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Abstract: Background: Stent thrombosis (ST)-related ST-segment elevation myocardial infarction (STEMI) has very
high mortality and poor prognosis. With the extensive construction of the chest pain center in China, the question
arises as to whether these special patients will benefit. Methods: From January 2015 to February 2018, 316 pa-
tients with STEMI admitted to the coronary care unit (CCU) of Tianjin Chest Hospital after coronary stent implanta-
tion were enrolled in this retrospective study. All patients underwent coronary angiography. According to whether
STEMI was due to ST, these patients were divided into either a ST group (n=247) or a non-ST group (n=69). The
in-hospital mortality and major adverse cardiac events (MACEs), including all-cause mortality, re-ST, target vessel
revascularization (TVR), and acute myocardial infarction (AMI) within the 1-year follow-up were compared between
the two groups. Results: 78% of cases of STEMI following coronary stent implantation were caused by ST. The
in-hospital mortality of the ST group was 0.8% and that of the non-ST group was 1.4% (P>0.05). Forty-two cases
had MACEs in the 1-year follow-up, with a higher incidence in the ST group compared to the non-ST group (15.4%
vs. 5.8%, P=0.038). The Kaplan-Meier survival analysis showed a lower 1-year event free survival (EFS) in the ST
group compared to the non-ST group (84.6% vs. 94.2%, P=0.035). Age over 80-years-old, hypertension, diabetes,
hypercholesterolemia, and family history of coronary artery disease (CAD) were all independent risk factors for
MACE. Conclusion: ST is the leading cause of STEMI in patients following coronary stent implantation. There was no
significant difference in mortality between the ST group and the non-ST group during hospitalization, with a worse
prognosis in the ST group during the 1-year follow-up.
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Introduction tries, the annual incidence of ST-segment ele-
vation myocardial infarction (STEMI) ranged

As people’s living standards constantly im- from 43 to 144 per 100,000, while the report-

prove, with changes in diet structure as well as
faster pace of life and work, the incidence of
acute myocardial infarction (AMI) has been
increasing, with a rising incidence in a young
population [1, 2]. The prognosis of AMI has
been enhanced over the past decade because
of improvements in risk stratification, more
widespread use of invasive strategies, advanc-
es in antiplatelet agents, and extensive use of
secondary prevention strategies such as
statins [3, 4]. There are many risk factors for
AMI, some of which are controllable while oth-
ers are not. These include hypertension, smok-
ing, alcohol consumption, hypercholesterol-
emia, and diabetes mellitus. In European coun-

ed incidence in the USA was 50 per 100,000 in
2008 [5]. However, STEMI remains one of the
leading causes of death worldwide [6], with the
in-hospital mortality of unselected STEMI
patients varying from 4 to 12% in European
countries and reported 1-year mortality among
STEMI patients in angiography registries being
approximately 10% [5].

The definition of global AMI points out that 4b
AMI is related to ST [7]. It was reported that
from 2003 to 2010, the incidence of STEMI due
to ST increased to 11% from 6% in all patients
with STEMI [8], with an annual incidence of
1%-2% [9-11]. It usually presents with cardiac


http://www.ajtr.org

STEMI following coronary stent implantation

shock, with an in-hospital mortality rate and a
1-year follow-up mortality rate of 18% and 25%,
respectively [12-14].

Primary percutaneous coronary intervention
(PCl) is the most important method for the
treatment of patients with STEMI. Due to the
advantages of relative safety, simplicity, and
less pain, it has been widely used in clinical
practice [15]. However, compared to other
types of coronary heart diseases such as non-
ST segment elevation acute coronary syndro-
me and stable angina pectoris, patients with
STEMI have a higher incidence of MACEs after
PCI [16]. With the extensive construction of the
chest pain center in China, more patients with
STEMI received primary PCI [17]. Whether the
prognosis of these special patients has been
improved, is uncertain and we hope to deter-
mine that. Although there have been studies
about STEMI caused by ST, they paid more
attention to Optical Coherence Tomography
(OCT) images but less attention to clinical prog-
nosis [18]. We performed a single-center retro-
spective study to observe the in-hospital mor-
tality and 1-year prognosis of the patients with
STEMI following coronary stent implantation.

Methods
General data

Between January 2015 and February 2018,
316 patients with STEMI who underwent coro-
nary stent implantation and coronary angiogra-
phy were enrolled, and their data were retro-
spectively analyzed. The patients included 248
males and 68 females with a mean age of
(64.0£10.9) years. Inclusion criteria: (1) Pati-
ents with a history of coronary artery stenting
and meeting the diagnostic criteria of STEMI
[6]. (2) Patients receiving coronary angiography
examination during this visit to hospital. (3)
Patients in the ST group all met the standard of
ST defined by Academic Research Consortium
(ARC), including early ST (occurring within 30
days after PCI), late ST (occurring from 30 days
to 1 year after PCI), and very late ST (occurring
more than 1 year after PCI) according to the
time of occurrence [19]. Exclusion criteria: (1)
Patients without STEMI, including unstable
angina pectoris (UAP) and non-ST-segment ele-
vation myocardial infarction (NSTEMI); (2) Pati-
ents with previous coronary artery bypass graft
(CABG) surgery; and (3) Patients with a life
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expectancy less than 2 years. The study was
approved by the Ethics Committee of Tianjin
Chest Hospital (No. 2018KY-010-01).

Methods

ST-induced STEMI was determined based on
imaging characteristics. Patients were assign-
ed to either a ST group or a non-ST group
according to the occurrence of ST-induced
STEMI and received contemporary standards
of care for primary re-PCl including stent re-
implantation or balloon angioplasty. All pa-
tients were given loading-dose of aspirin 300
mg (then 100 mg/qd), and ticagrelor 180 mg
(then 90 mg/bid) or clopidogrel hydrogen sul-
fate 300 mg (then 75 mg/qd) before re-PCl.
Intraoperative intravenous infusion of unfrac-
tionated heparin (70-100 U/kg) was performed
to maintain the activated clotting time (ACT)
of 250-300 s. Then, the decision on stent re-
implantation or balloon angioplasty, thrombus
aspiration application, tirofiban, drug therapy,
CABG, as well as use of intra-aortic-balloon-
pump (IABP) was made by two experienced
physicians. All patients provided informed con-
sent for the procedure and data collection.
Data about patients’ baseline clinical features,
laboratory, angiography, interventional charac-
teristics, and anti-platelet therapy status were
collected. Patients’ in-hospital mortality and
MACEs, including all-cause mortality, re-ST,
TVR, and AMI [20], were recorded by outpa-
tient visits or telephone follow-up 1 month, 3
months, 6 months, and 12 months after the
procedure.

Statistical methods

SPSS18.0 statistical software was used for all
data analysis. Continuous variables were ex-
pressed as means (standard deviation) or
median (interquartile range) and compared by
Student’s t-test or Mann-Whitney U-test as
appropriate. Categorical variables were expre-
ssed as counts and percentages, and the com-
parison of these variables was performed with
Chi-square or Fisher’s exact test. A two-tailed
value of P<0.05 was considered significant for
all comparisons. The EFS of the two groups
were estimated using Kaplan-Meier survival
curves. Multivariate logistic regression analysis
was used to identify risk factors for the occur-
rence of MACE.
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Table 1. Baseline data of patients in both groups

ST group Non-ST group

N=247 N=69 P

Age (year)? 64.9110.3 61.6+11.2 0.070
Male n (%) 190 (76.9) 58 (84.1) 0.202
Cardiovascular risk factors n (%)

Diabetes 101 (40.9) 24 (34.8) 0.359

Hypertension 150 (60.7) 50 (72.5) 0.074

Hypercholesterolemia 70 (28.3) 27 (39.1) 0.282

Family history of CAD 35(14.2) 9 (13.0) 0.811

Smoking 104 (42.1) 23(33.3) 0.354
BMI (kg/m?)? 26.2+2.1 27.0+£2.2 0.187
Uric acid, umol/I 333.30+£108.22 333.82+86.48 0.972
Homocysteine, umo/I 18.35+9.82 17.30£11.95 0.539
Total cholesterol, mmol/I 4.11+1.03 4.26+1.04 0.334
Triglyceride, mmol/I 1.42+0.77 1.63+1.00 0.132
HDL-C, mmol/I 1.08+0.31 1.03+0.29 0.271
LDL-C, mmol/I 2.70+£0.95 2.85+0.97 0.293
VLDL-C, mmol/I 0.32(0.21-0.47) 0.36 (0.22-0.51) 0.757
Hs-CRP, mg/I 17.96+30.12 14.39+21.61 0.209
BNP, pg/ml 791.5 (350.7-2647.8) 615.8 (235.5-1372.3) 0.090
TNT, ng/ml 2.09 (1.01-7.90) 1.75 (0.36-4.94) 0.117
D-dimer, ug/ml 0.93+0.85 0.86+1.28 0.715
FIB, g/I 3.59+0.88 3.48+0.69 0.206
PLT, *10™9/L 204.97+61.76 219.30+£72.60 0.172
Cardiac functional grading (NYHA) n (%)

<l 207 (83.8) 62 (89.9) 0.212

>l 40 (16.2) 7 (10.1) 0.212
LVEF n (%)

LVEF <45% 125 (50.6) 31 (44.9) 0.135

LVEF 245% 122 (49.4) 38 (55.1) 0.135

Note: a: Mean + standard deviation; ST: stent thrombosis; CAD: coronary artery disease; BMI: body mass index; HDL-C: high
density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; VLDL-C: very low-density lipoprotein cholesterol; Hs-
CRP: hypersensitivity C-reactive protein; BNP: B-type natriuretic peptide; TNT: troponin T; FIB: Fibrinogen; PLT: platelet; NYHA:
New York Heart Association; LVEF: left ventricular ejection fraction; P<0.05: There are differences between groups.

Results
General data of two groups

The mean age of 316 patients was (64.2+10.6)
years old, with males accounting for 78.5%.
Among patients in the ST group (n=247) and
the non-ST group (n=69), 78% of STEMI was
caused by ST. There was no significant differ-
ence between the two groups in age, gender,
susceptible factors of coronary heart disease,
or clinical diagnosis (Table 1).

Re-PCI data of the two groups

In the ST group (n=247), 7 cases received drug
therapy, 4 cases received CABG, and 236
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cases received re-PCl treatment, with 232
cases of successful treatment, 2 deaths from
cardiac shock during hospitalization, and an in-
hospital mortality of 0.8%. In the non-ST group
(n=69), 7 cases received drug therapy, 3 cases
received CABG, and 59 cases received re-PCl
treatment, with 55 cases of successful treat-
ment, 1 death from left ventricular free wall
rupture during hospitalization, and an in-hospi-
tal mortality of 1.4%. There was no difference
in the in-hospital mortality between the two
groups (0.8% vs. 1.4%, P=0.628). The percent-
age of balloon angioplasty in the ST group was
higher than that in the non-ST group, while the
percentage of stent re-implantation was lower
(P<0.05) (Table 2).
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Table 2. Re-PCI data of patients in both groups

than that of the non-ST group (84.6%

ST group  Non-ST group

vs. 94.2%, P=0.035) (Figure 1).

N=247 N=69 P - _ _

Emergency intervention (n, %) 210 (85.0) 58 (84.1) 0.844 Composition ratio of possible factors

IABP (n, %) 28(11.3)  7(101) 0.834 gfxse” MACE group and non-MACE

Tirofiban (n, %) 73 (29.6) 17 (24.6) 0.621

Balloon angioplasty (n, %) 85 (34.4) 6 (8.7) 0.000 In this study, 42 of the 316 patients
Stent re-implantation (n, %) 147 (59.5) 53 (76.8) 0.008 developed MACEs during the follow-
D-to B-time (min)? 60.2+13.1 59.9+8.8 0.879 up period, with an incidence rate of
CABG (n, %) 4 (1.6) 3(4.3) 0.138 13.3%. The composition ratios of age
In-hospital mortality (n, %) 2(0.8) 1(1.4) 0.628 over 80-years-old, hypertension, dia-
Note: a: Mean + standard deviation; ST: stent thrombosis; IABP: Intra-Aor- betes, hypercholesterolemia, family
tic-Balloon-Pump; D-to-B: Door-to-balloon; CABG: coronary artery bypass history of CAD and smoking in the

graft; P<0.05: There are differences between groups.

Table 3. 1-year follow-up of patients in the two groups

MACE group were significantly higher
than those of the non-MACE group
(P<0.05) (Table 4).

STgroup  Non-ST group p Multivariate logistic regression analy-
N=247 N=69 sis of MACE occurrence
All-cause death (n, %) 7(2.8) 3(4.3) 0.525
Re-ST (n, %) 4 (1.6) 1(1.4) 0.920 Multiple logistic regression analysis
TVR (n, %) 13 (5.3) 2(2.9) 0.414 showed that age over 80-years-old,
AMI (n, %) 18 (7.3) 1(1.4) 0.071 hypertension, diabetes, hypercholes-
Total MACEs (n, %) 38 (15.4) 4 (5.8) 0.038 terolemia, and family history of CAD
Note: ST: stent thrombosis; TVR: target vessel revascularization; AMI: acute were all independent risk factors for
myocardial infarction; MACEs: major adverse cardiac events; P<0.05: MACE (P<0.05) (Table 5).

There are differences between groups.

Log rank P=0.035

== ST group

Percent survival
L4
[=]
1

== non-ST group

Y 1 1 1 1 I 1
0 2 4 8 8 10 12

interval ( months)

Figure 1. Kaplan-Meier survival curves of the two
groups. ST: stent thrombosis.

1-year follow-up of the two groups

A total of 283 cases (89.6%) of 316 patients
were successfully followed up. The median of
follow-up time was 12 months, and 42 cases of
MACE were observed (Table 3). The incidence
of MACE in the ST group was higher than that
of the non-ST group (15.4% vs. 5.8%, P=0.038)
(Table 3). Kaplan-Meier survival analysis show-
ed that 1-year EFS in the ST group was lower

4142

Discussion

With the increase in the number of percutane-
ous coronary intervention (PCl) procedures in
China [17], stent thrombosis (ST) has attracted
attention. Earlier, it was reported that the in-
hospital mortality of STEMI due to ST was far
higher than that of denovo lesion-associated
STEMI. However, more patients with implanted
bare-metal stent (BMS) were enrolled into the
study [21], and the proportion of emergency
reperfusions was lower. Now with the extensive
use of drug-eluting stents (DES), the incidence
of ST is increasing [22]. With the extensive
construction of the Chinese chest pain center,
the proportion of emergency reperfusions has
been significantly improved [17]. For the above
reasons, we conducted this research, with the
purpose of understanding whether the in-hos-
pital mortality and long-term prognosis have
been improved in patients with this particular
type of STEMI.

The main findings of our study are as follows:
(1) 78% of STEMI following coronary stent
implantation was caused by ST. (2) There was
no significant difference in the in-hospital mor-
tality between the ST group and the non-ST
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Table 4. Composition ratio of possible factors of MACE group and non-MACE group

MACE group Non-MACE group p
N=42 N=274

Age >80 years old [n (%)] 14 (33.3) 3(1.1) <0.0001
Male [n (%)] 31(73.8) 216 (78.8) 0.4632
Cardiovascular risk factors [n (%)]

Diabetes 33(78.6) 92 (33.6) <0.0001

Hypertension 41 (97.6) 159 (58.0) <0.0001

Hypercholesterolemia 26 (61.9) 71 (25.9) <0.0001

Family history of CAD 15 (35.7) 29 (10.6) <0.0001

Smoking 35 (83.3) 92 (33.6) <0.0001
Note: MACE: major adverse cardiac event; CAD: coronary artery disease.
Table 5. Multivariate logistic regression analysis of MACE occurrence

B SE Wald P OR 95% Cl

Age >80 years old 5.340 1.142 21.873 0.000 208.524 22.246-1954.600
Diabetes 1.109 0.509 4.753 0.029 3.032 1.119-8.217
Hypertension 2.872 1.367 4.418 0.036 17.678 1.124-257.406
Hypercholesterolemia 1.184 0.565 4.386 0.036 3.266 1.079-9.890
Family history of CAD 1.892 0.509 13.839 0.000 6.631 2.448-17.966
Smoking 0.011 0.673 0.000 0.987 1.011 0.270-3.786

Note: MACE: major adverse cardiac event; CAD: coronary artery disease.

group. (3) Patients in the ST group had more
MACESs during the 1-year follow-up.

Because more stents were implanted, the risk
of myocardial reinfarction after stenting in-
creases correspondingly. A registered study
enrolled 8146 patients implanted with DES
and found that the annual incidence of AMI
was 0.6% [9]. However, few studies paid atten-
tion to the correlation of the special type myo-
cardial infarction with stenting. A Danish regis-
tered study enrolled 2300 patients with stent
implantation and recorded the occurrence of
STEMI during a 4-year follow up, revealing that
62% of STEMI patients after stent implantation
were associated with stenting [23]. Our study
found that 78% of patients with STEMI after
stent implantation were attributed to ST.

Previous studies showed that 70%-80% of pa-
tients with ST presented with STEMI, and the
in-hospital mortality was significantly higher
than that of STEMI caused by denovo lesions
[12]. Ergelen et al. found that the in-hospital
mortality of AMI caused by ST reached up to
18%, and the mortality of 1-year follow up was
25% [13, 14]. A domestic study enrolling 132
patients with ST found the in-hospital mortality
of the ST groups was 6%, and the 3-year mor-
tality was 12.9% [23]. Our study found that the
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in-hospital mortality of the ST groups was
0.8%, and the 1-year mortality was 2.8% which
were lower compared to other studies. The
lower mortality may be attributed to the en-
rolled patients and the difference in reperfu-
sion therapy. The enrolled patients in other
studies included possible cases of ST defined
by ARC, such as sudden death. All cases
enrolled in our study were patients with ST con-
firmed by coronary angiography, with 84.8%
undergoing emergency interventional therapy
and an average door-to-balloon (D-to-B) time
of 60.1+12.2 min. Strengthening reperfusion
therapy and shortening D-to-B time contribute
significantly to the decline in mortality.

Is STEMI caused by ST related to a worse prog-
nosis compared to that induced by denovo
lesions? There has been little research in the
recent ten years. In 2012, a study compared
the prognosis of 3305 patients with STEMI
resulting from ST to those with denovo lesions
[8], and found no significant difference in mor-
tality between the two groups during the
1-month and 2-year follow-ups. Another conclu-
sion was that the recurrence rates of AMI and
re-ST were higher in the ST group. However, the
control group patients had no stent history,
with fewer cardiovascular risk factors in the
research [8]. Our study found no significant dif-

Am J Transl Res 2022;14(6):4139-4145



STEMI following coronary stent implantation

ference in the in-hospital mortality between the
two groups, but a higher incidence of MACEs in
the ST group during the 1-year follow-up. The
two groups of patients enrolled in this study
had stent history and no obvious difference in
cardiovascular risk factors, so the results may
be more valuable.

The mechanism of ST after stent implantation
is complicated. Early ST may be associated
with operative factors, such as poor stent
attachment, incomplete lesion covering, poor
compliance, and substandard anti-platelet
treatment. The factors of late ST included de-
layed endothelialization, local chronic inflam-
mation, and hypersensitive state [24]. Some
studies have shown that local new atheroscle-
rosis may be an important cause for the forma-
tion of late ST [25, 26]. In our research, all
cases were definite ST patients according the
ARC definition, including 9% with early ST, 9%
with late ST, and 82% with very late ST.

This study still shows some limitations: (1) The
absence of other possible ST as defined by
ARC, such as out-hospital sudden death in
patients not being recorded, may affect the
results of this study. (2) Since it is a single-cen-
ter and small-sample study, the results need
to be further confirmed by multi-center and
large-sample studies.

Conclusion

ST is the leading cause of STEMI following co-
ronary stent implantation. There was no signifi-
cant difference in mortality between the ST
group and the non-ST group during hospitaliza-
tion, but patients in the ST group had a poor
prognosis during the 1-year follow-up.
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