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Abstract

Whether the clinical outcomes of stent thrombosis (ST) are different when stratified by time of occurrence remains unclear.
The objective of this study was to compare the short- and long-term clinical outcomes after percutaneous coronary interven-
tion (PCI) for early stent thrombosis (EST) versus late stent thrombosis (LST) and very late stent thrombosis (VLST). We
enrolled eligible studies searched from the main electronic databases (EMBASE, PubMed, Cochrane). The primary endpoints
were in-hospital, 30-day, 1-year and long-term mortality. The secondary endpoints included recurrent stent thrombosis
(RST) and target vessel/lesion revascularization (TVR/TLR) during hospitalization, at 30 days, at 1 year and at long-term
follow-up. A total of 23 studies with 17,592 patients were included. Compared with mortality rates of the late and very late
thrombosis (LST/VLST) group, in-hospital (P =0.004), 30-day (P <0.00001), 1-year (P <0.00001) and long-term mortality
rates (P=0.04) were significantly higher in the EST group. The in-hospital TVR/TLR rates were similar between the EST
group and the LST/VLST group. However, a higher trend in TVR/TLR rate at 30 days and a significantly higher TVR/TLR
rate at 1 year (P=0.002) as well as at long-term follow up (P=0.009) were found in the EST group. EST patients also trended
toward higher risk of RST in both short- and long-term follow-up than LST/VLST patients, although differences were not
statistically significant. After PCI treatment, patients with EST have worse clinical outcomes in both short- and long-term
follow-up than patients with LST/VLST. Further studies are warranted to determine the optimal treatment strategies for EST.
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(EST), occurring within 30 days after index PCI, late stent
thrombosis (LST), occurring from 30 days to 1 year after
index PCI, and very late stent thrombosis (VLST), occur-
ring more than 1 year after index PCI [3]. Recently, several
studies investigated the associations between the timing
of ST occurrence and the clinical outcomes of ST, but the
results were inconsistent [4—26]. Therefore, we conducted a
meta-analysis to compare the short-term and long-term clini-
cal outcomes following PCI for patients with EST versus
patients with LST and VLST.

Methods

A study protocol was developed prior to data collection
and was registered on PROSPERO and can be accessed
at https://www.crd.york.ac.uk/prospero/display_recor
d.php?ID=CRD42019144994.

Search strategy and study selection

We searched the literature in the PUBMED, EMBASE and
Cochrane Library databases, using combinations of the fol-
lowing key words: “outcome” OR “prognosis” AND “early
stent thrombosis” OR “acute stent thrombosis” OR “suba-
cute stent thrombosis” OR “late stent thrombosis.” An ini-
tial screen of titles and abstracts was conducted to exclude
studies that were irrelevant to the present study. Full-text of
the relevant articles were evaluated by the selection crite-
ria. Studies were eligible for inclusion if they: (1) compared
the clinical outcomes of EST versus LST or VLST; (2) had
angiographically confirmed (definitive) ST; (3) included PCI
treatment for ST; (4) follow-up time including in-hospital,
30-day, 1-year and long-term periods (> 1 year); (5) had at
least 30 participants; and (6) were randomized clinical trials,
observational studies or abstracts with sufficient data. Stud-
ies were excluded if they: (1) did not compare the clinical
outcomes of EST versus LST or VLST; (2) included prob-
able or possible ST; (3) included unclear treatment for ST;
(4) had other follow-up periods such as 7-day, 180-day, etc.;
(5) participants were fewer than 30; and (6) were categorized
as case reports or comments. In addition, reference lists of
the selected studies were also screened for potential articles.

Data extraction and quality assessment

Data extraction was performed using a standardized data
collection form. The primary endpoints were in-hospital,
30-day, 1-year and long-term mortality. The secondary end-
points included RST and TVR/TLR during hospitalization,
at 30 days, at 1 year and at long-term follow-up. Definitions
of “ST”, “RST”, “TVR” and “TLR” corresponded with the
Academic Research Consortium criteria [3]. Study quality

was assessed by using the Newcastle-Ottawa Scale [27].
Two reviewers independently performed the study search
and selection, data extraction and quality assessment of
the selected studies. Disagreements were resolved by team
discussion.

Statistical analysis

Results were analyzed using computed pooled risk ratios
(RR) with 95% confidence intervals (CIs). Statistical het-
erogeneity was evaluated by the Cochrane Q test and the I?
statistic. A random-effect model was used when a significant
heterogeneity (P <0.05 or I? > 50) was detected, otherwise, a
fixed-effect model was used (P> 0.05 or I><50%). To ana-
lyze intuitively, LST and VLST patients were combined as
the control group for EST. Statistical analysis was carried
out using the REVIEW MANAGER software (Version 5.3,
Cochrane Collaborative, Oxford, England).

Results

Study characteristics

The literature search strategy process is shown in Fig. 1.
From the 4306 published studies identified, 21 observational

studies and 2 abstracts with a total of 17,592 patients were
finally enrolled in our analyses. Among the patients enrolled,

Records identified
from the clectronic
databases (n=4306)

v

Records after duplicates
excluded (n=4209)

Trrelevant articles based
on titles and abstracts
cxcluded (n=4178)

v v
Abstracts with
sufficient data
(n=2)

Full-text articles
assessed for
cligibility (n=29)

Full-text articles cxcluded

ST including probable ST
(n=3)

Treatment for ST was
unclear (n=4)

v v
Studies included in
mcta-analysis (n=23)

Follow up time was 7-day

(n=1)

Fig. 1 Flow diagram of literature search strategy process
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4937 patients had EST, and 12,655 patients had LST/VLST.
The main characteristics of the included studies are shown
in Table 1. Quality assessment of the studies is shown in
Supplementary Table 1.

Patients’ characteristics

Table 2 shows the baseline clinical characteristics of
patients in the two groups. Compared with those with
LST/VLST, patients with EST were more frequently
diabetics and presented with cardiogenic shock (CS) at
the time of ST (diabetics: 41.6% vs. 31.3%, P=0.0004,
13 studies including 15,905 patients were used for this
analysis, Supplemental Fig. 1a); (CS: 13.7% vs. 8.9%,

Table 1 Main characteristics of the included studies

P <0.00001, 10 studies including 14,181 patients con-
tributed to this analysis, Supplemental Fig. 1b). However,
male gender and hyperlipemia were more frequent in
patients with LST/VLST than in those with EST (male:
77.0% vs. 72.1%, P=0.03, 13 studies including 15,907
patients were used for this analysis, Supplemental Fig. 2a);
(hyperlipemia: 85.7% vs. 71.4%, P <0.00001, 9 studies
including 9217 patients contributed to this analysis, Sup-
plemental Fig. 2b). Four studies including 8188 patients
reported that chronic kidney disease (CKD) was higher
in the EST group than in the LST/VLST group (4.6% vs.
2.3%, P<0.00001, Supplemental Fig. 3a), while another
seven studies including 2088 patients reported the inci-
dence of CKD was markedly higher in the LST/VLST

Author Year Study type PN  [Initial stent type Type of ST Manifestation of ST Treatment Follow up time and end-
for ST points
Lemesle [4] 2009 Observational 91 DES Definite STEMI 74.7% PCI IH/1 M/1Y death, RST, MI,
MACE
Margolis [5] 2016 Observational 83 NA Definite STEMI 100% PCI 1 M death
Jones [6] 2013 Observational 194 DES/BMS definite STEMI 100% PCI LT MACE
Kimura [7] 2010 Observational 611 DES Definite STEMI 69.0% PCI 1 M/1Y/LT death
Kubo (8] 2014 Observational 152 DES/BMS Definite AMI 81.6% PCI IH/1Y/LT death; 1Y/LT
TLR, CD, MACE; LT
RST
Armstrong [9] 2012 Observational 7079 DES/BMS Definite STEMI 64.2% PCI IH death
(AMI 87.1%)
de la TH [10] 2008 Observational 301 DES Definite STEMI 83.7% PCI IH/LT death, RST
Daemen [11] 2007 Observational 152 DES Definite AMI 45.4% PCI IH/1 M death, RST, TVR
Singh [12] 2018 Observational 46 ~ DES/BMS Definite STEMI 82.6% PCI IH/LT death
Kuramitsu [13] 2019 Observational 313 DES Definite NA PCI 1 M/1Y/LT death, RST
Mahmoud [14] 2011 Observational 113 DES/BMS Definite STEMI 85.0% PCI 1 M/1Y death
(AMI 100%)
Lempereur [15] 2016 Observational 101 DES/BMS Definite STEMI 62.5% PCI 1 M/1Y death, TVR,
MACE
Kim [16] 2019 Observational 243 DES/BMS Definite STEMI 63.8% PCI 1Y MACE
(AMI 89.7%)
Armstrong [17] 2014 Observational 656 NA Definite NA PCI 1 M death
Almalla [18] 2013 Observational 106 DES/BMS Definite STEMI 78.3% PCI LT MACE
Van Werkum [19] 2009 Observational 431 DES/BMS Definite NA PCI LT MACE
Katsikis [20] 2019 Observational 131 DES/BMS Definite STEMI 88.0% PCI LT death
Yeo [21] 2015 Observational 210 DES/BMS Definite STEMI 65.0% PCI LT MACE
(AMI 90.0%)
Konishi [22] 2019 Observational 370 DES Definite AMI 29.5% PCI IH death
Tovar Forero [23] 2019 Observational 679 DES/BMS Definite AMI 87.2% PCI LT MACE
Feldman [24] 2011 Abstract 5319 DES/BMS Definite STEMI 62.2% PCI IH death
(AMI 84.8%)
Shimotakahara [25] 2013 Abstract 102 BMS Definite NA PCI LT death, TLR
Kukreja [26] 2009 Observational 109 DES/BMS Definite NA PCI LT death

PN patient number, ST stent thrombosis, DES drug-eluting stent, BMS bare-metal stent, NA not available, /H in-hospital, PCI percutaneous coro-
nary intervention, / M 1 month, /Y 1 year, LT long-term, MACE major adverse cardiovascular event, RST recurrent stent thrombosis, AMI acute
myocardial infarction, STEMI ST segment elevation myocardial infarction, TVR target vessel revascularization, TLR target lesion revasculariza-

tion, CD cardiac death, MI myocardial infarction
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Table 2 Baseline clinical characteristics of patients
Study PN MA (years) Male (%) HTN (%) DM (%) HLP (%) CS (%) CKD (%)

EST LST EST LST EST LST EST LST EST LST ETS LST EST LST EST LST
Lemesle [4] 51 40 614 635 510 700 863 825 549 475 882 950 392 20 21.6 22.5
Margolis [5] 35 48 669 652 830 870 710 730 37.0 310 71.0 87.0 NA* NA*
Jones [6] 67 127  62.6* 71.0% 57.5% 26.0* 55.0% 6.2% NA*
Kimura [7] 322 289 67.1 648 810 83.0 720 750 43.0 400 NA* 11.0 59 6.8 19
Kubo [8] 55 97 659 672 800 856 746 629 49.1 37.1 509 57.7 1277 41 9.1 25.8
Armstrong [9] 1391 5688 61.0 605 67.1 757 858 852 437 302 856 8.1 134 96 3.6 2.0
de la TH [10] 149 152 625 584 600 783 530 454 400 21.7 43.0 533 NA* 7.4 2.6
Daemen [11] 91 61 619 58.0 73.0 80.0 390 460 280 8.0 450 540 9.0 8.0 9.0 2.0
Singh [12] 38 8 58.6* 73.9% 45.7* 45.7* 32.6* 184 125 NA*
Kuramitsu [13] 179 134 682 679 844 746 788 799 458 50.7 81.6 82.8 89 27 39 6.0
Mahmoud [14] 59 54 63.5% 77.0* 44.2%* 13.3* 43.4% NA* NA*
Lempereur [15] 36 65 644 640 722 785 583 662 444 323 NA* 194 92 0.0 1.5
Kim [16] 110 133 64.4%* 69.5% 59.7* 40.7* 9.1% NA* 38.7*
Armstrong [17] 129 527 656 645 984 994 NA* 53.5 50.7 NA* NA* 9.3 4.7
Almalla [18] 86 20 69.7* 80.2% 71.6* 30.2% NA* 28.3* 20.8%*
Van Werkum [19] 317 114 61.1% 74.9% 46.9% 23.2% 53.1%* NA* 16.9*
Katsikis [20] 14 117 65.0*% 85.0%* 66.0* 23.0* 64.0% 10.0* 17.0*
Yeo [21] 69 141  61.0* 86.0%* 76.0* 39.0% NA* 21.0* 15.0*
Konishi [22] 287 83 685 692 804 813 51.1 651 402 410 412 482 NA 2.7 22.9
Tovar Forero [23] 345 334 641 614 742 799 512 548 236 207 541 662 169 69 178 21.5
Feldman [24] 1012 4307 620 60.8 68.0 749 NA* 43.1 30.2 NA* 13.5 8.6 NA*
Shimotakahara [25] 40 62 NA* NA* NA* NA* NA* NA* NA*
Kukreja [26] 55 54 61.8% 72.2% 38.1°%* 15.4% 48.5% NA* NA*

PN patient number, MA mean age, HTN hypertension, DM diabetes mellitus, HLP hyperlipemia, CS cardiogenic shock (at the time of ST), CKD

chronic kidney disease, EST early stent thrombosis, LST late stent thrombosis (including very late stent thrombosis here), NA not available

*Qverall

group than in the EST group (21.5% vs. 8.7%, P=0.001,
Supplemental Fig. 3b).

Table 3 shows the lesion and treatment features of the
two groups. Compared with the LST/VLST group, the EST
group had a higher rate of bifurcation lesions and left ante-
rior descending artery (LAD) lesions (bifurcation: 23.5%
vs. 15.2%, P <0.00001, 10 studies including 10,272 patients
were used for this analysis, Supplemental Fig. 4a); (LAD:
50.8% vs. 41.2%, P<0.00001, 11 studies including 10,523
patients contributed to this analysis, Supplemental Fig. 4b).
Additional stent (AS) was utilized more frequently in the
LST/VLST group than in the EST group (66.0% vs. 46.8%,
P <0.00001, 13 studies including 15,530 patients were used
for this analysis, Supplemental Fig. 5a), whereas intra-aor-
tic balloon pump (IABP) and glycoprotein IIb/IIIa inhibi-
tor (GPI) were administered more frequently in the EST
group than in the LST/VLST group (IABP: 17.3% vs. 9.5%,
P <0.0001, 7 studies including 9360 patients were used
for this analysis, Supplemental Fig. 6a); (GPI: 70.2% vs.
65.5%, P=0.02, 6 studies including 8333 patients contrib-
uted to this analysis, Supplemental Fig. 6b). No significant

differences were found between the two groups in the rate
of using thrombus aspiration (TA, LST/VLST 34.7% vs.
EST 30.4%, P=0.37, 11 studies including 14,945 patients
were used for this analysis, Supplemental Fig. 5b). The rate
of achieving thrombolysis in myocardial infarction (TIMI)
grade 3 post-PCI was significantly lower in the EST group
than in the LST/VLST group (88.3% vs. 92.6%, P <0.00001,
8 studies including 11,483 patients were used for this analy-
sis, Supplemental Fig. 7).

Primary endpoints

Analysis of 8 studies including 13,510 patients demon-
strated that in-hospital mortality was dramatically higher
in the EST group than in the LST/VSLT group (RR: 1.67,
95% CI 1.17-2.37, P=0.004, Fig. 2a). Analysis of 8 stud-
ies involving 2120 patients showed that 30-day mortality
was significantly higher in the EST group than in the LST/
VLST group (RR: 2.05, 95% CI 1.58-2.67, P <0.00001,
Fig. 2b). Moreover, 6 studies with 1381 patients contributed
to the analysis of the overall mortality at 1 year, and results
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Table 3 Lesion and treatment characteristics of patients

Study AS (%) TA (%) GPI (%) IABP (%) LAD (%) Bifurcation (%) Post TIMI 3
(%)

EST LST EST LST EST LST EST LST EST LST EST LST EST LST
Lemesle [4] 58.9 60 43.1 35 52.9 41.0 28.0 10.0 51.0 425 NA* NA*
Margolis [5] NA* NA* NA* NA* NA* NA* NA*
Jones [6] 86.5* 51.5% 89.0%* NA* 56.2% NA* NA*
Kimura [7] 32.0 40.1  78.0 76.6  NA* 41.0 28.1 56.0 56.0 29.0 250 84.0 84.0
Kubo [8] 38.7 53.6 672 722  NA* 25.5 144 452 475 629 374 887 950
Armstrong [9] 51.2 66.5 32.1 33.0 739 672 134 9.2 48.0 389 173 142 916 944
dela TH [10] 48.0 50.0  30.0 478 68.0 63.7 NA* 72.0 743 6.0 2.6 87.0  8l1.1
Daemen [11] 33.0 48.0 12.0 12.0  39.0 30.0 NA* 54.0 540 36.0 13.0 NA*
Singh [12] 15.6 25.0 NA* 89.2 88.9 NA* 63.0%* 2.2% 60.5 100
Kuramitsu [13] NA* NA* NA* NA* 38.6 26.1 464 35.8 NA*
Mahmoud [14] 62.8% 49.0 51.0 77.0% 17.7* 51.3% 40.7 NA*
Lempereur [15] 63.9 61.5 457 38.5 NA* 27.8 3.1 55.6 338 444 323 909 84.6
Kim [16] 10.7% 23.0% 30.0% 8.2% 49.6* 48.1%* NA*
Armstrong [17] 52.7 68.1  NA* NA* 13.2 4.0 40.5 334 6.8 73 85.8 86.4
Almalla 15] 68.9% 15.1% 83.0* NA* 62.3% NA* NA*
Van Werkum [19] 49.7%* 12.8%* 81.7* NA* 62.4%* 51.7% NA*
Katsikis [20] 50.0 65.0 57.3* 56.5% NA* 43.5% 3.1% NA*
Yeo [21] 64.0% 58.0%* 75.0% 16.0* 48.0%* 14.0%* NA*
Konishi [22] 25.7 29.3  66.5 56.1 NA* NA 50.7 40.2  35.1 289  NA*
Tovar Forero [23] 48.0 704 443 50.6  66.6 479 85 6.4 58.6 485 226 18.6  86.1 91.5
Feldman [24] 51.0 66.5 31.2 31.5 NA* NA* NA* NA* 879 913
Shimotakahara [25]  68.6* NA* NA* NA* NA* NA* NA*
Kukreja [26] NA* NA* NA* NA* NA* NA* NA*

AS additional stent, TA thrombus aspiration, GPI glycoprotein IIb/IIla inhibitor, JABP intra-aortic balloon pump, ST stent thrombosis, EST early
stent thrombosis, LST late stent thrombosis (including very late stent thrombosis here), LAD left anterior descending artery, T7/MI thrombolysis

in myocardial infarction, NA not available
*Overall

showed that mortality was markedly higher in the EST group
than in the LST/VLST group (RR: 1.71, 95% CI 1.36-2.13,
P <0.00001, Fig. 2c). Nine studies involving 1868 patients
contributed to the analysis of the overall mortality at long-
term follow-up, and results demonstrated that mortality was
higher in the EST group than in the LST/VLST group (RR:
1.20,95% CI 1.01-1.43, P=0.04, Fig. 2d).

Secondary endpoints

Regarding TVR/TLR, only one included study with 152
patients reported the incidence of TVR during hospitaliza-
tion, which was similar between the EST and LST/VLST
groups (EST 3.3% vs. LST/VLST 3.28%, P=1.00, Fig. 3a);
2 studies comprising 253 patients were used for analysis
of 30-day TVR, and results showed that patients with EST
had a trend toward higher risk of TVR at 30 days than
patients with LST/VLST (6.3% vs. 4.0%, P=0.33, Fig. 3b);
2 studies including 253 patients contributed to the analysis

@ Springer

of the 1-year TVR/TLR, and results showed that the EST
group had a significantly higher event rate than the LST/
VLST group (30.8% vs. 14.2%, P=0.002, Fig. 3c); 2 stud-
ies including 254 patients reported the incidence of TLR at
long-term follow-up, which was also significantly higher in
the EST group compared with the LST/VLST group (40.1%
vs. 25.8%, P=0.009, Fig. 3d).

In terms of RST, 3 studies with 544 patients, 3 studies
with 556 patients, 2 studies with 404 patients, and 3 studies
with 766 patients contributed to the analysis of the overall
incidence of RST during hospitalization, at 30 days, at 1 year
and at long-term follow-up, respectively. The results showed
that patients with EST had a trend toward higher risk of RST
during hospitalization (3.8% vs. 2.4%, P=0.39, Fig. 4a), at
30 days (7.2% vs. 3.4%, P=0.33, Fig. 4b), at 1 year (9.1%
vs. 5.7%, P=0.20, Fig. 4c) and at long-term follow-up (7.6%
vs. 4.7%, P=0.05, Fig. 4d), although differences were not
statistically significant.
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Fig.2 Forest plot with RR for EST vs LST/VLST (a) in-hospital mortality (b) 30-day mortality (c¢) 1-year mortality (d) long-term mortality

@ Springer



688

Y.-X.Yang et al.

Other outcomes of interest

One study including 152 patients reported the incidence of
cardiac death (CD) at 1 year and at long-term follow-up,
which were both numerically higher in the EST group than
in the LST/VLST group (1-year: 23.6% vs. 11.3%, P=0.05;
long-term: 25.5% vs. 18.6%, P=0.31). One study includ-
ing 91 patients reported the rates of myocardial infarc-
tion (MI) during hospitalization, at 30 days and at 1 year,
which were both numerically higher in the EST group than
in the LST/VLST group (in-hospital: 27.5% vs. 20.0%,
P=0.42; 30-day: 31.4% vs. 25.0%, P=0.31; 1 year: 37.2%
vs. 35.0%, P=0.82). Eight studies reported the incidence
of major adverse cardiovascular events (MACE, defined as
the combined endpoints of various outcomes), which were
also higher in the EST group than in the LST/VLST group
(Supplemental Table 2).

EST LSTVLST
Events Total Events Total Weight M-H, Fixed, 95% Cl

Daemen 2007 3 9N 2 61 100.0%
Total (95% CI) 91 61 100.0%
Total events 3 2
Heterogeneity: Not applicable
Test for overall effect: Z= 0.01 (P =1.00)

EST LSTVLST

Daemen 2007 4 91 3 61 71.6%
Lempereur 2016 4 36 2 65 28.4%
Total (95% CI) 127 126 100.0%
Total events 8 5

Heterogeneity: Chi*= 1.54, df=1 (P = 0.21); F=35%

Discussion

To the best of our knowledge, this is the first meta-anal-
ysis to investigate the associations between the timing of
ST occurrence and the clinical outcomes of ST. Results
showed that patients with EST had worse clinical outcomes
than patients with LST/VLST in both short- and long-term
follow-up after PCI treatment.

The poor clinical outcomes in EST patients were consist-
ent with the poor angiographic outcomes in this post-PCI
entity. In the present study, the rate of achievement of post-
PCI TIMI flow grade 3 was significantly lower in the EST
group than in the LST/VLST group. Additionally, several
studies that performed quantitative coronary angiographic
analysis found that patients with EST had a smaller mini-
mum luminal diameter and a higher percentage of diameter

Risk Ratio

1.01 [0.17, 5.84]

1.01[0.17,5.84]
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Favours EST Favours LSTVLST
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Risk Ratio
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0.89(0.21, 3.85]
3.61[0.70, 18.76]

1.67 [0.59, 4.67]
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0.01 100
Test for overall effect: Z= 0.97 (P =0.33) (b) Favours EST Favours LSTVLST
EST LSTVLST Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M_-H, Fixed, 95% CI
Kubo 2014 21 55 18 97 785% 2.06[1.20, 3.52) T
Lempereur 2016 7 36 5 65 21.5% 2.53(0.86, 7.39) T
Total (95% CI) 91 162 100.0%  2.16[1.34,3.49] -
Total events 28 23
Heterogeneity: Chi*=0.11, df=1 (P = 0.74); F= 0% =0 o1 051 150 100‘
Test for overall effect Z= 3.14 (P = 0.002) (C) ’ Févours EST Favours LSTVLST
EST LSTVLST Risk Ratio Risk Ratio
M.H, Fixed, 95% CI M-H, Fixed, 95% CI
Kubho 2014 28 55 25 97 59.0% 1.98[1.29,3.02)
Shimotakahara 2013 1 40 16 62 41.0% 1.07 [0.55, 2.06)
Total (95% CI) 95 159 100.0% 1.60[1.12, 2.29]
Total events 39 41

Heterogeneity: Chi*=2.41, df=1 (P=0.12); F=58%
Test for overall effect: Z= 2.60 (P = 0.009)
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(d)

Fig. 3 Forest plot with RR for EST vs LST/VLST (a) in-hospital TVR (b) 30-day TVR (c) 1-year TVR/TLR (d) long-term TLR
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EST LSTVLST Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M_.H, Fixed, 95% CI
Daemen 2007 1 91 1 61 17.9% 0.67([0.04,10.51)]
de la TH 2008 4 149 1 152 148% 4.08[0.46,36.08]
Lemesle 2009 6 51 4 40 67.2% 1.18[0.36, 3.89)
Total (95% CI) 291 253 100.0%  1.52[0.59, 3.90]
Total events 1 6
Heterogeneity: Chi*=1.30, df= 2 (P = 0.52); F= 0% b t r t i
Test for overall effect: Z= 0.87 (P = 0.39) ( ) o.01 E:vours EST1 Favours LégNLST 100
a
EST LSTVLST Risk Ratio Risk Ratio
- M-H, Random, 95% CI
Daemen 2007 2 91 1 61 237% 1.34[0.12,14.46)
Kuramitsu 2019 13 179 1 134 285% 9.73[1.29,73.48]
Lemesle 2009 8 51 6 40 47.7% 1.05[0.39, 2.77)
Total (95% CI) 321 235 100.0% 2.10[0.47,9.31]
Total events 23 8

Heterogeneity: Tau®= 0.97; Chi*= 4.45, df= 2 (P=0.11); F=55%
Test for overall effect: Z= 0.97 (P = 0.33)

LSTVLST

Events Total Events Total Weight M-H, Fixed, 95% CI

Kuramitsu 2019 13 179 4 134 405%
Lemesle 2009 8 51 6 40 59.5%
Total (95% CI) 230 174 100.0%
Total events 21 10

Heterogeneity: Chi*=1.30, df=1 (P = 0.26), F= 23%
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de la TH 2008 9 149 5 152 309%  1.84(0.63,5.35)
Kubo 2014 7 55 9 97 406%  1.37([0.54,3.48)
Kuramitsu 2019 13 179 4 134 285%  243(0.81,7.29)
Total (95% Cl) 383 383 100.0%  1.82[1.01,3.28]
Total events 29 18
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Fig.4 Forest plot with RR for EST vs LST/VLST (a) in-hospital RST (b) 30-day RST (c) 1-year RST (d) long-term RST

stenosis at the end of procedure as well as at long-term angi-
ographic follow-up than those with LST/VLST [4, 8, 11, 13].

These findings can possibly be explained as follows.
First, previous studies have demonstrated that patients who
develop EST are usually those with adverse baseline charac-
teristics such as DM, STEMI, CS and multivessel diseases
[1, 28]. Similarly, the present study found that patients with
EST had a higher rate of DM, bifurcation lesions and LAD
lesions than those with LST/VLST. This high baseline risk
profile in EST patients may explain per se the poor efficacy
of PCI and the higher rate of unfavorable outcomes in this
entity [18, 19, 21, 23]. Moreover, the clinical presentation at
time of ST was also more disastrous in EST patients than it
was in LST/VLST patients. As observed in the present study,

the rates of CS and IABP use at the time of presentation
were higher in the EST group than in the LST/VLST group.
This finding could partly explain the higher mortality in EST
patients, because CS has been shown to be associated with
in-hospital mortality as high as 48% and 1-year mortality
as high as 58% despite aggressive treatment therapies [29].

Second, the present study also found that in patients with
EST, surgeons tended to restore vessel patency by balloon
angioplasty only, whereas in patients with LST/VLST, they
preferred to utilize a new stent. This finding was in line with
the assumption that more stent deployment-related issues
may be noted in EST patients. Previous studies using intra-
vascular imaging have identified stent underexpansion and
acute malapposition (occurring during index procedure)
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as the most prevalent abnormalities in patients with EST.
Whereas, late malapposition (occurring during follow-up),
delayed endothelialization (manifesting as uncovered struts)
and neoatherosclerosis have been regarded as the most
important mechanisms for LST/VLST [30-33]. Moreover,
the higher rates of utilizing GPI among patients with EST
suggests that a higher thrombus burden may be present in
this critically ill subgroup [34, 35]. Therefore, patients with
EST were more likely to face more difficult and complex
challenges during PCI, which may further lead to poor
outcomes.

Finally, the higher adverse events rate in patients with
EST may be related in part to damaged coronary collater-
als. Indeed, collaterals can minimize injury to the myocar-
dium at the time of the event and result in better outcomes
[36, 37]. In patients with LST/VLST, the thrombus forma-
tion was more like a progressive evolution, thus, there was
enough time for collateral circulation to develop. However,
in patients with EST, the ability of establishing coronary
collateral circulation may be impaired by the rapid onset of
stent thrombosis due to the higher on-treatment platelet reac-
tivity [38], which may lead to a larger myocardium infarct
size and higher rates of adverse events.

Treatment of EST appears to be more challenging than
that of LST/VLST, and no specific guidelines exist for opti-
mal strategies for addressing EST. A two-step approach may
be more suitable for EST. The study of Carrick et al. [39]
demonstrated that, in high-risk STEMI patients, deferred
stenting is associated with fewer intraprocedural thrombotic
events, higher TIMI flow grade and increased myocardial
salvage compared with immediate stenting. Similarly, a
recent meta-analysis including 744 patients demonstrated
that a deferred stent implantation strategy was associated
with improved TIMI flow grade, greater TIMI myocardial
blush grade and decreased MACEs without increasing major
bleeding events in STEMI patients with a high thrombus
burden [40]. Besides, it has been suggested that use of intra-
vascular imaging including intravascular ultrasound (IVUS)
and optical coherence tomography (OCT), which ascertains
the predisposing mechanical factors of ST, may be a poten-
tial adjunctive therapy for EST [41, 42].Thus, it seems rea-
sonable to consider that aggressive EST cases can benefit
from a deferred PCI strategy with intra-coronary imaging
after optimal medical therapy. Further studies are required
to evaluate this speculative approach.

In the present study, heterogeneity was either low or moder-
ate in the results of primary and secondary endpoints, but a
high degree of heterogeneity was noted in the analysis of in-
hospital mortality (I>=68%). Differences in patients’ clinical
manifestations between the study of Konishi et al. [22] and
others may account for this heterogeneity. Patients presenting
with AMI at the time of ST only accounted for 29.5% in the
Konishi study, whereas it accounted for 70%-90% in the other
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studies (Table 1). When removing the Konishi study, the het-
erogeneity disappeared (I?=0%) and the results became more
significant (P <0.00001, Supplemental Fig. 8).

A discrepancy regarding CKD incidence was found
between studies in the EST and LST/VLST group. A pos-
sible explanation is that a significant difference exists in the
incidence of CKD between patients with VLST and patients
with LST (the rate was lower in VLST than in LST) [7-9,
13, 15, 17], which may lead to a certain level of bias when
calculating the overall rate of CKD for the combined LST/
VLST group.

Finally, male gender and dyslipidemia were found to be
more frequent in patients with LST/VLST, but no dramatic
evidence was found of the association between gender or
dyslipidemia and the prognosis of ST, except for one study
that found male gender was associated with MI at long-term
follow-up [23], and another study that identified dyslipi-
demia as an independent predictor of composite CD and MI
at five years after PCI [8].

Limitations

First, this meta-analysis shared the limitations of the original
studies. Second, the results of TVR/TLR and RST needed
to be interpreted with care since the analysis might be too
small to properly detect statistical differences between the
two groups. Third, definitions of MACE in the individual
studies were significantly different and there were limited
studies reporting the rate of MI and CD, we were there-
fore unable to conduct subgroup analyses of these outcomes
of interest in the present study. Fourth, with regard to the
methods, it would have been more appropriate to include
a negative control group (patients without ST after PCI)
and compare it with results of the EST group and the LST/
VLST group. However, only one study was enrolled that
established a negative control group [13], therefore, such
overall comparison was not possible. Fifth, we included
studies using various types of stents (BMS and DES, first-
generation DES and second-generation DES, polymer stent
and polymer-free stents, etc.) during the index procedure,
but meaningful subgroup analysis according to the initial
types of stents could not be performed due to the insufficient
data of the original articles. Finally, limited data regarding
the strategy of antiplatelet use after ST also hampered our
ability to explore the effects of this important measure for
outcomes of EST and LST/VLST.

Conclusions

After PCI treatment, patients with EST have worse clini-
cal outcomes in both short- and long-term follow-up than
patients with LST/VLST. Treatment for EST patients
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remains challenging, and further studies are needed that
concentrate on determining the optimal treatment strategies
for EST.
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