be run when data are inputted. This system will identify simple, logically
contradictory, and questionable data through a predefined logic program. Third, manual
checks will be performed to identify complex and specific data issues. For questionable data,
the CRAs will issue a Data Clarification Form to the investigators, seeking clarification and
verification. These forms, along with the raw data, will be diligently retained as source files. All
error data, queries, and revision results will be documented with the audit trials. Moreover, an
independent Data and Safety Monitoring Committee composed of physicians, statisticians,
and medical ethicists will be responsible for data monitoring and provision of an additional
layer of scrutiny.

Data for patients meeting the following criteria will be eliminated: 1) instances of inclusion
criteria violations; 2) non-compliance with randomization; 3) minimal drug intake (<10%)
after randomization; and 4) inability to assess efficacy and safety due to the use of prohibited
drugs. Decisions regarding data elimination will be made jointly by the principal investigators,
data managers, statisticians, and sponsors during a blind audit process.
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Statistical analysis

After a blind audit, data collected from the three participating centers will be consolidated and
subjected to statistical analysis by an independent statistician. The analysis of efficacy indica-
tors will adopt two primary sets: the full analysis set, in accordance with the intention-to-treat
principle, and the per-protocol set, which will focus on patients who have good compliance
with the protocol. The results from these two sets will be compared to assess the consistency
and stability of the results. For the safety analysis set, all patients who have received at least one
dose of the test drugs will be included. In cases where key efficacy data are missing, the multi-
ple imputation method will be used to supplement the data in full analysis set.

Continuous variables will be expressed as the mean + standard deviation or median and
interquartile range, as appropriate. Categorical variables will be expressed as frequencies and
percentages (%), with average ranks provided when necessary. For efficacy analysis, a linear
mixed-effects model will be used to estimate the mean difference and 95% confidence interval
(CI) of the primary efficacy indicator CT-FFR, adjusting for baseline values, age, gender, body
mass index, blood pressure, LDL-C, fasting blood glucose, smoking and drinking history,
comorbidities, and the use of PCSK-9 inhibitors as confounding factors. The SAQ score will
be analyzed using a mixed model for repeated measures to estimate the mean difference and
95% CI at 2, 4, and 6 months after treatment. Other efficacy indicators will also be analyzed
using the linear mixed-effects models, with baseline values as covariates. A Cox proportional
hazards model will be employed to estimate the hazard ratio and 95% CI for the incidence rate
of MACE. Subgroup analysis will be performed in patients with SCAD complicated diabetes
and those using PCSK9 inhibitors. Safety analysis will detail a list of composite bleeding events,
adverse events/reactions, abnormal laboratory safety indicators, and electrocardiography
changes before and after treatment, with assessment of their clinical significance. Medication
adherence will be described by actual medication dosage and durations. A kappa test will be
used to guarantee the consistency of the measurements and results in this multicenter trial.

All analysis will be conducted using SAS version 9.4 software (SAS Institute, Cary, NC,
USA). A two-sided test will be generally employed, and P < 0.05 will be considered statistically
significant.

Discussion

This multicenter, randomized, double-blind, placebo-controlled trial meticulously designed
following the SPIRIT statement will evaluate the efficacy and safety of Chinese herbal medicine
combined with conventional drug therapy for ICL in patients with SCAD. This study, using
CT-FER as the primary outcome, will provide a fresh perspective for evaluating the efficacy of
QXJYG and is expected to yield reliable data supporting its therapeutic benefits.

The global increase in CAD due to population growth and aging necessitates the develop-
ment of novel methods for CAD prevention and treatment. In China, there are 11.39 million
patients with CAD [38], yet achieving universal health coverage to meet the substantial health-
care demands remains challenging [39]. ICL is a key stage in CAD development; hence, proac-
tive treatment and early prevention may improve prognosis and reduce the associated disease
burden [40]. However, existing drug therapies have limitations, such as adverse drug reactions
and high costs.

The Chinese herbal preparation QXJYG, which treats CAD through a multi-component,
multi-target, and multi-pathway mechanism, may offer enhanced efficacy and cost-effective-
ness compared to single-component medications. Therefore, QXJYG combined with conven-
tional drug therapy for ICL, may be an effective and affordable treatment strategy for SCAD.
However, the toxicity of traditional Chinese herbs remains a concern. For instance, Danshen,
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the main ingredient in QXJYG, has major interactions with anticoagulant/anti-platelet drugs
[41, 42]. This suggests an increased risk of bleeding when using QXJYG combined with anti-
platelet drugs. However, no bleeding events were observed in a previous large-scale clinical
study [13]. In addition, no studies have reported liver or kidney function abnormalities associ-
ated with taking QXJYG for 6 months [12, 13]. These findings provide evidence supporting
the safety of QXJYG.

When it comes to assessing ICL, the key lies in identifying vulnerable plaques and myocar-
dial ischemia. Intravascular ultrasound (IVUS) and optical coherence tomography (OCT) are
recognized methods for evaluating plaque morphology, such as identifying thin-cap
fibroatheromas [43, 44]. The ACC/AHA guideline affirmed the importance of coronary physi-
ological assessment in patients with ICL [6]. However, the invasive nature and high cost of
these examinations hinder their widespread clinical use. Recently, non-invasive quantitative
CCTA has evolved into a comprehensive tool for assessing plaque morphology, vessel anat-
omy, and function with high accuracy, making it a valuable alternative to invasive examina-
tions [45]. Adverse plaque characteristics visualized by CCTA are highly correlated with those
on OCT and IVUS [46, 47]. Additionally, numerous studies utilized plaque parameters from
CCTA to evaluate treatment efficacy and disease progression [48-50]. However, the functional
assessment based on CT-FFR has not been sufficiently considered in previous studies. CT-FFR
has shown diagnostic accuracy consistent with invasive FFR [51]. It also addresses the limita-
tions of functional assessment with CCTA [52, 53]. Even in the presence of calcification,
CT-FFR can facilitate the identification of ischemic lesions in addition to CCTA [54]; this is
attributed to the optimization of machine learning-based CT-FFR through artificial intelli-
gence algorithms and the 3D reconstruction of the coronary arteries, resulting in higher accu-
racy. Therefore, we employed CT-FFR as the primary outcome. On the one hand, CT-FFR is
particularly valuable for patients with ICL [55]. It has been shown to decrease the need for
invasive coronary angiography and have high safety [56, 57]. Furthermore, CT-FFR is nega-
tively correlated with the occurrence of cardiovascular events [37, 58]. It combined with other
parameters from CCTA holds superior predictive performance for long-term prognosis [59].
On the other hand, CT-FFR may aid in identifying vulnerable plaques. Driessen et al. demon-
strated a correlation between decreased FFR and adverse plaque characteristics visualized on
CCTA [60]. This correlation may be attributed to factors such as endothelial dysfunction,
inflammation, and alterations in shear stress patterns during the formation of adverse plaques,
which ultimately lead to impaired coronary vasodilation and abnormal FFR. Additionally, the
feasibility of using CT-FFR as an outcome to assess clinical efficacy has been demonstrated
[36, 61, 62], and the improvement in hemodynamics measured using CT-FFR may be attrib-
uted to enhanced vascular dilation capability and reduction in the length of plaque lesions.
Therefore, in this multicenter trial, coronary CT imaging is a reasonable measurement tool for
monitoring the efficacy of the test drugs. An improvement in the CT-FFR in the study results
will indicate that QXJYG treatment can enhance coronary blood supply and potentially reduce
the occurrence of cardiovascular events.

Inflammation and lipid levels are the secondary concerns in this study. The PROSPECT
study emphasized the significance of thin-cap fibroatheromas leading to MACE [43]. The
effective control of blood lipids and inflammation is imperative to counteract the formation
and rupture of such plaques. Among the various inflammatory factors, hs-CRP is a highly
accurate predictor of cardiovascular risk [9]. Additionally, MMP-9 is a potent predictor of pla-
que instability in patients with SCAD and is closely associated with inflammation [63]. There-
fore, this study will use hs-CRP, MMP-9, and blood lipid levels to verify the anti-inflammatory
and lipid-regulating effects of QXJYG, ultimately determining its potential to prevent MACE.
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This study may also have some limitations. First, when measuring the primary outcome, the
CT-FFR may not be calculated due to poor CT image quality. To prevent this, we have standard-
ized the measurement process. Initially, restrictions have been imposed on the patient’s heart rate
and CACS upon enrollment. Subsequently, a 256-slice dual-source CT will be used for examina-
tion, preceded by heart rate control and breath-hold training. These measures will help eliminate
motion and calcification artifacts on the CT images. Second, positive results of cardiovascular
endpoint events may not be obtained due to the low occurrence of MACE. Therefore, we intend
to continue the follow-up even after the end of the study to assess the long-term outcomes of the
intervention. Third, although this is a multicenter study, patients will be recruited only from the
three hospitals in Beijing equipped for CT-FFR computation. As the CT-FFR technology matures
and spreads, subsequent studies can be expanded to more regions.

In conclusion, this study is expected to deliver dependable results through meticulous
design and rigorous implementation. A favorable result will support that treatment of ICL
with QXJYG could improve the efficacy and safety of existing conservative treatments and pro-
long the time to revascularization. This will help to address the prevailing therapeutic dilemma
of ICL, thereby providing innovative ideas for the prevention and treatment of SCAD.

Supporting information
S1 Fig. Striking image.
(TIF)

S$1 Table. Illustration of the steps for calculating the Gensini score.
(DOCX)

S2 Table. Illustration of the steps for calculating the CACS.
(DOCX)

S1 File. Study protocol submitted to the ethics committee (English version).
(PDF)

S2 File. Study protocol submitted to the ethics committee (Chinese version).
(PDF)

S3 File. SPIRIT checklist.
(PDF)

$4 File. Drug quality inspections report (Chinese and English version).
(PDF)

S5 File. Case report form.
(PDF)

Acknowledgments

We thank the Clinical Pharmacology Center, Xiyuan Hospital of China Academy of Chinese
Medicine Sciences, for its technological support with data management, supervision, and sta-
tistical analysis. We appreciate the efforts and assistance of all participating centers and
researchers in the design of the protocol. We are also very grateful to all the participants.

Author Contributions
Conceptualization: Luying Chen, Yuerong Jiang.

Data curation: Luying Chen.

PLOS ONE | https://doi.org/10.1371/journal.pone.0307074  July 16, 2024 14/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307074.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307074.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307074.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307074.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307074.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307074.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307074.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307074.s008
https://doi.org/10.1371/journal.pone.0307074

PLOS ONE

Qing-Xin-Jie-Yu granules for patients with intermediate coronary lesions: Clinical trial protocol

Formal analysis: Lu Zhang.

Funding acquisition: Yuerong Jiang.

Investigation: Luying Chen, Lulu Dai, Jiawei Xu, Lu Zhang, Libo Song.

Methodology: Fangfang Zhao.

Project administration: Lian Duan, Xiaoxia Hou.

Supervision: Yuerong Jiang.

Writing - original draft: Luying Chen.

Writing - review & editing: Fangfang Zhao, Yuerong Jiang.

References

1.

10.

1.

12

World Health Organization. The top 10 causes of death. Geneva. 2020. Available from: https://www.
who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death.

Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global Burden of
Cardiovascular Diseases and Risk Factors, 1990-2019: Update From the GBD 2019 Study. J Am Coll
Cardiol. 2020; 76: 2982-3021. https://doi.org/10.1016/j.jacc.2020.11.010 PMID: 33309175

Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et al. Heart Disease and Stroke
Statistics-2023 Update: A Report From the American Heart Association. Circulation. 2023; 147: e93—
€621. https://doi.org/10.1161/CIR.0000000000001123 PMID: 36695182

Patel MR, Calhoon JH, Dehmer GJ, Grantham JA, Maddox TM, Maron DJ, et al. ACC/AATS/AHA/ASE/
ASNC/SCAI/SCCT/STS 2017 appropriate use criteria for coronary revascularization in patients with
stable ischemic heart disease: A Report of the American College of Cardiology Appropriate Use Criteria
Task Force, American Association for Thoracic Surgery, American Heart Association, American Society
of Echocardiography, American Society of Nuclear Cardiology, Society for Cardiovascular Angiography
and Interventions, Society of Cardiovascular Computed Tomography, and Society of Thoracic Sur-
geons. J Thorac Cardiovasc Surg. 2019; 157: e131—e61. https://doi.org/10.1016/j.jtcvs.2018.11.027

Ambrose JA, Tannenbaum MA, Alexopoulos D, Hjemdahl-Monsen CE, Leavy J, Weiss M, et al. Angio-
graphic progression of coronary artery disease and the development of myocardial infarction. J Am Coll
Cardiol. 1988; 12: 56—62. https://doi.org/10.1016/0735-1097(88)90356-7 PMID: 3379219

Lawton JS, Tamis-Holland JE, Bangalore S, Bates ER, Beckie TM, Bischoff JM, et al. 2021 ACC/AHA/
SCAI Guideline for Coronary Artery Revascularization: A Report of the American College of Cardiology/
American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation. 2022; 145:
e18—e114. https://doi.org/10.1161/CIR.0000000000001038

Jacobsen AP, Raber |, McCarthy CP, Blumenthal RS, Bhatt DL, Cusack RW, et al. Lifelong Aspirin for
Allin the Secondary Prevention of Chronic Coronary Syndrome: Still Sacrosanct or Is Reappraisal War-
ranted? Circulation. 2020; 142: 1579-1590. https://doi.org/10.1161/CIRCULATIONAHA.120.045695
PMID: 32886529

Baigent C, Blackwell L, Emberson J, Holland LE, Reith C, Bhala N, et al. Efficacy and safety of more
intensive lowering of LDL cholesterol: a meta-analysis of data from 170,000 participants in 26 rando-
mised trials. Lancet (London, England). 2010; 376: 1670—1681. https://doi.org/10.1016/S0140-6736
(10)61350-5 PMID: 21067804

Ridker PM, Bhatt DL, Pradhan AD, Glynn RJ, MacFadyen JG, Nissen SE. Inflammation and cholesterol
as predictors of cardiovascular events among patients receiving statin therapy: a collaborative analysis
of three randomised trials. Lancet. 2023; 401: 1293-1301. https://doi.org/10.1016/S0140-6736(23)
00215-5 PMID: 36893777

Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, Ballantyne C, et al. Antiinflammatory
Therapy with Canakinumab for Atherosclerotic Disease. N Engl J Med. 2017; 377: 1119-1131. https:/
doi.org/10.1056/NEJMoa1707914 PMID: 28845751

Ridker PM, Everett BM, Pradhan A, MacFadyen JG, Solomon DH, Zaharris E, et al. Low-Dose Metho-
trexate for the Prevention of Atherosclerotic Events. N Engl J Med. 2019; 380: 752-762. https://doi.org/
10.1056/NEJMo0a 1809798 PMID: 30415610

Gao X, Li SM, Gao ZY, Li JG, Yu ML, Zhang H, et al. Clinical Study of Qingxin Jieyu Decoction for Sta-
ble Coronary Heart Disease Patients with Elevated Inflammatory Reaction: A Randomized, Double-

PLOS ONE | https://doi.org/10.1371/journal.pone.0307074  July 16, 2024 15/19


https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://doi.org/10.1016/j.jacc.2020.11.010
http://www.ncbi.nlm.nih.gov/pubmed/33309175
https://doi.org/10.1161/CIR.0000000000001123
http://www.ncbi.nlm.nih.gov/pubmed/36695182
https://doi.org/10.1016/j.jtcvs.2018.11.027
https://doi.org/10.1016/0735-1097%2888%2990356-7
http://www.ncbi.nlm.nih.gov/pubmed/3379219
https://doi.org/10.1161/CIR.0000000000001038
https://doi.org/10.1161/CIRCULATIONAHA.120.045695
http://www.ncbi.nlm.nih.gov/pubmed/32886529
https://doi.org/10.1016/S0140-6736%2810%2961350-5
https://doi.org/10.1016/S0140-6736%2810%2961350-5
http://www.ncbi.nlm.nih.gov/pubmed/21067804
https://doi.org/10.1016/S0140-6736%2823%2900215-5
https://doi.org/10.1016/S0140-6736%2823%2900215-5
http://www.ncbi.nlm.nih.gov/pubmed/36893777
https://doi.org/10.1056/NEJMoa1707914
https://doi.org/10.1056/NEJMoa1707914
http://www.ncbi.nlm.nih.gov/pubmed/28845751
https://doi.org/10.1056/NEJMoa1809798
https://doi.org/10.1056/NEJMoa1809798
http://www.ncbi.nlm.nih.gov/pubmed/30415610
https://doi.org/10.1371/journal.pone.0307074

PLOS ONE

Qing-Xin-Jie-Yu granules for patients with intermediate coronary lesions: Clinical trial protocol

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

Blinded and Placebo Controlled Trial. Chin J Integr Tradit West Med. 2022: 1-7. https://doi.org/10.
7661/j.cjim.20220507. 051

Lid, Gao Z, ZhangL, Li S, Yang Q, Shang Q, et al. Qing-Xin-Jie-Yu Granule for patients with stable cor-
onary artery disease (QUEST Trial): A multicenter, double-blinded, randomized trial. Complement Ther
Med. 2019; 47: 102209. https://doi.org/10.1016/j.ctim.2019.102209 PMID: 31780034

Shi L, Gao ZY, Li JG, Xue M, Song L, Li SY, et al. Effect of Qingxin Jieyu Formula on the Long-Term
Prognosis of Patients with Stable Coronary Artery Disease: A Prospective Cohort Study. Chin J Integr
Tradit West Med. 2022; 42: 1293-1299. https://doi.org/10.7661/).cjim.20220914.285

Li SY, Yang L, Gao ZY, Xu H, Shi DZ. Network Pharmacological Analysis of Absorbed Components of
Qingxin Jieyu Formula in Blood. Chin J Exp Tradit Med Formulae 2018; 24: 198-202. https://doi.org/
10.13422/j.cnki.syfjx.2018050198

Wang A, Guan B, Shao C, Zhao L, Li Q, Hao H, et al. Qing-Xin-Jie-Yu Granule alleviates atherosclero-
sis by reshaping gut microbiota and metabolic homeostasis of ApoE-/- mice. Phytomedicine. 2022;
103: 154220. https://doi.org/10.1016/.phymed.2022.154220 PMID: 35675748

Zhang J, Wang X, Guan B, Wang X, An X, Wang T, et al. Qing-Xin-Jie-Yu Granule inhibits ferroptosis
and stabilizes atherosclerotic plaques by regulating the GPX4/xCT signaling pathway. J Ethnopharma-
col. 2023; 301: 115852. https://doi.org/10.1016/}.jep.2022.115852 PMID: 36272494

Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gotzsche PC, Krleza-Jeric K, et al. SPIRIT 2013 state-
ment: defining standard protocol items for clinical trials. Ann Intern Med. 2013; 158: 200—207. https://
doi.org/10.7326/0003-4819-158-3-201302050-00583 PMID: 23295957

Cheng CW, Wu TX, Shang HC, Li YP, Altman DG, Moher D, et al. CONSORT Extension for Chinese
Herbal Medicine Formulas 2017: Recommendations, Explanation, and Elaboration (Traditional Chinese
Version). Ann Intern Med. 2017; 167: W7-W20. https://doi.org/10.7326/IsTranslatedFrom_M17-2977_
1 PMID: 28654988

Fihn SD, Blankenship JC, Alexander KP, Bittl JA, Byrne JG, Fletcher BJ, et al. 2014 ACC/AHA/AATS/
PCNA/SCAI/STS focused update of the guideline for the diagnosis and management of patients with
stable ischemic heart disease: a report of the American College of Cardiology/American Heart Associa-
tion Task Force on Practice Guidelines, and the American Association for Thoracic Surgery, Preventive
Cardiovascular Nurses Association, Society for Cardiovascular Angiography and Interventions, and
Society of Thoracic Surgeons. Circulation. 2014; 130: 1749—-1767. https://doi.org/10.1161/CIR.
0000000000000095

Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, Birtcher KK, et al. 2021 AHA/ACC/ASE/
CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain: A Report of the
American College of Cardiology/American Heart Association Joint Committee on Clinical Practice
Guidelines. Circulation. 2021; 144: e368—e454. https://doi.org/10.1161/CIR.0000000000001029

Knuuti J, Wijns W, Saraste A, Saraste A, Capodanno D, Barbato E, et al. 2019 ESC Guidelines for the
diagnosis and management of chronic coronary syndromes. Eur Heart J. 2020; 41: 407-477. https://
doi.org/10.1093/eurheartj/ehz425

Fihn SD, Gardin JM, Abrams J, Berra K, Blankenship JC, Dallas AP, et al. 2012 ACCF/AHA/ACP/
AATS/PCNA/SCAI/STS guideline for the diagnosis and management of patients with stable ischemic
heart disease: a report of the American College of Cardiology Foundation/American Heart Association
task force on practice guidelines, and the American College of Physicians, American Association for
Thoracic Surgery, Preventive Cardiovascular Nurses Association, Society for Cardiovascular Angiogra-
phy and Interventions, and Society of Thoracic Surgeons. Circulation. 2012; 126: e354—e471. https://
doi.org/10.1161/CIR.0b013e318277d6a0

Nicholls SJ, Kataoka Y, Nissen SE, Prati F, Windecker S, Puri R, et al. Effect of Evolocumab on Coro-
nary Plaque Phenotype and Burden in Statin-Treated Patients Following Myocardial Infarction. JACC
Cardiovasc Imaging. 2022; 15: 1308—1321. https://doi.org/10.1016/j.jcmg.2022.03.002 PMID:
35431172

Nicholls SJ, Puri R, Anderson T, Ballantyne CM, Cho L, Kastelein JJ, et al. Effect of Evolocumab on
Progression of Coronary Disease in Statin-Treated Patients: The GLAGOV Randomized Clinical Trial.
JAMA. 2016; 316: 2373-84. https://doi.org/10.1001/jama.2016.16951 PMID: 27846344

Nicholls SJ, Puri R, Anderson T, Ballantyne CM, Cho L, Kastelein JJP, et al. Effect of Evolocumab on
Coronary Plaque Composition. J Am Coll Cardiol. 2018; 72: 2012—-2021. https://doi.org/10.1016/j.jacc.
2018.06.078

Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ, et al. 2019 ACC/AHA
Guideline on the Primary Prevention of Cardiovascular Disease: A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation. 2019;
140: e596-e646. https://doi.org/10.1161/CIR.0000000000000678

PLOS ONE | https://doi.org/10.1371/journal.pone.0307074  July 16, 2024 16/19


https://doi.org/10.7661/j.cjim.20220507
https://doi.org/10.7661/j.cjim.20220507
https://doi.org/10.1016/j.ctim.2019.102209
http://www.ncbi.nlm.nih.gov/pubmed/31780034
https://doi.org/10.7661/j.cjim.20220914.285
https://doi.org/10.13422/j.cnki.syfjx.2018050198
https://doi.org/10.13422/j.cnki.syfjx.2018050198
https://doi.org/10.1016/j.phymed.2022.154220
http://www.ncbi.nlm.nih.gov/pubmed/35675748
https://doi.org/10.1016/j.jep.2022.115852
http://www.ncbi.nlm.nih.gov/pubmed/36272494
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
http://www.ncbi.nlm.nih.gov/pubmed/23295957
https://doi.org/10.7326/IsTranslatedFrom%5FM17-2977%5F1
https://doi.org/10.7326/IsTranslatedFrom%5FM17-2977%5F1
http://www.ncbi.nlm.nih.gov/pubmed/28654988
https://doi.org/10.1161/CIR.0000000000000095
https://doi.org/10.1161/CIR.0000000000000095
https://doi.org/10.1161/CIR.0000000000001029
https://doi.org/10.1093/eurheartj/ehz425
https://doi.org/10.1093/eurheartj/ehz425
https://doi.org/10.1161/CIR.0b013e318277d6a0
https://doi.org/10.1161/CIR.0b013e318277d6a0
https://doi.org/10.1016/j.jcmg.2022.03.002
http://www.ncbi.nlm.nih.gov/pubmed/35431172
https://doi.org/10.1001/jama.2016.16951
http://www.ncbi.nlm.nih.gov/pubmed/27846344
https://doi.org/10.1016/j.jacc.2018.06.078
https://doi.org/10.1016/j.jacc.2018.06.078
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1371/journal.pone.0307074

PLOS ONE

Qing-Xin-Jie-Yu granules for patients with intermediate coronary lesions: Clinical trial protocol

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

44,

45.

Cohen GI, AR., Bess R, Frank J, Othman M, Doan D, et al. Relationship between carotid disease on
ultrasound and coronary disease on CT angiography. JACC Cardiovasc Imaging. 2013; 6: 1160-1167.
https://doi.org/10.1016/j.jcmg.2013.06.007 PMID: 24229768

Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, et al. Standardized bleeding defini-
tions for cardiovascular clinical trials: a consensus report from the Bleeding Academic Research Con-
sortium. Circulation. 2011; 123: 2736-2747. https://doi.org/10.1161/CIRCULATIONAHA.110.009449
PMID: 21670242

Leipsic J, Abbara S, Achenbach S, Cury R, Earls JP, Mancini GJ, et al. SCCT guidelines for the inter-
pretation and reporting of coronary CT angiography: a report of the Society of Cardiovascular Com-
puted Tomography Guidelines Committee. J Cardiovasc Comput Tomogr. 2014; 8: 342—-358. https://
doi.org/10.1016/j.jcct.2014.07.003 PMID: 25301040

Echocardiography and Cardiovascular Imaging Group of Chinese College of Cardiovascular Physi-
cians, Editorial Board of Chinese Journal of Interventional Cardiology. Chinese expert consensus on
the clinical pathway of coronary computed tomography angiography—derived fractional flow reserve.
Chin J Intervent Cardiol. 2023; 31:241-251. https://doi.org/10.3969/j.issn.1004-8812.2023.04.001

Austen WG, Edwards JE, Frye RL, Gensini GG, Gott VL, Griffith LS, et al. A reporting system on
patients evaluated for coronary artery disease. Report of the Ad Hoc Committee for Grading of Coro-
nary Artery Disease, Council on Cardiovascular Surgery, American Heart Association. Circulation.
1975; 51. https://doi.org/10.1161/01.cir.51.4.5

Gensini GG. A more meaningful scoring system for determining the severity of coronary heart disease.
Am J Cardiol. 1983; 51: 606. https://doi.org/10.1016/s0002-9149(83)80105-2 PMID: 6823874

Agatston AS, JW R., Hildner FJ, Zusmer NR, Viamonte M, Detrano R. Quantification of coronary artery
calcium using ultrafast computed tomography. J Am Coll Cardiol. 1990; 15: 827-832. https://doi.org/
10.1016/0735-1097(90)90282-t PMID: 2407762

Lu MT, Ferencik M, Roberts RS, Lee KL, lvanov A, Adami E, et al. Noninvasive FFR Derived From Cor-
onary CT Angiography: Management and Outcomes in the PROMISE Trial. JACC Cardiovasc Imaging.
2017; 10: 1350-1358. https://doi.org/10.1016/j.jcmg.2016.11.024

Zhu Q, Jia HB. Study on the effect of Dengzhan Shengmai capsule on coronary blood flow reserve frac-
tion and myocardial protective effect in patients with coronary heart disease. J Chin Med Mater 2020;
43: 1236-1239. https://doi.org/10.13863/j.issn1001-4454.2020.05.038

Ihdayhid AR, Norgaard BL, Gaur S, Leipsic J, Nerlekar N, Osawa K, et al. Prognostic Value and Risk
Continuum of Noninvasive Fractional Flow Reserve Derived from Coronary CT Angiography. Radiol-
ogy. 2019; 292: 343-351. https://doi.org/10.1148/radiol.2019182264 PMID: 31184558

The Writing Committee of the Report on Cardiovascular Health and Diseases in China. Report on Car-
diovascular Health and Diseases in China 2021: an Updated Summary. Chin Circulation J. 2022; 37:
553-578. https://doi.org/10.3969/j.issn.1000-3614.2022.06.001

GBD 2019 Universal Health Coverage Collaborators. Measuring universal health coverage based on
an index of effective coverage of health services in 204 countries and territories, 1990-2019: a system-
atic analysis for the Global Burden of Disease Study 2019. Lancet. 2020; 396: 1250—1284. https://doi.
org/10.1016/S0140-6736(20)30750-9 PMID: 32861314

Seo YH, Kim Y-K, Song IG, Kim K-H, Kwon T-G, Bae J-H. Long-term clinical outcomes in patients with
untreated non-culprit intermediate coronary lesion and evaluation of predictors by using virtual histol-
ogy-intravascular ultrasound; a prospective cohort study. BMC Cardiovasc Disord. 2019; 19: 187.
https://doi.org/10.1186/s12872-019-1173-5 PMID: 31382885

Li J, Liang Q, Sun G. Interaction between Traditional Chinese Medicine and Anticoagulant/Antiplatelet
Drugs. Curr Drug Metab. 2019; 20: 701-713. https://doi.org/10.2174/1389200220666190827160212
PMID: 31453781

Tsai HH, Lin HW, Lu YH, Chen YL, Mahady GB. A review of potential harmful interactions between anti-
coagulant/antiplatelet agents and Chinese herbal medicines. PLoS One. 2013; 8: e64255. https://doi.
org/10.1371/journal.pone.0064255 PMID: 23671711

Stone GW, Maehara A, Lansky AJ, de Bruyne B, Cristea E, Mintz GS, et al. A prospective natural-his-
tory study of coronary atherosclerosis. N Engl J Med. 2011; 364: 226-235. https://doi.org/10.1056/
NEJMoa1002358 PMID: 21247313

Tearney GJ, Yabushita H, Houser SL, Aretz HT, Jang I-K, Schlendorf KH, et al. Quantification of macro-
phage content in atherosclerotic plaques by optical coherence tomography. Circulation. 2003; 107:
113-119. https://doi.org/10.1161/01.cir.0000044384.41037.43 PMID: 12515752

Serruys PW, Hara H, Garg S, Kawashima H, Ngrgaard BL, Dweck MR, et al. Coronary Computed
Tomographic Angiography for Complete Assessment of Coronary Artery Disease: JACC State-of-the-
Art Review. J Am Coll Cardiol. 2021; 78: 713-736. https://doi.org/10.1016/j.jacc.2021.06.019 PMID:
34384554

PLOS ONE | https://doi.org/10.1371/journal.pone.0307074  July 16, 2024 17/19


https://doi.org/10.1016/j.jcmg.2013.06.007
http://www.ncbi.nlm.nih.gov/pubmed/24229768
https://doi.org/10.1161/CIRCULATIONAHA.110.009449
http://www.ncbi.nlm.nih.gov/pubmed/21670242
https://doi.org/10.1016/j.jcct.2014.07.003
https://doi.org/10.1016/j.jcct.2014.07.003
http://www.ncbi.nlm.nih.gov/pubmed/25301040
https://doi.org/10.3969/j.issn.1004-8812.2023.04.001
https://doi.org/10.1161/01.cir.51.4.5
https://doi.org/10.1016/s0002-9149%2883%2980105-2
http://www.ncbi.nlm.nih.gov/pubmed/6823874
https://doi.org/10.1016/0735-1097%2890%2990282-t
https://doi.org/10.1016/0735-1097%2890%2990282-t
http://www.ncbi.nlm.nih.gov/pubmed/2407762
https://doi.org/10.1016/j.jcmg.2016.11.024
https://doi.org/10.13863/j.issn1001-4454.2020.05.038
https://doi.org/10.1148/radiol.2019182264
http://www.ncbi.nlm.nih.gov/pubmed/31184558
https://doi.org/10.3969/j.issn.1000-3614.2022.06.001
https://doi.org/10.1016/S0140-6736%2820%2930750-9
https://doi.org/10.1016/S0140-6736%2820%2930750-9
http://www.ncbi.nlm.nih.gov/pubmed/32861314
https://doi.org/10.1186/s12872-019-1173-5
http://www.ncbi.nlm.nih.gov/pubmed/31382885
https://doi.org/10.2174/1389200220666190827160212
http://www.ncbi.nlm.nih.gov/pubmed/31453781
https://doi.org/10.1371/journal.pone.0064255
https://doi.org/10.1371/journal.pone.0064255
http://www.ncbi.nlm.nih.gov/pubmed/23671711
https://doi.org/10.1056/NEJMoa1002358
https://doi.org/10.1056/NEJMoa1002358
http://www.ncbi.nlm.nih.gov/pubmed/21247313
https://doi.org/10.1161/01.cir.0000044384.41037.43
http://www.ncbi.nlm.nih.gov/pubmed/12515752
https://doi.org/10.1016/j.jacc.2021.06.019
http://www.ncbi.nlm.nih.gov/pubmed/34384554
https://doi.org/10.1371/journal.pone.0307074

PLOS ONE

Qing-Xin-Jie-Yu granules for patients with intermediate coronary lesions: Clinical trial protocol

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Kinoshita D, Suzuki K, Usui E, Hada M, Yuki H, Niida T, et al. High-Risk Plaques on Coronary Com-
puted Tomography Angiography: Correlation With Optical Coherence Tomography. JACC Cardiovasc
Imag. 2023. https://doi.org/10.1016/j.jcmg.2023.08.005 PMID: 37715773

Matsumoto H, Watanabe S, Kyo E, Tsuji T, Ando Y, Otaki Y, et al. Standardized volumetric plaque
quantification and characterization from coronary CT angiography: a head-to-head comparison with
invasive intravascular ultrasound. Eur Radiol. 2019; 29: 6129-6139. https://doi.org/10.1007/s00330-
019-06219-3 PMID: 31028446

Vaidya K, Arnott C, Martinez GJ, Ng B, McCormack S, Sullivan DR, et al. Colchicine Therapy and Pla-
que Stabilization in Patients With Acute Coronary Syndrome: A CT Coronary Angiography Study. JACC
Cardiovasc Imag. 2018; 11: 305-316. https://doi.org/10.1016/j.jcmg.2017.08.013

Lee S-E, Sung JM, Andreini D, Al-Mallah MH, Budoff MJ, Cademartiri F, et al. Differences in Progres-
sion to Obstructive Lesions per High-Risk Plague Features and Plaque Volumes With CCTA. JACC
Cardiovasc Imag. 2020; 13: 1409—1417. https://doi.org/10.1016/j.jcmg.2019.09.011 PMID: 31734214

van Rosendael SE, van den Hoogen IJ, Lin FY, Andreini D, Al-Mallah MH, Budoff MJ, et al. Clinical and
Coronary Plaque Predictors of Atherosclerotic Nonresponse to Statin Therapy. JACC Cardiovasc Imag.
2023; 16: 495-504. https://doi.org/10.1016/j.jcmg.2022.10.017

Zhuang B, Wang S, Zhao S, Lu M. Computed tomography angiography-derived fractional flow reserve
(CT-FFR) for the detection of myocardial ischemia with invasive fractional flow reserve as reference:
systematic review and meta-analysis. Eur Radiol. 2020; 30: 712-725. https://doi.org/10.1007/s00330-
019-06470-8 PMID: 31696294

Celeng C, Leiner T, Maurovich-Horvat P, Merkely B, de Jong P, Dankbaar JW, et al. Anatomical and
Functional Computed Tomography for Diagnosing Hemodynamically Significant Coronary Artery Dis-
ease: A Meta-Analysis. JACC Cardiovasc Imaging. 2019; 12: 1316—1325. https://doi.org/10.1016/j.
jcmg.2018.07.022

Driessen RS, Danad |, Stuijffzand WJ, Raijmakers PG, Schumacher SP, van Diemen PA, et al. Compar-
ison of Coronary Computed Tomography Angiography, Fractional Flow Reserve, and Perfusion Imag-
ing for Ischemia Diagnosis. J Am Coll Cardiol. 2019; 73: 161-173. https://doi.org/10.1016/j.jacc.2018.
10.056.

Jiang MD, Zhang XL, Liu H, Tang CX, Li JH, Wang YN, et al. The effect of coronary calcification on diag-
nostic performance of machine learning-based CT-FFR: a Chinese multicenter study. Eur Radiol. 2021;
31: 1482—-1498. https://doi.org/10.1007/s00330-020-07261-2 PMID: 32929641

Tang CX, Liu CY, Lu MJ, Schoepf UJ, Tesche C, Bayer RR, et al. CT FFR for Ischemia-Specific CAD
With a New Computational Fluid Dynamics Algorithm: A Chinese Multicenter Study. JACC Cardiovasc
Imaging. 2020; 13: 980-990. https://doi.org/10.1016/j.jcmg.2019.06.018

Curzen N, Nicholas Z, Stuart B, Wilding S, Hill K, Shambrook J, et al. Fractional flow reserve derived
from computed tomography coronary angiography in the assessment and management of stable chest
pain: the FORECAST randomized trial. Eur Heart J. 2021; 42: 3844-3852. https://doi.org/10.1093/
eurheartj/ehab444 PMID: 34269376

Ngrgaard BL, Hjort J, Gaur S, Hansson N, Batker HE, Leipsic J, et al. Clinical Use of Coronary CTA-
Derived FFR for Decision-Making in Stable CAD. JACC Cardiovasc Imaging. 2017; 10: 541-550.
https://doi.org/10.1016/j.jcmg.2015.11.025

Ngrgaard BL, Gaur S, Fairbairn TA, Douglas PS, Jensen JM, Patel MR, et al. Prognostic value of coro-
nary computed tomography angiographic derived fractional flow reserve: a systematic review and
meta-analysis. Heart (British Cardiac Society). 2022; 108: 194—202. https://doi.org/10.1136/heartjnl-
2021-319773 PMID: 34686567

von Knebel Doeberitz PL, De Cecco CN, Schoepf UJ, Albrecht MH, van Assen M, De Santis D, et al.
Impact of Coronary Computerized Tomography Angiography-Derived Plaque Quantification and
Machine-Learning Computerized Tomography Fractional Flow Reserve on Adverse Cardiac Outcome.
Am J Cardiol. 2019; 124: 1340-1348. https://doi.org/10.1016/j.amjcard.2019.07.061 PMID: 31481177

Driessen RS, Stuijfzand WJ, Raijmakers PG, Danad |, Min JK, Leipsic JA, et al. Effect of Plaque Burden
and Morphology on Myocardial Blood Flow and Fractional Flow Reserve. J Am Coll Cardiol. 2018; 71:
499-509. https://doi.org/10.1016/j.jacc.2017.11.054

OnumaY, Dudek D, Thuesen L, Webster M, Nieman K, Garcia-Garcia HM, et al. Five-year clinical and
functional multislice computed tomography angiographic results after coronary implantation of the fully
resorbable polymeric everolimus-eluting scaffold in patients with de novo coronary artery disease: the
ABSORB cohort A trial. JACC Cardiovasc Interv. 2013; 6. https://doi.org/10.1016/j.jcin.2013.05.017
PMID: 24156961

YuM, Dai X, Yul, LuZ, Shen C, Tao X, et al. Hemodynamic Change of Coronary Atherosclerotic Pla-
que After Statin Treatment: A Serial Follow-Up Study by Computed Tomography-Derived Fractional

PLOS ONE | https://doi.org/10.1371/journal.pone.0307074  July 16, 2024 18/19


https://doi.org/10.1016/j.jcmg.2023.08.005
http://www.ncbi.nlm.nih.gov/pubmed/37715773
https://doi.org/10.1007/s00330-019-06219-3
https://doi.org/10.1007/s00330-019-06219-3
http://www.ncbi.nlm.nih.gov/pubmed/31028446
https://doi.org/10.1016/j.jcmg.2017.08.013
https://doi.org/10.1016/j.jcmg.2019.09.011
http://www.ncbi.nlm.nih.gov/pubmed/31734214
https://doi.org/10.1016/j.jcmg.2022.10.017
https://doi.org/10.1007/s00330-019-06470-8
https://doi.org/10.1007/s00330-019-06470-8
http://www.ncbi.nlm.nih.gov/pubmed/31696294
https://doi.org/10.1016/j.jcmg.2018.07.022
https://doi.org/10.1016/j.jcmg.2018.07.022
https://doi.org/10.1016/j.jacc.2018.10.056
https://doi.org/10.1016/j.jacc.2018.10.056
https://doi.org/10.1007/s00330-020-07261-2
http://www.ncbi.nlm.nih.gov/pubmed/32929641
https://doi.org/10.1016/j.jcmg.2019.06.018
https://doi.org/10.1093/eurheartj/ehab444
https://doi.org/10.1093/eurheartj/ehab444
http://www.ncbi.nlm.nih.gov/pubmed/34269376
https://doi.org/10.1016/j.jcmg.2015.11.025
https://doi.org/10.1136/heartjnl-2021-319773
https://doi.org/10.1136/heartjnl-2021-319773
http://www.ncbi.nlm.nih.gov/pubmed/34686567
https://doi.org/10.1016/j.amjcard.2019.07.061
http://www.ncbi.nlm.nih.gov/pubmed/31481177
https://doi.org/10.1016/j.jacc.2017.11.054
https://doi.org/10.1016/j.jcin.2013.05.017
http://www.ncbi.nlm.nih.gov/pubmed/24156961
https://doi.org/10.1371/journal.pone.0307074

PLOS ONE Qing-Xin-Jie-Yu granules for patients with intermediate coronary lesions: Clinical trial protocol

Flow Reserve. J Am Heart Assoc. 2020; 9: e015772. https://doi.org/10.1161/JAHA.120.015772 PMID:
32384006

63. Ezhov M, Safarova M, Afanasieva O, Mitroshkin M, Matchin Y, Pokrovsky S. Matrix Metalloproteinase 9
as a Predictor of Coronary Atherosclerotic Plaque Instability in Stable Coronary Heart Disease Patients
with Elevated Lipoprotein(a) Levels. Biomolecules. 2019; 9. https://doi.org/10.3390/biom9040129
PMID: 30934954

PLOS ONE | https://doi.org/10.1371/journal.pone.0307074  July 16, 2024 19/19


https://doi.org/10.1161/JAHA.120.015772
http://www.ncbi.nlm.nih.gov/pubmed/32384006
https://doi.org/10.3390/biom9040129
http://www.ncbi.nlm.nih.gov/pubmed/30934954
https://doi.org/10.1371/journal.pone.0307074

