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Abstract

Purpose: This meta-analysis was performed to assess
the benefits of deferred stenting (DS) vs. Immediate Stent-
ing (IS) in the ST-Segment Elevation Myocardial Infarction
(STEMI) patients presented with high thrombus burden.

Methods: Cochrane Library, Embase, Pubmed, Web of
Science and China National Knowledge Internet (CNKI) were
searched for eligible literature.

Results: Seven Randomized Controlled Trials (RCTs) and
3 prospective cohort studies were included in this meta-
analysis. Significant difference was observed in the inci-
dence of no-/slow-reflow compared between DS and IS in
RCTs (RR= 0.34, 95%Cl [0.20, 0.59], P<0.001, I°= 0.0%) but
not in prospective cohort studies. Meanwhile, the TIMI 3
flow (For RCTs: RR= 1.29, 95% CI [1.13, 1.48], P<0.001, I>=
0.0%; For prospective cohort studies: RR=1.19, 95%CI [1.08,
1.32], P = 0.001, I>= 0.0%) and MBG (For RCTs: WMD= 0.70,
95% Cl [0.57, 0.82], P< 0.001; For prospective cohort stud-
ies: WMD= 0.57, 95% CI [0.36, 0.79], P<0.001) after stent
implantation were significant higher in patients treated with
DS than those with IS. No significant differences were ob-
served in major adverse cardiac events.

Conclusion: In patients with STEMI appeared angio-
graphic high thrombus burden, the DS strategy may be
considered a preferable option than IS. However, more evi-
dence is necessary to evaluate long-term benefits.

Cite this article: Hu X, Yang X, Li X, Dong H, Zhou Y. Evaluating the Role of Deferred Stenting in ST-Segment
Elevation Myocardial Infarction Patients Presented with High Thrombus Burden: A Systematic Review and Meta-
Analysis. Ann Cardiol Vasc Med. 2021: 4(1); 1039.




MedDocs Publishers

Introduction

Primary Percutaneous Coronary Intervention (pPCl) is a stan-
dard treatment for patients with ST-Elevation Myocardial Infarc-
tion (STEMI). However, pPCl has yet a serious unsolved problem
known as the no-/slow-reflow phenomenon, which occurs in
5-25 % of STEMI patients after Immediate Stenting (IS) implan-
tation [1]. Acute reduction of blood flow in Infart-Related Ar-
tery (IRA) during pPCl results in “second attack” for the ischemic
heart, bringing severe periprocedual complications including
enlarging infarct size thus aggravating the decrease of cardiac
function [2-3]. The cause of no-/slow-reflow might be plate-
let/endothelial activation, vasospasm, inflammatory response
and myocardial edema explained by Abbate’s group via animal
studies [4]. In clinical practice, High Thrombus Burden (HTB)
was identified as an independent predictor of no-/slow-reflow
[5-7]. Previous research studies have suggested that excessive
interventions in HTB state, especially stent implantation, might
inevitably produce small thrombus and release atherosclerotic
substances [8], both of which were able to embolize the distal
vessels, inducing inflammation, interstitial oedema, and vaso-
spasm to damage microcirculation, and further, leading to no-/
slow-reflow [9-11]. So far, attempts to avoid embolization by
using mechanical and manual thrombectomy and distal protec-
tion haven’t shown desirable result [12-15].

Firstly reported by Isaaz, et al., [16], the concept of Minimal-
ist Immediate Mechanical Intervention (MIMI) at early stage of
STEMI ahead of stenting has attached much attention. MIMI
provides good prerequisites for Deferred Stenting (DS) implan-
tation. In recent years, there emerged an increasing number of
clinical reports on the application of DS showing positive prog-
nosis comparing to IS for STEMI patients with HTB [16-20]. Af-
ter a continuous blood flow has been maintained in the IRA,
DS could prevent embolisation, and thus potentially improve
clinical outcome. This prevention might be caused by reduced
microvascular obstruction and increased myocardial salvage.
Several articles have analyzed the difference between DS and
IS in patients with STEMI and HTB, in which there were various
research designs, methods and conclusions. A meta-analysis is
needed to analyze the special angiographic HTB group of pa-
tients who might benefit from DS. Hence, we systematically
reviewed relevant studies comparing deferred and immediate
stenting strategy in STEMI patients with HTB.

Methods

This article was conformed to PRISMA (preferred reporting
items for systematic reviews and meta-analyses) statement for
reporting systematic reviews and meta-analyses of population-
based studies [21].

Screening methods

We searched for population-based studies including Ran-
domized Controlled Trial (RCT) and observational study that
compared deferred and immediate stenting in STEMI patients
with HTB. Cochrane Library, Embase, Pubmed, Web of Sci-
ence and China National Knowledge Infrastructure (CNKI) were
searched for relevant articles with the key words of “delayed”,
“deferred”, “postponed”, “two stage”, “stent”, “percutaneous
coronary intervention”, “PCl”, “STEMI”, “ST-segment Elevation
Myocardial Infarction”, “thrombus burden”, “thrombus load”,
from January 1, 2000 to October 1, 2020. During the search pro-
cess, no restrictions concerning language or publication status

were imposed.

Inclusion and exclusion criteria

The inclusion criteria are as follows: RCT or non-random-
ized, prospective, observational study design; Study compared
deferred and immediate stenting in the patients with STEMI
(symptom onset <12 hours) and high thrombus burden (Gib-
son thrombus score [22] 22 or high-burden thrombus forma-
tion [23]) at first angiography; MIMI strategy before deferred
stenting was carried out: attained Thrombolysis In Myocardial
Infarction (TIMI) 2 or 3 flow after Percutaneous Transluminal
Coronary Angioplasty (PTCA), thrombus aspiration, or other
methods without stenting; Study reported at least one of the
following outcomes: no-/slow-reflow, TIMI flow and Myocardial
Blush Grade (MBG) after the stent implantation, Major Adverse
Cardiac Events (MACE) at the follow-up period. The exclusion
criteria was that patients in the study were treated with intra-
venous thrombolysis or had a history of coagulation disorder. In
terms of article type, case reports and case series were exclud-
ed for the representativeness of large populations is unknown.

Definition

No-flow was defined as TIMI= 0/1 flow after stenting im-
plantation and slow-reflow was defined as TIMI = 2 flow after
stenting implantation. MACE included events of cardiac death,
non-fatal myocardial infraction and target vessel revasculariza-
tion that reported by each research. Gibson thrombus score
was defined as: 1) TIMI thrombus score 0, no cineangiographic
characteristics of thrombus are present, 2) TIMI thrombus score
1, possible thrombus is present, with such angiography char-
acteristics as reduced contrast density, haziness, irregular le-
sion contour, or a smooth convex “meniscus” at the site of total
occlusion suggestive but not diagnostic of thrombus, 3) TIMI
thrombus score 2, there is definite thrombus, with greatest di-
mensions <1/2 the vessel diameter, 4) TIMI thrombus score 3,
there is definite thrombus but with greatest linear dimension
>1/2 but <2 vessel diameters, 5) TIMI thrombus score 4, there
is definite thrombus, with the largest dimension >2 vessel di-
ameters, 6) TIMI thrombus score 5, there is total occlusion [22].
High-burden thrombus formation including: 1) cutoff pattern of
occlusion in the IRA, 2) accumulated thrombus (>5 mm) proxi-
mal to the occlusion, 3) presence of floating thrombus, 4) per-
sistent dye stasis distal to the obstruction, 5) Reference Lumen
Diameter (RLD) of the IRA 24 mm, 6) incomplete obstruction
with presence of accumulated thrombus more than three times
the RLD of the IRA [23].

Data extraction and quality assessment

The information of the study characteristics (e.g. author, year
of publication), patient characteristics (e.g. age, gender), angio-
graphic feature (e.g. no-/slow-reflow phenomenon, MBG) and
clinical outcome (e.g. MACE) from each eligible studies were
extracted. For data with multiple follow-up times, we chose
the longest one. Two researchers independently screened the
searched studies for study inclusion, a third researcher was in-
volved when there was a discrepancy.

Quality control

The Cochrane Collaboration’s tool were used to quality as-
sessment for RCTs, which includes the following items: alloca-
tion sequence generation, allocation concealment, participant
masking, personnel and outcome assessors, completeness of
outcome data, and selective outcome reporting [24]. Newcas-
tle-Ottawa Scale (NOS) was selected for quality assessment of
observational studies, which refers to selection, comparability
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and outcome [25].
Statistical analysis

Meta-analyses were performed for each of the outcomes
stratified by study design (observational studies or RCTs). The
random effects model was used for all analyses because it was
the most applicable and conservative method for comparing
heterogeneity between different reports. For continuous out-
comes, we calculated Weighted Mean Differences (WMD) and
95% Confidence Intervals (Cl). For dichotomous outcomes we
calculated relative risks (RR) and 95% Cls using Mantel-Haenszel
approach. Heterogeneity was assessed using the I statistic, with
values <25%, 25% to 50%, >50% indicating low, moderate, and
high heterogeneity, respectively. Publication bias were assessed
using funnel plot and Egger’s test, and P<0.05 was considered
the existence of significant publication bias. Duval and Tweed-
ie’s Trim and Fill yields an unbiased estimate of effect sizes after
adjusting for potential publication bias [26]. All statistical analy-
ses were conducted using STATA 15 and Revman 5.3.

Results

Search results and characteristics of included studies: The
study inclusion process was illustrated in (Figure 1). We identi-
fied 7 randomized controlled trials involving 518 patients [27-
33] and 3 prospective cohort studies involving 235 patients
[19-20,34] in this systematic review. Baseline information of
included studies were presented in Table 1 and Table 2. The de-
lay time for DS ranged from 8 hours to 14 days and the follow-

Table 1: Baseline characteristic of included studies.

up period ranged from 14 days to 21 months. Most population
were males and the average age varying from 54 to 69 years
among studies. Of all patients, 30% to 64% had hypertension,
14% to 37% had diabetes mellitus, 20% to 77% had dislipidemia,
25% to 75% had smoking history, 5% to 20% had previous myo-
cardial infraction, 4% to 72% had multi-vessel coronary disease.

Records identified through database searching:
Cochrane Central Register of Controlled Trials (n=68)
Embase (n=476)

Pubmed (n=218)

Web of Science (n=460)

China National Knowledge Infrastructure (n=270)

] [ Identification }

All (n=1492)
Records after duplicates removed
(n=1052)
&0
&l
=
E v
A Records screened Records excluded: -
(n=38) > Obviously irrelevant articles
(n=1014)
— l
Full-text articles assessed Full-text articles excluded:
= for eligibility —> = Not with high thrombus burden (n=25)
2 (n=10) = No required results reported (n=3)
=)
=

l

Studies included in
qualitative synthesis
(n=10)

l

Studies included in
quantitative synthesis
(meta-analysis)
(n=10)

J

Included

[

Figure 1: Study inclusion and exclusion process.

GPlibllla inhibitor .
. o . . . Delay time for | Follow-up after
Study Year Design Country used after initial Major bleeding definition .
. A DS, day stenting, month
interventions
Hu, et al. 2011 RCT China NR NR 7to 14 0.47
Yin, et al. 2011 RCT China NR NR 7 1
. 1S: 24-36 hours TIMI definition
Luo, et al. 2014 RCT China 7 6
DS: 24-36 hours
. IS: No .
Ye, et al. 2014 RCT China Intracranial hemorrhage 10to 14 0.47
DS: 36-48 hours
. 1S: 24-72 hours
Zhang, etal. = 2015 RCT China NR 7to 10 3
DS: 24-72 hours
. . IS: 36 hours
Xie, et al. 2017 RCT China NR 0.33t0 0.67 6
DS: 36 hours
. IS: 24 hours
Ma, et al. 2019 RCT China NR 7 12
DS: 24 hours
1) Fall in Hb>3.0 g/dL with transfusion>2.0 units
. of blood
Prospective . 1S:12-24 hours .
Tang, et al. 2011 China 2) Intracranial hemorrhage 7 6
cohort study DS:72-96 hours R
3) Retroperitoneal hemorrhage
4) Gastrointestinal bleeding
Prospective . IS: No s
Ke, et al. 2012 China TIMI definition At least 7 12
cohort study DS: 48-72 hours
Custodio- .
j Prospective X
Sanchez, 2018 Mexico NR NR 3 21
al cohort study
etal.

IS: Immediate Stenting; DS: Deferred Stenting; RCT: Randomized Controlled Trial; NR: Not Reported
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Table 2: Baseline information of included studies.

Study Population Male Average age | Hypertension [')iabetes mel- | Dislipidemia = Smoking | Previous Ml MuIFi-vesseI coro-
(n)I1S/DS | (%) IS/DS | (year)1S/DS (%) 1S/DS litus(%) 1S/DS (%) 1S/DS | (%) 1S/DS | (%) 1S/DS | nary disease (%) I1S/DS

Hu, et al. 2011 29/29 55/38 61/58 52/59 31/28 52/62 48/59 NR 24/28

Yin, etal. 2011 45/45 35/67 65/69 36/35 32/29 NR NR 20/16 72/68

Luo, et al. 2014 65/64 62/59 60/57 40/44 37/27 77/72 69/75 8/5 9/14

Ye, et al. 2014 14/14 71/64 66/66 57/64 36/36 NR NR NR NR
Zhang, et al. 2015 32/30 75/80 63/64 53/43 25/30 47/50 47/47 NR NR

Xie, et al. 2017 43/40 70/70 60/60 49/45 NR NR NR NR NR

Ma, et al. 2019 34/34 56/62 64/67 NR NR NR NR NR NR

Tang, etal. 2011 46/39 60/48 64/68 51/43 19/15 49/38 57/48 NR 13/10

Ke, et al. 2012 50/53 76/81 61/58 30/36 14/17 20/25 28/25 14/11 12/17
Cuszd;ﬁii:;hez' 19/28 84/86 61/54 47/39 32/36 32/25 47/46 16/14 16/4

NR: Not Reported.
Results of quality assessment

The quality assessment on the reviewed RCTs by Co-
chrane Collaboration’ s tool was shown in Supplementary (Fig-
ure 1). All of the trials showed performance bias and unclear
risk of detection bias. One trial showed attrition bias. For pro-
spective cohort studies, as shown in Table 3, we used Newcas-
tle-Ottawa Scale (NOS) for quality assessment. All studies got
the total scores of 9.

Efficiency of DS vs IS

Meta-analysis about the no-/slow-reflow: There were 8 out
of the 10 reviewed studies assessed incidence of no-/slow-re-
flow in patients had DS or IS (Figure 2). Meta-analysis of 5 RCTs
shown DS group had a significantly lower incidence of no-/slow-
reflow compared to IS group (RR = 0.34, 95%Cl [0.20, 0.59], P
< 0.001; P for Heterogeneity = 0.587, I1> = 0.0%). Meta-analysis
of 3 prospective cohort studies demonstrated similar result but
a wide Cl was insignificant (RR = 0.32, 95%Cl [0.09, 1.11], P =
0.072; P for Heterogeneity = 0.109, I = 55.0%).

%

Study Events_IS Total IS Events DS Total DS RR (95% CI) Weight
Randomized controlled trial
Yin, et al.2011 14 45 3 45 -+ 0.21(0.07,0.69) 2160
Hu, etal.2011 i 29 0 29 - 0.07 (0.00, 1.12) 3.77
Zhang, et al.2015 2 32 0 30 * 0.21(0.01,4.26) 3.33
Xie, et al. 2017 T 43 3 40 + 046 (0.13,1.66) 18.19
Ma, et al.2019 16 34 i 34 er———— 0.44(0.21,0.83) 53.12
Subtotal (l-squared = 0.0%, p = 0.587) ] 0.34(0.20,0.59)  100.00
Prospective cohort study
Tang, et al.2011 T 47 0 40 0.08(0.00,1.33) 14.52
Ke, et al. 2012 9 50 2 53 -+ 0.21(0.05,0.92) 32.56
Custodio-Sanchez, etal.2018 11 19 10 28 ——— 062 (0.33, 1.16) 5282
Subtotal (I-squared = 55.0%, p = 0.109) 0.32(0.09,1.11)  100.00
T T
.01 5
Favours DS Favours IS

Figure 2: Forrest plot for no-/slow-reflow in DS vs. IS groups.

Table 3: Quality assessment of prospective cohort studies (Newcastle-Ottawa Scale Criteria).

Tang, et al., 2011 Ke, et al., 2012 Custodio-Sanchez, et al., 2018

Selection

Representativenessof the exposed cohort 1 1 1
Selection of the nonexposed cohort 1 1 1
Ascertainmentof exposure 1 1 1
Demonstration that outcomeof interest was not presentat start 1 1 1
of study

Comparability

Comparability of cohorts on the basis of the design or analysis 2 2 2
Outcome

Assessment of outcome 1 1 1
Was follow-up long enough for outcomes to occur 1 1 1
Adequacy of follow up of cohorts 1 1 1
Total Score 9 9 9
Annals of Cardiology and Vascular Medicine 4
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3.3.2 Meta-analysis about the TIMI 3 flow. Meta-analysis of
3 RCTs and 3 prospective cohort studies assessed instant TIMI
3 flow after DS or IS implantation (Figure 3A). DS group showed
better TIMI 3 flow both in RCTs (RR= 1.29, 95%CI [1.13, 1.48],
P<0.001, P for Heterogeneity= 0.394, I*>= 0.0%) and prospective
cohort studies (RR= 1.19, 95% CI [1.08, 1.32], P= 0.001, P for
Heterogeneity= 0.842, I*= 0.0%).

Meta-analysis about the MBG

Meta-analysis of 2 RCT and 2 prospective cohort studies as-
sessed WMD of MBG in patients had DS or IS (Figure 3B). DS
group was found to be significantly related to a superior level of

MBG both in RCTs (WMD= 0.70, 95% CI [0.57, 0.82], P < 0.001,
P for Heterogeneity= 0.390, I*>= 0.0%) and in prospective cohort
studies (WMD=0.57, 95% CI [0.36, 0.79], P<0.001, P for Hetero-
geneity= 0.493, 1= 0.0%).

Meta-analysis about MACE

Six RCTs and 3 prospective cohort study assessed the inci-
dence of MACE in patients had DS or IS (Figure 4). The meta-
analysis showed that DS group tend to have a lower occurrence
of MACE versus IS (For RCTs: RR= 0.60, 95%Cl [0.28, 1.29], P=
0.190, P for Heterogeneity= 0.705, |1>= 0.0%; for prospective co-
hort studies: RR=0.76, 95% Cl [0.22, 2.59], P= 0.665, P for Het-
erogeneity= 0.227, 1>= 32.6%).

%

Study Events_IS Total_IS Events_DS Total_DS RR (95% Cl) Weight
Randomized controlled trial
Hu,et al.2011 22 29 29 29 —— 1.31(1.08,1.62) 4151
Zhang, et al.2015 25 32 28 30 —— 1.19(0.97, 1.47) 43.55
Ma, et al 2019 18 34 28 34 —— 1.56(1.08,221) 14.94
Subtotal (I-squared = 0.0%, p = 0.394) o 1.29(1.13, 1.48) 100.00
Prospective cohort study
Tang, et,al. 2011 38 a7 39 40 —_— 1.21(1.04, 1.40) 4588
Ke, etal 2012 41 50 51 53 —— 1.17 (1.02, 1.35) 50.80
Custodio-Sanchez, et al.2018 9 19 18 28 e pe ] 1.36(0.78,2.35) 3.33
Subtotal (I-squared = 0.0%, p = 0.842) o 1.19(1.08, 1.32) 100.00

T T

1 . { 5
A Favours IS Favours DS

%

Study Total IS Mean_ IS SD_IS Total DS Mean_DS SD_DS WMD (95% CI)  Weight
Randomized controlled trial
Yinetal.(2011) 45 12 1.12 45 224 93 0.52(0.09, 0.95) 8.57
Yeetal.(2014) 14 2.071 221 14 2786 114 — 0.71(0.58, 0.85) 91.43
Subtotal (I-squared = 0.0%, p = 0.390) ~ 0.70(0.57,0.82) 100.00
Prospective cohort study
Tang,et al.(2011) 46 245 1.02 39 295 22 —_— 0.50(0.20, 0.80) 50.10
Ke.etal.(2012) 50 18 .88 53 245 67 —, 0.65(0.35, 0.95) 49.90
Subtotal (I-squared = 0.0%, p = 0.493) — 0.57 (0.36, 0.79) 100.00

1 I

-1 1
B Favours IS Favours DS

Figure 3: (A) Forrest plot for TIMI 3 flow in DS vs. IS groups. (B) Forrest plot for MBG in DS vs. IS groups.

%

Study Events_IS Total IS Events DS Total DS RR (95% CI) Weight
Randomized controlled trial
Hu, etal.2011 8 29 1 29 0.17 (0.02,1.30) 13.75
Luo, et al.2014 4 65 2 84 0.51(0.10,2.68) 20.9%
Ye, etal 2014 2 14 1 14 0.50 (0.05,4.90) 11.12
Zhang, et al 2015 3 32 2 30 0.71(0.13,3.97) 19.63
Xie, etal 2017 1 43 o 40 0.36 (0.01,8.54) 5.76
Ma, et al. 2019 3 34 4 34 1.33(0.32,551) 28.77
Subtotal (I-squared = 0.0%, p = 0.705) — 0.60(0.28,1.29) 100.00
Prospective cohort study
Tang, et al.2011 2 47 1 40 0.59 (0.06,6.24) 21.16
Ke, etal.2012 8 50 2 53 -+ 0.31(0.07,1.49) 3843
Custodio-Sanchez, et al.2018 2 19 6 28 + 2.04 (0.46,9.04) 40.41
Subtotal (l-squared = 32.6%, p = 0.227) —— T [ 0.76 (0.22,2.59) 100.00

T I

01 10

Favours DS Favours IS

Figure 4: Forrest plot for MACE in DS vs. IS groups.

Results of sensitivity analysis and publication bias

A sensitivity analysis for each meta-analysis with at least
three studies was carried out by removing each of the study
to assess for its influence on the overall effect value. The result
demonstrated that I of sensitivity for no-/slow-reflow changed
from 55.0 to 0.0% when removed the study of Custodio-San-
chez, et al., which indicated that the heterogeneity was mainly
due to this study. The forest plot without Custodio-Sanchez,
et al., was shown in Figure 5 and the result was similar. Fun-
nel plots and Egger’s tests for each of the outcomes were per-
formed to detect the publication bias (Supplementary Figure

2A-C). Visually, the result of no-/slow-reflow was asymmetry in
the funnel plot, suggesting the possible risk of publication bias.
In addition, the result of the Egger’s test also indicated the po-
tential risk of publication bias (P=0.007). Trim-and-fill analysis
procedure identified and filled four imputed studies to generate
symmetrical funnel plot (Supplementary Figure 2D). Meta-anal-
ysis combing these four studies showed similar results (adjusted
RR = 0.46, 95% Cl: [0.30, 0.69], P<0.001; P for Heterogeneity=
0.362, Q=12.02). And each study had no significant effect on RR
when removed individually.

Annals of Cardiology and Vascular Medicine
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%

Study Events_IS Total IS Events_ DS Total DS RR (95% Cl) Weight
Randomized controlled trial
Yin, et al.2011 14 45 3 45 0.21 (0.07, 0.69) 21.60
Hu, et al.2011 T 29 0 29 < 0.07 (0.00, 1.12) 3.77
Zhang, et al 2015 2 32 0 30 0.21(0.01, 4.26) 3.33
Xie, et al.2017 7 43 3 40 -+ 0.46 (0.13, 1.66) 18.19
Ma, et al.2019 16 34 7 34 R 0.44 (0.21, 0.93) 53.12
Subtotal (I-squared = 0.0%, p = 0.587) _— 0.34 (0.20, 0.59) 100.00
Prospective cohort study
Tang, etal.2011 7 47 0 40 < 0.08 (0.00, 1.33) 21.51
Ke, etal2012 9 50 2 53 —— 0.21(0.05, 0.92) 78.49
Subtotal (I-squared = 0.0%, p = 0.533) ————— 0.17 (0.05, 0.63) 100.00

I

Favours DS Favours DS

Figure 5: Sensitivity analysis forest plot for no-/slow-reflow excluding outlier study.

Discussion

STEMI is a serious health issue known for its high mortal-
ity rate due to acute occlusion of coronary vessel. Even though
the rapid recovery of antegrade flow by stenting, there is still
a group of patients showed indirect signs of ischemia, such as
changes in electrocardiogram and decline in cardiac function.
Angiography imaging of these patients also showed no-/slow-
reflow phenomenon with evidence of distal embolism, which
denies the benefits of early reperfusion treatment and remain
at higher risk for short and long term mortality [35].

In addition to shortening the time of reperfusion and careful
mechanical intervention, the treatment of HTB at first angiog-
raphy has become another difficult problem in preventing no-/
slow-reflow. Even with the current use of drug-eluting stents,
HTB is still an independent predictor of MACE in STEMI patients
with a high incidence of no-/slow-reflow [36]. Since thrombec-
tomy was no longer recommended as a routine therapeutic
measure [12-14], adequate restoring of the blood flow and ef-
ficient anti-thrombotic therapy before implanting stenting play
a pivotal role in reducing HTB state. And this is also reflected the
concept of MIMI at early stage of STEMI. Thus, it seems that DS
strategy can both reduce thrombus burden and increase myo-
cardial salvage [37]. But until now, it is not clear whether DS or
IS will give better prognosis to STEMI patients with HTB.

Our meta-analysis has shown that DS significantly attenuated
the occurrence of no-/slow-reflow presented by the increase of
TIMI 3 flow and MBG in STEMI patient with HTB. For short-term
prognosis, DS was prone to decrease MACE. The reduction of
no-/slow-reflow might be explained by the “transition period”
that DS provided for the restoring of cardiovascular homeosta-
sis, during which thrombus was sufficiently dissolved, hyperco-
agulability was down-regulated and inflammation was cooled
down [38-40]. As for potential improvement of MACE, reduced
thrombus burden and sufficient myocardial tissue perfusion
prevent the recurrence of Ml and target vessel revasculariza-
tion. So the better cardiac outcome is easily to be understood
because of more myocardial viability and less ventricular re-
modeling. Although DS showed advantage in these outcomes,
its security is also what we need to concern. In the original re-
searches, there was no recurrent ischemia event reported dur-
ing the waiting period before DS [19-20,28-29]. We considered
that this may benefit from proper use of antiplatelet drugs and
adequate elimination of the thrombus burden, which also pro-
vided a safety guarantee for the choice of DS.

Inthe large four RCTs (DEFER-STEMI, DANAMI 3-DEFER, MIMI
and INNOVATION study [41-44]) compared DS and IS strategy in
STEMI patients, they couldn’t find benefits of DS compared with

IS. None of these studies considered high thrombus burden as
a condition for selecting patients, and therefore the potential
benefits of DS could not be denied. A previous meta-analysis
[45] focusing on these four RCTs used meta-regression analysis
and found that compared with patients who had low thrombus
burden at baseline, a favorable treatment effect on no-/slow-re-
flow with DS was seen in participants with a baseline HTB. The
result indirectly reminded us that DS might be a feasible and
effective strategy for patient with these characteristic. Years
later, another meta-analysis [46] specially compared DS with
IS in patients with HTB and the results were supportive of DS
strategy in reducing no-/slow-reflow and MACE. Yet, the orig-
inal research and population that analysis chose were not so
appropriatel for example, patients were not STEMI or already
underwent initial thrombolysis. Our study focused those homo-
geneous patients who have a clear diagnosis of STEMI with high
thrombus burden at the first angiography and without intra-
venous thrombolysis, given that the use of thrombolytic drugs
could influence the judgment of HTB. Besides, we conducted a
publication bias analysis to ensure the results more objective.
Our results suggested that the DS strategy for patients with
HTB needs to be conducted more selectively. Although it signifi-
cantly reduced the incidence of no-/slow-reflow and increased
blood perfusion, different from previous analysis, its safety and
incidence of MACE need to be further observed.

This meta-analysis has several limitations. Firstly, there was
a publication bias in the result of no-/slow-reflow, but after
trim-and-fill analysis procedure, the adjusted RR was similar
with the unadjusted one. Therefore, these finding should be
interpreted with cautions. Secondly, most of the included stud-
ies were from China, so the extrapolation value of conclusions
is limited. Meanwhile, small population of patients enrolled
might have induced possible imprecise estimates in terms of
differences between DS and IS. Thirdly, the time period from
the initial reperfusion to stenting in the reviewed studies were
different (ranging from 8 hours to 14 days) and the follow-up
times varied over these studies (ranging from 14 days to 1 year),
which would have an influence on prognosis. We expect well-
designed multicenter randomized controlled trials focusing on
high thrombus burden populations could further establish the
benefits for DS than IS in STEMI patients with HTB.

In conclusion, the present study showed that DS was more
beneficial than IS in patients with STEMI and HTB, for reduc-
tion of no-/slow-reflow phenomenon, increase of TIMI 3 flow
and MBG after stenting. Potential benefits of MACE and safety
evaluation need further study to clarify.
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