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Abstract

Background: Primary percutaneous coronary intervention (PCI) for patients presenting with acute myocardial
infarction (AMI) caused by left main coronary artery occlusion is associated with significantly higher mortality and
risks of major adverse cardiovascular events. Deferred stent implantation may improve prognosis of primary PCI by
reducing distal embolization and no-reflow phenomenon. There is no randomized clinical trial focusing on the
effect and outcome of deferred stent implantation on primary PCI for left main coronary artery occlusion in contrast
with conventional strategy.

Methods: The Optimal Strategy of Primary Percutaneous Coronary Intervention for Acute Myocardial Infarction due
to Unprotected Left Main Coronary Artery Occlusion (OPTIMAL) study (ClinicalTrials.gov Identifier: NCT03282773) is
an open-label, randomized, multicenter clinical trial in which 480 patients presenting with AMI caused by left
main coronary artery occlusion recruited from 30 hospitals in mainland China will be randomly assigned 1:1 to
immediate stenting or deferred stenting (scheduled 4–10 days after primary angioplasty) groups. The primary
endpoint is a composite of all-cause mortality or recurrent myocardial infarction at 30 days after randomization. The
secondary outcomes include all-cause mortality, cardiac death, recurrent myocardial infarction, and unplanned
target vessel revascularization at 30 days, 6 months, and 12 months.

Discussion: The OPTIMAL study is designed to compare the clinical performance of deferred stenting with that of
immediate stenting for AMI caused by left main coronary artery occlusion.

Trial registration: ClinicalTrials.gov Identifier: NCT03282773. Registered on 10 September 2017.
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Background
Of all patients with acute myocardial infarction (AMI),
4–7% have a culprit lesion in the left main coronary
artery whose abrupt occlusion triggers ischemia and
myocardial infarction (MI) [1, 2]. Unprotected left main
coronary artery occlusion–induced AMI (LM-AMI)
often presents with cardiogenic shock and is associated
with higher risks of major cardiac adverse events and
higher mortality even if treated with reperfusion therapy
in time [3, 4]. Coronary artery bypass graft (CABG) is
recognized as the standard revascularization strategy for
this situation [5, 6]. Nonetheless, although CABG is
recommended by the guidelines, it still carries very high
mortality in patients with LM-AMI. Percutaneous cor-
onary intervention (PCI) for LM-AMI was revealed to
have a clinical outcome comparable to that of CABG in
recent studies because of the application of second-gen-
eration drug-eluting stents and improvement of PCI
procedure [7]. Primary PCI (PPCI) for LM-AMI is an
alternative revascularization strategy to CABG for
selected patients.
Stents are immediately implanted in conventional

PPCI after successful revascularization, and 12–30%
of patients underwent immediate stenting have not
achieved thrombolysis in myocardial infarction (TIMI)
grade 3 flow, which usually indicates impaired perfu-
sion and unfavorable clinical outcome [8]. Impaired
perfusion or no-reflow phenomenon, partly explained
by distal embolization and microvascular obstruction
caused by stent implantation, may induce increased in-
farct area, reduced ventricular function, and poor prog-
nosis [9]. In addition, no-reflow–triggered ischemia
reperfusion injury after immediate stenting may cause
ventricular arrhythmia, myocardial stunning, and even
sudden death [10, 11]. Deferred stent implantation, as an
alternative strategy, can attenuate distal embolization and
reperfusion injury since enhanced anti-thrombotic therap-
ies and myocardial preconditioning of oxidative stress can
be applied during the delayed period. On the other hand,
deferred stent implantation provides doctors with time to
apply anti-thrombotic therapy to alleviate thrombus
burden and optimize stent implantation. The efficacy of
deferred stenting was supported by some studies with im-
proved peri-procedure outcome and potential favorable
long-term prognosis [12–16]. In contrast, several studies,
including three randomized controlled trials (RCTs),
failed to prove the advantage of delayed stenting and
even led to controversial conclusions [17–19]. Further
investigation is necessary to evaluate the safety and
efficacy of deferred stent implantation for LM-AMI.
Therefore, the present study is aimed to compare de-
ferred stent implantation with conventional procedure
and optimize the standard PCI procedure for patients
with LM-AMI.

Methods
Objectives and study design
The aim of this open-label, multicenter RCT is to com-
pare immediate stenting with deferred stenting for
LM-AMI in 30 hospitals in China. We hypothesize that
patients with LM-AMI receiving deferred stent implant-
ation will have improved short-term and long-term clinical
outcomes compared with those receiving immediate stent-
ing. A total of 480 patients with diagnosed LM-AMI will be
randomly assigned in a 1:1 ratio to either deferred stenting
or immediate stenting and followed for up to 12months.

Recruitment
Patients with LM-AMI will be consecutively enrolled from
30 clinical centers in China. We recruited participating
centers on a voluntary basis. Four centers were not in-
cluded in the trial, because the numbers of PPCI per year
in these centers were less than 50 and they may not have
enough experience in treating LM-AMI. The participating
centers are located mostly in southern China (20 out of
30) while several other hospitals (10 out of 30) from
northern districts are also involved (Additional file 1:
Table S1). Most of them are third-grade class-A hospitals
(25 out of 30). All participating centers can perform PPCI
in 24 h, 7 days a week, and had a minimum volume of 500
PCI procedures and 50 PPCI procedures annually. Coron-
ary care unit and surgery backup are available in all of the
centers involved. Additionally, chest pain centers and
quick-reaction systems of PCI for patients with AMI have
been established among all of these centers. The study
protocol and documents have been distributed to the in-
vestigators of each center. The OPTIMAL (Optimal
Strategy of Primary Percutaneous Coronary Intervention
for Acute Myocardial Infarction due to Unprotected Left
Main Coronary Artery Occlusion) staff of physicians com-
pleting the protocol are responsible for online training
and problem solving. Recruitment started on November 1,
2017 and will terminate when the estimated number of
patients is reached and we estimate that this will take 3-4
years. Patients are eligible for enrollment if AMI is diag-
nosed within 12 h and primary angiography shows left
main coronary artery occlusion and they reach TIMI 3
flow after reperfusion treatment of balloon dilatation or
optional thrombus aspiration or both (Table 1) [20]. Pa-
tients with AMI including ST-segment elevation myocar-
dial infarction (STEMI) and non-ST-segment elevation
myocardial infarction (NSTEMI) will be enrolled in the
study because a certain number of patients with left main
coronary artery occlusion present with NSTEMI instead
of STEMI. Patients who are more than 80 years old and
have malignant tumor, end-stage organ failure, or other
terminal diseases are excluded from the study for their
shorter life expectancy, more clinical complications, and
less availability to complete the follow-up. In addition,
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patients who cannot tolerate PPCI and anti-platelet ther-
apy or who are included in other ongoing trials will not be
eligible. Both peri-procedural and long-term outcomes
will be recorded in the 12-month follow-up. Written in-
formed consent is obtained before primary angiography.

Randomization
Eligible patients will be randomly assigned 1:1 to imme-
diate stenting or deferred stenting after primary angio-
plasty and informed consent (Fig. 1). Random allocation
sequence has been generated by using a computer-based
system before recruitment started, and results are en-
crypted and uploaded to a network accessible to all re-
search centers routinely in stacks of sealed electronic
envelopes that can be uncovered only with passwords
when patients are enrolled. The block size is 4. When a
patient is eligible in one center, the investigators of that
center will download and open the electronic envelope
with passwords obtained from the system and get the re-
sult of random allocation and will report the information
of enrollment in an online research database which will
inform all of the other investigators.

Clinical procedures
PCI procedures are performed in accordance with each
clinical center’s standard routines. There are no restric-
tions on the balloons, guide wires, thrombus aspiration,
or intra-aortic balloon pump usage. The choice of trans-
radial or transfemoral approach will be determined by
the operator. We recommend that the participating

centers apply the minimalist immediate mechanical
intervention (MIMI) technique with small balloon dila-
tation and thrombus aspiration for the pretreatment.
New-generation drug-eluting stents are applied in all
participating centers, and the exact type and size of the
stents are possibly different. For immediate stenting,
stents are implanted immediately after blood flow is
regained by interventional pretreatment. Deferred stent-
ing is scheduled 4–15 days after primary angioplasty and
in the same hospitalization period. Immediate stenting
will be applied if TIMI grade 3 flow cannot be retrieved
and these cases will not be enrolled in analysis. CABG is
considered as an alternative and will be scheduled within
6 h after PCI procedure failure. For the deferred stenting
group, stent implantation will be canceled at the operator’s
discretion if the patient is unsuitable for deferred stenting
or stent implantation is unnecessary during the second
PCI. These patients will be excluded from the per-protocol
set but will still be in the intention-to-treat set.
All patients will be transferred to the coronary care

unit after the primary angiographic procedure. Intraven-
ous glycoprotein IIb/IIIa inhibitor will be maintained for
18–36 h after PPCI. A loading dose of aspirin and P2Y12
inhibitors will be given before the procedure. An intra-
venous bolus of unfractionated heparin (100 U/kg) will
be administrated right before the procedure to achieve
therapeutic activated clotting time. Dual-anti-platelet
therapy will be maintained during the deferred period
and for at least 1 year after PCI. The peri-procedural
treatment is in accordance with the Chinese guidelines
for the management of AMI [21].

Sample size
The annual primary outcome event rate is 22.9%, which
we estimated through integrating results of several ob-
servational trials [7, 22–26]. Because research data about
stent implantation in patients with LM-AMI cannot be
found, we have to use the data from other trials that en-
rolled only a few patients with LM-AMI. According to
the results of the OPTIMAL study and the experience of
our center, we determined a 35% relative decrease in pri-
mary outcome, which is conservative given the high
mortality and incidence of adverse events for LM-AMI
[15]. The study planned to enroll 240 patients for each
arm given a 10% rate of loss (two-sided alpha of 0.05
and 80% power to demonstrate the relative decrease).

Follow-up
Both peri-procedural and mid-term clinical outcomes
are included in the follow-up plan (Fig. 2). All patients
will be followed for 12 months. Patients will receive a
mail message and phone call 2 weeks in advance to
remind them of the time point for following up. The
SPIRIT (Standard Protocol Items: Recommendations

Table 1 Eligible criteria

Inclusion criteria

• 18 years old ≤ age ≤ 80 years old

• Clinical diagnosis of acute myocardial infarction (AMI) occurred within
12 ha

• Left main coronary artery occlusion—thrombolysis in myocardial
infarction (TIMI flow 0, 1, or 2)—confirmed by primary angiography

• TIMI flow grade 3 achieved after interventional pretreatment such as
thrombus aspiration and balloon dilatation

Exclusion criteria

• Life expectancy less than 1 yearb

• Contraindications to aspirin or other anti-platelet drugs

• Patients who are included in other ongoing trials

• Pregnant

• Patients unable or unwilling to sign the informed consent form
aAMI is defined in accordance with the Third Universal Definition of Myocardial
Infarction [20]
bLife expectancy here is the mean number of years of life remaining, which is
estimated through the medical history and clinical parameters by the
investigators of each center. This criterion is suitable only for patients who
have a malignant tumor, end-stage organ failure or other terminal diseases.
Patients with medical history of these terminal diseases and life expectancies
assessed by specialists of less than 1 year are not eligible
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Fig. 1 OPTIMAL study design flowchart. Abbreviations: AMI acute myocardial infarction, OPTIMAL Optimal Strategy of Primary Percutaneous
Coronary Intervention for Acute Myocardial Infarction due to Unprotected Left Main Coronary Artery Occlusion

Fig. 2 Time schedule of the study. Abbreviation: PPCI primary percutaneous coronary intervention
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for Interventional Trials) checklist is in presented in
Additional file 2.

Outcomes
Primary endpoints
Since the study is focused on the optimal interventional
strategy for patients with LM-AMI in order to reduce
the mortality and incidence of adverse events, the pri-
mary endpoint is a composite of all-cause mortality or
recurrent MI at 30 days after PPCI.

Secondary endpoints
Secondary endpoints include all-cause mortality, cardiac
death, recurrent MI, and unplanned target vessel revas-
cularization. The time frame and methods of data ac-
quirement are shown in Table 2. All clinical events
relating to endpoints are reported to and adjudicated by
an independent clinical endpoints committee, which
consists of five cardiologists not participating in this
trial. The definitions of endpoints are clarified in
Additional file 3: Table S2.

Data collection and management
Patients’ baseline characteristics are collected with case
report forms (CRFs) during hospitalization at least 24 h
after PPCI by investigators of each center. Angiographic
data are recorded in the PCI procedure. According to
the follow-up plan, patients are required to undergo re-
cording of history and echocardiogram in each center at
1- and 12-month follow-up.
Data as outlined above will be collected with electronic

CRFs by investigators and research coordinators and
transferred to an encrypted online database operated by
Zhongshan Hospital. The original CRFs and other records
of data will be uploaded to the database. Data usage ad-
heres to local laws and regulations of participating centers.
Patient privacy is protected by restricting the access to
dataset to relevant individuals—investigators, statistical
analyzers, clinical research associates (CRAs), and repre-
sentatives of the ethics committee—and replacement of
the actual names in the documents with serial numbers.
Representatives of participating centers are responsible for
collecting data of enrolled patients in that center and
uploading to the database. Angiographic and echocardio-
graphic data are stored in CD-ROMs and sent to a core

lab in Zhongshan Hospital, where the data are analyzed by
specialists blinded to random allocation.

Statistical analyses
Numerical data are summarized with means and stand-
ard deviations or medians with interquartile ranges
depending on the distribution. Categorical data were de-
scribed as proportions and percentages. Comparisons of
numerical variables are conducted with the Student t
test. Categorical variables and outcomes were compared
by using the chi-squared test or Fisher exact test. All
tests were two-tailed with a significant level of 0.05.
Logistic regression is applied to adjust the significant
variables in baseline data between the two groups and
assess the outcomes presented with odds ratios and 95%
confidence intervals. All data are analyzed by independ-
ent statisticians blinded to the random allocation using
Stata version 14.0 and SAS version 9.4 (or higher ver-
sions of these programs).
The statistical analyses of primary and secondary

outcomes will be conducted in both the intention-
to-treat set and the per-protocol set. According to the
intention-to-treat principle, all of these eligible patients
who actually did not receive deferred stenting will still
be included in the intention-to-treat analysis. In the
per-protocol set, patients who undergo randomization
but withdraw consent to participate or not treated ac-
cording to the allocated procedure after
randomization will be excluded from per-protocol statis-
tical analyses.

Study management
An independent CRA will monitor the study process
and verify protocol compliance every 6 months. The
CRA has access to all documents in the database, in-
cluding original medical history, images, and CRFs. Data
correctness will be assessed and serious adverse events
will be reported to the ethics committee of the particular
center and Zhongshan Hospital. The ethics committee
of Zhongshan Hospital has the authority to terminate
the trial according to local laws or institutional regula-
tions. The investigators should keep the participating
centers, ethics committee, and the journal informed of
any major protocol modifications.

Table 2 Time frame and data collection of primary and secondary outcomes

Endpoints Composition Time frame Data collection

Primary endpoints All-cause mortality or recurrent myocardial infarction (MI) 30 d History

Secondary endpoints All-cause mortality 30 d/6 m/1 y History

Cardiac death 30 d/6 m/1 y History

Recurrent MI 30 d/6 m/1 y History

Unplanned target vessel revascularization 30 d/6 m/1 y History
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Ethical considerations
This study is conducted in accordance with the ethical
principles of the Declaration of Helsinki (2013). The
protocol of this study has been read and approved by the
ethics committee of participating hospitals. Printed in-
formed consent and detailed information about the study
will be offered to patients before randomization. The
safety and feasibility of deferred stent implantation have
been confirmed by several trials in patients with AMI [14,
15, 18]. All information and data of this trial are encrypted
and stored in an online database accessible only to main
researchers and administrators.
Patients primarily enrolled have rights to withdraw at

any time point and the reasons will be documented. If
patients in the deferred stenting group decided to
withdraw between primary angiography and secondary
PCI, stent implantation or CABG is still available for
them while follow-up will be cancelled. In addition, PCI
or CABG is ready for any patients presenting with
recurrent ischemia and MI after stent implantation in
the hospital.

Discussion
The main objective of the OPTIMAL study is to com-
pare the clinical outcome of deferred stent implantation
with that of conventional immediate stenting. Deferred
stenting is recommended by some investigators as an
alternative strategy considering relatively reduced distal
embolization, intraprocedural thrombotic complications,
and no-reflow [14].
Distal embolization after PCI, which is visible on the

coronary angiogram in 15.2% of patients, is attributed to
crushing of lesion or thrombus in the culprit lesion
[9, 27, 28]. Patients with distal embolization are more
likely to have reduced myocardial blush grade and TIMI
reperfusion grade after angioplasty, suggesting worse re-
perfusion [29, 30]. Some previous studies found increased
mortality rates at 1- and 5-year follow-up of patients with
distal embolization and an increased risk of heart failure
regardless of the use of distal protection [9, 31–33].
A high thrombus burden is highly predictive of micro-

vascular embolization, no-reflow phenomenon, and con-
sequently greater infarct size and worse prognosis after
PPCI [9, 34, 35]. The thrombus burden can be amelio-
rated to some extent through anti-thrombotic and
anti-coagulant therapy, which will ease stent deployment
and perfusion restoration. In particular, left main coron-
ary occlusion is usually accompanied by heavy thrombus
burden and slow-flow or no-reflow caused by em-
bolization of distal vessels involving a large scale of myo-
cardium as well as severe ischemia reperfusion injury.
PCI for left main coronary artery occlusion requires lar-
ger stents and balloons, which sometimes cause more
crushing and emboli. Embolism of left anterior

descending or circumflex will lead to MI and additional
angioplasty. For patients with cardiogenic shock and
undergoing PPCI, which is frequent (26%) [36] when the
left main coronary artery is occluded, deferred stent im-
plantation can improve the perfusion and cut down time
and contrast-agent consumption. Deferred stent implant-
ation, as a strategy to reduce complications, is probably
better than immediate stenting in LM-PCI.
There have been several randomized or non-randomized

clinical trials regarding deferred stenting for patients with
AMI. Meta-analyses of these studies confirmed better
procedure-related angiographic events and lower risk of
peri-procedural composite events and abnormal flow in
patients undergoing PPCI for AMI [37, 38]. However, no
significant improvement of long-term outcome has been
revealed. In contrast, the deferred stenting group presents
with an increased rate of target vessel revascularization
and greater microvascular obstruction size in DANAMI
3-DEFER and MIMI studies [17, 19]. There are few
LM-AMI patients in these trials, and we assume that pa-
tients with LM-AMI would get more benefit from deferred
stent implantation because PPCI for LM-AMI is often as-
sociated with more severe distal embolization, reperfusion
injury, or cardiogenic shock, together with increased mor-
tality. Furthermore, it has been pointed out that a deferred
stent implantation for a mean of no more than 48 h, as in
the DANAMI 3-DEFER and MIMI studies, is probably not
enough for spontaneous structural modifications and
anti-thrombotic treatment to take effect in all cases [39]. In
this study, a minimal delay of 4 days is taken to ensure
enough time for the therapy, and we believe that intense
anti-thrombotic treatment can alleviate thrombus burden
and enable better stent apposition. The deferred interval is
decided considering the effect of deferred stenting and
practical limitations (for example, the hospital stay). We
are also interested in the long-term left ventricular function
in echocardiogram and myocardial salvage detected by
magnetic resonance imaging, as have been revealed in pre-
vious studies on non-LM-AMI patients [14, 16, 17], even
without a reduction in microvascular obstruction in the
DANAMI 3-DEFER study.

Trial status
Recruitment started in November 2017 and is estimated
to be completed in December 2020.

Additional files

Additional file 1: Table S1. A list of the participating hospitals.
(DOCX 24 kb)

Additional file 2: SPIRIT (Standard Protocol Items: Recommendations for
Interventional Trials) 2013 Checklist: Recommended items to address in a
clinical trial protocol and related documents*. (DOC 124 kb)

Additional file 3: Table S2. Definitions of endpoints. (DOCX 18 kb)

Gao et al. Trials          (2019) 20:162 Page 6 of 8

https://doi.org/10.1186/s13063-019-3211-0
https://doi.org/10.1186/s13063-019-3211-0
https://doi.org/10.1186/s13063-019-3211-0


Abbreviations
AMI: Acute myocardial infarction; CABG: Coronary artery bypass graft;
CRA: Clinical research associate; CRF: Case report form; LM-AMI: Left main
acute myocardial infarction; MI: Myocardial infarction; MIMI: Minimalist
immediate mechanical intervention; NSTEMI: Non ST-segment elevation
myocardial infarction; OPTIMAL: Optimal Strategy of Primary Percutaneous
Coronary Intervention for Acute Myocardial Infarction due to Unprotected
Left Main Coronary Artery Occlusion; PCI: Percutaneous coronary
intervention; PPCI: Primary percutaneous coronary intervention;
RCT: Randomized controlled trial; STEMI: ST-segment elevation myocardial
infarction; TIMI: Thrombolysis in myocardial infarction

Acknowledgments
Our thanks are extended to all participating centers, hospitals, and researchers
in the OPTIMAL study.

Funding
Investigator-initiated trial (IIT).

Availability of data and materials
The datasets generated or analyzed (or both) during the current study are
available from the corresponding author on reasonable request.

Authors’ contributions
YG, FZ, CL, YD, JQ, and JG drafted the study protocol and design. All authors
were involved in the design of the study. YG, FZ, JY, and YQ performed
statistical analysis and are responsible for daily research management and
communications through clinical centers. JG is the supervisor of the project.
All authors read and approved the final manuscript.

Ethics approval and consent to participate
The study protocol and other associated documents have been approved by
the ethics committee of Zhongshan Hospital (Shanghai). The reference
number is B2017–104. Written informed consent will be provided by patients
before enrollment.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 12 January 2018 Accepted: 18 January 2019

References
1. Goldberg S, Grossman W, Markis JE, Cohen MV, Baltaxe HA, Levin DC. Total

occlusion of the left main coronary artery. A clinical, hemodynamic and
angiographic profile. Am J Med. 1978;64:3–8.

2. Spiecker M, Erbel R, Rupprecht HJ, Meyer J. Emergency angioplasty of totally
occluded left main coronary artery in acute myocardial infarction and
unstable angina pectoris--institutional experience and literature review. Eur
Heart J. 1994;15:602–7.

3. de Feyter PJ, Serruys PW. Thrombolysis of acute total occlusion of the left
main coronary artery in evolving myocardial infarction. Am J Cardiol. 1984;
53:1727–8.

4. Quigley RL, Milano CA, Smith LR, White WD, Rankin JS, Glower DD.
Prognosis and management of anterolateral myocardial infarction in
patients with severe left main disease and cardiogenic shock. The left main
shock syndrome. Circulation. 1993;88:I65–70.

5. Silber S, Albertsson P, Aviles FF, Camici PG, Colombo A, Hamm C, et al.
Guidelines for percutaneous coronary interventions. The Task Force for
Percutaneous Coronary Interventions of the European Society of Cardiology.
Eur Heart J. 2005;26:804–47.

6. Patel MR, Bailey SR, Bonow RO, Chambers CE, Chan PS, Dehmer GJ, et
al. ACCF/SCAI/AATS/AHA/ASE/ASNC/HFSA/HRS/SCCM/SCCT/SCMR/STS
2012 appropriate use criteria for diagnostic catheterization: a report of

the American College of Cardiology Foundation Appropriate Use
Criteria Task Force, Society for Cardiovascular Angiography and
Interventions, American Association for Thoracic Surgery, American
Heart Association, American Society of Echocardiography, American
Society of Nuclear Cardiology, Heart Failure Society of America, Heart
Rhythm Society, Society of Critical Care Medicine, Society of
Cardiovascular Computed Tomography, Society for Cardiovascular
Magnetic Resonance, and Society of Thoracic Surgeons. J Am Coll
Cardiol. 2012;59:1995–2027.

7. Caggegi A, Capodanno D, Capranzano P, Chisari A, Ministeri M, Mangiameli
A, et al. Comparison of one-year outcomes of percutaneous coronary
intervention versus coronary artery bypass grafting in patients with
unprotected left main coronary artery disease and acute coronary
syndromes (from the CUSTOMIZE Registry). Am J Cardiol. 2011;108:355–9.

8. Morishima I, Sone T, Okumura K, Tsuboi H, Kondo J, Mukawa H, et al.
Angiographic no-reflow phenomenon as a predictor of adverse long-term
outcome in patients treated with percutaneous transluminal coronary
angioplasty for first acute myocardial infarction. J Am Coll Cardiol. 2000;36:
1202–9.

9. Henriques JP, Zijlstra F, Ottervanger JP, de Boer MJ, van THA, Hoorntje JC, et
al. Incidence and clinical significance of distal embolization during primary
angioplasty for acute myocardial infarction. Eur Heart J. 2002;23:1112–7.

10. Bainey KR, Armstrong PW. Clinical perspectives on reperfusion injury in
acute myocardial infarction. Am Heart J. 2014;167:637–45.

11. Ndrepepa G, Colleran R, Kastrati A. Reperfusion injury in ST-segment
elevation myocardial infarction: the final frontier. Coron Artery Dis. 2017;28:
253–62.

12. Isaaz K, Robin C, Cerisier A, Lamaud M, Richard L, Da CA, et al. A new
approach of primary angioplasty for ST-elevation acute myocardial
infarction based on minimalist immediate mechanical intervention. Coron
Artery Dis. 2006;17:261–9.

13. Tang L, Zhou SH, Hu XQ, Fang ZF, Shen XQ. Effect of delayed vs immediate
stent implantation on myocardial perfusion and cardiac function in patients
with ST-segment elevation myocardial infarction undergoing primary
percutaneous intervention with thrombus aspiration. Can J Cardiol. 2011;27:
541–7.

14. Carrick D, Oldroyd KG, McEntegart M, Haig C, Petrie MC, Eteiba H, et al. A
Randomized Trial of Deferred Stenting Versus Immediate Stenting to
Prevent No- or Slow-Reflow in Acute ST-Segment Elevation Myocardial
Infarction (DEFER-STEMI). J Am Coll Cardiol. 2014;63:2088–98.

15. Riezebos RK, Ronner E, Ter Bals E, Slagboom T, Smits PC. Ten BJ, et al:
Immediate versus deferred coronary angioplasty in non-ST-segment
elevation acute coronary syndromes. Heart. 2009;95:807–12.

16. Ke D, Zhong W, Fan L, Chen L. Delayed versus immediate stenting for the
treatment of ST-elevation acute myocardial infarction with a high thrombus
burden. Coron Artery Dis. 2012;23:497–506.

17. Kelbaek H, Hofsten DE, Kober L, Helqvist S, Klovgaard L, Holmvang L, et al.
Deferred versus conventional stent implantation in patients with ST-
segment elevation myocardial infarction (DANAMI 3-DEFER): an open-label,
randomised controlled trial. Lancet. 2016;387:2199–206.

18. Kim JS, Lee HJ, Woong Yu C, Kim YM, Hong SJ, Park JH, et al. INNOVATION
Study (Impact of Immediate Stent Implantation Versus Deferred Stent
Implantation on Infarct Size and Microvascular Perfusion in Patients With ST-
Segment–Elevation Myocardial Infarction). Circ Cardiovasc Interv. 2016;9:
e4101.

19. Belle L, Motreff P, Mangin L, Range G, Marcaggi X, Marie A, et al.
Comparison of Immediate With Delayed Stenting Using the Minimalist
Immediate Mechanical Intervention Approach in Acute ST-Segment-
Elevation Myocardial Infarction: The MIMI Study. Circ Cardiovasc Interv. 2016;
9:e3388.

20. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et al.
Third universal definition of myocardial infarction. Circulation. 2012;126:
2020–35.

21. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et
al. ESC Guidelines for the management of acute myocardial infarction in
patients presenting with ST-segment elevation: The Task Force for the
management of acute myocardial infarction in patients presenting with ST-
segment elevation of the European Society of Cardiology (ESC). Eur Heart J.
2017;2018(39):119–77.

22. Baek JY, Seo SM, Park HJ, Kim PJ, Park MW, Koh YS, et al. Clinical outcomes
and predictors of unprotected left main stem culprit lesions in patients with

Gao et al. Trials          (2019) 20:162 Page 7 of 8



acute ST segment elevation myocardial infarction. Catheter Cardiovasc
Interv. 2014;83:E243–50.

23. Lee MS, Sillano D, Latib A, Chieffo A, Zoccai GB, Bhatia R, et al. Multicenter
international registry of unprotected left main coronary artery percutaneous
coronary intervention with drug-eluting stents in patients with myocardial
infarction. Catheter Cardiovasc Interv. 2009;73:15–21.

24. Pappalardo A, Mamas MA, Imola F, Ramazzotti V, Manzoli A, Prati F, et al.
Percutaneous coronary intervention of unprotected left main coronary
artery disease as culprit lesion in patients with acute myocardial infarction.
JACC Cardiovasc Interv. 2011;4:618–26.

25. Ielasi A, Silvestro A, Personeni D, Saino A, Angeletti C, Costalunga A, et al.
Outcomes following primary percutaneous coronary intervention for
unprotected left main-related ST-segment elevation myocardial infarction. J
Cardiovasc Med (Hagerstown). 2015;16:163–9.

26. Sim DS, Ahn Y, Jeong MH, Kim YJ, Chae SC, Hong TJ, et al. Clinical outcome
of unprotected left main coronary artery disease in patients with acute
myocardial infarction. Int Heart J. 2013;54:185–91.

27. Kotani J, Nanto S, Mintz GS, Kitakaze M, Ohara T, Morozumi T, et al. Plaque
gruel of atheromatous coronary lesion may contribute to the no-reflow
phenomenon in patients with acute coronary syndrome. Circulation. 2002;
106:1672–7.

28. Topol EJ, Yadav JS. Recognition of the importance of embolization in
atherosclerotic vascular disease. Circulation. 2000;101:570–80.

29. van THA, Liem A, Suryapranata H, Hoorntje JC, de Boer MJ, Zijlstra F.
Angiographic assessment of myocardial reperfusion in patients treated with
primary angioplasty for acute myocardial infarction: myocardial blush grade.
Zwolle Myocardial Infarction Study Group. Circulation. 1998;97:2302–6.

30. Gibson CM, Cannon CP, Murphy SA, Ryan KA, Mesley R, Marble SJ, et al.
Relationship of TIMI myocardial perfusion grade to mortality after
administration of thrombolytic drugs. Circulation. 2000;101:125–30.

31. De Luca G, Gibson CM, Bellandi F, Noc M, Maioli M, Zorman S, et al. Impact
of distal embolization on myocardial perfusion and survival among patients
undergoing primary angioplasty with glycoprotein IIb-IIIa inhibitors: insights
from the EGYPT cooperation. J Thromb Thrombolysis. 2010;30:23–8.

32. De Luca G, Gibson CM, Huber K, Dudek D, Cutlip D, Zeymer U, et al. Time-
related impact of distal embolisation on myocardial perfusion and survival
among patients undergoing primary angioplasty with glycoprotein IIb-IIIa
inhibitors: insights from the EGYPT cooperation. Eurointervention. 2012;8:
470–6.

33. Lonborg J, Kelbaek H, Helqvist S, Holmvang L, Jorgensen E, Saunamaki K, et
al. The impact of distal embolization and distal protection on long-term
outcome in patients with ST elevation myocardial infarction randomized to
primary percutaneous coronary intervention--results from a randomized
study. Eur Heart J Acute Cardiovasc Care. 2015;4:180–8.

34. Yip HK, Chen MC, Chang HW, Hang CL, Hsieh YK, Fang CY, et al.
Angiographic morphologic features of infarct-related arteries and timely
reperfusion in acute myocardial infarction: predictors of slow-flow and no-
reflow phenomenon. Chest. 2002;122:1322–32.

35. Sakuma T, Leong-Poi H, Fisher NG, Goodman NC, Kaul S. Further insights
into the no-reflow phenomenon after primary angioplasty in acute
myocardial infarction: the role of microthromboemboli. J Am Soc
Echocardiogr. 2003;16:15–21.

36. Vis MM, Beijk MA, Grundeken MJ, Baan JJ, Koch KT, Wykrzykowska JJ, et al. A
systematic review and meta-analysis on primary percutaneous coronary
intervention of an unprotected left main coronary artery culprit lesion in
the setting of acute myocardial infarction. JACC Cardiovasc Interv. 2013;6:
317–24.

37. Lee JM, Rhee TM, Chang H, Ahn C, Park TK, Yang JH, et al. Deferred versus
conventional stent implantation in patients with acute ST-segment
elevation myocardial infarction: An updated meta-analysis of 10 studies. Int
J Cardiol. 2017;230:509–17.

38. Freixa X, Belle L, Joseph L, Tanguay JF, Souteyrand G, L AP, et al. Immediate
vs. delayed stenting in acute myocardial infarction: a systematic review and
meta-analysis. Eurointervention. 2013;8:1207–16.

39. Isaaz K, Gerbay A. Deferred stenting in acute ST elevation myocardial
infarction. Lancet. 2016;388:1371.

Gao et al. Trials          (2019) 20:162 Page 8 of 8


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods
	Objectives and study design
	Recruitment
	Randomization
	Clinical procedures
	Sample size
	Follow-up
	Outcomes
	Primary endpoints
	Secondary endpoints

	Data collection and management
	Statistical analyses
	Study management
	Ethical considerations

	Discussion
	Trial status
	Additional files
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

