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Abstract

Background

Thrombus load in STEMI patients remains a challenge in practice. It aggravates coronary

obstruction leading to impaired myocardial perfusion, worsened cardiac function, and

adverse clinical outcomes. Various strategies have been advocated to reduce thrombus

burden.

Objectives

This meta-analysis aimed to evaluate the effectiveness of intracoronary-administered

thrombolytics or glycoprotein IIb/IIIa inhibitors (GPI) in comparison with aspiration throm-

bectomy (AT) as an adjunct to percutaneous coronary intervention (PCI) among patients

presenting with ST-segment elevation myocardial infarction (STEMI).

Methods

A comprehensive literature search for randomized trials that compared intracoronary-

administered thrombolytics or GPI with AT in STEMI patients who underwent PCI, was con-

ducted using various databases (e.g., MEDLINE, EMBASE, CENTRALE). Primary outcome

was procedural measures (e.g., TIMI flow grade 3, TIMI myocardial perfusion grade

(TMPG) 3, Myocardial blush grade (MBG) 2/3, ST-segment resolution (STR)).

Results

Twelve randomized trials enrolled 1,466 patients: 696 were randomized to intracoronary-

administered pharmacological interventions and 553 to AT. Patients randomized to PCI

alone were excluded. Thrombolytics significantly improved TIMI flow grade 3 (odds ratio =

3.71, 95% CI: 1.85–7.45), complete STR (odds ratio = 3.64, 95% CI: 1.60–8.26), and TMPG
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3 (odds ratio = 5.31, 95% CI: 2.48–11.36). Thrombolytics significantly reduced major

adverse cardiovascular events (MACE) (odds ratio = 0.29, 95% CI: 0.13–0.65) without

increasing bleeding risk. Trial sequential analysis assessment confirmed the superiority of

thrombolytics for the primary outcome. Intracoronary GPI, either alone or combined with AT,

did not improve procedural or clinical outcomes.

Conclusions

Compared with AT, intracoronary-administered thrombolytics significantly improved myo-

cardial perfusion and MACE in STEMI patients.

Introduction

ST-segment elevation myocardial infarction (STEMI) is a common cause of morbidity and

mortality [1]. Acute myocardial infarction occurs due to vulnerable plaque rupture with conse-

quent thrombosis [2, 3], and coronary vessel occlusion [3] Prompt revascularization strategy is

the key for myocardial reperfusion [1]. Percutaneous coronary intervention (PCI) is the main-

stay reperfusion modality [4] associated with lower adverse clinical events such as death, rein-

farction, and stroke than thrombolysis [5, 6]. Normalization of myocardial perfusion is seen in

only 30–50% of patients, even after achieving Thrombolysis in Myocardial Infarction (TIMI)

flow grade 3 [7, 8] as evident by various diagnostic modalities [7]. Inadequate reperfusion may

exacerbate infarct size, trigger left ventricular remodelling, lead to congestive heart failure [9],

and increase mortality risk [9, 10]. Regardless of TIMI flow grade 3 attainment, persistent per-

fusion deficit may double or triple the risk of one-year mortality based on the consequent

reduced or absent blush, respectively [11]. In addition, high intracoronary thrombus burden

has been associated with unfavourable procedural and clinical outcomes, major adverse car-

diovascular events (MACE) and mortality [12–14]. Thrombus grade 5 was detected in 57% of

patients who presented with STEMI [12]. The retrieval of intracoronary culprit lesion-related

thrombi may reduce the occurrence of adverse procedural [6, 13] and clinical outcomes [6].

Aspiration thrombectomy (AT) or thrombus aspiration, as adjunctive therapy in primary

PCI, improved the markers of myocardial reperfusion (i.e., myocardial blush grade (MBG),

ST-segment resolution (STR)) [15], and cardiovascular death at one-year follow-up in the

TAPAS trial [16]. Similarly, the EXPIRA trial showed significant improvement in MBG, STR,

microvascular obstruction (MVO), infarct size and risk of cardiac death at nine months [17]

and two years [18]. At least two meta-analyses confirmed the benefit of AT [19, 20]. On the

other hand, findings from larger and more recent randomized trials such as TASTE and

TOTAL did not show benefits in mortality, adverse cardiovascular events, or stent thrombosis

[21–23]. In an individual patient meta-analysis of the three major trials (i.e., TAPAS, TASTE,

TOTAL) and a large national registry, AT did not improve clinical outcomes [24] or mortality

[24, 25]. Moreover, AT was associated with a paradoxical increase in the infarct size [26],

higher stroke rates [23, 27], and no improvement in flow area or stent area [28]. Taken

together, routine adjunctive AT is no longer recommended for STEMI patients [14, 29].

The intracoronary administration of thrombolytic agents or glycoprotein IIb/IIIa inhibitors

(GPI) is an alternative approach to managing heavy coronary thrombus burden, given the

implication of fibrin, red-cell and platelet aggregates in the MVO [30]. The thrombolysis-

based approach relies on thrombus dissolution [31] and red blood cell aggregation inhibition

to improve microvascular perfusion [30]. This approach has been investigated since the 1980s

and 1990s [31–34]. Thrombolytics through either intravenous [35] or intracoronary
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administration [30, 36, 37], improve myocardial perfusion [30, 35, 37], infarct size, and left

ventricular parameters [36]. Since platelets play a major role in forming platelet-rich thrombus

at the infarct-related lesion [38], intracoronary GPI therapy prevents platelet activation and

the consequent thrombosis, thus destabilizing the thrombus and restoring the perfusion [3].

GPI may intensify the inhibition of platelet function, given that more than 30% of the patients

have insufficient inhibition [6]. GPI block platelet glycoprotein IIb/IIIa receptor, the final

pathway of platelet aggregation [38–40] regardless of platelet activation [38]. GPI can dissolve

existing [3, 38] and freshly-formed platelet aggregates [3, 41]. In addition, GPI disaggregate

platelets through fibrinogen displacement from the activated glycoprotein IIb/IIIa receptors

[3, 38, 41, 42]. An animal study has shown that GPI increased microvascular flow and

decreased infarct size [43]. When administered intravenously, GPI decreased the rates of all-

cause mortality, nonfatal myocardial infarction, or urgent revascularization [39, 40, 44–46].

However, intravenous GPI administration resulted in lower GPI concentration and subopti-

mal occupancy of the glycoprotein IIb/IIIa receptors [6]. Therefore, it has been hypothesized

that intracoronary administration provides better receptors occupancy [7], anti-inflammatory

effect [6, 7], and endothelial function [6], in addition to lower bleeding rates and immune

responses [7]. Moreover, it resulted in successful dissolution of the thrombus [47] and reduc-

tion in thrombus burden [48]. When compared with the intravenous route, the intracoronary

approach produced more potent platelet function inhibition [49], higher receptor occupancy

[49, 50], better microvascular perfusion [50, 51], smaller infarct size [51], and lower rates of

adverse clinical outcomes such as death and MACE [52, 53]. The CICERO study [54] and few

meta-analyses have confirmed similar results [55–60] Larger and more recent studies, includ-

ing AIDA STEMI, reported conflicting results [61–63]. Given the conflicting evidence pre-

sented above and the challenges encountered in the clinical practice to managing thrombus

burden, this Intracoronary Pharmacological therapy versus Aspiration Thrombectomy in

STEMI (IPAT-STEMI) meta-analysis was performed to evaluate the effectiveness of intracor-

onary administration of thrombolytic agents or GPI with or without AT in comparison with

AT alone as an adjunct to PCI in patients with STEMI.

Materials and methods

This systematic review was conducted following the ‘Cochrane Handbook for Systematic

Reviews [64] and the Preferred Reporting Items for Systematic Reviews and Meta-analyses

statement (PRISMA) [65], including the updated guidelines [66] and the recent extension to

the statement [67]. The protocol was registered (PROSPERO 2020 CRD42020148691).

Eligibility and search strategy

Randomized controlled trials of adult patients presenting with STEMI were included. Intra-

coronary-administered thrombolytics or GPI with or without AT were the pharmacological

interventions. The comparator group was AT. MEDLINE, EMBASE, CENTRALE, Scopus,

ProQuest Public Health, Web of Science, US National Library of Medicine, ISRCTN Registry,

and Open Grey databases were searched on February 22, 2020. The electronic search was

updated on February 13, 2021, using MEDLINE and EMBASE. The search utilized Medical

Subject Headings, Emtree and broad keywords. Search terms included “myocardial Infarc-

tion”, “ST-elevation myocardial infarction”, “thrombectomy”, “percutaneous coronary inter-

vention”, “fibrinolytic Agents”, “thrombolytic therapy”, “anistreplase”, “urokinase-type

plasminogen activator”, “tissue plasminogen activator”, “reteplase”, “tenecteplase”, “streptoki-

nase”, “saruplase”, “platelet aggregation inhibitors”, “eptifibatide”, “tirofiban”, and “abcixi-

mab”. Search limitations included “trial”, “clinical trial”, “article”, and “human”. The manual
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screening was conducted using the references’ lists of the selected articles and other systematic

reviews and meta-analyses. The details of the search strategy are described in S1 Table in S1 File.

Study selection and data extraction

The search records were reviewed at the titles and abstracts levels. After excluding ineligible

records, relevant abstracts were reviewed in full text. Data of eligible studies were extracted as

per the data extraction table example (S2 Table in S1 File). The primary outcome was the inci-

dence of restored myocardial perfusion, defined by procedural outcomes and coronary reper-

fusion indices (e.g., STR, TIMI flow grade, MBG, TIMI myocardial perfusion grade (TMPG),

corrected TIMI frame count (cTFC), index of microcirculatory resistance (IMR)). Other out-

comes included clinical endpoints (i.e., MACE, bleeding), and echocardiographic or cardiac

magnetic resonance imaging (CMR) parameters. Time-specific analysis of outcomes (i.e.,

short- and longer-term) was conducted according to data availability. The definition of the

individual outcome was according to the original individual study.

Bias and quality assessment

Methodological quality was evaluated using the revised Cochrane risk-of-bias tool for random-

ized trials. The tool has five domains; each domain and the overall study are judged as low risk,

some concerns, or high risk of bias [68]. Agreement between the two authors assessing the risk

of bias was quantified by calculating Cohen’s kappa coefficient. Kappa test values range from 0

to 1.00, where 0 means no agreement and 1.00 means perfect agreement. If the value is nega-

tive, this indicates disagreement (i.e., -1.00 means perfect disagreement) [69]. Disagreement

was solved by discussing and involving a third author to reach a consensus on the final judge-

ment. The Grading of Recommendations Assessment, Development, and Evaluation

(GRADE) system was used to rate the certainty in the body of evidence as high, moderate, low,

or very low. GRADE system assesses Judgements about the risk of bias, imprecision, inconsis-

tency, indirectness, and publication bias [70].

Statistical analysis

The odds ratio and mean difference with 95% confidence interval were calculated. Two studies

were set as the minimum number for quantitative data synthesis in a meta-analysis for each

outcome [71]. The meta-analysis was carried out using an aggregate data approach. In the ini-

tial stage, both of the individual study statistics and combinations of them were carried out.

Then, either the fixed- or random-effects model was used depending on the heterogeneity

level (i.e., below or above 50%, respectively) [72]. The analysis included the study of potential

covariates, overall effect size and the existence of heterogeneity. Inconsistency between studies

was assessed by visual inspection of forest plots, confidence interval with minimal or no over-

lap, the Q statistic, and the inconsistency factor (I2) value. I2 values of more than 50% were

considered highly heterogeneous [73–75]. The sensitivity analysis, to test the risk of bias (e.g.,

sample size, quality or variance) and robustness of findings, was explored. Studies were

removed and included based on methodological issues to check whether the overall results are

affected. Publication or reporting bias was examined by visual inspection of the funnel plots,

then by Egger’s test [76]. Indirect treatment comparison with a fixed model was also con-

ducted between various therapeutic strategies. Review Manager Software 5 (Review Manager

(RevMan) Version 5.3.) and SPSS version 26 (Armonk, NY: IBM Corp.) were used. Atrial

sequential analysis (TSA) was performed to assess the preciseness and conclusiveness of the

findings with 80% power, 5% alpha, and an information size estimate based on the O’Brien–

Fleming alpha-spending function, variance-based heterogeneity correction and a two-sided
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boundary type. This included a graph based on conventional alpha spending and the law of

iterated logarithm, adjusting the thresholds for the Z values. The TSA was performed using the

TSA software, version 0.9.5.10 Beta (Copenhagen Trial Unit, Copenhagen, Denmark; https://

www.ctu.dk/tools-and-links/trial-sequential-analysis.aspx). Boundary 5% symmetric O’Brien–

Fleming is ignored when the software deems the information to be too little.

Results

Search results

A total of 2,582 records as a result of the literature search were screened (Fig 1). Among 1,949

potentially relevant ones, the full-texts of 77 studies were reviewed. Eleven corresponding

authors were contacted for missing data, two of them responded, and only one provided clar-

ification. Twelve trials [77–88] were included after eliminating 64 studies for various reasons

(S3 Table in S1 File). In addition, results from a one-year follow-up [89] of one included study

[83] were considered in the quantitative analysis. The results of the US National Library of

Medicine (ClinicalTrials.gov) search are presented in S4 Table in S1 File.

Study characteristics

The 12 trials enrolling 1,466 patients were conducted in different countries between 2009 and

2018. Six studies recruiting 647 patients (44.1%) were from China [77, 79, 80, 85, 86, 88].

Recruitment periods ranged from 0.5 to 5.4 years and sample size from 39 to 452 patients. Of

the total patients, 696 (47.5%) were randomized to pharmacological interventions and 553

(37.7%) to AT. Patients randomized to PCI alone (14.8%) in three studies [82, 83, 85] were

omitted (Table 1).

The mean age of patients ranged from 49.5 to 64.1 years, with 41.2% to 95.5% were men.

The prevalence of hypertension, diabetes and smoking status was 15–82%, 7.9–68.9%, and 25–

84%, respectively. The proportions of patients with angiography-determined multivessel dis-

ease ranged from 0% to 88% [77, 78, 80, 81, 85, 88]. The left anterior descending (LAD) artery

was the infarct-related artery in 32% to 80% of patients in six studies [78, 80–82, 85, 88]. Five

studies enrolled patients with anterior STEMI only (Table 2) [79, 83, 84, 86, 87].

Door-to-balloon time ranged from 17.8 to 120 minutes. Radial access during coronary

angiography was used in four studies [77, 80, 84, 86], femoral in two [78, 87], and the access

approach was not stated in the remaining ones. As a result of identifying various pharmacolog-

ical interventions, the studies were divided into three groups; thrombolytics (Group 1), GPI

(Group 2), and GPI plus AT (Group 3). The main comparisons included thrombolytics versus

AT, GPI versus AT, and GPI plus AT versus AT. Four studies administered thrombolytic

agents (prourokinase, urokinase) [77–80], three investigated GPI (abciximab, eptifibatide, tiro-

fiban) [81–83], and five combined GPI with AT [84–88]. The latter group has subgroups from

two studies included in Group 2 [81, 83] Two [78, 79] of four studies in Group 1 have used

thrombolytic agent plus AT, and one study [79] used intracoronary urokinase with tirofiban.

The definitions and other details of the included studies are presented in Table 3, S5-S7 Tables

in S1 File.

Risk-of-bias assessment

According to the revised Cochrane tool, the overall risk of bias assessment for procedural mea-

sures was considered to have “some concerns” in all the included studies except in one [83],

which was judged to be of “low risk” (Fig 2, S8 Table in S1 File). Kappa agreement between the

two reviewers ranged between -0.250 and 1.00 (i.e., a low disagreement up to perfect
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agreement between them). Four studies indicated perfect, two substantial, one moderate, one

fair and one no agreement. For three studies, Kappa coefficient was indeterminate.

Outcomes

Primary outcome. Thrombolytics significantly improved TIMI flow grade 3 (odds

ratio = 3.71, 95% CI: 1.85–7.45; Poverall effect = 0.0002; I2 = 0%), complete STR (odds

ratio = 3.64, 95% CI: 1.60–8.26; Poverall effect = 0.002; I2 = 34%) and TMPG 3 (odds ratio = 5.31,

Fig 1. Literature search flow diagram.

https://doi.org/10.1371/journal.pone.0263270.g001
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Table 1. Study general characteristics.

Study Year of

publication

Recruitment period Country Sample size

IC agent/

AT

Study design Blinding Key inclusion criteria

Thrombolytics (Group 1)

Fu et al [77] 2019 Jan 2017 to June 2018

(1.5 year)

China N = 39

20/19

Prospective

Randomized

Multi-centre

Not stated First episode of STEMI receiving PPCI within 12

hr

Greco et al

[78]

2013 July 2009 to June 2012

(3 year)

Italy N = 102

51/51

Prospective

(pilot)

Randomized

Open-label

Single-center

Single-

blind

Age�18 year

STEMI (<12 hr) for PPCI

Symptoms >30 min

Wang et al

[79]

2019 June 2015 to June

2016 (1 year)

China N = 46

22/24

Prospective

Randomized

Single-center

Not stated Age 18–75 year

Anterior wall STEMI

Chest pain within 12 hr

TIMI flow 0/1 and high thrombus burden (grade 4/

5)

Wu et al

[80]

2020 June 2017 to Dec 2017

(6–7 month)

China N = 50

25/25

Randomized

Single-center

Non-

blind

Age >18 year

STEMI receiving PPCI

Chest pain or unstable hemodynamics with ST-

segment elevating when onset time reached 12–24

hr

Glycoprotein IIb/IIIa inhibitors (group 2)

Ahn et al

[81]

2014 Dec 2010 to Feb 2012

(1.2 year)

Korea N = 40

2 arms = 20

10/10

Randomised

Single-center

Non-

blind

Age between 18–69 year

de novo STEMI within 6 hr of symptoms onset for

PPCI

TIMI flow 0/1 or thrombus grade 3/4

Hamza et al

[82]

2014 Period not stated Egypt N = 75

2 arms = 50

25/25

Randomised

Single-center

Not stated STEMI patients for PPCI

Stone et al

[83]

2012 Nov 2009 to

Dec 2011

(2 year)

United

States

N = 452

2

arms = 222

111/111

Randomized

Open-label

2x2 factorial

Multi-center

Single-

blind

Age�18 year

Anterior STEMI for PPCI

S-to-B time�5 hr (i.e., S-to-D�3.5–4 hr)

TIMI flow�2

Glycoprotein IIb/IIIa inhibitors Plus AT (Group 3)

Ahn et al

[81]

As above As above As above N = 40

2 arms = 30

20/10

As above As above As above

Basuoni

et al [84]

2020 Aug 2014 to Nov 2015

(1.3 year)

Egypt N = 100

50/50

Prospective

Randomized

Multi-center

Single-

blind

Age�18 year

Anterior STEMI for PPCI (symptoms >30 min)

S-to-B time�6 hr

TIMI flow�2

Gao et al

[85]

2016 Sept 2013 to Feb 2015

(1.5 year)

China N = 240

2

arms = 160

80/80

Randomized

Single-center

Not stated Age 18–80 year

First episode of STEMI for PPCI

Geng et al

[86]

2016 Nov 2011 to Nov 2013

(2 year)

China N = 150

78/72

Randomized

Single-center

Not stated Chest discomfort� 30 min for PPCI

Symptom to hospital arrival�12 hr

Large thrombus burden

Iancu et al

[87]

2012 Nov 2010 to Dec 2011

(1 year)

Romania N = 50

25/25

Prospective,

Randomized

Single-center

Single-

blind

First episode of anterior STEMI

Chest pain within 12 hr of onset

Stone et al

[83]

As above As above As above N = 452

2

arms = 229

As above As above As above

(Continued)
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95% CI: 2.48–11.36; Poverall effect<0.0001; I2 = 0%) (Figs 3–5, respectively). Pooled results for

each of Group 2 (GPI) and 3 (GPI plus AT) separately, did not show a statistical improvement

in TIMI flow grade 3, STR, or MBG 2/3 (Figs 3–6; respectively). Combined pooled results of

all groups (i.e., pharmacological agents versus AT) are presented in Figs 3–6.

There was a significant improvement in TMPG 2/3 in Group 3 (odds ratio = 2.96, 95% CI:

1.15–7.64; Poverall effect = 0.02; I2 = 0%) that was reported in two studies only [86, 87] (Fig 5).

The results for other indices (e.g., cTFC, IMR, creatine kinase-MB levels) of the three groups

are presented in S1-S3 Figs in S1 File. Based on TSA assessment, thrombolytics were superior

over AT with conclusive evidence for TIMI flow, TMPG, STR and IMR (Fig 7). TSA con-

ducted for the pharmacological interventions in Group 2 and 3 is presented in Fig 7 as well.

The GRADE confidence in the estimates of the procedural outcomes is low and very low in the

three groups (S9-S11 Tables in S1 File).

Secondary outcomes. Thrombolytics significantly reduced the risk of MACE (odds

ratio = 0.29, 95% CI: 0.13–0.65; Poverall effect = 0.003; I2 = 0%). There was no significant differ-

ence in the risk of bleeding or the mean difference in ejection fraction post PCI (Figs 8 and 9).

According to TSA, the significant result for MACE and the non-significant finding for bleed-

ing were inconclusive and conclusive, respectively (S4, S5 Figs in S1 File). Compared with AT,

there were no significant differences in almost all of the secondary endpoints in Group 2 and 3

and TSA suggested inconclusive evidence (Figs 8 and 9) (S4, S5 Figs in S1 File). Breaking

down MACE in Group 3 according to short- or longer-term follow-up did not change the

overall result for MACE (S6 Fig in S1 File). The GRADE certainty of MACE estimates in the

three groups is low and very low (S12 Table in S1 File).

Publication bias and sensitivity analysis

Funnel plots for Group 1 indicated asymmetry in four endpoints (TMPG, TIMI flow, STR,

MACE) with no heterogeneity in three endpoints (TMPG, TIMI flow and MACE). In Group

2, there were some degrees of asymmetry in the four endpoints (MBG, TIMI flow, STR,

MACE) without strong signs of heterogeneity and biases except for MBG. In Group 3, there

was asymmetry in the four endpoints with signs of heterogeneity and biases except for the

MACE endpoint (S7, S8 Figs in S1 File). Funnel plots for the combined results are presented in

S9, S10 Figs in S1 File. Egger’s test did not detect publication bias in most of the outcomes (S13

Table in S1 File). For the overall outcomes, sensitivity analysis by removing low power studies

and larg confidence intervals (i.e., small weight and low reliability or precision) did not show a

change in the overall findings (S11-S13 Figs in S1 File). Pooling the data of the two studies [78,

80] using thrombolytics combined with AT did not change the results of Group 1. Whereas

pooling data from the studies that did not use AT [77, 79], resulted in insignificant improve-

ment in STR and MACE (S14 Fig in S1 File). Subgroup analyses for Groups 2 and 3 revealed

Table 1. (Continued)

Study Year of

publication

Recruitment period Country Sample size

IC agent/

AT

Study design Blinding Key inclusion criteria

Zhang et al

[88]

2018 Sept 2011 to Jan 2017

(5.4 year)

China N = 122

61/61

Randomized

Single-center

Non-

blind

Age 18–75 year

STEMI (<12 hr) underwent PPCI

TIMI thrombus grade 4/5

Abbreviations: AT; aspiration thrombectomy, hr; hour(s), IC; intracoronary, min; minute(s), PPCI; primary percutaneous coronary intervention, STEMI; ST-segment

elevation myocardial infarction, S-to-D; symptoms to door (presentation), S-to-B; symptoms to balloon (first device), TIMI; Thrombolysis In Myocardial Infarction.

https://doi.org/10.1371/journal.pone.0263270.t001
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that the type of GPI (i.e., abciximab or tirofiban) or the use of additional intravenous GPI did

not change the overall findings concerning the specified outcomes except for the improved

infarct size with both agents (i.e., abciximab and tirofiban), MACE with tirofiban, and TIMI

flow when combining intracoronary and intravenous GPI administration (S15-S17 Figs in

S1 File).

Table 2. Patient baseline characteristics.

Study Age (Year) Male (%) HTN (%) DM (%) Kilip class (%) Smoking (%) SVD (%) MVD (%) IRA (%)

IC agent/AT

Thrombolytics (Group 1)

Fu et al [77] 2019 62.5/63.1 80.0/78.9% 55.0/52.6% 20.0/26.3% I: 40.0/47.4%

II/III: 60.0/52.6%

65.0/47.4% 25.0//26.3% 75.0/73.7% NR

Greco et al [78] 2013 61.0/59.0 75.0/67.0% 47.0/55% 16.0/18.0% I: 90.0/94.0%

II/III: 10.0/6.0%

59.0/63.0% 69.0/74.0% 31.0/26.0% LAD: 57.0/51.0%

LCx: 8.0/10.0%

RCA: 35.0/39.0%

Wang et al [79] 2019 55.2/59.5 95.5/91.7% 54.5/70.8% 13.6/33.3% NR 77.3/25.0%

(P = 0.005)

NR NR pLAD: 44.5/45.8%

mLAD: 55.5/54.2%

Wu et al [80] 2020 59.4/60.9 80.8/88.0% 47.2/52.8% 32.0/24.0% I: 40.0/56.0%

II: 44.0/36.0%

III: 16.0/8.0%

48.0/52.0% 16.0/12.0% 84.0/88.0% LAD: 32.0/40.0%

LCx: 12.0/12.0%

RCA: 56.0/48.0%

Glycoprotein IIb/IIIa inhibitors (Group 2)

Ahn et al [81] 2014 59.0/63.0 90.0/60.0% 50.0/50.0% 10.0/30.0% I: 70.0/90.0%

II: 30.0/10.0%

40.0/50.0% 100/100% 0/0% LAD: 80.0/70.0%

LCx: 10.0/10.0%

RCA: 10.0/10.0%

Hamza et al [82] 2014 49.5/53.7 80.0/88.0% 32.0/36.0% 36.0/32.0% NR 84.0/80.0% NR NR LAD: 48.0/60.0%

LCx: 4.0/0%

RCA: 48.0/40.0%

Stone et al [83] 2012 56.0/62.0 75.5/76.6% 27.0/35.1% 8.1/17.3% I: 86.5/74.5%

II: 5.4/11.8%

III: 1.8/0%

48.6/42.2% NR NR pLAD: 68.5/61.3%

mLAD: 39.6/42.3%

Glycoprotein IIb/IIIa inhibitors Plus AT (group 3)

Ahn et al [81] 2014 57.0/63.0 90.0/60.0% 15.0/50.0% 40.0/30.0% I: 80.0/90.0%

II: 20.0/10.0%

55.0/50.0% 90.0/100% 10.0/0% LAD: 75.0/70.0%

LCx: 10.0/10.0%

RCA: 10.0/10.0%

Basuoni et al [84] 2020 52.2/47.3 76.0/84.0%� 16.0/32.0% 44.0/40.0% II: 12/12% 72.0/68.0% NR NR PLAD: 60.0/56.0%

mLAD: 41.7/45.8%

Gao et al [85] 2016 62.7/64.1 41.2/50.0% 55.0/60.0% 47.5/40.0% I: 10.0/8.75%

II: 28.75/25.0%

III: 33.75/35.0%

IV:27.5/31.25%

48.7/43.7% NR 42.0/36.0% LAD: 35.0/37.5%��

LCx: 20.0/22.5%

RCA: 45.0/40.0%

Geng et al [86] 2016 58.4/59.7 55.1/55.6% 53.8/62.5% 7.9/11.1% I: 98.7/98.6%

II: 1.3/1.4%

39.7/30.6% NR NR PLAD: 59.0/58.3%

mLAD: 41.0/41.7%

Iancu et al [87] 2012 55.3/54.8 80.0/88.0% NR 36.0/24.0% NR NR NR NR NR

Stone et al [83] 2012 60.0/62.0 71.2/76.6% 31.4/35.1% 12.7/17.3% I: 83.9/74.5%

II: 6.8/11.8%

III: 1.7/0%

44.4/42.2% NR NR pLAD: 62.7/61.3%

mLAD: 41.5/42.3%

Zhang et al [88] 2018 61.3/62.7 67.2/63.9% 82.0/73.8% 68.9/63.9% I/II: 36.1/41.0%

III/IV: 63.9/59.0%

44.3/34.4% NR 27.9/36.6% LAD: 47.5/55.7%

LCx: 18.0/29.5%

RCA: 26.2/23.0%

� Confirmed as “males” from the corresponding author as the word “males” was missing in the published paper

��Numbers for LAD in group A do not add up to 80; considered number of patients as 28 not 38 given the distribution in other groups

Abbreviations: AT; aspiration thrombectomy, DM; diabetes mellitus, HTN; hypertension, IC; intracoronary IRA; infarct-related artery, LAD; Left anterior descending,

LCx; Left circumflex, NR, not reported, mLAD; mid or middle Left anterior descending, MVD; multivessel disease, LAD; pLAD; proximal Left anterior descending,

RCA; right coronary artery, SVD; single vessel disease.

https://doi.org/10.1371/journal.pone.0263270.t002
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Table 3. Study protocol characteristics.

Study Times IC agent/

AT

Intervention group IC medication administration AT/CAG access

Thrombolytics (Group 1)

Fu et al [77]

2019

S-to-B

■ 330/330 min

D-to-B

■ 120/90 min

■ Prourokinase 5 mg and 10–

20 mg IC bolus

■ Total injection time: 5–10

min

■ Anisodamine (2 injections)

■ Catheter: Finecross1microcatheter (NC-F863A,

TERUMO, Tokyo, Japan), child-in-mother catheter

■ Site: close to coronary thrombosis

■ Catheter: Export AP aspiration

catheter (Medtronic Cardiovascular,

CA)

■ 3–5 applications of vacuum suction

over no more than 10 min

■ Radial access

Greco et al

[78] 2013

S-to-D

■ 91/81 min

D-to-B

■ 55/49 min

■ Urokinase 200,000 IU in 10

ml within 5 min IC bolus

■ AT

■ Catheter: 1.9F infusion microcatheter (Vascoþ10, Balt

Extrusion, Montmorency, France)

■ Site: directly into thrombus

■ Catheter: Pronto System (Vascular

Solutions, Minneapolis, Minnesota)

■Manual AT 5 min after IC drug

administration and before PCI

■ AT performed by several passes until

no additional thrombus or debris

retrieved

■ Femoral access

Wang et al

[79] 2019

S-to-D

■ 228/274 min

D-to-B

■ 74.2/74.6 min

■ Urokinase 100,000 units IC

bolus, tirofiban 5 mL,

nitroglycerin 200 μg

■ AT

■ Tirofiban IV infusion (both

groups)

■ Catheter: aspiration catheter ■ Catheter: 6-Fr Export AP (Medtronic,

USA)

■ Access not stated

Wu et al

[80] 2020

■ Not stated ■ Prourokinase IC 10 mg in

10 mL saline

■ Catheter: aspiration catheter

■ Site: slowly to IRA until end of catheter left the proximal

of occluded lesion

■ Catheter: Export AP thrombus

catheter (Medtronic Cardiovascular,

Santa Rosa, California, USA)

■ AT catheter sent to distal of lesion

■ Forearm approach (radial artery or

ulnar artery)

Glycoprotein IIb/IIIa inhibitors (Group 2)

Ahn et al

[81] 2014

S-to-D

■ 379/353 min

D-to-B

■ Not stated

■ Abciximab 0.25 mg/kg IC

bolus

■ IV infusion was not

permitted

■ Catheter: guiding catheter ■ AT performed after passing through

lesion with guidewire

■ Access not stated

Hamza et al

[82] 2014

S-to-D

■ 310.8 min

(overall)

D-to-B

■ 43.8 min

(overall)

■ Eptifibatide 180 μg/kg IC

bolus

■ Eptifibatide 2.0 μg/kg-min

IV infusion for 12 hr

■ Isoptin1 (verapamil)

100 μg

■ Catheter: infusion/perfusion catheter ■ Catheter: Diver CE catheter,

introduced in guiding catheter

■ Access not stated

Stone et al

[83] 2012

S-to-D

■ 100.5/107min

D-to-B

■ 42/48 min

■ Abciximab 0.25-mg/kg IC

bolus

■ Abciximab IV infusion as

needed (small number of

patients received it)

■ Catheter: ClearWay1 RX Local Therapeutic Infusion

Catheter, a microporous “weeping” PTFE balloon

mounted on a 2.7F rapid exchange catheter (Atrium

Medical)

■ Site: at infarct lesion

■ Catheter: 6-Fr Export Catheter

(Medtronic)

■ AT performed by several passes until

no further thrombus or debris retrieved

■ Access not stated

Glycoprotein IIb/IIIa inhibitors Plus AT (Group 3)

Ahn et al

[81] 2014

S-to-D

■ 246/353 min

D-to-B

Not stated

■ Abciximab 0.25 mg/kg IC

bolus

■ AT

As above As above

Basuoni

et al [84]

2020

S-to-D

■ 240/240 min

D-to-B

■ 30/30 min

■ Tirofiban 25 μg/kg IC bolus

■ AT

■ Catheter: aspiration device

■ Site: at infarct lesion

■ Catheter: 6-Fr Export catheter

■ AT performed by making several

passes until no further thrombus or

debris retrieved

■ Radial access in 59% of patients

Gao et al

[85] 2016

Onset-to-B

■ 402/300 min

D-to-B

■ 114/108 min

■ Tirofiban IC (dose not

stated)

■ AT

■ Catheter: not stated

■ Administered after AT

■ Catheter: guiding catheter and

thrombosis aspiration catheter

■ Access not stated

(Continued)
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Indirect comparisons between therapy strategies

Pooled results indirectly comparing thrombolytics with GPI did not show statistically different

effects in TIMI flow, STR, or MACE with a trend towards better STR with thrombolytics.

However, this trend becomes statistically significant when comparing thrombolytics with GPI

both combined with AT (S18 Fig in S1 File). Compared with GPI alone, GPI combined with

AT resulted in significant improvement in TIMI flow and STR but not in MACE (S19 Fig in

S1 File). Using additional intravenous GPI improved STR but not TIMI flow grade or MACE

(S20 Fig in S1 File).

Discussion

In the present meta-analysis of 12 studies randomizing 1,466 STEMI patients undergoing PCI

to either intracoronary-administered agents or AT, thrombolytics significantly enhanced myo-

cardial perfusion (e.g., TIMI flow, TMPG, STR) and reduced MACE rate. TSA assessment

confirmed the superiority of thrombolytics for the primary outcomes but not for MACE. On

the other hand, GPI did not improve procedural or clinical outcomes, either alone or com-

bined with AT. Most of the other outcomes such as cTFC, IMR, ejection fraction, MVO,

infarct size, and cardiac enzymes were inconsistently reported for their results to be pooled for

the groups.

The angiographic presence of a thrombus has been associated with higher rates of in-hospi-

tal MACE and procedural complications [12, 90, 91]. Distal embolization due to dislodged

thrombus or debris can lead to MVO, which adversely affects myocardial reperfusion, infarc-

tion and prognosis [8, 92]. Adequacy of myocardial perfusion can be assessed by angiographic

measures (e.g., TIMI flow, MBG), electrocardiographic markers (e.g., STR) [81, 93], laboratory

measures (e.g., cardiac troponin levels), or diagnostic modalities (e.g., ejection fraction on

Table 3. (Continued)

Study Times IC agent/

AT

Intervention group IC medication administration AT/CAG access

Geng et al

[86] 2016

S-to-D

■ 66/72 min

D-to-B

■ 19.2/17.8 min

■ Tirofiban 25 μg/kg IC bolus

■ AT

■ Catheter: aspiration catheter ■ Catheter: 6-Fr Export catheter

(Rebirth, MeitokuNagoya-sh, Aichi,

Japan)

■ AT repeated until no further

thrombus or debris retrieved

■ Radial access

Iancu et al

[87] 2012

S-to-D

■ 270/280 min

Clopidogrel-to-

B

■ 60/40 min

■ Eptifibatide 180 μg /kg IC

bolus

■ Eptifibatide 2 μg/kg/min IV

infusion for 12 hr

■ Catheter: double lumen catheter (Twin Pass catheter;

Vascular Solutions, Minneapolis, Minn., USA)

■ Site: distal to occlusion and directly into thrombus

■ Catheter: Export Aspiration Catheter;

Medtronic, Inc., Minneapolis, Minn.,

USA)

■ Femoral access

Stone et al

[83] 2012

As above ■ Abciximab 0.25-mg/kg IC

bolus

■ Abciximab IV infusion as

needed

■ AT

As above As above

Zhang et al

[88] 2018

First medical

contact-to-B

■ 95.6/99.6 min

D-to-B

■ 59.9/60.2 min

■ Tirofiban IC bolus (dose not

stated)

■ Tirofiban IV infusion for 48

hr (in both study groups)

■ Catheter: aspiration catheter; ZEEK TA catheter

reintroduced into IRA

■ Site: beyond thrombus

■ Catheter: ZEEK TA catheter (Zeon

Medical Inc., Tokyo, Japan)

■ Access not stated

Abbreviations: AT; aspiration thrombectomy, CAG; coronary angiography, D-to-B; door-to-balloon, Fr; French, hr; hour(s), IC; intracoronary, IU; international unit

(s), IV; intravenously, min; minute(s), S-to-B; symptom-to-balloon, S-to-D; symptoms to door.

https://doi.org/10.1371/journal.pone.0263270.t003
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echocardiography, MVO or infarct size on CMR) [81, 94]. Better perfusion has been signifi-

cantly correlated with survival [93]. TIMI flow grade, TMPG, MBG, IMR, and STR predicted

mortality [10, 95], either at short-term (i.e., in-hospital or 30-day) [15, 92, 96, 97] or longer-

term (i.e., one- or two-year) [92, 96, 98–100]. In addition to correlation with MACE and hospi-

talization for heart failure [15, 96, 97, 100]. Improvement in epicardial flow indicated by TIMI

Fig 2. Risk of bias assessment.

https://doi.org/10.1371/journal.pone.0263270.g002
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flow grade 2/3 and low cTFC was independently associated with survival benefit [92]. High

IMR values were associated with MVO on CMR [101] and predicted left ventricular systolic

function or remodelling [101, 102] and infarct size [101]. Cardiac enzymes can predict infarct

size and left ventricular function after myocardial infarction [94].

To the best of our knowledge, this is the first meta-analysis to pool the findings of the stud-

ies comparing thrombolytics or GPI alone with AT. In Group 1, higher incidence of restored

myocardial perfusion has translated into reduced MACE rate at three months or longer, with-

out an increase in bleeding. The significant result for MACE was inconclusive based on TSA,

which indicates that thrombolytics had a potential advantage, and more studies are needed to

achieve a sample size of 778. In contrast, the non-significant finding for bleeding was conclu-

sive and will not change even if information size is achieved in future studies (S4, S5 Figs in S1

File). GPI alone or combined with AT in Groups 2 and 3, respectively, did not improve proce-

dural or clinical outcomes. The ejection fraction did not improve in any of the three groups,

which can be explained by its early measurement (i.e., as early as 16 hours and up to 30 days

post PCI). It is known that the process of left ventricle improvement is slow and may take up

to six months [86]. Similarly, early evaluation of the infarct size after myocardial reperfusion

Fig 3. TIMI flow grade 3. Group 1: Thrombolytic agent; Group 2: Glycoprotein IIb/IIIa inhibitors (GPI); Group 3: GPI plus aspiration thrombectomy.

https://doi.org/10.1371/journal.pone.0263270.g003
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(i.e., 2–7 days), which is a predictor of left ventricular remodelling [103, 104], may be mislead-

ing due to the underlying edema that would behave as a nonviable myocardium [84]. Unex-

pectedly, in the present meta-analysis, the pooled infarct size results of two studies in Group 3

[81, 86] significantly improved within seven days of PCI (mean difference = -2.97, 95% CI:

-5.47 to -0.47) but not at 30-day follow-up in another two studies [83, 84] (mean difference =

-7.36, 95% CI: -15.33 to 0.6) (S3 Fig in S1 File).

When the findings of Group 3 were placed in the context of the previously published evi-

dence, one meta-analysis [105] of eight randomized studies that included five mutual studies

[81, 83, 85–87] was identified. The meta-analysis involved 923 patients that compared AT

alone with intracoronary-administered GPI combined with AT. Niu et al reported improved

TMPG 3 (risk ratio = 1.15, 95% CI: 1.04–1.26), infarct size (mean difference = -3.46, 95% CI:

-5.18 to -1.73), ejection fraction (mean difference = 1.44, 95% CI: 0.54–2.33), and MACE at

long-term follow-up (i.e., 6–12 months; risk ratio = 0.49, 95% CI: 0.25–0.98) but not at short-

term (i.e.,�1 month; risk ratio = 0.75, 95% CI: 0.38–1.50) without difference in the rates of

minor or major bleeding complications between the groups [105]. The findings in the present

meta-analysis were consistent in terms of infarct size (i.e., measured at seven days of PCI (S3

Fig in S1 File)), TMPG 2/3 (Fig 5) and any bleeding but not ejection fraction or MACE either

Fig 4. ST-segment resolution. Group 1: Thrombolytic agent; Group 2: Glycoprotein IIb/IIIa inhibitors (GPI); Group 3: GPI plus aspiration thrombectomy.

https://doi.org/10.1371/journal.pone.0263270.g004
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on short or long follow-up. Niu et al. did not report other myocardial reperfusion markers

such as TIMI flow or STR. The essential difference between the two meta-analyses is in the

included studies. The present meta-analysis included two recent studies which are not

included in Niu and colleagues’ paper. Their meta-analysis included three additional trials

[106–108]. two of them [106, 107] are considered ineligible due to the lack of information

Fig 5. TIMI myocardial perfusion grade 3. Group 1: Thrombolytic agent; Group 3: GPI plus aspiration thrombectomy (No pooled data for Group 2).

https://doi.org/10.1371/journal.pone.0263270.g005

Fig 6. Myocardial blush grade 2/3. Group 2: Glycoprotein IIb/IIIa inhibitors (GPI); Group 3: GPI plus aspiration thrombectomy (No pooled data for Group

1).

https://doi.org/10.1371/journal.pone.0263270.g006
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about AT. In contrast, the third one [108] is inaccessible through a Chinese database (S3

Table in S1 File). However, the findings of the latter study were obtained from Niu and col-

leagues’ meta-analysis then were pooled with those of Group 3 in the present meta-analysis.

There was no change in the overall results of the present meta-analysis (S21, S22 Figs in S1

File). Both meta-analyses used the Cochrane Collaboration’s risk of bias assessment tool, but

the present one utilized the recently revised tool [68].

This meta-analysis is the first to present an indirect comparison between the efficacy of

thrombolytics and GPI alone or in combination with AT. The signal that thrombolytics may

have the potential to fair better than GPI can be explained on the basis that, histologically, the

thrombotic material is usually present as lytic and organized areas as opposed to layers of

fibrin and platelets, granulocytes and erythrocytes. Thus, this would question the efficacy of

Fig 7. Trial sequential analysis for procedural outcomes. MBG, myocardial blush grade; STR, ST-segment resolution; TMPG, TIMI myocardial perfusion

grade.

https://doi.org/10.1371/journal.pone.0263270.g007
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GPI given that they are unable to alter the morphology of the older thrombus [109, 110]. GPI

block the final pathway leading to platelet aggregation and white blood cells plugging, which

form the fresh thrombus [41]. It has been shown that at least half of acute STEMI patients had

coronary thrombi that are more than one day or up to a few weeks old [109], indicating that

sudden coronary occlusion and plaque rupture are separated in time [109, 110]. Old thrombus

is also an independent predictor of mortality in STEMI patients treated with AT during pri-

mary PCI [110]. The published evidence for the direct comparison between intracoronary-

administered thrombolytics and GPI showed inconsistent results [111–113]. It is not surpris-

ing that GPI combined with AT resulted in statistically better myocardial perfusion when indi-

rectly have been compared with GPI alone. However, this was not translated into a better

MACE outcome. As AT retrieves a considerable part of the thrombotic material, GPI can fur-

ther dissolve micro-emboli and residual thrombus [86]. Notwithstanding the AT benefit, AT

through squeezing and breaking up the thrombus, generates micro-debris that affect microcir-

culation perfusion. Furthermore, vacuum suction may damage the microstructure and endo-

thelial function by briefly reducing the perfused blood flow volume and the perfusion pressure

in the microcirculation [77].

Fig 8. Major adverse cardiovascular events. Group 1: Thrombolytic agent; Group 2: Glycoprotein IIb/IIIa inhibitors (GPI); Group 3: GPI plus aspiration

thrombectomy.

https://doi.org/10.1371/journal.pone.0263270.g008
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This meta-analysis has several limitations to be acknowledged. It is based on aggregate, not

individual patient data. The selected studies are subject to bias and confounding due to issues

in randomization and blinding. The sample size of the individual studies is small except for the

INFUSE-AMI study [83], which enrolled a relatively large number (i.e., 452). Patient selection

varied between studies, with three of them enrolled patients with the first STEMI episode [77,

81, 85], another three enrolled those with anterior STEMI [79, 83, 84], one specified the first

episode of anterior STEMI [87] and Geng et al. determined outcomes according to proximal

or mid LAD occlusion [86]. Anterior infarction is an important predictor of infarct size after

PCI [114], and STEMI caused by proximal LAD occlusion resulted in larger infarcts and

higher mortality than mid LAD [115]. Pharmacological intervention has also varied in terms

of the agents used, their doses and their method of administration. Two thrombolytic agents

were used; an older generation (i.e., urokinase) and a third-generation highly selective agent

(i.e., pro-urokinase) with more favourable properties in efficacy and safety [77]. Three GPI

were investigated, which have different pharmacokinetic and pharmacodynamic properties

[105]. Nevertheless, a meta-analysis found no difference between abciximab and the small

molecules (i.e., eptifibatide and tirofiban) in the electrocardiographic, angiographic or clinical

outcomes [116] Although combining the results of the three groups (i.e., pharmacological

agents versus AT) was probably driven by the thrombolytic group especially for the significant

improvements (e.g., TIMI flow, MACE), this should be interpreted with caution given the vari-

ability of agents. Agents have been administered through multiple catheters, either guide [81],

aspiration [79, 80, 82, 84, 86, 88] or dedicated [77, 78, 83, 87] (e.g., ClearWay1 RX) catheters.

Guide catheter does not allow prolonged contact of medication with the thrombus, which can

easily blowback into aorta and rapidly wash out [83, 117]. Local drug delivery through an aspi-

ration catheter achieves higher intra-clot concentration [84]. However, the SUIT-AMI trial

did not show improvement in myocardial reperfusion or clinical outcomes when compared

selective drug injection through aspiration catheter with that through the guide catheter [6].

On the other hand, the COCTAIL study demonstrated that the use of a dedicated catheter

Fig 9. Bleeding. Group 1: Thrombolytic agent; Group 3: GPI plus aspiration thrombectomy (No pooled data for Group 2).

https://doi.org/10.1371/journal.pone.0263270.g009
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reduced thrombus burden and MACE incidence compared with a guide catheter [117]. The

use of adjacent intracoronary medications such as adenosine, anisodamine, verapamil or intra-

venous GPI may reflect the clinical practice and was inconsistently reported between the

included studies. In the INFUSE AMI trial, bivalirudin was used as the procedural anticoagu-

lant, given that it reduced bleeding and mortality [83]. Finally, the definition of MACE and the

duration of follow up varied between studies (S5 Table in S1 File), and the individual compo-

nents of MACE could not be pooled. Definition of bleeding was inconsistent between studies

as well. However, the findings of the present meta-analysis had not changed when the sensitiv-

ity analysis was conducted. The findings can be considered a hypothesis generation for ade-

quately-powered clinical trials to examine and compare the effectiveness of different

approaches to detect further benefit.

Conclusion

The thrombus burden is still a challenge in clinical practice. Despite the limitations, this meta-

analysis supports the use of intracoronary thrombolysis as an adjunct to primary PCI. Com-

pared with the standard AT, intracoronary-administered thrombolytic agents significantly

improved myocardial perfusion and MACE in patients with STEMI. Similar improvement was

not seen with GPI either alone or combined with AT.

Supporting information

S1 File.

(PDF)

Acknowledgments

Thanks to editors and peer reviewers for their time and valuable opinions and suggestions

which helped improve the manuscript.

Author Contributions

Conceptualization: Rasha Kaddoura, Abdul Rahman Arabi.

Formal analysis: Rasha Kaddoura, Mohamed Izham Mohamed Ibrahim, Daoud Al-Badriyeh.

Methodology: Rasha Kaddoura, Mohamed Izham Mohamed Ibrahim, Daoud Al-Badriyeh,

Amr Omar, Fahad Al-Kindi, Abdul Rahman Arabi.

Supervision: Rasha Kaddoura.

Writing – original draft: Rasha Kaddoura.

Writing – review & editing: Rasha Kaddoura, Mohamed Izham Mohamed Ibrahim, Daoud

Al-Badriyeh, Amr Omar, Fahad Al-Kindi, Abdul Rahman Arabi.

References
1. Windecker S, Bax JJ, Myat A, et al. Future treatment strategies in ST-segment elevation myocardial

infarction. Lancet. 2013; 382(9892):644–657. https://doi.org/10.1016/S0140-6736(13)61452-X PMID:

23953388

2. Palasubramaniam J, Wang X, Peter K. Myocardial Infarction-From Atherosclerosis to Thrombosis.

Arterioscler Thromb Vasc Biol. 2019; 39(8):e176–e185. https://doi.org/10.1161/ATVBAHA.119.

312578 PMID: 31339782

PLOS ONE Intracoronary agents or aspiration thrombectomy in STEMI

PLOS ONE | https://doi.org/10.1371/journal.pone.0263270 May 5, 2022 19 / 26

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263270.s001
https://doi.org/10.1016/S0140-6736%2813%2961452-X
http://www.ncbi.nlm.nih.gov/pubmed/23953388
https://doi.org/10.1161/ATVBAHA.119.312578
https://doi.org/10.1161/ATVBAHA.119.312578
http://www.ncbi.nlm.nih.gov/pubmed/31339782
https://doi.org/10.1371/journal.pone.0263270


3. Speich HE, Furman RR, Lands LT, et al. Elevating local concentrations of GPIIb-IIIa antagonists coun-

teracts platelet thrombus stability. J Thromb Thrombolysis. 2013; 36(1):31–41. https://doi.org/10.

1007/s11239-012-0814-7 PMID: 23073747

4. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous thrombolytic therapy for

acute myocardial infarction: a quantitative review of 23 randomised trials. Lancet. 2003; 361

(9351):13–20. https://doi.org/10.1016/S0140-6736(03)12113-7 PMID: 12517460

5. Weaver WD, Simes RJ, Betriu A, et al. Comparison of primary coronary angioplasty and intravenous

thrombolytic therapy for acute myocardial infarction: a quantitative review. JAMA. 1997; 278

(23):2093–2098. PMID: 9403425

6. Chen Y, Zhou P, Yan H, et al. Impact of selective infarct-related artery infusion of tirofiban on myocar-

dial reperfusion and bleeding complications in patients with acute myocardial infarction: the SUIT-AMI

trial. J Invasive Cardiol. 2013; 25(8):376–382. PMID: 23913601

7. Gibson CM, Maehara A, Lansky AJ, et al. Rationale and design of the INFUSE-AMI study: A 2×2 facto-

rial, randomized, multicenter, single-blind evaluation of intracoronary abciximab infusion and aspira-

tion thrombectomy in patients undergoing percutaneous coronary intervention for anterior ST-

segment elevation myocardial infarction. Am Heart J. 2011; 161(3):478–486.e7. https://doi.org/10.

1016/j.ahj.2010.10.006 PMID: 21392601

8. Stone GW, Peterson MA, Lansky AJ, et al. Impact of normalized myocardial perfusion after successful

angioplasty in acute myocardial infarction. J Am Coll Cardiol. 2002; 39(4):591–597. https://doi.org/10.

1016/s0735-1097(01)01779-x PMID: 11849856

9. Dibra A, Mehilli J, Dirschinger J, et al. Thrombolysis in myocardial infarction myocardial perfusion

grade in angiography correlates with myocardial salvage in patients with acute myocardial infarction

treated with stenting or thrombolysis. J Am Coll Cardiol. 2003; 41(6):925–929. https://doi.org/10.1016/

s0735-1097(02)02971-6 PMID: 12651035

10. Gibson CM, Cannon CP, Murphy SA, et al. Relationship of TIMI myocardial perfusion grade to mortal-

ity after administration of thrombolytic drugs. Circulation. 2000; 101(2):125–130. https://doi.org/10.

1161/01.cir.101.2.125 PMID: 10637197

11. Costantini CO, Stone GW, Mehran R, et al. Frequency, correlates, and clinical implications of myocar-

dial perfusion after primary angioplasty and stenting, with and without glycoprotein IIb/IIIa inhibition, in

acute myocardial infarction. J Am Coll Cardiol. 2004; 44(2):305–312. https://doi.org/10.1016/j.jacc.

2004.03.058 PMID: 15261923

12. Sianos G, Papafaklis MI, Daemen J, et al. Angiographic stent thrombosis after routine use of drug-elut-

ing stents in ST-segment elevation myocardial infarction: the importance of thrombus burden. J Am

Coll Cardiol. 2007; 50(7):573–583. https://doi.org/10.1016/j.jacc.2007.04.059 PMID: 17692740

13. Higuma T, Soeda T, Yamada M, et al. Does Residual Thrombus After Aspiration Thrombectomy Affect

the Outcome of Primary PCI in Patients With ST-Segment Elevation Myocardial Infarction?: An Optical

Coherence Tomography Study. JACC Cardiovasc Interv. 2016; 9(19):2002–2011. https://doi.org/10.

1016/j.jcin.2016.06.050 PMID: 27712735

14. Levine GN, Bates ER, Blankenship JC, et al. 2015 ACC/AHA/SCAI Focused Update on Primary Per-

cutaneous Coronary Intervention for Patients With ST-Elevation Myocardial Infarction: An Update of

the 2011 ACCF/AHA/SCAI Guideline for Percutaneous Coronary Intervention and the 2013 ACCF/

AHA Guideline for the Management of ST-Elevation Myocardial Infarction. J Am Coll Cardiol. 2016; 67

(10):1235–1250. https://doi.org/10.1016/j.jacc.2015.10.005 PMID: 26498666

15. Svilaas T, Vlaar PJ, van der Horst IC, et al. Thrombus aspiration during primary percutaneous coro-

nary intervention. N Engl J Med. 2008; 358(6):557–567. https://doi.org/10.1056/NEJMoa0706416

PMID: 18256391

16. Vlaar PJ, Svilaas T, van der Horst IC, et al. Cardiac death and reinfarction after 1 year in the Thrombus

Aspiration during Percutaneous coronary intervention in Acute myocardial infarction Study (TAPAS): a

1-year follow-up study. Lancet. 2008; 371(9628):1915–1920. https://doi.org/10.1016/S0140-6736(08)

60833-8 PMID: 18539223

17. Sardella G, Mancone M, Bucciarelli-Ducci C, et al. Thrombus aspiration during primary percutaneous

coronary intervention improves myocardial reperfusion and reduces infarct size: the EXPIRA (throm-

bectomy with export catheter in infarct-related artery during primary percutaneous coronary interven-

tion) prospective, randomized trial. J Am Coll Cardiol. 2009; 53(4):309–315. https://doi.org/10.1016/j.

jacc.2008.10.017 PMID: 19161878

18. Sardella G, Mancone M, Canali E, et al. Impact of thrombectomy with EXPort Catheter in Infarct-

Related Artery during Primary Percutaneous Coronary Intervention (EXPIRA Trial) on cardiac death.

Am J Cardiol. 2010; 106(5):624–629. https://doi.org/10.1016/j.amjcard.2010.04.014 PMID: 20723635

PLOS ONE Intracoronary agents or aspiration thrombectomy in STEMI

PLOS ONE | https://doi.org/10.1371/journal.pone.0263270 May 5, 2022 20 / 26

https://doi.org/10.1007/s11239-012-0814-7
https://doi.org/10.1007/s11239-012-0814-7
http://www.ncbi.nlm.nih.gov/pubmed/23073747
https://doi.org/10.1016/S0140-6736%2803%2912113-7
http://www.ncbi.nlm.nih.gov/pubmed/12517460
http://www.ncbi.nlm.nih.gov/pubmed/9403425
http://www.ncbi.nlm.nih.gov/pubmed/23913601
https://doi.org/10.1016/j.ahj.2010.10.006
https://doi.org/10.1016/j.ahj.2010.10.006
http://www.ncbi.nlm.nih.gov/pubmed/21392601
https://doi.org/10.1016/s0735-1097%2801%2901779-x
https://doi.org/10.1016/s0735-1097%2801%2901779-x
http://www.ncbi.nlm.nih.gov/pubmed/11849856
https://doi.org/10.1016/s0735-1097%2802%2902971-6
https://doi.org/10.1016/s0735-1097%2802%2902971-6
http://www.ncbi.nlm.nih.gov/pubmed/12651035
https://doi.org/10.1161/01.cir.101.2.125
https://doi.org/10.1161/01.cir.101.2.125
http://www.ncbi.nlm.nih.gov/pubmed/10637197
https://doi.org/10.1016/j.jacc.2004.03.058
https://doi.org/10.1016/j.jacc.2004.03.058
http://www.ncbi.nlm.nih.gov/pubmed/15261923
https://doi.org/10.1016/j.jacc.2007.04.059
http://www.ncbi.nlm.nih.gov/pubmed/17692740
https://doi.org/10.1016/j.jcin.2016.06.050
https://doi.org/10.1016/j.jcin.2016.06.050
http://www.ncbi.nlm.nih.gov/pubmed/27712735
https://doi.org/10.1016/j.jacc.2015.10.005
http://www.ncbi.nlm.nih.gov/pubmed/26498666
https://doi.org/10.1056/NEJMoa0706416
http://www.ncbi.nlm.nih.gov/pubmed/18256391
https://doi.org/10.1016/S0140-6736%2808%2960833-8
https://doi.org/10.1016/S0140-6736%2808%2960833-8
http://www.ncbi.nlm.nih.gov/pubmed/18539223
https://doi.org/10.1016/j.jacc.2008.10.017
https://doi.org/10.1016/j.jacc.2008.10.017
http://www.ncbi.nlm.nih.gov/pubmed/19161878
https://doi.org/10.1016/j.amjcard.2010.04.014
http://www.ncbi.nlm.nih.gov/pubmed/20723635
https://doi.org/10.1371/journal.pone.0263270


19. Burzotta F, De Vita M, Gu YL, et al. Clinical impact of thrombectomy in acute ST-elevation myocardial

infarction: an individual patient-data pooled analysis of 11 trials. Eur Heart J. 2009; 30(18):2193–2203.

https://doi.org/10.1093/eurheartj/ehp348 PMID: 19726437

20. De Luca G, Dudek D, Sardella G, et al. Adjunctive manual thrombectomy improves myocardial perfu-

sion and mortality in patients undergoing primary percutaneous coronary intervention for ST-elevation

myocardial infarction: a meta-analysis of randomized trials. Eur Heart J. 2008; 29(24):3002–3010.

https://doi.org/10.1093/eurheartj/ehn389 PMID: 18775918
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30. Sezer M, Oflaz H, Gören T, et al. Intracoronary streptokinase after primary percutaneous coronary

intervention. N Engl J Med. 2007; 356(18):1823–1834. https://doi.org/10.1056/NEJMoa054374 PMID:

17476008

31. Kambara H, Kawai C, Kajiwara N, et al. Randomized, double-blinded multicenter study. Comparison

of intracoronary single-chain urokinase-type plasminogen activator, pro-urokinase (GE-0943), and

intracoronary urokinase in patients with acute myocardial infarction. Circulation. 1988; 78(4):899–905.

https://doi.org/10.1161/01.cir.78.4.899 PMID: 3139325

32. Tennant SN, Dixon J, Venable TC, et al. Intracoronary thrombolysis in patients with acute myocardial

infarction: comparison of the efficacy of urokinase with streptokinase. Circulation. 1984; 69(4):756–

760. https://doi.org/10.1161/01.cir.69.4.756 PMID: 6607784

33. McKay RG, Fram DB, Hirst JA, et al. Treatment of intracoronary thrombus with local urokinase infusion

using a new, site-specific drug delivery system: the Dispatch catheter. Cathet Cardiovasc Diagn.

1994; 33(2):181–188. https://doi.org/10.1002/ccd.1810330223 PMID: 7834736

34. Mitchel JF, Shwedick M, Alberghini TA, et al. Catheter-based local thrombolysis with urokinase: com-

parative efficacy of intraluminal clot lysis with conventional urokinase infusion techniques in an in vivo

porcine thrombus model. Cathet Cardiovasc Diagn. 1997; 41(3):293–302. https://doi.org/10.1002/

(sici)1097-0304(199707)41:3<293::aid-ccd10>3.0.co;2-p PMID: 9213028

35. Pu J, Ding S, Ge H, et al. Efficacy and Safety of a Pharmaco-Invasive Strategy With Half-Dose Alte-

plase Versus Primary Angioplasty in ST-Segment-Elevation Myocardial Infarction: EARLY-MYO Trial

(Early Routine Catheterization After Alteplase Fibrinolysis Versus Primary PCI in Acute ST-Segment-

Elevation Myocardial Infarction). Circulation. 2017; 136(16):1462–1473. https://doi.org/10.1161/

CIRCULATIONAHA.117.030582 PMID: 28844990

36. Sezer M, Cimen A, Aslanger E, et al. Effect of intracoronary streptokinase administered immediately

after primary percutaneous coronary intervention on long-term left ventricular infarct size, volumes,

PLOS ONE Intracoronary agents or aspiration thrombectomy in STEMI

PLOS ONE | https://doi.org/10.1371/journal.pone.0263270 May 5, 2022 21 / 26

https://doi.org/10.1093/eurheartj/ehp348
http://www.ncbi.nlm.nih.gov/pubmed/19726437
https://doi.org/10.1093/eurheartj/ehn389
http://www.ncbi.nlm.nih.gov/pubmed/18775918
https://doi.org/10.1056/NEJMoa1308789
http://www.ncbi.nlm.nih.gov/pubmed/23991656
https://doi.org/10.1056/NEJMoa1405707
http://www.ncbi.nlm.nih.gov/pubmed/25176395
https://doi.org/10.1056/NEJMoa1415098
http://www.ncbi.nlm.nih.gov/pubmed/25853743
https://doi.org/10.1161/CIRCULATIONAHA.116.025371
http://www.ncbi.nlm.nih.gov/pubmed/27941066
https://doi.org/10.1016/j.jcin.2015.10.047
http://www.ncbi.nlm.nih.gov/pubmed/26793954
https://doi.org/10.1161/CIRCULATIONAHA.105.595660
http://www.ncbi.nlm.nih.gov/pubmed/16801464
https://doi.org/10.11909/j.issn.1671-5411.2016.04.018
http://www.ncbi.nlm.nih.gov/pubmed/27403144
https://doi.org/10.1093/eurheartj/ehs456
http://www.ncbi.nlm.nih.gov/pubmed/23396493
https://doi.org/10.1093/eurheartj/ehy394
http://www.ncbi.nlm.nih.gov/pubmed/30165437
https://doi.org/10.1056/NEJMoa054374
http://www.ncbi.nlm.nih.gov/pubmed/17476008
https://doi.org/10.1161/01.cir.78.4.899
http://www.ncbi.nlm.nih.gov/pubmed/3139325
https://doi.org/10.1161/01.cir.69.4.756
http://www.ncbi.nlm.nih.gov/pubmed/6607784
https://doi.org/10.1002/ccd.1810330223
http://www.ncbi.nlm.nih.gov/pubmed/7834736
https://doi.org/10.1002/%28sici%291097-0304%28199707%2941%3A3%26lt%3B293%3A%3Aaid-ccd10%26gt%3B3.0.co%3B2-p
https://doi.org/10.1002/%28sici%291097-0304%28199707%2941%3A3%26lt%3B293%3A%3Aaid-ccd10%26gt%3B3.0.co%3B2-p
http://www.ncbi.nlm.nih.gov/pubmed/9213028
https://doi.org/10.1161/CIRCULATIONAHA.117.030582
https://doi.org/10.1161/CIRCULATIONAHA.117.030582
http://www.ncbi.nlm.nih.gov/pubmed/28844990
https://doi.org/10.1371/journal.pone.0263270


and function. J Am Coll Cardiol. 2009; 54(12):1065–1071. https://doi.org/10.1016/j.jacc.2009.04.083

PMID: 19744615

37. Geng W, Zhang Q, Liu J, et al. A randomized study of prourokinase during primary percutaneous coro-

nary intervention in acute ST-segment elevation myocardial infarction. J Interv Cardiol. 2018; 31

(2):136–143. https://doi.org/10.1111/joic.12461 PMID: 29171086

38. Moser M, Bertram U, Peter K, et al. Abciximab, eptifibatide, and tirofiban exhibit dose-dependent

potencies to dissolve platelet aggregates. J Cardiovasc Pharmacol. 2003; 41(4):586–592. https://doi.

org/10.1097/00005344-200304000-00011 PMID: 12658060

39. Brener SJ, Barr LA, Burchenal JE, et al. Randomized, placebo-controlled trial of platelet glycoprotein

IIb/IIIa blockade with primary angioplasty for acute myocardial infarction. ReoPro and Primary PTCA

Organization and Randomized Trial (RAPPORT) Investigators. Circulation. 1998; 98(8):734–741.

https://doi.org/10.1161/01.cir.98.8.734 PMID: 9727542

40. Investigators EPIC. Use of a monoclonal antibody directed against the platelet glycoprotein IIb/IIIa

receptor in high-risk coronary angioplasty. N Engl J Med. 1994; 330(14):956–961. https://doi.org/10.

1056/NEJM199404073301402 PMID: 8121459

41. Marciniak SJ Jr, Mascelli MA, Furman MI, et al. An additional mechanism of action of abciximab: dis-

persal of newly formed platelet aggregates. Thromb Haemost. 2002; 87(6):1020–1025. PMID:

12083481

42. Collet JP, Montalescot G, Lesty C, et al. Disaggregation of in vitro preformed platelet-rich clots by

abciximab increases fibrin exposure and promotes fibrinolysis. Arterioscler Thromb Vasc Biol. 2001;

21(1):142–148. https://doi.org/10.1161/01.atv.21.1.142 PMID: 11145946

43. Kunichika H, Ben-Yehuda O, Lafitte S, et al. Effects of glycoprotein IIb/IIIa inhibition on microvascular

flow after coronary reperfusion. A quantitative myocardial contrast echocardiography study. J Am Coll

Cardiol. 2004; 43(2):276–283. https://doi.org/10.1016/j.jacc.2003.08.040 PMID: 14736449

44. Investigators EPILOG. Platelet glycoprotein IIb/IIIa receptor blockade and low-dose heparin during

percutaneous coronary revascularization. N Engl J Med. 1997; 336(24):1689–1696. https://doi.org/10.

1056/NEJM199706123362401 PMID: 9182212

45. The CAPTURE Investigators. Randomised placebo-controlled trial of abciximab before and during

coronary intervention in refractory unstable angina: the CAPTURE Study. Lancet. 1997; 349

(9063):1429–1435. PMID: 9164316

46. Kandzari DE, Hasselblad V, Tcheng JE, et al. Improved clinical outcomes with abciximab therapy in

acute myocardial infarction: a systematic overview of randomized clinical trials. Am Heart J. 2004; 147

(3):457–462. https://doi.org/10.1016/j.ahj.2003.08.011 PMID: 14999194

47. Bailey SR, O’Leary E, Chilton R. Angioscopic evaluation of site-specific administration of ReoPro.

Cathet Cardiovasc Diagn. 1997; 42(2):181–184. https://doi.org/10.1002/(sici)1097-0304(199710)

42:2<181::aid-ccd18>3.0.co;2-r PMID: 9328703

48. Barsness GW, Buller C, Ohman EM, et al. Reduced thrombus burden with abciximab delivered locally

before percutaneous intervention in saphenous vein grafts. Am Heart J. 2000; 139(5):824–829.

https://doi.org/10.1016/s0002-8703(00)90014-0 PMID: 10783216

49. Desch S, Siegemund A, Scholz U, et al. Platelet inhibition and GP IIb/IIIa receptor occupancy by intra-

coronary versus intravenous bolus administration of abciximab in patients with ST-elevation myocar-

dial infarction. Clin Res Cardiol. 2012; 101(2):117–124. https://doi.org/10.1007/s00392-011-0372-6

PMID: 22015616

50. Deibele AJ, Jennings LK, Tcheng JE, et al. Intracoronary eptifibatide bolus administration during per-

cutaneous coronary revascularization for acute coronary syndromes with evaluation of platelet glyco-

protein IIb/IIIa receptor occupancy and platelet function: the Intracoronary Eptifibatide (ICE) Trial.

Circulation. 2010; 121(6):784–791. https://doi.org/10.1161/CIRCULATIONAHA.109.882746 PMID:

20124127

51. Thiele H, Schindler K, Friedenberger J, et al. Intracoronary compared with intravenous bolus abcixi-

mab application in patients with ST-elevation myocardial infarction undergoing primary percutaneous

coronary intervention: the randomized Leipzig immediate percutaneous coronary intervention abcixi-

mab IV versus IC in ST-elevation myocardial infarction trial. Circulation. 2008; 118(1):49–57. https://

doi.org/10.1161/CIRCULATIONAHA.107.747642 PMID: 18559698
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62. Eitel I, Wöhrle J, Suenkel H, et al. Intracoronary compared with intravenous bolus abciximab applica-

tion during primary percutaneous coronary intervention in ST-segment elevation myocardial infarction:

cardiac magnetic resonance substudy of the AIDA STEMI trial. J Am Coll Cardiol. 2013; 61(13):1447–

1454. https://doi.org/10.1016/j.jacc.2013.01.048 PMID: 23466078

63. Piccolo R, Eitel I, Iversen AZ, et al. Intracoronary versus intravenous bolus abciximab administration in

patients undergoing primary percutaneous coronary intervention with acute ST-elevation myocardial

infarction: a pooled analysis of individual patient data from five randomised controlled trials. EuroInter-

vention. 2014; 9(9):1110–1120. https://doi.org/10.4244/EIJV9I9A186 PMID: 24457282

64. Higgins JPT, Thomas J, Chandler J, et al. Cumpston M, Li T, Page MJ, Welch VA. Cochrane Hand-

book for Systematic Reviews of Interventions version 6.2 (updated February 2021). Cochrane, 2021.

Available from: Cochrane Handbook for Systematic Reviews of Interventions | Cochrane Training.

Accessed March 1, 2021

65. Moher D, Liberati A, Tetzlaff J, et al; PRISMA Group. Preferred reporting items for systematic reviews

and meta-analyses: the PRISMA statement. BMJ. 2009; 339:b2535. https://doi.org/10.1136/bmj.

b2535 PMID: 19622551

66. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for

reporting systematic reviews. BMJ. 2021; 372:n71. https://doi.org/10.1136/bmj.n71 PMID: 33782057

67. Rethlefsen ML, Kirtley S, Waffenschmidt S, et al. PRISMA-S: an extension to the PRISMA Statement

for Reporting Literature Searches in Systematic Reviews. Syst Rev. 2021; 10(1):39. https://doi.org/10.

1186/s13643-020-01542-z PMID: 33499930

68. Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomised

trials. BMJ. 2019; 366:l4898. https://doi.org/10.1136/bmj.l4898 PMID: 31462531

69. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb). 2012; 22(3):276–282.

PMID: 23092060

70. Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Introduction-GRADE evidence profiles and

summary of findings tables. J Clin Epidemiol. 2011; 64(4):383–394. https://doi.org/10.1016/j.jclinepi.

2010.04.026 PMID: 21195583

PLOS ONE Intracoronary agents or aspiration thrombectomy in STEMI

PLOS ONE | https://doi.org/10.1371/journal.pone.0263270 May 5, 2022 23 / 26

https://doi.org/10.1161/CIRCULATIONAHA.110.002741
https://doi.org/10.1161/CIRCULATIONAHA.110.002741
http://www.ncbi.nlm.nih.gov/pubmed/21098442
https://doi.org/10.1185/03007995.2011.621417
http://www.ncbi.nlm.nih.gov/pubmed/21942506
https://doi.org/10.1016/j.amjcard.2011.06.039
https://doi.org/10.1016/j.amjcard.2011.06.039
http://www.ncbi.nlm.nih.gov/pubmed/22000626
https://doi.org/10.1016/j.atherosclerosis.2012.02.041
https://doi.org/10.1016/j.atherosclerosis.2012.02.041
http://www.ncbi.nlm.nih.gov/pubmed/22483166
https://doi.org/10.1016/j.amjcard.2011.10.016
https://doi.org/10.1016/j.amjcard.2011.10.016
http://www.ncbi.nlm.nih.gov/pubmed/22152971
https://doi.org/10.1111/j.1540-8183.2011.00711.x
https://doi.org/10.1111/j.1540-8183.2011.00711.x
http://www.ncbi.nlm.nih.gov/pubmed/22413751
https://doi.org/10.3109/09537104.2011.619602
https://doi.org/10.3109/09537104.2011.619602
http://www.ncbi.nlm.nih.gov/pubmed/21988317
https://doi.org/10.1016/S0140-6736%2811%2961872-2
http://www.ncbi.nlm.nih.gov/pubmed/22357109
https://doi.org/10.1016/j.jacc.2013.01.048
http://www.ncbi.nlm.nih.gov/pubmed/23466078
https://doi.org/10.4244/EIJV9I9A186
http://www.ncbi.nlm.nih.gov/pubmed/24457282
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/bmj.b2535
http://www.ncbi.nlm.nih.gov/pubmed/19622551
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1186/s13643-020-01542-z
https://doi.org/10.1186/s13643-020-01542-z
http://www.ncbi.nlm.nih.gov/pubmed/33499930
https://doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/pubmed/31462531
http://www.ncbi.nlm.nih.gov/pubmed/23092060
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/j.jclinepi.2010.04.026
http://www.ncbi.nlm.nih.gov/pubmed/21195583
https://doi.org/10.1371/journal.pone.0263270


71. http://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/public/uploads/meta-analysis_revised_

december_1st_1_2016.pdfRyan R, Hill S. Cochrane Consumers and Communication Group: meta-

analysis. CCCG http://cccrg.cochrane.org/author-resources. La Trobe University, Melbourne. Pub-

lished December 1st 2016. Approved (S. Hill) December 1st 2016. Accessed on March 1, 2020

72. Borenstein M, Hedges LV, Higgins JPT and Rothstein HR. PART 3: FIXED-EFFECT VERSUS RAN-

DOM-EFFECTS MODELS. In: Borenstein M, Hedges LV, Higgins JPT and Rothstein HR (Editors).

Introduction to Meta-Analysis. John Wiley & Sons, Ltd. 2009; pp 59–102. West Sussex, United King-

dom. ISBN: 978-0-470-05724-7

73. Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0

[updated March 2011]. The Cochrane Collaboration. Available from www.handbook.cochrane.org.

Chapter: 9.5.2 Identifying and measuring heterogeneity (cochrane.org). Assessed March 1, 2020

74. Jackson D, Turner R. Power analysis for random-effects meta-analysis. Res Synth Methods. 2017; 8

(3):290–302. https://doi.org/10.1002/jrsm.1240 PMID: 28378395

75. Turner RM, Bird SM, Higgins JP. The impact of study size on meta-analyses: examination of under-

powered studies in Cochrane reviews. 2013; PLoS One 8(3):e59202. https://doi.org/10.1371/journal.

pone.0059202 PMID: 23544056

76. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphi-

cal test. BMJ. 1997; 315(7109):629–634. https://doi.org/10.1136/bmj.315.7109.629 PMID: 9310563

77. Fu Y, Gu XS, Hao GZ, et al. Comparison of myocardial microcirculatory perfusion after catheter-

administered intracoronary thrombolysis with anisodamine versus standard thrombus aspiration in

patients with ST-elevation myocardial infarction. Catheter Cardiovasc Interv. 2019; 93(S1):839–845

https://doi.org/10.1002/ccd.28112 PMID: 30773796

78. Greco C, Pelliccia F, Tanzilli G, et al. Usefulness of local delivery of thrombolytics before thrombect-

omy in patients with ST-segment elevation myocardial infarction undergoing primary percutaneous

coronary intervention (the delivery of thrombolytics before thrombectomy in patients with ST-segment

elevation myocardial infarction undergoing primary percutaneous coronary intervention [DISSOLU-

TION] randomized trial). Am J Cardiol. 2013; 112(5):630–635 https://doi.org/10.1016/j.amjcard.2013.

04.036 PMID: 23711809

79. Wang K, Zhang J, Zhang N, et al. Combined Primary PCI with Multiple Thrombus Burden Reduction

Therapy Improved Cardiac Function in Patients with Acute Anterior Myocardial Infarction. Int Heart J.

2019; 60(1):27–36 https://doi.org/10.1536/ihj.18-064 PMID: 30464128

80. Wu Y, Fu X, Feng Q, et al. Efficacy and safety of intracoronary prourokinase during percutaneous cor-

onary intervention in treating ST-segment elevation myocardial infarction patients: a randomized, con-

trolled study. BMC Cardiovasc Disord. 2020; 20(1):308 https://doi.org/10.1186/s12872-020-01584-0

PMID: 32590944

81. Ahn SG, Lee SH, Lee JH, et al. Efficacy of combination treatment with intracoronary abciximab and

aspiration thrombectomy on myocardial perfusion in patients with ST-segment elevation myocardial

infarction undergoing primary coronary stenting. Yonsei Med J. 2014; 55(3):606–616 https://doi.org/

10.3349/ymj.2014.55.3.606 PMID: 24719126

82. Hamza MA, Galal A, Suweilam S, et al. Local Intracoronary Eptifibatide versus Mechanical Aspiration

in Patients with Acute ST-Elevation Myocardial Infarction. Int J Vasc Med. 2014; 2014:294065 https://

doi.org/10.1155/2014/294065 PMID: 24987529

83. Stone GW, Maehara A, Witzenbichler B, et al. Intracoronary abciximab and aspiration thrombectomy

in patients with large anterior myocardial infarction: the INFUSE-AMI randomized trial. JAMA. 2012;

307(17):1817–1826 https://doi.org/10.1001/jama.2012.421 PMID: 22447888

84. Basuoni A, El-Naggar W, Mahdy M, et al. Effect of intracoronary tirofiban following aspiration throm-

bectomy on infarct size, in patients with large anterior ST-segment elevation myocardial infarction

undergoing primary percutaneous coronary intervention. Coron Artery Dis. 2020; 31(3):255–259

https://doi.org/10.1097/MCA.0000000000000825 PMID: 31658145

85. Gao L, Cao Z, Zhang H. Efficacy and Safety of Thrombectomy Combined with Intracoronary Adminis-

tration of Tirofiban in ST-segment Elevation Myocardial Infarction (STEMI). Med Sci Monit. 2016;

22:2699–2705 https://doi.org/10.12659/msm.896703 PMID: 27475844

86. Geng T, Zhang JG, Song ZY, et al. Aspiration thrombectomy and intracoronary tirofiban in ST-seg-

ment elevation myocardial infarction: Combination treatment for patients undergoing primary percuta-

neous coronary intervention. Herz. 2016; 41(8):732–740 https://doi.org/10.1007/s00059-016-4426-4

PMID: 27220978

87. Iancu A, Ober C, Bondor CI, et al. Microvascular effect of intracoronary eptifibatide in acute myocardial

infarction. Cardiology. 2012; 123(1):46–53 https://doi.org/10.1159/000341197 PMID: 22986471

PLOS ONE Intracoronary agents or aspiration thrombectomy in STEMI

PLOS ONE | https://doi.org/10.1371/journal.pone.0263270 May 5, 2022 24 / 26

http://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/public/uploads/meta-analysis_revised_december_1st_1_2016.pdfRyan
http://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/public/uploads/meta-analysis_revised_december_1st_1_2016.pdfRyan
http://cccrg.cochrane.org/author-resources
http://www.handbook.cochrane.org
https://doi.org/10.1002/jrsm.1240
http://www.ncbi.nlm.nih.gov/pubmed/28378395
https://doi.org/10.1371/journal.pone.0059202
https://doi.org/10.1371/journal.pone.0059202
http://www.ncbi.nlm.nih.gov/pubmed/23544056
https://doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
https://doi.org/10.1002/ccd.28112
http://www.ncbi.nlm.nih.gov/pubmed/30773796
https://doi.org/10.1016/j.amjcard.2013.04.036
https://doi.org/10.1016/j.amjcard.2013.04.036
http://www.ncbi.nlm.nih.gov/pubmed/23711809
https://doi.org/10.1536/ihj.18-064
http://www.ncbi.nlm.nih.gov/pubmed/30464128
https://doi.org/10.1186/s12872-020-01584-0
http://www.ncbi.nlm.nih.gov/pubmed/32590944
https://doi.org/10.3349/ymj.2014.55.3.606
https://doi.org/10.3349/ymj.2014.55.3.606
http://www.ncbi.nlm.nih.gov/pubmed/24719126
https://doi.org/10.1155/2014/294065
https://doi.org/10.1155/2014/294065
http://www.ncbi.nlm.nih.gov/pubmed/24987529
https://doi.org/10.1001/jama.2012.421
http://www.ncbi.nlm.nih.gov/pubmed/22447888
https://doi.org/10.1097/MCA.0000000000000825
http://www.ncbi.nlm.nih.gov/pubmed/31658145
https://doi.org/10.12659/msm.896703
http://www.ncbi.nlm.nih.gov/pubmed/27475844
https://doi.org/10.1007/s00059-016-4426-4
http://www.ncbi.nlm.nih.gov/pubmed/27220978
https://doi.org/10.1159/000341197
http://www.ncbi.nlm.nih.gov/pubmed/22986471
https://doi.org/10.1371/journal.pone.0263270


88. Zhang Z, Li W, Wu W, et al. Myocardial reperfusion with tirofiban injection via aspiration catheter: Effi-

cacy and safety in STEMI patients with large thrombus burden. Herz. 2020; 45(3):280–28. [Epub 2018

Jun 12] https://doi.org/10.1007/s00059-018-4716-0 PMID: 29947833

89. Stone GW, Witzenbichler B, Godlewski J, et al. Intralesional abciximab and thrombus aspiration in

patients with large anterior myocardial infarction: one-year results from the INFUSE-AMI trial. Circ Car-

diovasc Interv. 2013; 6(5):527–534. https://doi.org/10.1161/CIRCINTERVENTIONS.113.000644

PMID: 24084626

90. White CJ, Ramee SR, Collins TJ, et al. Coronary thrombi increase PTCA risk. Angioscopy as a clinical

tool. Circulation. 1996; 93(2):253–258. https://doi.org/10.1161/01.cir.93.2.253 PMID: 8548896

91. Singh M, Berger PB, Ting HH, et al. Influence of coronary thrombus on outcome of percutaneous coro-

nary angioplasty in the current era (the Mayo Clinic experience). Am J Cardiol. 2001; 88(10):1091–

1096. https://doi.org/10.1016/s0002-9149(01)02040-9 PMID: 11703950

92. Gibson CM, Cannon CP, Murphy SA, et al. Relationship of the TIMI myocardial perfusion grades, flow

grades, frame count, and percutaneous coronary intervention to long-term outcomes after thrombo-

lytic administration in acute myocardial infarction. Circulation. 2002; 105(16):1909–1913. https://doi.

org/10.1161/01.cir.0000014683.52177.b5 PMID: 11997276

93. Sattur S, Sarwar B, Sacchi TJ, et al. Correlation between markers of reperfusion and mortality in ST-

elevation myocardial infarction: a systematic review. J Invasive Cardiol. 2014; 26(11):587–595. PMID:

25364000

94. Mayr A, Mair J, Klug G, et al. Cardiac troponin T and creatine kinase predict mid-term infarct size and

left ventricular function after acute myocardial infarction: a cardiac MR study. J Magn Reson Imaging.

2011; 33(4):847–854. https://doi.org/10.1002/jmri.22491 PMID: 21448949

95. Fearon WF, Low AF, Yong AS, et al. Prognostic value of the Index of Microcirculatory Resistance

measured after primary percutaneous coronary intervention. Circulation. 2013; 127(24):2436–2441.

https://doi.org/10.1161/CIRCULATIONAHA.112.000298 PMID: 23681066

96. van ’t Hof AW, Liem A, Suryapranata H, et al. 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(23):2302–2306. https://doi.org/10.

1161/01.cir.97.23.2302 PMID: 9639373

97. van ’t Hof AW, Liem A, de Boer MJ, et al. Clinical value of 12-lead electrocardiogram after successful

reperfusion therapy for acute myocardial infarction. Zwolle Myocardial infarction Study Group. Lancet.

1997; 350(9078):615–619. https://doi.org/10.1016/s0140-6736(96)07120-6 PMID: 9288043

98. De Luca G, Ernst N, Zijlstra F, et al. Preprocedural TIMI flow and mortality in patients with acute myo-

cardial infarction treated by primary angioplasty. J Am Coll Cardiol. 2004; 43(8):1363–1367. https://

doi.org/10.1016/j.jacc.2003.11.042 PMID: 15093868

99. Kampinga MA, Nijsten MW, Gu YL, et al. Is the myocardial blush grade scored by the operator during

primary percutaneous coronary intervention of prognostic value in patients with ST-elevation myocar-

dial infarction in routine clinical practice? Circ Cardiovasc Interv. 2010; 3(3):216–223. https://doi.org/

10.1161/CIRCINTERVENTIONS.109.916247 PMID: 20442359

100. Stone GW, Selker HP, Thiele H, et al. Relationship Between Infarct Size and Outcomes Following Pri-

mary PCI: Patient-Level Analysis From 10 Randomized Trials. J Am Coll Cardiol. 2016; 67(14):1674–

1683. https://doi.org/10.1016/j.jacc.2016.01.069 PMID: 27056772

101. McGeoch R, Watkins S, Berry C, et al. The index of microcirculatory resistance measured acutely pre-

dicts the extent and severity of myocardial infarction in patients with ST-segment elevation myocardial

infarction. JACC Cardiovasc Interv. 2010; 3(7):715–722. https://doi.org/10.1016/j.jcin.2010.04.009

PMID: 20650433

102. Fearon WF, Shah M, Ng M, et al. Predictive value of the index of microcirculatory resistance in patients

with ST-segment elevation myocardial infarction. J Am Coll Cardiol. 2008; 51(5):560–565. https://doi.

org/10.1016/j.jacc.2007.08.062 PMID: 18237685

103. Wu E, Ortiz JT, Tejedor P, et al. Infarct size by contrast enhanced cardiac magnetic resonance is a

stronger predictor of outcomes than left ventricular ejection fraction or end-systolic volume index: pro-

spective cohort study. Heart. 2008; 94(6):730–736. https://doi.org/10.1136/hrt.2007.122622 PMID:

18070953

104. Ørn S, Manhenke C, Greve OJ, et al. Microvascular obstruction is a major determinant of infarct heal-

ing and subsequent left ventricular remodelling following primary percutaneous coronary intervention.

Eur Heart J. 2009; 30(16):1978–1985. https://doi.org/10.1093/eurheartj/ehp219 PMID: 19502624

105. Niu XW, Zhang JJ, Bai M, et al. Combined thrombectomy and intracoronary administration of glyco-

protein IIb/IIIa inhibitors improves myocardial reperfusion in patients undergoing primary percutaneous

coronary intervention: a meta-analysis. J Geriatr Cardiol. 2017; 14(10):614–623. https://doi.org/10.

11909/j.issn.1671-5411.2017.10.002 PMID: 29238362

PLOS ONE Intracoronary agents or aspiration thrombectomy in STEMI

PLOS ONE | https://doi.org/10.1371/journal.pone.0263270 May 5, 2022 25 / 26

https://doi.org/10.1007/s00059-018-4716-0
http://www.ncbi.nlm.nih.gov/pubmed/29947833
https://doi.org/10.1161/CIRCINTERVENTIONS.113.000644
http://www.ncbi.nlm.nih.gov/pubmed/24084626
https://doi.org/10.1161/01.cir.93.2.253
http://www.ncbi.nlm.nih.gov/pubmed/8548896
https://doi.org/10.1016/s0002-9149%2801%2902040-9
http://www.ncbi.nlm.nih.gov/pubmed/11703950
https://doi.org/10.1161/01.cir.0000014683.52177.b5
https://doi.org/10.1161/01.cir.0000014683.52177.b5
http://www.ncbi.nlm.nih.gov/pubmed/11997276
http://www.ncbi.nlm.nih.gov/pubmed/25364000
https://doi.org/10.1002/jmri.22491
http://www.ncbi.nlm.nih.gov/pubmed/21448949
https://doi.org/10.1161/CIRCULATIONAHA.112.000298
http://www.ncbi.nlm.nih.gov/pubmed/23681066
https://doi.org/10.1161/01.cir.97.23.2302
https://doi.org/10.1161/01.cir.97.23.2302
http://www.ncbi.nlm.nih.gov/pubmed/9639373
https://doi.org/10.1016/s0140-6736%2896%2907120-6
http://www.ncbi.nlm.nih.gov/pubmed/9288043
https://doi.org/10.1016/j.jacc.2003.11.042
https://doi.org/10.1016/j.jacc.2003.11.042
http://www.ncbi.nlm.nih.gov/pubmed/15093868
https://doi.org/10.1161/CIRCINTERVENTIONS.109.916247
https://doi.org/10.1161/CIRCINTERVENTIONS.109.916247
http://www.ncbi.nlm.nih.gov/pubmed/20442359
https://doi.org/10.1016/j.jacc.2016.01.069
http://www.ncbi.nlm.nih.gov/pubmed/27056772
https://doi.org/10.1016/j.jcin.2010.04.009
http://www.ncbi.nlm.nih.gov/pubmed/20650433
https://doi.org/10.1016/j.jacc.2007.08.062
https://doi.org/10.1016/j.jacc.2007.08.062
http://www.ncbi.nlm.nih.gov/pubmed/18237685
https://doi.org/10.1136/hrt.2007.122622
http://www.ncbi.nlm.nih.gov/pubmed/18070953
https://doi.org/10.1093/eurheartj/ehp219
http://www.ncbi.nlm.nih.gov/pubmed/19502624
https://doi.org/10.11909/j.issn.1671-5411.2017.10.002
https://doi.org/10.11909/j.issn.1671-5411.2017.10.002
http://www.ncbi.nlm.nih.gov/pubmed/29238362
https://doi.org/10.1371/journal.pone.0263270


106. Ji ZG, Liu HB, Liu ZH, et al. Influence of Tirofiban maintenance duration on patients with acute myocar-

dial infarction treated by percutaneous coronary intervention. Chronic Dis Transl Med. 2015; 1(2):81–

88. https://doi.org/10.1016/j.cdtm.2015.06.003 PMID: 29062991

107. Wang K, Zuo G, Zheng L, et al. Effects of tirofiban on platelet activation and endothelial function in

patients with ST-elevation myocardial infarction undergoing primary percutaneous coronary interven-

tion. Cell Biochem Biophys. 2015; 71(1):135–142. https://doi.org/10.1007/s12013-014-0173-4 PMID:

25123839

108. Zhang D, Wang L, Du J, et al. [Effect of intracoronary tirofiban combined with nitroprusside injection

through thrombus aspiration catheter during primary percutaneous coronary intervention on acute

anterior myocardial infarction patients with heavy thrombosis burden]. Zhonghua Xin Xue Guan Bing

Za Zhi. 2014; 42(1):25–30. PMID: 24680265

109. Rittersma SZ, van der Wal AC, Koch KT, et al. Plaque instability frequently occurs days or weeks

before occlusive coronary thrombosis: a pathological thrombectomy study in primary percutaneous

coronary intervention. Circulation. 2005; 111(9):1160–1165. https://doi.org/10.1161/01.CIR.

0000157141.00778.AC PMID: 15723983

110. Kramer MC, van der Wal AC, Koch KT, et al. Presence of older thrombus is an independent predictor

of long-term mortality in patients with ST-elevation myocardial infarction treated with thrombus aspira-

tion during primary percutaneous coronary intervention. Circulation. 2008; 118(18):1810–1816.

https://doi.org/10.1161/CIRCULATIONAHA.108.780734 PMID: 18852369

111. Zhu TQ, Zhang Q, Ding FH, et al. Randomized comparison of intracoronary tirofiban versus urokinase

as an adjunct to primary percutaneous coronary intervention in patients with acute ST-elevation myo-

cardial infarction: results of the ICTUS-AMI trial. Chin Med J (Engl). 2013; 126(16):3079–3086. PMID:

23981616

112. Yao Z, Li W, Cheng L, et al. Comparison of the effect of recombinant human pro-urokinase and tirofi-

ban on myocardial blood flow perfusion in ST elevation myocardial infarction patients receiving primary

percutaneous coronary intervention: A one-center retrospective observational study. Medicine (Balti-

more). 2019; 98(27):e16143.

113. Morales-Ponce FJ, Lozano-Cid FJ, Martinez-Romero P, et al. Intracoronary tenecteplase versus

abciximab as adjunctive treatment during primary percutaneous coronary intervention in patients with

anterior myocardial infarction. EuroIntervention. 2019; 14(16):1668–1675. https://doi.org/10.4244/EIJ-

D-18-00885 PMID: 30418157

114. Stone GW, Dixon SR, Grines CL, et al. Predictors of infarct size after primary coronary angioplasty in

acute myocardial infarction from pooled analysis from four contemporary trials. Am J Cardiol. 2007;

100(9):1370–1375. https://doi.org/10.1016/j.amjcard.2007.06.027 PMID: 17950792

115. Brener SJ, Witzenbichler B, Maehara A, et al. Infarct size and mortality in patients with proximal versus

mid left anterior descending artery occlusion: the Intracoronary Abciximab and Aspiration Thrombect-

omy in Patients With Large Anterior Myocardial Infarction (INFUSE-AMI) trial. Am Heart J. 2013; 166

(1):64–70. https://doi.org/10.1016/j.ahj.2013.03.029 PMID: 23816023

116. De Luca G, Ucci G, Cassetti E, et al. Benefits from small molecule administration as compared with

abciximab among patients with ST-segment elevation myocardial infarction treated with primary angio-

plasty: a meta-analysis. J Am Coll Cardiol. 2009; 53(18):1668–1673. https://doi.org/10.1016/j.jacc.

2009.01.053 PMID: 19406342

117. Prati F, Capodanno D, Pawlowski T, et al. Local delivery versus intracoronary infusion of abciximab in

patients with acute coronary syndromes. JACC Cardiovasc Interv. 2010; 3(9):928–934. https://doi.org/

10.1016/j.jcin.2010.05.017 PMID: 20850091

PLOS ONE Intracoronary agents or aspiration thrombectomy in STEMI

PLOS ONE | https://doi.org/10.1371/journal.pone.0263270 May 5, 2022 26 / 26

https://doi.org/10.1016/j.cdtm.2015.06.003
http://www.ncbi.nlm.nih.gov/pubmed/29062991
https://doi.org/10.1007/s12013-014-0173-4
http://www.ncbi.nlm.nih.gov/pubmed/25123839
http://www.ncbi.nlm.nih.gov/pubmed/24680265
https://doi.org/10.1161/01.CIR.0000157141.00778.AC
https://doi.org/10.1161/01.CIR.0000157141.00778.AC
http://www.ncbi.nlm.nih.gov/pubmed/15723983
https://doi.org/10.1161/CIRCULATIONAHA.108.780734
http://www.ncbi.nlm.nih.gov/pubmed/18852369
http://www.ncbi.nlm.nih.gov/pubmed/23981616
https://doi.org/10.4244/EIJ-D-18-00885
https://doi.org/10.4244/EIJ-D-18-00885
http://www.ncbi.nlm.nih.gov/pubmed/30418157
https://doi.org/10.1016/j.amjcard.2007.06.027
http://www.ncbi.nlm.nih.gov/pubmed/17950792
https://doi.org/10.1016/j.ahj.2013.03.029
http://www.ncbi.nlm.nih.gov/pubmed/23816023
https://doi.org/10.1016/j.jacc.2009.01.053
https://doi.org/10.1016/j.jacc.2009.01.053
http://www.ncbi.nlm.nih.gov/pubmed/19406342
https://doi.org/10.1016/j.jcin.2010.05.017
https://doi.org/10.1016/j.jcin.2010.05.017
http://www.ncbi.nlm.nih.gov/pubmed/20850091
https://doi.org/10.1371/journal.pone.0263270

