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Long-term Outcomes of Primary Percutaneous Coronary
Intervention with Second-generation Drug-eluting Stents in
ST-elevation Myocardial Infarction Patients Caused by Very

Late Stent Thrombosis
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Background: The ST-segment elevation myocardial infarction (STEMI) patients due to stent thrombosis (ST) remain a therapeutic challenge
for a clinician. Till date, very few researches have been conducted regarding the safety and effectiveness of primary percutaneous coronary
intervention (PCI) with second-generation drug-eluting stents (DES) for STEMI caused by very late ST (VLST). This retrospective study
evaluated the safety, efficacy, and outcomes of primary PCI with second-generation DES for STEMI due to VLST compared with primary
PCI for STEMI due to de novo lesion.

Methods: Between January 2007 and December 2013, STEMI patients with primary PCI in Fuwai Hospital had only second-generation
DES implanted for de novo lesion (558 patients) and VLST (50 patients) were included in this retrospective study. The primary end points
included cardiac death and reinfarction. The secondary end points included cardiac death, reinfarction, and target lesion revascularization.
Continuous variables were expressed as mean (standard deviation) or median (interquartile range) and compared by Student’s #-test or
Mann-Whitney U-test as appropriate. Categorical variables were expressed as counts and percentages, and comparison of these variables
was performed with Chi-square or Fisher’s exact test. A two-tailed value of P < 0.05 was considered statistically significant for all
comparisons. Statistical analyses were performed by SAS software (version 9.4, SAS Institute Inc., Cary, USA) for Windows.
Results: In-hospital primary end point and the secondary end point were no significant differences between two groups
(P=1.000 and P=1.000, respectively). No significant differences between two groups were observed according to the long-term primary end
point and the secondary end point. Kaplan-Meier survival curves showed no significant difference between the two groups in the primary end
point and the secondary end point at 2 years (P = 0.340 and P = 0.243, respectively). According to Cox analysis, female, intra-aortic balloon
pump support, and postprocedural thrombolysis in myocardial infarction flow 3 were found to be independent predictors for long-term follow-up.
Conclusion: Primary PCI with second-generation DES is a reasonable choice for STEMI patients caused by VLST.
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INTRODUCTION

Stent thrombosis (ST) is a rare but dreaded complication
following percutaneous coronary intervention (PCI), which
may be associated with severe clinical outcomes, such
as sudden death and ST-segment elevation myocardial
infarction (STEMI).!"! Drug-eluting stents (DES) have
markedly decreased the restenosis rate, but ST is still
the primary cause of STEMI after PCL.2! With the
improvement of stents design, more biocompatible
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polymers, thinner polymers layer, and better metallic
platforms, second-generation DES are associated with
lower rates of very late ST (VLST) than the first-generation
DES.B4 According to the latest guidelines, primary PCI
is the recommended treatment choice for STEMI due
to de novo lesion.’! However, there are few researches
about the safety and effectiveness of primary PCI with
second-generation DES for STEMI caused by VLST.[Y We
needed to evaluate the safety, efficacy, and outcomes of
primary PCI with second-generation DES for STEMI due
to VLST compared with primary PCI for STEMI due to de
novo lesion.

MeTtHoDS

Patient populations

Between January 2007 and December 2013, 1534
consecutive patients with STEMI were admitted to primary
PCI in Fuwai Hospital. The 608 remaining patients who had
only second-generation DES (everolimus-eluting stent and
zotarolimus-eluting stent) implanted in the course of the
primary PCI for de novo lesion and VLST were included
in this retrospective study [Figure 1]. The study inclusion
criteria were the patients fulfilling STEMI diagnosis: (1)
continuous typical chest pain lasted longer than 30 min, (2)
electrocardiogram ST-segment elevation >2 mm in not <2
contiguous electrocardiography leads, and (3) symptom onset
within 12 h or up to 18 h if there was evidences of continuing
ischemia or hemodynamic instability. Exclusion criteria for
the research included the development of ST within 1 year of
stent implantation (acute ST, subacute ST, and late ST [LSTT]).
VLST was defined according to the Academic Research
Consortium." The definition of primary PCI for VLST was
considered a PCI due to STEMI, angiographic confirmed
thrombus that originated in the stent or in the segment 5 mm
proximal or distal to the stent. Accordingly, patients with
primary PCI were divided in an ST group (fifty patients) and a
de novo group (558 patients). Optimal primary PCI result was
defined as final thrombolysis in myocardial infarction (TIMI)
flow 3 and residual stenosis <20% in the infarct-related artery
at the end of the procedure.’™ The Institution Review Board
of Fuwai Hospital approved the study protocol. The study
conformed to the principles outlined in the Declaration of
Helsinki.

1534 consecutive STEMI patients
with primary PCI(2007.01-2013.12)
I

Exclusion criteria: Stent
thrombosis within 1 year of
stent implantation (acute ST,
subacute ST and late ST).

*| 52 patients exclude

Inclusion criteria:676 patients
STEMI patients with primary PCI
only implanted second-generation
DES

608 patients only second-generation 16 acute ST
DES implanted(everolimus-eluting 22 acute ST
14 late ST

stent & zotarolimus-eluting stent )

Very late stent thrombosis group

’ Denovo lesion group
(50 patients)

(558 patients)

Figure 1: Flow diagram for STEMI patients.

Analysis of patient data

The patient demographic characteristics, history of heart
disease, and risk factors (hypertension, diabetes mellitus,
hypercholesterolemia, and current smoking) were obtained
from medical records. A 12-lead electrocardiography (ECG)
was performed on each patient immediately on hospital
admission, and myocardial infarction (MI) type was also
defined from ECG.

Procedure

Primary PCI was carried out according to standard care.
An initial bolus of 100 U/kg unfractionated heparin was
administered at the beginning of procedure, and during
the procedure, additional boluses were given to achieve an
activated clotting time in area of 250-300 s. If the patients
did not take aspirin before STEMI attack, they would be
prescribed 300 mg chewable aspirin as soon as possible,
and followed by 100 mg every day. A total dose of 600 mg
clopidogrel was loaded before the procedure if the patient
did not take clopidogrel previously, and followed by
75 mg every day. The use of embolic protection devices,
glycoprotein IIb/I1]a inhibitors, and thrombus aspiration was
decided by the operator’s discretion. Mechanical assistance
devices (intra-aortic balloon pump [IABP]) were applied
when hemodynamic support was needed.

After discharge from the hospital, dual antiplatelet
therapy (aspirin and clopidogrel) was recommended
for 12 months for all patients who were implanted
second-generation DES.

Angiographic analysis and clinical follow-up

Two experienced interventional cardiologists for both the
primary PCI procedure and ST angiograms observed the
coronary angiograms independently. In case of disagreement,
the two reviewers would discuss and establish a consensus;
otherwise, a third interventional cardiologist was consulted.

Clinical follow-up information (in-hospital and 2 years)
was obtained from hospital records or by interview with
patients, by their relatives directly, or by telephone.
Follow-up information including the development of
major adverse cardiac events was collected, predefined
as cardiac death, nonfatal myocardial reinfarction
(not clearly attributable to a no target vessel), target lesion
revascularization (TLR).[!

Study end points and definitions

The primary end points were in-hospital and
long-term (2 years) cardiac death and nonfatal myocardial
reinfarction. The secondary end points were device-oriented
composite end points, including cardiac death, reinfarction,
and TLR. Cardiac death was defined as any death due to
proximate cardiac cause, unwitnessed death and death
of unknown cause, and all procedure-related deaths.
Reinfarction was defined as biomarker criteria, stable
or decreasing values on two samples and 20% increase
3-6 h after the second sample. TLR is defined as any repeat
percutaneous intervention of the target lesion or bypass
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surgery of the target vessel performed for restenosis or
other complication of the target lesion. The target lesion
was defined as the treated segment from 5 mm proximal to
the stent and to 5 mm distal to the stent.[”

Statistical analysis

Continuous variables were expressed as mean
+ standard deviation (SD) or median (interquartile range)
and compared by Student’s #-test or Mann-Whitney U-test
as appropriate. Categorical variables were expressed as
counts and percentages and comparison was performed with
Chi-square or Fisher’s exact test. Cox regression analyses
were conducted to identify independent predictors of the
primary end point and the secondary end point. The variables
tested in the multivariable models included age, gender,
hypertension, diabetes, hypercholesterolemia, previous
cerebrovascular accident, current smoker, MI history,
anterior MI, single-vessel disease, ostial lesion, bifurcation
lesion, total occlusion, type B2 or C lesion, preprocedural
TIMI flow grade, postprocedural TIMI flow grade, number
of stents per patient, diameter of stent, total stent length,
IABP support, and thrombus aspiration and were selected
by forward stepwise method. Adjusted hazard ratios and
95% confidence intervals were calculated. In addition,
the cumulative survival curves for two end points were
constructed using Kaplan-Meier method, and the differences
were assessed with the log-rank test. A two-tailed value
of P < 0.05 was considered statistically significant for all
comparisons. Statistical analyses were performed by SAS
software (version 9.4, SAS Institute Inc., Cary, NC, USA)
for Windows.

ResuLts

Characteristics of patients

In 1534 consecutive patients with STEMI treated by
primary PCI, fifty patients with VLST were implanted
with second-generation DES and 558 patients with de novo
lesion were implanted with second-generation DES; baseline
clinical characteristics with and without ST are listed in
Table 1. Patients with ST groups had similar baseline to
patients with de novo STEMI but a higher rate of PCI and
MI history.

Angiographic and procedural characteristics

Table 2 shows angiographic and procedural characteristics.
Culprit lesions were similar in the two groups. Lesion
characteristics were also similar. The number of stents per
patients and diameter of stents were no significant differences
but de novo lesion was treated with longer stents. The
incidences of IABP support and thrombus aspiration were
both no significant differences between two groups.

In-hospital and long-term outcomes

The in-hospital and long-term outcomes (mean 24 months)
after primary PCI are summarized in Table 3. Interestingly
and different from previous studies, the primary end point
in-hospital were no significant differences between two
groups. Moreover, the secondary end point in-hospital was

Table 1: Baseline clinical characteristics of study
patients

Characteristics ST group De novo P
(n = 50) group
(n = 558)
Age, years (IQR) 58 (15.5) 57 (17.0) 0.561
Male gender, n (%) 44 (88.0) 454 (81.4) 0.243
Hypertension, n (%) 30 (60.0) 314 (56.3) 0.611
Hypercholesterolemia, n (%) 39 (78.0) 422 (75.6) 0.708
Diabetes, n (%) 16 (32.0) 160 (28.7) 0.620
Previous cerebrovascular 3(6.0) 57 (10.2) 0.461
accident, n (%)
Current smoker, n (%) 26 (52.0) 294 (52.7) 0.926
Family history, n (%) 16 (32.0) 136 (24.4) 0.233
MI history, n (%) 36 (72.0) 31(5.5) 0.000
PCI history, n (%) 50 (100.0) 62 (11.1) 0.000
Bypass history, n (%) 1(2.0) 8(1.4) 0.541
Anterior ML, n (%) 29 (58.0) 301 (53.9) 0.581
Baseline SYNTAX 124+94 12.1+8.4 0.646

score, (mean + SD)

MI: Myocardial infarction; PCI: Percutaneous coronary intervention;
SD: Standard deviation; IQR: Interquartile range.

similar in both groups, even in-hospital TLR incidence had
a trend toward higher in ST groups.

Complete clinical follow-up information for 2 years
was available in fifty patients (100%) for ST group and
547 patients (98.0%) for de novo group. No significant
differences between two groups were observed according
to long-term primary end point. The secondary end point at
2 years follow-up also did not differ between the two groups
(18.0% vs. 12.0%, P = 0.243). Only TLR was higher in
patients with ST (14.0% vs. 9.3%, P=0.010).

Kaplan-Meier survival curves showed no significant
difference between the two groups in the primary end point
and the secondary end point at 2 years (P = 0.340 and
P=0.243, respectively), which is shown in Figures 2 and 3.

Independent predictors of the primary end point and the
secondary end point at Cox analyses

According to Cox analysis, the independent predictors of the
primary end point and the secondary end point are displayed
in Table 4. Female, IABP support, and postprocedural
TIMI flow 3 were found to be independent predictors of
the primary end point for long-term follow-up. Moreover,
female, IABP support, and postprocedural TIMI flow 3 also
were considered independent variables of long-term outcome
of the secondary end point.

Discussion

This research was to evaluate the safety and effectiveness
of primary PCI with second-generation DES for STEMI
caused by VLST in real world. From the analysis of the
reported data, few but important findings were discovered.
First, VLST is a relatively rare reason of STEMI. Second,
primary PCI with second-generation DES is a reasonable
choice for STEMI patients due to VLST. The primary end
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Table 2: Angiographic and procedural characteristics of patients

Characteristics ST group De novo group P
(n = 50) (n = 558)
Culprit lesion, n (%)
LMCA 5(0.8) 1.000
LAD 29 (58.0) 301 (53.9) 0.581
LCX 7 (14.0) 76 (13.6) 0.940
RCA 14 (28.0) 205 (36.7) 0.218
SVG 3(0.5) 1.000
Single-vessel disease, n (%) 9 (18.0) 155 (27.8) 0.136
Lesion in coronary ostium, 7 (%) 9 (18.0) 61 (10.9) 0.134
Bifurcation lesion, n (%) 24 (48.0) 212 (38.0) 0.165
Total occlusion, n (%) 37 (74.0) 399 (71.5) 0.708
Type B2 or C lesion, n (%) 44 (88.0) 511 (91.6) 0.391
Preprocedural TIMI flow <1, n (%) 39 (78.0) 430 (77.1) 0.711
Postprocedural TTMI flow = 3, n (%) 48 (96.0) 530 (95.0) 0.130
Number of stents per patient, n (IQR) 1(1) 1(1) 0.784
Diameter of stent, mm (IQR) 3(1) 3(1) 0.447
Total stent length, mm (IQR) 22.5(8.0) 24 (14.0) 0.001
IABP support placed during procedure, 7 (%) 8(16.0) 62 (11.1) 0.300
Thrombus aspiration, 7 (%) 23 (46.0) 229 (41.0) 0.496
Medical treatment in-hospital, (%)
Aspirin 50 (100.0) 554 (99.0) 0.548
Thienopyridines 50 (100.0) 552(99.0) 0.461
Beta-blockers 45 (90.0) 517 (93.0) 0.497
Statins 50 (100.0) 536 (96.0) 0.153

LMCA: Left main coronary artery; LAD: Left anterior descending coronary artery; LCX: Left circumflex coronary artery; RCA: Right coronary artery;

SVG: Saphenous vein graft; IQR: Interquartile range.

Table 3: In-hospital and long-term (mean 24 months) cardiac events of all study patients

In-hospital cardiac events ST group De novo group Chi-square value P
(n = 50) (n = 558)
Mortality, 7 (%) 1(2.0) 15 (2.7) 0.085 1.000
Reinfarction, 7 (%) 2 (4.0) 11 (2.0) 0.903 0.290
The primary end point in-hospital, 7 (%) 2 (4.0 21 (3.9) 0.007 1.000
In-hospital TLR, 7 (%) 2 (4.0) 3(0.5) 6.745 0.056
The secondary end point in-hospital, 7 (%) 2 (4.0) 22 (4.0) 0.000 1.000
Long-term cardiac events (including ST group De novo group Chi-square value P
in-hospital events) (m = 50) (n = 547)*
Mortality, 7 (%) 2 (4.0) 28 (5.0) 0.120 1.000
Reinfarction, 7 (%) 6(12.0) 31 (5.6) 3.160 0.114
The primary end point, 7 (%) 7 (14.0) 53(9.5) 0.942 0.332
TLR, 1 (%) 7 (14.0) 24 (4.3) 8.598 0.010
The secondary end point, 7 (%) 9 (18.0) 67 (12.0) 1.364 0.243

*n = 547 for de novo group (there was no follow-up for 11 patients). TLR: Target lesion revascularization.

points and the secondary end point were no significant
differences between two groups with the in-hospital and
long-term follow-up. Third, female, IABP support, and
postprocedural TIMI flow 3 were considered independent
predictors of long-term outcomes.

ST was considered to be the last remaining obstacle in
coronary interventional treatment,”!? in which 80%
of patients presented as STEMLI!'! Over the past few
years, STEMI patients treated with DES have become
a key issue for fear of the risk of high incidence ST.

Moreover, a series of large-scale evidence-based studies
have demonstrated the safety and efficacy of DES in
primary PCL['>13] But the STEMI patients due to ST,
which have worse mortality and higher ST risk, remain
a therapeutic challenge for the clinician. There are no
recommended choices to guide treatment according to
the latest guidelines.>'¥ Inconsistency opinions reflected
weak evidence based on the field. The large randomized
controlled trial was impractical to conduct because of
the low spontaneous incidence. There might be very
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Figure 2: Kaplan-Meier plot for the primary end point.

Table 4: Independent predictors of the primary end
point and the secondary end point at Cox analyses

Event HR (95% CI) P
The primary end point
IABP support 2.205 (1.197-4.063) 0.011
Female 2.379 (1.395-4.058) 0.001
Postprocedural TIMI flow 3 0.328 (0.159-0.680) 0.003
The secondary end point
IABP support 1.788 (1.003-3.189) 0.049
Female 2.087 (1.281-3.399) 0.003
Postprocedural TIMI flow 3 0.318 (0.164-0.615) 0.001

HR: Hazard ratio; CI: Confidence interval; TIMI: Thrombolysis in
myocardial infarction; IABP: Intra-aortic balloon pump.

few number of VLST cases, even thousands of patients
would be randomized.

Considering the severe thrombus burden of patients,
most registries of ST experiments reported that thrombus
aspiration might be able to improve the short- and long-term
prognosis. Primary PCI displayed to be effective in
infarct-related artery recanalization of STEMI patients due
to ST, even if these patients’ reperfusion success rate was
significantly lower, a higher rate of distal embolization was
reported.!' In the setting of a series of cardiovascular events,
primary PCI for ST patients mirror the result of primary
PCI for de novo patients. Hence, it should be considered the
treatment of choice in this subgroup of STEMI patients.['™ In
a previous report, balloon angioplasty was frequently used
with repeat stenting (bare-metal stents [BMS] and DES)
in more than 50% patients.!'® What is more interesting, no
matter intracoronary fibrinolysis or balloon angioplasty or
routine stent implantation is used, previous studies have
shown poor results after any management strategies.'”!¥7 A
large registry of Japanese research showed that implantation
of a new sirolimus-eluting stent has been associated with
adverse long-term outcomes at the time of ST.!'”! Identified
management strategies at the time of ST are very confusing
in clinic practice, especially in the STEMI period, when
quick decision-marking and great self-confidence are needed.
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Figure 3: Kaplan-Meier plot for the secondary end point.

Different from previous researches,!'>*! STEMI patients
due to LVST were not associated with a poor outcome
compared with de novo STEMI in our study. Our research
proved that primary PCI with second-generation DES was
an advisability management strategy for STEMI patients
due to VLST. Several issues could be considered in more
detail to explain the finding. First, we selected a specific
subgroup of patients. It is very important to recognize
that the pathophysiology of LST/VLST is different from
acute/subacute ST. Acute/subacute ST was thought to be
associated with technical issues and suboptimal procedure,
such as underexpansion, significant residual stenosis, edge
dissections, or residual thrombus. Another underlying
explanation was complex lesion, such as bifurcation
lesion, severe calcification, and small vessels. The lack
of long-lasting time dual antiplatelet was also a common
reason.[?22 A recent study from France explored ST
characteristics and mechanisms through optical coherence
tomography (OCT); the results showed acute struts
malapposition and severe underexpansion were the most
frequently observed abnormalities in patients of acute/
subacute ST. LST/LVST mechanism is more complex, in
patients of LST/LVST, late-acquired malapposition due to
vessel remodeling and ruptured neoatherosclerosis were most
highly prevalent observed. The mechanism of late-acquired
malapposition may be due to the thrombus between struts
and vessel wall that dissolves over time. Neoatherosclerosis
formation is related to endothelial dysfunction and chronic
inflammation around stent struts, potentially enhanced by the
presence of coating polymers.?! The metallic platforms were
exposed to the bloodstream, leading to thrombosis because of
incomplete reendothelialization.? Hence, incomplete stent
endothelialization also plays an important role in process.
The significant difference between these subgroups is that
the cumulative mortality risk was significantly lower in
VLST patients compared with acute/subacute ST and LST.!")

Second, our researches chose the second-generation DES.
Second-generation DES have thinner struts stent platform
and a more biocompatible/biodegradable co-polymers to
induce less inflammation. Several large clinical studies have
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demonstrated that second-generation DES are associated with
lower rates of ST compared with first-generation DES and
BMS. B Pathological studies showed that second-generation
DES offer a more rapid redothelialization and more complete
endothelial coverage than first-generation DES. A Japanese
study evaluated endothelial function after DES implantation,
proved better endothelial function and greater endothelial
coverage of ZES compared with paclitaxel eluting stent by
acetylcholine infusion and OCT.?% Furthermore, a recent
large meta-analysis including 9673 primary PCI patients for
STEMI, second-generation DES appeared with significantly
lower incidence of VLST, target vessel revascularization and
MI compared with BMS at 3 years, and second-generation
DES are safer, more effective and may be an available choice
for primary PCL."

Third, the data were from a single high-volume PCI
center. As we know, a high-volume angioplasty centers
are associated with a lower mortality rate compared with
low-volume centers for acute MI patients, and perform
primary angioplasty faster.[?]

In our study, postprocedural TIMI flow 3 was thought to be
an independent predictor for long-term follow-up according
to Cox analysis. The importance of the optimal primary
PCI result was confirmed in our data. In one previous
study, ST patients associated with the poor outcome were
attributed mainly to the worse angiographic optimal PCI
result, only 80% ST patients had TIMI flow 3.["") The worse
postprocedural TIMI flow 3 was attributed to the limited
application of thrombus aspiration, which was a very
useful intervention to deal with the high thrombus burden
in STEMI patients. In our study, thrombus aspiration was
decided by the operator’s discretion. The applications of
thrombus aspiration were no different between two groups,
and the proportions of postprocedural TIMI flow 3 were
the same too. This might also affect the final result. In our
study, sex was thought to be an independent risk factor
in STEMI patients. Several potential explanations are for
the sex differences: (1) women with more cardiovascular
risk and older, (2) women with smaller coronary vascular
diameter, and (3) more likely to conservative therapy, and
different quality of care.*”

Our study has several additional important limitations.
First, this study carried the well-known limitation of the
retrospective. Second, only patients with successful PCI
implantation were eligible in our study, which impacts on the
generalizability of our data. Third, the door-to-balloon time,
which was very important for outcome, was not available in
our research, because many data were not received.

In conclusion, primary PCI with second-generation DES is a
reasonable choice for STEMI patients caused by VLST. No
significant difference was found between the two groups in
the primary end point and the secondary end point at 2-year
follow-up. Female, IABP support, and TIMI flow 3 after
PCI were found to be independent predictors for long-term
follow-up.
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