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Liang Chen'?", Ming-Xin Gao'", Xin Du**>%, Chi Wang® Wen-Yuan Yu', Hong-Li Liu', Xiao-Hang Ding’,
Bo-Lin Wang', Kui Zhang', Dong Xu’, Zhen Han® Bao-Dong Xie®, Ran Dong'” and Yang Yu"”

Abstract

Background For complete revascularization, patients with diffuse coronary artery disease should have a coronary
endarterectomy and a coronary artery bypass graft (CE-CABG). Sadly, CE can lead to a lack of endothelium, which
raises the risk of thrombotic events. Even though daily dual antiplatelet therapies (DAPT) have been shown to reduce
thrombotic events, the risk of perioperative thrombotic events is high during the high-risk period after CE-CABG,

and there is no consistent protocol to bridge DAPT. This trial aims to compare safety and efficacy between tirofiban
and heparin as DAPT bridging strategies after CE-CABG.

Methods In phase |, 266 patients undergoing CE-CABG will be randomly assigned to tirofiban and heparin treatment
groups to compare the two treatments in terms of the primary safety endpoint, chest tube drainage in the first 24 h.
If the phase I trial shows tirofiban non-inferiority, phase Il will commence, in which an additional 464 patients will

be randomly assigned. All 730 patients will be studied to compare major cardiovascular and cerebrovascular events
(MACCEs) between the groups in the first 30 days after surgery.

Discussion Given the possible benefits of tirofiban administration after CE-CABG, this trial has the potential

to advance the field of adult coronary heart surgery.

Trial registration chictrorg.cn, ChiCTR2200055697. Registered 6 January 2022. https://www.chictrorg.cn/com/25/
showproj.aspx?proj=149451. Current version: 20,220,620.
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Introduction

Background and rationale {6a}

Creation of distal surgical anastomoses can be diffi-
cult in patients with severe complex or diffuse coro-
nary artery disease (CAD) undergoing coronary artery
bypass grafting (CABG). Incomplete revasculariza-
tion can affect patient survival and quality of life [1].
Coronary endarterectomy (CE) was first introduced in
1957 by Bailey et al. and is now being performed as an


http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.chictr.org.cn

Chen et al. Trials (2024) 25:52

adjunct with CABG (CE-CABG) in patients with dif-
fuse CAD to achieve complete revascularization [2].
Although long-term survival is comparable between
CE-CABG and CABG alone, early surgical outcomes
related to postoperative myocardial infarction (POMI)
and mortality are worse in those undergoing CE-
CABG [3-5]. These patients mainly experience graft
occlusion owing to thrombosis in endarterectomized
regions. During endarterectomy, the vascular intima
is carefully dissected and removed, which exposes
the subendothelial tissue to blood flow, causing fibrin
platelet mural thrombus and activation of the coagula-
tion cascade [6-8]. Dual antiplatelet therapy (DAPT)
and postoperative anticoagulation may play a role in
avoiding POMI after CE-CABG.

Current clinical guidelines recommend DAPT as
soon as feasible after CABG and continuation for at
least 12 months [9]. However, the use of antithrom-
botic medication within 24 h of CE-CABG is contro-
versial. Reported rates of hemorrhage, POMI, and
short-term mortality after CE-CABG vary substan-
tially between studies [10-12]. Some centers have
begun to use a heparin infusion 4 h after surgery in
patients undergoing CE if the chest tube output is less
than 50 to 100 mL/h. However, the incidence of POMI
appears to be relatively high even with early heparin
infusion [10, 11].

Tirofiban is a small-molecule peptide that selectively
inhibits fibrinogen—platelet GP IIb/Illa binding and
reduces ischemic events in patients with acute coro-
nary syndrome (ACS) undergoing percutaneous coro-
nary intervention [13, 14]. Since perioperative use of
GP IIb/IIIa inhibitors does not increase surgical bleed-
ing after CABG [15-17], we hypothesized that early
tirofiban administration before initiation of DAPT
reduces the incidence of thrombosis and POMI after
CE-CABG but does not increase bleeding incidence or
severity.

Objectives {7}

The primary goal of the THACE-CABG trial is to dem-
onstrate the safety of early tirofiban administration
after CE-CABG (phase I). If safety is demonstrated, its
efficacy in reducing the incidence of major cardiovas-
cular and cerebrovascular events (MACCEs) will be
evaluated in comparison to early heparin administra-
tion (phase II).

Trial design {8}

The THACE-CABG trial is a multicenter prospective
randomized controlled trial. Patients will be randomized
into one of two parallel groups at a 1:1 allocation ratio:
an experimental group (tirofiban) and a control group
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(heparin). The safety portion of the study is a noninferior-
ity trial with a primary endpoint of cumulative chest tube
drainage in the first 24 h after surgery. The efficacy portion
of the study is a superiority trial that will evaluate MAC-
CEs in the 30 days after surgery as the primary endpoint.
MACCE:s include all-cause death, nonfatal MI, nonfatal
acute ischemic stroke, and early revascularization.

Methods: participants, interventions,
and outcomes
Study setting {9}
Beijing Anzhen Hospital, Capital Medical University, Bei-
jing, China.

Beijing Tiantan Hospital, Capital Medical University,
Beijing, China.

Peking University Shenzhen Hospital,
Guangdong Province, China.

The First Affiliated Hospital of Harbin Medical Univer-
sity, Harbin, Heilongjiang Province, China.

Shenzhen,

Eligibility criteria {10}
Inclusion criteria

1. Age 18-80 years.

2. Primary diagnosis of non-ST elevation ACS or stable
ischemic heart disease and appropriate candidate for
isolated CABG.

3. Ability to understand the nature of the study and the
study-related procedures and comply with them.

4. Undergoing CE-CABG.

5. Agreeable to provide written informed consent for
surgery and study participation.

Exclusion criteria

1. Severe congestive heart failure (New York Heart
Association class IV) or left ventricular ejection

fraction <35%.
2. Tumor or suspected tumor.
3. Severe renal insufficiency (creatinine clear-

ance <30 mL/min) and/or chronic hemodialysis.

4. Cirrhosis or positive serum HBsAg/HBeAg, HCV-
RNA, or anti HCV antibodies.

5. History of heparin/tirofiban allergy or thrombocy-
topenia after heparin/tirofiban.

6. Coagulation dysfunction, history of platelet abnor-
mality or thrombocytopenia (preoperative platelet
count < 150,000/mm?).

7. History of active internal hemorrhage, intracranial
hemorrhage, or intracranial tumor, arteriovenous
malformation, or aneurysm.

8. History of gastrointestinal or urogenital bleeding in
the 6 months prior to randomization.
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9. Stroke (any cause) or transient cerebral ischemia in
the 6 months prior to randomization.

10. Pregnancy or breastfeeding.

11. Use of extra anticoagulation therapy, intra-aortic
balloon pump, extracorporeal membrane oxygena-
tion, or other circulatory support before, during,
or in the first 2 h after surgery (individuals who
experience excessive bleeding or require mechani-
cal circulatory support and excessive anticoagulant
medication within 2 h have intrinsic bleeding risks
and are not candidates for further antithrombotic
therapy).

12. CE-CABG surgery failed. CE-CABG failure. Graft
flow and pulsatility index (PI) are measured at the
end of the operation before protamine administra-
tion. If PI>5, the graft requires re-anastomosis;
if still>5 after excluding the influence of opera-
tive technique, the operation is considered to have
failed.

13. Chest tube bleeding>150 mL in the first 2 h after
surgery.

14. New-onset abnormal Q wave in the ECG within
2 h after surgery (indicates POMI; tirofiban or
heparin are started 2 h after surgery for reduc-
ing POMI, thus individuals already having POMI
within 2 h will be eliminated).

Who will take informed consent? {26a}

A member of the study team will check eligibility and
obtain written informed consent after explaining the
study and answering any questions during a visit to the
research site for the baseline assessment. No study opera-
tions will take place until consent is provided.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}
Individuals who choose to participate in the study will
be asked to give permission for long-term monitoring
of their electronic medical records (with no additional
patient contact). Permission will be obtained to utilize
study data in other ways, such as for pooled analyses of
anonymized data, natural history studies, meta-analyses,
and health outcomes research.

Interventions

Explanation for the choice of comparators {6b}

After CE, the lack of endothelium leads to activation of
the coagulation cascade [18-20]. Therefore, antithrom-
botic treatment is required [20]; however, no standard
protocol exists. Heparin infusion followed by warfarin
for several months has been recommended by several
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authors [21, 22]. Pre- or intraoperative clopidogrel dos-
ing followed by postoperative aspirin and clopidogrel
administration is another anticoagulation scheme which
has been used [22]. In our hospital, we have used a post-
operative heparin infusion followed by DAPT (aspirin
and clopidogrel or ticagrelor) for many years. Tirofiban
infusion followed by DAPT is another potential regimen
which is purely antiplatelet in nature.

Intervention description {11a}

Standard procedure before randomization

Before surgery, patients hospitalized for isolated CABG
will receive the following standard antithrombotic regi-
men: aspirin will be administered up to the day of the
procedure; clopidogrel, ticagrelor, and prasugrel will be
stopped at least 5, 5, and 7 days before, respectively.

CE-CABG will be performed by experienced sur-
geons via a median sternotomy utilizing either an on-
or oft-pump grafting technique. CE will be indicated
for patients with: (1) a long, diffusely diseased coronary
artery segment or severely calcified coronary artery, or
(2) severe long-segment in-stent restenosis with or with-
out major side branch occlusion [23]. CE is occasionally
unanticipated prior to CABG surgery. CE-CABG is typi-
cally the last option for obtaining full revascularization.
Patients who do not undergo CE have a better prognosis
than those that do when antithrombotic medication is
used according to current recommendations; therefore,
they are not required to receive tirofiban therapy and will
not be included.

Graft flow and PI will be assessed at the end of the
operation before protamine administration using the
VeriQ Flowmeter System (MediStim ASA, Horten, Nor-
way), which is based on an ultrasonic transit time flow
meter. If the PI is more than 5, the graft must be anasto-
mosed again. If it remains above 5, the surgery is deemed
a failure and the patient will be removed from the study.

After the procedure, protamine will be administered
to reverse the heparin (100 IU heparin: 1 mg protamine)
and the active coagulation time will be corrected to the
pre-heparinization value of 5%. Chest tube blood loss will
be evaluated 2 h after surgery; if < 150 mL, the patient will
be randomized.

Randomization and intervention

Eligible patients will be randomized to either the heparin or
tirofiban group in a 1:1 ratio utilizing an interactive online
response system. Using the biased-coin minimization
approach, a static randomization list will be created and
applied taking three strata into consideration: research site,
patient age group (<70 and > 70 years), and gender. Figure 1
depicts the enrollment and randomization procedures.
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Excluded
1. Severe congestive heart failure ni=
2. Tumor or suspected tumor; n—
Phase I 3. Severe renal insufficiency; ni=
4. Cirrhosis; n—
5. History of heparin or tirofiban allergy =
Enrolled 6. Coagulation dysfunction n=
s 7. History of active internal hemorrhage n=
Enrollment 8. History of gastrointestinal b?ee.dmg on; =
9. Stroke (any cause) or TIA within 6 months n=
and ;
randomization 10. Pregnant or breastfeeding female; n=
11. Using IABP, ECMO or other circulatory n—
support before randomization n=
Randomized 12. CE-CABG surgery failed. n=
n=266 13. More than 150ml of the tube bleeding in 2 hoursn =
14. New-onset abnormal Q wave in 2hours n=
15. Others n=
Tirofiban strategy n =133 Heparin strategy n=133
Allocation Did not received allocated strategy n = Did not received allocated strategy n =
(1:1)
Chest tube bleeding within 24 hours n= Chest tube bleeding within 24 hours n=
Clinical visit 24 hours ni— Clinical visit 24 hours )=
3 days n= 3 days n=
6 + 1 days ni= 6 + 1 days =
Visit and
Follow-up Clinical Follow-up 30 +3 days n= Clinical Follow-up 30 +3 days n=
4 ) 7 )
Primary safety outcome ] Primary safety outcome
tube bleeding within 24 hours n= ) L tube bleeding within 24 hours n=
Secondary safety outcomes = Secondary safety outcomes =
Primary effectiveniss outcomes = Primary effectiveniss outcomes -
Secondary effectiveniss outcomes n= Secondary effectiveniss outcomes =
Analysis
A E/ \ J
Y
Non-inferiority test No

Study Sto
If Tirofiban group shows non-inferior to the Heparin group in primary safety outcome ¥ Stop

Yes

Enrollment and randomization

Phase 11 n = 464

Allocation
(1:1)

N

Visit and
Follow-up

Outcomes Analysis taking Phase I and Phase II together n =266 + 464 =730

Fig. 1 Study design.TIA, transient cerebral ischemia; IABP, intra-aortic balloon pump; ECMO, extracorporeal membrane oxygenation
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Two hours after randomization, heparin (100 IU/
kg) will be administered intravenously in 5 mL of 0.9%
sodium chloride every 4 h in the heparin group. In
the tirofiban group, tirofiban (0.05 g/kg/min) will be
infused over 22 h using a micropump starting within
30 min of randomization. To maintain treatment blind-
ing, a 5-mL volume of 0.9% sodium chloride will be
administered to patients in the tirofiban group, and
patients in the heparin group will receive an infusion of
0.9% sodium chloride via micropump. Only the nurses
who prepared the fluids will know which are genuine
medications. Once heparin or tirofiban stop at 24 h,
DAPT will be initiated the next day of surgery and con-
tinued daily (ticagrelor 90 mg twice daily plus aspirin
100 mg daily in patients with platelet count>9x 10’
cells/L; aspirin alone daily in patients with platelet
count <9x 10’ cells/L). For patients who are unable to
be extubated within 24 h, heparin or tirofiban will be
continued until the patient is extubated, at which point
DAPT will start. The timeline of antithrombotic drugs
is showed in Fig. 2.

To ensure patient safety, heparin and tirofiban doses
will be adjusted according to routine blood and coagu-
lation parameters obtained 4 and 10 h after treatment
initiation. If the platelet count is<90,000/mm?> after a
repeat test, tirofiban infusion will be discontinued. If the
activated partial thromboplastin time increases to 2.5
to 3 times the normal upper limit value, the heparin or
tirofiban dose will be halved; if more than 3 times, they
will be discontinued. If the fibrinogen level decreases
to<1.0 g/L, heparin and tirofiban infusions will be dis-
continued and fresh frozen plasma will be administered.

Criteria for discontinuing or modifying allocated
interventions {11b}

Participants may leave the experiment at any time for
any reason as required by the Declaration of Helsinki.
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Although there are no particular withdrawal require-
ments, researchers can withdraw patients as necessary
and note the cause. All participants will be followed
for clinical outcomes unless permission is expressly
revoked.

Pregnant women will be excluded. Menstrual his-
tory and human chorionic gonadotropin level will be
examined in non-menopausal women. Pregnancy after
enrollment will not be regarded as an adverse event or
significant adverse event (SAE) in and of itself and will
not be considered grounds for study exclusion; however,
the patient will be given the opportunity to withdraw if
she wishes.

During each study visit, patient safety will be addressed.
Participants will receive information regarding who to
contact in case of a SAE. Those who experience a SAE
will be counseled to withdraw.

Strategies to improve adherence to interventions {11c}
Three strategies to improve subject adherence to inter-
ventions will be implemented. First, a portion of the
individuals’ health care and travel expenditures will be
reimbursed. Second, physicians will offer free consulta-
tions. Finally, the researchers will communicate with the
subjects at least once a week.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Standard secondary CAD prevention measures will be
implemented. Oral beta-blockers will be used before and
after surgery to maintain heart rate between 60 and 80
beats per minute. To maintain low density lipoprotein
concentration below 1.88 mol/L, an oral statin or combi-
nation of lipid-lowering medications will be prescribed.
All episodes of care will be recorded in an electronic case
report form (eCRF).

discontinue . .
discontinue
prasugrel .
clopidogrel
and .
icagrelor begin
: DAPT
|
Tirofiban .
aspmn | or q»spum
i | e + ticagrelor
Y |
| | | | >
Day-7 Day -5 Surgery 2 hours 24 hours

Fig. 2 Timeline of antithrombotic drugs. DAPT, dual antiplatelet therapies
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Provisions for post-trial care {30}

Patients will be contacted every week in 30 days and once
a year after trial to monitor for adverse effects, provide
encouragement and motivation, answer questions, and
assist with any problems.

Outcomes {12}

Primary outcomes

The primary safety outcome (phase I) is total chest tube
drainage output over 24 h. The primary efficacy outcome
(phase II) is incidence of MACCEs in the first 30 days
after surgery.

Secondary outcomes
The secondary outcomes of the phase I trial are as follows:
(1) the incidence of universal definition of perioperative
bleeding (UDPB) in adult cardiac surgery class 3 or higher
in the first 24 h after surgery [24] and (2) the incidence
of Thrombolysis in Myocardial Infarction (TIMI) major
bleeding in the first 30 days [25]. Table 1 shows the various
classes of the universal definition of perioperative bleeding
in adult cardiac surgery. TIMI major bleeding is defined as
intracranial hemorrhage,>5 g/dL decrease in hemoglobin
concentration, or <15% absolute decrease in hematocrit.
The secondary outcomes of the phase II trial are as fol-
lows: (1) the incidence rates of the four different events
comprising MACCEs and (2) the incidence of postopera-
tive acute kidney injury. Both CABG and tirofiban have
been associated with high risk of such injury.

Definitions

All-cause death is defined as death from any cause. POMI
is defined as MI within 48 h of CABG. MI is defined
according to the fourth universal definition of MI: car-
diac troponin concentration>10 times the 99th percen-
tile upper reference limit or>20% increase in cardiac
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troponin concentration plus new pathologic Q waves
on electrocardiography, graft occlusion on angiography,
or new abnormal segmental ventricular wall motion on
echocardiography. MI more than 48 h after surgery is
defined as cardiac troponin concentration above the 99th
percentile upper reference limit and at least one of the
following: (1) new ischemia or new pathologic Q waves
on electrocardiography, (2) imaging of new loss of viable
myocardium or new regional wall motion abnormality in
a pattern consistent with an ischemic cause, and (3) iden-
tification of a coronary thrombus on angiography [26].

All patients with stroke symptoms will be examined
to rule out conditions that mimic stroke (e.g., seizure,
conversion or somatoform disorder, migraine head-
ache, and hypoglycemia) and then undergo urgent com-
puted tomography and/or magnetic resonance imaging
to confirm the diagnosis. Acute ischemic stroke is
defined as a new neurologic deficit lasting more than
24 h in conjunction with imaging findings of cerebral
infarction. Early revascularization is defined as any
percutaneous or surgical revascularization performed
for graft failure or ACS resulting from a lesion inside
or adjacent to a graft within 30 days. Acute postopera-
tive kidney injury is defined according to the Society of
Thoracic Surgeons as the following: (1) serum creati-
nine>2 0.0 mg/dL or increase to twice the preopera-
tive baseline concentration or (2) new requirement for
dialysis [27].

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

Sample size {14}
We computed a sample size of 266 patients (133 per
group) for the phase I trial, assuming a one-sided

Table 1 Bleeding categories according to the UDPB in adult cardiac surgery (if different categories indicate mixed definitions of

bleeding, the worst definition applies)

Bleeding definition Sternal Postoperative chest

PRBC (unit) FFP (unit) PLT (unit) Cryoprecipitate PCCs

rFVlla Reexploration/

closure tube blood loss tamponade
delayed within 12 h (mL)

Class 0 (insignificant) No <600 0? 0 0 No No No No

Class 1 (mild) No 601-800 1 0 0 No No  No No

Class 2 (moderate) No 801-1000 2-4 2-4 Yes Yes Yes No No

Class 3 (severe) Yes 1001-2000 5-10 5-10 N/A N/A N/A  No Yes

Class 4 (massive) N/A > 2000 >10 >10 N/A N/A N/A  Yes N/A

UDPB Universal definition for perioperative bleeding, PRBC Packed red blood cells, FFP Fresh frozen plasma, PLT Platelet concentrates, PCCs Prothrombin complex

concentrates, rFVIla Recombinant activated factor VI, N/A Not applicable

2 Correction of preoperative anemia or hemodilution only; the number of PRBCs used should only be considered in the UDPB when accompanied by other signs of

perioperative bleeding
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Table 2 Schedule of enrolment, interventions and assessments

STUDY PERIOD
Enrolment | Allocation Post-allocation C:;):te-
TIMEPOINT -1d -2h 0 0.5h | 2h 22h 6d 30d
ENROLMENT:
Eligibility screen | X X
Informed consent | X
Allocation X
INTERVENTIONS:
Heparin et
Tirofiban ¢ ¢

ASSESSMENTS:

Vital signs | X X X X X X X

Medical history X

/Clinical status

Routine blood tests | X X X X X X

ECG, UCG, Chest X-ray | X X X X X

Operative data X
Chest tube drainage X X X X X
UDPB score X X X

TIMI minor/major bleedin X X X X
g

MACCE X X X X

AKI X X X X

ECG Electrocardiogram, UCG echocardiography, UDPB Universal Definition for Perioperative Bleeding, TIMI Thrombolysis in Myocardial Infarction, MACCE Major
adverse cardiovascular and cerebrovascular events, AKI Acute kidney injury
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significance level of 2.5%, test power of 90%, chest tube
drainage volume standard deviation of 500 mL, and non-
inferiority limit of 200 mL. Thus, the non-inferiority will
be demonstrated if the upper boundary of the 97.5%
confidence interval for the mean difference is lower than
200 mL. A non-inferiority margin of 200 mL was arrived
at by consensus among the investigators based on their
clinical judgment and the data available at the time of
trial design.

Based on data from the Anzhen Hospital database from
2020 to 2021, we estimate a 30-day MACCE incidence of
approximately 40% in the control group (heparin). Using
an absolute risk reduction of 25% as the anticipated
intervention effect of tirofiban, acceptable alpha of 5%,
and acceptable beta of 20%, 712 participants are required
in each group. To allow for loss to follow-up, 730 partici-
pants will be recruited; therefore, after recruitment of the
phase I trial participants, an additional 464 participants
(232 per group) are required to satisfy the requirements
for phase II.

Recruitment {15}

The average number of annual CE-CABG procedures
over the past three years at Anzhen hospital was approx-
imately 600. Combined with the other two centers,
achieving the required number of participants is feasible.

Assignment of interventions: allocation

Sequence generation {16a}

All eligible subjects will be allocated by clinical staff to
either heparin group or tirofiban group in a 1:1 ratio at
2 h after CE-CABG using an interactive web response
system (IWRS). A static randomization list is generated
and implemented within the system which accounted for
three strata: study site, patient age group (<70, > 70 years)
and gender group (male, female) using the biased-coin
minimization method. Each center will have a desig-
nated user of the interactive system. This user will gen-
erate a random sequence for patients who meet criteria
for enrollment and communicate the allocation to the
research nurse.

Concealment mechanism {16b}

The random sequence will be immediately sent to a des-
ignated nurse who prepare the fluids and medications.
For the tirofiban group, a 50-mL volume of tirofiban fluid
and a 5-mL volume of 0.9% sodium chloride (labeled as
heparin) will be prepared. For the heparin group, a hepa-
rin fluid and a 50-mL 0.9% sodium chloride (labeled as
tirofiban) will be prepared.

Page 9 of 14

Implementation {16c¢}

Doctors and nurses working near the bed will have no
idea which fluid is genuine medication. These fluids will
be infused according their label names. Thus, all subjects,
site staff, sponsor staff, assessors, and data analysts will
be blinded to randomization outcomes.

Assignment of interventions: blinding

Who will be blinded {17a}

All subjects, site staff, sponsor staff, staff (with exceptions
as indicated below), assessors, and data analysts will be
blinded to randomization outcomes until the database
is unlocked. Exceptions will include (1) nurses who pre-
pare the fluids and medications (heparin, tirofiban, or
just 0.9% sodium chloride), (2) computer programmers
involved in randomization and drug management pro-
cesses, and (3) the biostatistician creating reports for the
Data and Safety Monitoring Board (DSMB).

Procedure for unblinding if needed {17b}

The DSMB will periodically examine all safety and out-
comes data. Appropriate information regarding adverse
occurrences will be systematically gathered and pre-
sented to regulatory authorities.

Emergency unblinding will be performed only when
necessary for subject safety. Only those individuals
who are required to know treatment allocation will be
given this information in such an event. If medically
appropriate, all subjects will resume the study treat-
ment after recovery and continue to do so until the
end of the study.

Data collection and management

Plans for assessment and collection of outcomes {18a}
Data will be collected using a study-specific eCRF
(Digital Health China Technologies Co., LTD, Beijing,
China) and entered onto a paper case report form.
Throughout the trial, data management personnel
will validate the data. Data fields will be checked and
any missing data or inconsistencies will be corrected
before downloading into the study database. All iden-
tifying information will be hidden to protect patient
confidentiality. All study personnel will have 24-h
access to the study coordinating center. A data moni-
toring committee will monitor data accuracy and com-
pleteness, evaluate adverse events, and make the final
decision to terminate the trial. When all data manage-
ment and statistical data validation procedures have
been completed, the database will be unlocked to per-
form the final analysis.
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Plans to promote participant retention and complete
follow-up {18b}

There are no further plans for intervention engage-
ment tactics beyond those that have already been
described.

Data management {19}

The DSMB will consist of a chair, co-chair, and mem-
bers with recognized expertise in clinical trials, cardio-
vascular disease, and biostatistics who are not involved
in the routine conduct of the THACE-CABG trial. The
DSMB will be responsible for two main tasks. First,
it will regularly assess the safety and effectiveness of
the drugs under investigation by reviewing periodic
updates provided during the course of the study. Sec-
ond, it will provide recommendations to the trial’s
chair and vice chair regarding the appropriate course
of action, which may involve continuing, modifying, or
terminating the study.

The DSMB’s primary responsibility is study over-
sight. Subject risks and benefits will be determined
after an unblinded evaluation of aggregate data. The
DSMB charter and meeting schedule will be finalized
during the first meeting. A biostatistician, who will not
be blinded for report preparation, will attend meetings
to provide support. Conference attendees will be able
to hear updates and ask questions of the trial’s chair
and/or primary investigators during the open section
of the conference.

Confidentiality {27}

Only the lead investigator and necessary staff will have
access to collected data. To protect patient confidential-
ity, each subject’s laboratory samples, completed forms,
reports, and other data will be identified by a special par-
ticipant ID number.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis
in this trial/future use {33}

Not applicable: no biological specimens will be collected.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

Patient characteristics will be compared using the two-
sample ¢-test or Wilcoxon rank sum test for continuous
variables and the chi-square test or Fisher’s exact test
for categorical variables. Variables that significantly dif-
fer between groups will be used as covariates for effi-
cacy analysis.

Page 10 of 14

Both intention-to-treat and per-protocol analyses will
be conducted. The primary safety outcome will be com-
pared between groups using a one-sided non-inferiority
test. The primary efficacy outcome will be evaluated
using the chi-square test or Fisher’s exact test.

Interim analyses {21b}

Interim assessments and safety and efficacy monitor-
ing will be conducted by the DSMB, which will review
unblinded event rates. An outside statistician will
perform interim data analyses independently for the
DSMB.

A formal interim analysis is planned after the
expected number of accumulated primary safety out-
come events accrue (phase I). If the interim analyses
show clear and consistent safety in both treatment
arms, the DSMB may recommend commencement
of the phase II trial. If the conditional probability of
rejecting the non-inferiority hypothesis appears to be
unacceptably high, the DSMB may consider postpon-
ing or ceasing the phase II trial.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

A subgroup analysis of primary outcomes will be per-
formed to compare CE in the left anterior descending
coronary artery with CE in other coronary arteries.
Subgroup analyses according to age, gender, diabetes,
left ventricular ejection fraction, type of CE (open or
closed), and graft type (vein or arterial) will also be
performed.

Patient-reported outcomes and an analysis of cost-
effectiveness will be reported at the end of the study.
Projected changes in economic costs and health out-
comes from broad use of tirofiban will be quantified.
Market prices or shadow prices will be used to value
costs. By counting and assessing the resources used, the
costs of delivering the intervention will be determined.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
The analyses will not include participants who were ran-
domly assigned but later determined to be ineligible.
Additional types of non-compliance that can be iden-
tified from the research data, such as visits outside of
predetermined times, will be evaluated and classified as
significant or minor. Similarly, protocol violations will
be rated as significant or minor. After participants with
significant procedure violations are eliminated, sensitiv-
ity analyses will be conducted. Missing data will not be
imputed for these analyses.
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Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

The corresponding author will provide trial datasets and
algorithms upon reasonable request.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The trial steering committee comprises:

Prof. Yang Yu (Chair)

Prof. Ran Dong (Vice-chair)

Prof. Dong Xu (Chief Investigator)
Prof. Zhen Han (Chief Investigator)
Prof. Bao-Dong Xie (Chief Investigator)
Prof. Rong Han (Study Statistician)
Prof. Xin Du (Study Project Manager)

Composition of the data monitoring committee, its role
and reporting structure {21a}

The Heart Health Research Center will serve as the data
monitoring committee and receive all trial data. Data will
be securely transmitted to the center for data entry and
verification in accordance with their normal operating
procedures.

Adverse event reporting and harms {22}

Complete information regarding all SAEs (nature of the
event, start and end dates, severity, link to the trial and/
or trial protocols, and outcome) shall be noted in the
medical record and eCRF within 24 h of occurrence.
Such incidents will be followed up until satisfactorily
resolved and stabilized. With reference to the study pro-
tocol and Reference Safety Information, the site principal
investigator will utilize medical judgment to assess seri-
ousness, causation, severity, and expectedness. The site
team and main investigator will determine the related-
ness and expectedness. According to the study protocol,
the sponsor will validate data collection and SAEs. The
sponsor will report safety information to the chief inves-
tigator or a delegate for ongoing risk/benefit assessment
and collaborate with the chief investigator to submit an
annual safety report to the research ethics committee
until the end of the study, when an end of study form will
be submitted.

The trial steering committee will assess safety in line
with a predefined charter, reviewing recruiting and the
overall status of the trial on a regular basis; it will also
interact with the sponsor regarding safety problems. A
relevant unexpected SAE will be reported to the sponsor,
who will then notify the ethics committee. The study data
center will offer an eCRF for central data collection of
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adverse events and SAEs which will be submitted to the
trial steering committee every 6 months until the study is
completed.

Frequency and plans for auditing trial conduct {23}
An audit of all entries into the eCRF and number of par-
ticipants will be conducted annually.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}
Any protocol amendments will be authorized by the local
ethics committee before being implemented and updated
in the ChiCTR.org registration. All investigators and
study participants will be informed.

Deviations from the protocol will be thoroughly docu-
mented using a report form.

Dissemination plans {31a}

The findings of the study will be communicated largely
through patient timeline and public forums, conference
presentations, and scientific articles. The final manu-
script will be reviewed and approved by all writers.

Discussion

The THACE-CABG trial is a multicenter randomized
controlled trial designed to assess the safety and efficacy
of tirofiban infusion followed by DAPT in patients under-
going CE-CABG.

In non-inferiority trials, the null and alternative
hypotheses are reversed compared to superiority trials;
hence, the null hypothesis supposes a difference between
the compared treatments. In other words, the alternative
hypothesis supposes they do not differ or that one is non-
inferior to the other.

In phase I of the THACE-CABG trial, the null (HO) and
alternative (H1) hypotheses are as follows:

+ HO: N—C> A (that is, chest tube drainage in the first
24 h after CE in the tirofiban group (N) is not non-
inferior to that in the heparin group (C) by a pre-
defined noninferiority margin of -A% or less, where
A =200 mL, or non-inferiority is not shown).

+ HI: N—C<A (that is, chest tube drainage in the first
24 h after CE in the tirofiban group is non-inferior to
that in the heparin group).

In a non-inferiority study, five trial outcomes are pos-
sible (Fig. 3). For non-inferiority to be demonstrated
(cases i, ii, and iii), the point estimate and 95% confi-
dence interval of the difference in chest tube bleed-
ing between the tirofiban and heparin groups have to
be less than the non-inferiority margin of 200 mL.
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€— Favors tirofiban strategy
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Favors heparin strategy —>
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and superior | ® | i
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| not shown
I v. Inferior and
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L
0 +200ml

Tube bleeding within 24 hours difference
(tirofiban - heparin strategy)

Fig. 3 Possible outcomes for primary safety outcomes

If non-inferiority is shown, three situations are pos-
sible: (1) non-inferiority and superiority, in which the
point estimate and the confidence interval are less than
200 mL (case i); (2) non-inferiority and non-superiority,
in which the point estimate lies below 200 mL and the
confidence interval includes zero but not 200 mL (case
ii); and (3) non-inferiority and inferiority, in which the
point estimate and the entire confidence interval are
between zero and 200 mL (case iii). Non-inferiority will
not be shown if the confidence interval includes both
the 200 mL non-inferiority margin and the zero line
(case iv). Finally, inferiority will be established if the
point estimate and entire confidence interval are above
the 200 mL line (case v).

For the primary efficacy outcome, the hypothesis to
be tested is whether incidence of MACCEs after CE-
CABG is superior with tirofiban than with heparin. The
study will be considered positive if statistical signifi-
cance at the level of 0.05 (two-tailed) is achieved.

Risk of surgery is high in patients with ejection frac-
tion<35%. Bleeding events in these patients may be
life-threatening. Therefore, such patients will not be
included until tirofiban safety has been confirmed in oth-
ers. Although this approach may introduce bias, it is war-
ranted from a patient safety perspective.

In previous research, PI was proposed as a significant
predictor of graft quality, showing the distal resistance of
the graft vascular, with a suggested cutoff value of 5 [28].
A high PI suggests serious anastomotic stenosis, compet-
itive flow, or severe distal coronary stenosis. All of these
factors can contribute to thrombosis and graft failure.
This thrombosis mechanism, however, differs from that
of endothelial detachment, which is generated by blood

stasis. To avoid misunderstanding, CE-CABG failure
will be excluded. Our cohort is relatively selected, which
could be a source of bias.

In conclusion, this is the first randomized controlled
trial designed to compare safety and MACCEs between
tirofiban and heparin administration after CE-CABG. In
addition, we plan to use the trial’s database to conduct
follow-up studies that evaluate long-term CE-CABG
outcomes.

Trial status
The study began recruitment on September 1, 2022, and
is expected to end in late 2026. Current protocol: version
20,220,620.
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