
Two preventive multivessel
stenting strategy with
zotarolimus eluting stents in ST-
elevation myocardial infarction
patients: 12-month results of
randomized trial

Background: Preventive multivessel percutaneous coronary interventions (PCI) (in primary and
staged revascularization) with second generation drug eluting stents (DES) in patients with ST-
elevation myocardial infarction (STEMI) is unresolved and controversial issue of contemporary
interventional cardiology. Twelve-month results of our randomized trial (NCT01781715)
presented.
Methods and findings: One-year outcomes of 136 consecutive patients with STEMI and
multivessel coronary artery disease (MVCAD) (SYNTAX Score 18.9±7.7 points) undergoing
primary PCI with zotarolimus-eluting stents (Resolute Integrity™ Stent, Medtronic) were
evaluated. The patients were randomized into two groups of preventive multivessel stenting:
Multivessel primary stenting (MPS primary, n=67) (the infarct-related artery (IRA) and non-IRA
stenting during one PCI) and multivessel stenting in staged revascularisation (MSS, n=69) (the
IRA only stenting during the primary PCI and non-IRA stenting during the same hospital period
(10.1±5.1 days between PCIs). Over the 12-month observation there were no differences in
adverse cardiovascular events among MPS and MSS group. Fatality outcomes in both groups
were not exceeded 3%. No MI and re-PCI survival was 62 (92.5%) patients in MPS group and 67
(97.1%) in MSS group p>0.05). In general study population (n=136) MACE, re-MI, death and
stent thrombosis obtained in 5.1%, 5.1%, 2.9% and 4.4% of patients, respectively.
Conclusions: The use of similar latest generation DES and preventive approach (MPS and MSS
with 10.1±5.1 days between procedures) used in index hospitalization period made it possible
to obtain satisfactory results of revascularization compared to most similar randomized trials.
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Introduction

The current guidelines recommend culprit
vessel revascularization as a standard
treatment option in primary percutaneous
coronary intervention (PPCI) [1-6].
Nevertheless, patients with ST-segment
elevation myocardial infarction (STEMI)
and multivessel coronary artery disease
(MVCAD) constitute up to 50% of all
STEMI cases [7,8]. As known, MVCAD is
associated with an adverse short and long-
term outcome after STEMI [9-11]. The
definition and criteria of MVCAD, timing
for non-culprit vessel revascularization, and
a number of other tactical issues are actively

discussed in the recent literature [5,6].
There are three established PCI approaches
for treatment of MVCAD and STEMI: 1)
PPCI of infarct-related artery (IRA) only
(culprit vessel revascularization only, CO)
with percutaneous coronary intervention
(PCI) of non- infarct-related artery based
on findings ischemia (spontaneous or
during noninvasive stress-testing); 2)
multivessel primary stenting (MPS): IRA is
opened with the further stenting of non-
IRA during the same PPCI procedure; 3)
multivessel staged stenting (MSS): the IRA
only is treated during the first PPCI
procedure with the subsequent complete
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revascularization during the second intervention.

Earlier results of trials comparing MPS and CO
approaches were controversial [12-19], probably due to
the heterogeneity of patient samples, variable
endpoints, distinct inclusion criteria and different
study protocols. European and American Cardiology
Societies for 2010-2013 [1-3] recommended limiting
PPCI to the vessel with a culprit stenosis with the
exception of cardiogenic shock and persistent
ischaemia after PCI. Moreover, performance of PPCI
in a non-infarct artery was considered as harmful [2].

However, randomized controlled trial results [20-23]
demonstrated usefulness and safety of multivessel
stenting in patients with STEMI and MVCAD, both
with MPS and MSS approaches. The current
guidelines were updated by this data [4-6]. MPS
approach was tested in two randomized controlled
trials: PRAMI (Preventive Angioplasty in Acute
Myocardial Infarction) [20] and CvLPRIT (Complete
Versus Culprit-Lesion Only Primary PCI) [21]. In
PRAMI trial authors concluded that MPS approach
significantly reduces the risk of adverse cardiovascular
events, as compared to PCI limited to IRA [20]. In the
CvLPRIT trial, authors showed that complete
revascularization is beneficial for patients with STEMI
and MVCAD in comparison with CO approach [21].

MSS approach was also tested in two randomized
controlled trials: DANAMI 3 PRIMULTI (Third
Danish Study of Optimal Acute Treatment of Patients
with ST-segment Elevation Myocardial Infarction) [22]
and PRAGUE-13 (Primary Angioplasty in Patients
Transferred from General Community Hospital to
Specialized PTCA Units With or Without Emergency
Thrombolysis) [23]. In the DANAMI 3 PRIMULTI
trial, MSS approach was based on the fractional flow
reserve value ≤ 0.80. MSS approach in patients with
STEMI and MVCAD reduced the risk of adverse
cardiovascular outcomes [22]. However, PRAGUE-13
trial did not find significant differences between MSS
and CO approaches [23].

All these findings provided the possibility for
endorsement (class IIb) of MPS and MSS strategies to
patients with STEMI and MVCAD by European and
American Cardiology Societies since 2014 [4] and
2015 [5], respectively.

However, there is a number of unresolved issues such
as stent choice and timing of staged PCI. We justify
the use the new generation of zotarolimus-eluting
stents (ZES) with choosing MPS or MSS within one
hospital period according to our 12-month results of
randomized trial.

Methods

The randomized trial (NCT01781715) was open label,
safety and efficacy evaluated. The purpose is to study
results and outcomes of 136 STEMI MVCAD patients
after MPS or MSS with ZES (Resolute Integrity™
Stent, Medtronic). The primary endpoints were the
following: (1) Death (cardiac and non-cardiac), (2)
MI, (3) Revascularization of target vessel (TVR).
Secondary endpoints: (1) The combined endpoint of
death, MI and TVR, (2) Stent thrombosis (ST).

Between 2011 and 2014 we randomized 136 patients.
Under MVCAD was understood diameter stenosis
(≥70%) of two or more arteries and/or significant
branches of coronary arteries (diameter ≥2.5 mm).
Inclusion criteria were the following: (1) Age ≥18 years
old; (2) Written informed consent prior to
revascularization; (3) Multivessel native coronary
arteries significant stenosis and primary PCI ≤12 h
from STEMI manifestations and ST-segment elevation
≥1 mm in ≥2 limb electrocardiographic leads or
precordial leads ≥2 mm ST-segment elevation; (4)
Diameter of coronary artery ≥2.5 mm; (5) ≥30
minutes chest pain.

Exclusion criteria were as follows: (1) No MVCAD;
(2) Cardiogenic shock; (3) Significant left main
stenosis (≥50%); (4) Contraindication to use heparin,
aspirin, clopidogrel, ticagrelor, zotarolimus. Criteria of
procedure success were the following: (1) Angiographic
residual stenosis ≤20%; (2) TIMI flow grade 3 at the
end of procedure. All patients had loading doses of
dual antiplatelet therapy and unfractioned heparin
before PCI started. After PCI patients prescribed dual
antiplatelet therapy for 12 months, statins. After
coronary angiography patients randomized to study
groups: MPS in one procedure or MSS during one
hospital period (10.1±5.1 days). Human research
committee of the Institution was approved the
protocol of this randomized trial.

We collected data of coronary angiography and PCIs
procedures in DICOM CDs. Evaluating the repeat
revascularisation we included PCI or coronary artery
bypass grafting with the reason for their
implementation such as recurrent symptoms, re-MI or
significant ischaemia on stress-testing. In MSS group
re-revascularisation was only unplanned PCI or
coronary artery bypass grafting. For follow-up patients
visited our Centre or underwent phone interviews.

ST estimated using appropriate clinical and
angiographic criteria (Academic Research Consortium
classification) [24]. Clinical criteria were as follows: (1)
Acute chest pain ≥15 min; (2) ST-segment deviation of
≥1 mm in two contiguous leads. In the cases of ST
clinical manifestations patients immediately
underwent angiography. ST angiographic criteria were
fresh thrombotic occlusion in the area of implanted
stent.
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Criteria of re-MI during eighteen hours after index MI
was myocardial ischemia with appropriate recurrent
ST-segment deviation ≥30 minutes. After eighteen
hours re-MI was diagnosed in the case of new Q-
waves, new left bundle-branch block, and/or
appropriate increasing of the level of troponin and/or
MB-creatine kinase fraction.

Variables were presented as mean ± SD or percentages.
MACE evaluated at the date of first adverse
cardiovascular event or at the end of follow-up period
(12 months). Follow-up was performed in 100% of
study groups’ patients. For statistical analysis Chi
Squared and Mann Whitney ‘U’ test in STATISTICA
8.0 (StatSoft, Tulsa, OK, USA) were used.

Results

The mean age of general population was 59±10.6 years
(age values ranged from 31 to 88). About 70% of
patients were male. Every fifth patient had diabetes
mellitus in study cohort (22.1%). The MPS group
included 67 patients, the MSS group 69 patients. The
average time between primary PCI and elective
procedure, performed in the MSS group in the
hospital period, was 10.1±5.1 days. We evaluated the
results and outcomes in two study groups with
preventive strategy of PCI using ZES (MPS primary vs
MSS).

Baseline clinical and demographic characteristics in
two study groups shows Table 1. Patients of MPS and
MSS group had no differences in their characteristics.
Male patients with arterial hypertension without any
significant manifestations of acute heart failure
predominated in both groups of the study sample.

Table 1: Patient clinical and demographic characteristics.

Variables MPS (n=67) MSS (n=69) Р

 n % n %

Age, years 58.6±10.
2

59.1±11.
1

0.6

Male 48 71.6 43 62.3 0.3

LVEF, % 50.7±9.
2

51.8±7.
3

0.5

Hypertensio
n

64 94 61 88.4 0.4

Diabetes
mellitus

16 23.9 14 20.3 0.8

Peripheral
artery

disease

13 19.4 20 29 0.3

Previous MI 10 14.9 4 5.8 0.2

Previous
stroke

0 0 2 2.9 0.5

Acute heart
failure (Killip
II)

10 14.9 8 11.6 0.8

Angiographic and PCI characteristics shows Table 2.

Table 2: Baseline angiographic characteristics and special
features of procedures.

Variables MPS (n=67) MSS (n=69) Р

 n % n  %

3-vessel
disease

32 47.8 31 44.9 0.9

SYNTAX
Score

19.1±7.9 18.6±7.1 0.9

SYNTAX
Score ≥23
points

18 26.9 16 23.2 0.8

Contrast
medium,
ml

325.8±110.2 373±154.5 0.06

Mean
number of

stents

2.6±0.5 2.7±0.6 0.7

Total mean
stent
length,
mm

57.5±13,4 58±16.2 0.6

Mean stent
diameter,
mm

3.3±0,4 3.3±0,5 0.3

Average SYNTAX Score in the study groups consistent
with moderate gradation of severity of coronary lesions
and not exceed nineteen points. Nearly every second
patient in both groups had three-vessel disease.

It should be noted a significant length of stented
segments in each group (more than 57 mm). Study
groups were comparable in angiographic characteristics
and PCI features.

Over the 12 months observation there was no
significant differences in frequency of adverse
cardiovascular events among groups. Only one non-
cardiac death from rectal cancer in MSS group
occurred. Outcomes with death in both groups not
exceeded 3% (Table 3).

Table 3: 12-months outcomes.
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Variables MPS (n=67) MSS (n=69) Р

 n % n   %

All death 2 3 2 2.9 0.9

of them within 30
days

2 100 1 50 -

Cardiac death 2 3 1 1.4 0.6

MI 5 7.5 2 2.9 0.6

of them within 30
days

1 20 2 100 -

TVR 2 3 1 1.4 0.6

of them within 30
days

0 0 0 0 -

Non-TVR 0 0 1 1.4 0.9

of them within 30
days

0 0 1 100 -

Combined
endpoint (cardiac
death+MI+TVR)

4 5.9 3 4.3 0.7

Stent thrombosis
(on the number of

patients)

4 5.9 2 2.9 0.7

of them within 30
days

1 25 2 100 -

Survival free of MI and re-PCI was 62 (92.5%)
patients in MPS group and 67 (97.1%) in MSS group
p>0.05).

Discussion

In the presented randomized study of STEMI
MVCAD patients underwent preventive multivessel
PCI (MPS and MSS (10.1±5.1 days)) with ZES, we
observed satisfactory results in both groups despite the
initial severity of patients, including a high frequency
of occurrence of diabetes (22.1%) and the average
length of the stented segment 57.8±14.6 mm.

According to previous recommendations, it was
necessary to perform PCI with stenting IRA only in
STEMI patients who had no cardiogenic shock
[24,25]. These guidelines were based on the hypothesis
that MPS may increase the risk of MACE and not
reasonable in financial effects compare with one-vessel
PCI. Several trials suggest that one-vessel PCI strategy
avoiding the longer procedures and its complications
with ischemia in non-infarcted myocardial regions,
decrease of contrast medium volume and risk of
contrast induced nephropathy [15,18].

There is no randomized data to definitely answer the
issues about the specific scientific merits of any of
approaches (MPS or MSS) [26]. And there is no

evidence base for second generation DES in STEMI
patients with MVCAD, but in recent years, with the
development of new advanced devices the outcome of
multivessel PCI has markedly improved [17,19].

The results of several randomized trials impacted on
pre-existing recommendations [1,4,27]. With the new
guidelines on myocardial revascularization (2014 ESC/
EACTS) we have new approach to the
revascularization for STEMI MVCAD patients [4].
Despite the fact that in no cardiogenic shock or
persistent ischemia patients the primary PCI should be
limited to IRA stenting only, in patients with ischemia
primary PCI should be also performed for non-IRA
during a week after hospitalization (evidence grade IIa,
level B) [4]. Moreover, now there is the option to
perform non-IRA PCI at the time of primary
procedure (evidence IIb class, level B) [20]. This
modification of the recommendations appeared due to
the PRAMI randomized trial revealed advantages of
the preventive PCI in non-IRA [1]. Nevertheless, we
still do not know answer the key questions - what
patients really need MPS, and whether to complete
myocardial revascularization is necessary during the
hospital period for STEMI MVCAD patients, what
kind of stents better?

The present randomized trial had the purpose to
estimate 12-month follow-up for preventive strategies
of PCI - MPS and MSS with limited time between
procedures (10.1±5.1 days) using second generation
ZES in STEMI MVCAD patients. It was found that
preventive approach (MPS or MSS) with Resolute
Integrity stents had comparable low risk of adverse
cardiovascular events in one-year follow-up period.
There is no doubt when compare with literature data.
According to published trials, one-year incidence of
adverse cardiovascular events (MACE) in STEMI
MVCAD patients of general cohort with bare metal
stents and DES ranged from 23.9 to 28%, re-MI from
1.6 to 8.8%, death from 3.3 to 6.3%, ST from 1.8 to
4.3% [12,15,18]. In presented randomized trial one-
year MACE, re-MI, death and ST occurred in 5.1%,
5.1%, 2.9% and 4.4% of patients, respectively. There
were no significant differences in MACE between two
preventive strategies of PCI groups (MPS or MSS).

It is known that the inflammatory reaction due to
plaque instability with thrombosis in STEMI patients
is not limited to the IRA, but can involve all coronary
arteries [28]. Results obtained in the present study
suggest that the preventive approach with multivessel
stenting (MPS or MSS) using ZES is promising and
safe. Moreover, it is possible that the preventive
strategy of PCI with DES may not only have clinical,
but also financial advantages over standard approaches
by reducing the incidence of adverse cardiovascular
events, hospital readmissions and re-PCI. It is obvious
that preventive multivessel PCI (MPS or MSS) could
increase patients comfort associated with absent of
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unscheduled hospitalizations and PCI. This hypothesis
was also confirmed in the PRAMI trial. PRAMI trial
results had demonstrated advantages of preventive PCI
for non-IRA with significantly reducing the risk of
MACE, as compared with PCI of IRA [20].

However, the data on this issue remains controversial.
Several randomized trials had no shown differences
between standard and preventive approach [29]. There
were non-significant reductions of MACE between
groups. Of interest are the results of another study. In
the trial 214 patients were randomized to three groups:
IRA PCI, multivessel preventive PCI, and staged
preventive PCI with 40 days between PCIs [17]. The
rate of re-PCI was less frequent in the two preventive
strategy groups compared with the IRA PCI group
(11% and 33%, respectively). But there was a no
significant differences in the rate of death (5% and
12%, respectively). This study as well as presented
confirms the benefits of a preventive approach.

In PRAMI trial, combined endpoint was cardiac death,
re-MI, refractory angina. At 23 months of observations
combined endpoint occurred in 9% of patients of
MPS group compared to 22% of patients CO group
(hazard ratio (HR): 0.35) [20]. In the CvLPRIT trial,
authors showed that MACE (mortality, re-MI, heart
failure, and repeat revascularization) at one-year
follow-up occurred in 10% of MPS group patients
compared to 21% of CO group patients (HR: 0.45)
[21].

In the DANAMI 3 PRIMULTI trial, MSS approach
was based on the fractional flow reserve (FFR) value
≤0.80. Combined endpoint, defined as recurrent MI,
all-cause mortality, and ischemia-driven
revascularization at 27-month follow-up occurred in
40 (13%) patients treated with MSS approach and in
68 (22%) patients treated with CO approach (HR:
0.56; 95% CI: 0.38 to 0.83) [22]. However,
PRAGUE-13 trial did not find significant differences
between MSS and CO approaches (frequencies of
primary composite endpoint including all-cause
mortality, recurrent MI, or stroke at 38-month follow-
up were 13.9% vs. 16.0%, respectively) [23].

Unlike most previous studies comparing the strategies
MPS and MSS, in the presented randomized trial we
used similar latest generation DES (Resolute Integrity™
Stent, Medtronic). In addition, the significant
difference between the designs of our study was the

implementation of a complete revascularization in the
time interval, limited to one hospital period. Thus, the
use of latest generation DES and preventive approach
(MPS and MSS) used in index hospitalization period
made it possible to obtain satisfactory results of
revascularization compared to most similar studies. We
had no obtain significant differences in the incidence
of MACE between two preventive MPS and MSS
groups. That indicates the special importance of the
use of preventive strategy with DES for complete
revascularization in the index hospitalization for
MVCAD STEMI patients.

Conclusion

The results of presented randomized trial demonstrated
advantages and comparable outcomes of both
preventive strategies of PCI (MPS or MSS limited to
one hospital period) using second generation ZES. It is
important to have objective angiographic criteria,
indicating to sufficient volume of revascularization
performed in the hospital period with MPS or MSS
and to fined criteria for personalized choosing an
optimal strategy of revascularization.

Study Limitations

Our study has some limitations. There is limited
cohort of patients included in our randomized trial
(n=136). Design of presented study contained only
two new preventive strategies of PCI for MVD
STEMI patients and there were now any convention
strategies of PCI (IRA only stenting or staged
interventions with not limited time period between
PCIs. So, we compared two study groups and also all
cohort patients’ results with literature data.
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Executive Summary

 
Background: Preventive multivessel percutaneous coronary interventions (PCI) (in primary and staged revascularization) with
second generation drug eluting stents (DES) in patients with ST-elevation myocardial infarction (STEMI) is unresolved and
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controversial issue of contemporary interventional cardiology. Twelve-month results of our randomized trial (NCT01781715)
presented.

Methods and findings: One-year outcomes of 136 consecutive patients with STEMI and multivessel coronary artery disease
(MVCAD) (SYNTAX Score 18.9±7.7 points) undergoing primary PCI with zotarolimus-eluting stents (Resolute Integrity™ Stent,
Medtronic) were evaluated. The patients were randomized into two groups of preventive multivessel stenting: Multivessel primary
stenting (MPS primary, n=67) (the infarct-related artery (IRA) and non-IRA stenting during one PCI) and multivessel stenting in
staged revascularisation (MSS, n=69) (the IRA only stenting during the primary PCI and non-IRA stenting during the same hospital
period (10.1±5.1 days between PCIs). Over the 12-month observation there were no differences in adverse cardiovascular events
among MPS and MSS group. Fatality outcomes in both groups were not exceeded 3%. No MI and re-PCI survival was 62 (92.5%)
patients in MPS group and 67 (97.1%) in MSS group p>0.05). In general study population (n=136) MACE, re-MI, death and stent
thrombosis obtained in 5.1%, 5.1%, 2.9% and 4.4% of patients, respectively.

Conclusions: The use of similar latest generation DES and preventive approach (MPS and MSS with 10.1±5.1 days between
procedures) used in index hospitalization period made it possible to obtain satisfactory results of revascularization compared to
most similar randomized trials.
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