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Is routine stenting for acute myocardial infarction superior to
balloon angioplasty? A randomised comparison in a large
cohort of unselected patients
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Objective: To evaluate the impact of routine stenting, compared with balloon angioplasty, in unselected
patients presenting with ST segment elevation myocardial infarction (STEMI).
Design: Randomised trial.
Setting: Tertiary referral centre.
Participants: All patients presenting with STEMI randomly assigned to stenting or balloon angioplasty. No
exclusion criteria were applied.
Main outcome measure: The primary end point was combined death or reinfarction at one year’s follow
up.
Results: 1683 consecutive patients with STEMI were randomly assigned before angiography to stenting
(n = 849) or balloon angioplasty (n = 834). A total of 785 patients (92.5%) in the stent group and 763
patients (91.5%) in the balloon group actually underwent primary angioplasty. The groups were
comparable in terms of postprocedural TIMI (thrombolysis in myocardial infarction) flow, myocardial blush
grade, and distal embolisation. No difference was observed in clinical outcome at both intention to treat
(14% v 12.5%, not significant) and actual treatment analyses (12.4% v 11.3%, not significant).
Conclusions: Compared with balloon angioplasty, routine stenting does not seem to reduce death and
reinfarction in a large cohort of unselected patients with STEMI.

P
rimary angioplasty has been shown to improve the
outcome of patients with ST segment elevation myocar-
dial infarction (STEMI) as compared with thromboly-

sis.1–3 Despite the clear reduction in restenosis, the benefits of
stenting in terms of death or reinfarction remain unclear. The
results of our previous study4 and all subsequently published
trials5–12 may have been biased by patient selection, as all of
these patients have been randomly allocated to treatment
after the initial angiogram. The knowledge of coronary
anatomy before the randomisation may have excluded many
patients who were subjectively considered unsuitable for
stenting, whereas the exclusion of high risk patients and
those with unstable haemodynamic conditions may have
contributed to reduce benefits of stenting in terms of death
and reinfarction. Our previous trial4 has also shown that
patients excluded from the trial during the study period had a
significantly worse outcome. Therefore, we have conducted a
prospective randomised trial to investigate the impact of
routine stenting, as compared with balloon angioplasty, on
combined death or reinfarction in a large cohort of unselected
patients with STEMI.

METHODS
All patients with STEMI who were admitted within the first
six hours, or between 6–24 hours if they had persistent
symptoms with evidence of ongoing ischaemia, were
randomly assigned to stenting or balloon angioplasty. To
identify prospectively the actual prevalence of patients
suitable or unsuitable for stenting in a large cohort of
patients presenting with STEMI, they were randomly
allocated to treatment before angiography. Informed consent
was obtained from each patient (or from the relatives of
patients unable to provide consent) before angiography.
Other than refusal to give informed consent or death before

randomisation, no exclusion criteria were applied. Our study
was approved by the institutional review board. All patients
received aspirin (500 mg) and heparin (10 000 IU) intrave-
nously before the initial angiography. Coronary intervention
was performed according to standard procedure.4 The choice
of stent and the use of adjunctive IIb/IIIa inhibitors were left
to the discretion of the surgeon. After the intervention, all
patients received oral aspirin daily, with additional ticlopi-
dine (250 mg/day) or clopidogrel (after June 1999; 300 mg
loading dose followed by 75 mg/day) for four weeks.

Study end points and data collection
The primary end point was death or recurrent infarction at
one year’s follow up. Secondary end points were target vessel
revascularisation (TVR) and major adverse cardiac events
(MACE) at one year’s follow up (defined as death, reinfarc-
tion, or TVR), as well as angiographic restenosis at six
months’ follow up. Recurrent infarction was defined as
previously described.1 The indication for a second interven-
tion had to be substantiated by symptoms or by ECG or
scintigraphic evidence of ischaemia at rest or during exercise.
Subsequent revascularisation of other coronary arteries did
not constitute an end point. All events were reviewed by two
cardiologists blinded to treatment assignment.
Quantitative coronary angiograms were analysed by

an independent core laboratory (Diagram, Zwolle, the
Netherlands) blinded to all clinical data and outcomes.

Abbreviations: CADILLAC, controlled abciximab and device
investigation to lower late angioplasty complications; MACE, major
adverse cardiac events; PAMI, primary angioplasty in myocardial
infarction; STEMI, ST segment elevation myocardial infarction; TIMI,
thrombolysis in myocardial infarction; TVR, target vessel
revascularisation
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Procedural success was defined as postprocedural TIMI
(thrombolysis in myocardial infarction) 3 flow and a residual
stenosis , 50% according to the investigator. Angiographic
success was defined as postprocedural TIMI 3 flow and a
residual stenosis , 50% according to the core laboratory.4

All patients were reviewed at an outpatient clinic. For
patients who died during follow up, hospital records and
necropsy data were reviewed. No patient was lost to follow
up. Angiographic restenosis was defined as diameter stenosis
of . 50% at quantitative coronary angiography.

Statistical analysis
Continuous data were expressed as mean (SD) and catego-
rical data as percentages. The analysis of variance was

appropriately used for continuous variables. The x2 test or the
Fisher’s exact test was used for categorical variables. The
difference in event rates between groups during the follow up
period was assessed by the Kaplan-Meier method with the
log rank test. A probability value of p , 0.05 was considered
significant.
According to our previous report4 and to the inclusion in

the current study of all patients with no exclusion criteria, we
estimated a combined rate of death or reinfarction at one year
of 15%. With an anticipated two sided test for differences in
independent binomial proportions at the 5% significance
level with a power of 80%, 1450 patients were required to
detect a reduction in a primary end point of 33% (from 15%
to 10%). To overcome any potential conservative treatment
and drop out from the study after randomisation, 1683
consecutive patients were finally given random assignment
before angiography.
With an anticipated two sided test for differences in

independent binomial proportions at the 5% significance
level with a power of 80%, 626 patients were required to
undergo angiographic follow up to detect a reduction in
angiographic restenosis of 33% (from 30% to 20%).
Data were analysed according to intention to treat and

actual treatment analysis.

RESULTS
Patient population and procedural results
During the study period, 1702 consecutive patients with
STEMI were admitted to our hospital. Nineteen patients were
excluded from the study because of death before randomisa-
tion or refusal to give informed consent. The remaining 1683
patients were randomly assigned treatment before angiogra-
phy. Table 1 reports patients’ and procedural characteristics

Table 1 Clinical and angiographic characteristics

Intention to treat Actual treatment

Stent (n = 849) Balloon (n = 834) Stent (n = 785) Balloon (n = 763)

Age (years) 62 (12) 61 (11) 61 (11) 60 (11)
Men 76.4% 77.8% 76.9% 77.5%
Hypertension 27.7% 27.9% 27.4% 27.5%
Diabetes 11.1% 10% 10.7% 10.0%
Hypercholesterolaemia 18.7% 22.2% 19.2% 22.5%
Smoking 50.1% 48.2% 50.8% 49.0%
Previous infarction 11.2% 11.0% 10.8% 10.2%
Previous PCI/CABG 6.5% 6.0% 6.6% 5.4%
Ischaemia time (min) 275 (222) 264 (226) 274 (222) 265 (226)
Killip class 3–4 4.9% 3.5% 4.2% 3.0%
Anterior infarction 50.2% 48.6% 49.3% 48.6%
Infarct related artery
LAD 47.6% 47.0% 47.1% 47.4%
Circumflex 13.1% 15.0% 12.6% 14.9%
RCA 36.9% 35.3% 38.5% 36.0%
LM or graft 2.4% 2.7% 1.8% 2.1%

Lesion location
Proximal 28.8% 27.4% 32.3% 30.7%
Middle 30.6% 32.6% 35.1% 37.2%
Distal 40.6% 40.0% 32.6% 32.1%

Multivessel disease 53.9% 54.3% 52.5% 53.5%
TIMI 0–1 before surgery 65.7% 69.1% 69.0% 72.9%
Collateral Rentrop 2–3 10.7% 8.3% 11.3% 8.7%
Angioplasty performed 92.5% 91.5% 100% 100%
Crossover 12.8% 25.7%* 13.9% 28.0%*
TIMI 3 post-surgery 87.8% 87.8% 87.8% 87.8%
MBG 2–3 80.5% 79.8% 80.5% 79.8%
Distal embolisation 14.3% 17.9% 14.3% 15.6%
Angiographic success 87.1% 86.5% 87.1% 86.5%
RD (mm) 2.99 (0.54) 2.95 (0.57) 2.99 (0.53) 2.94 (0.57)

Data are mean (SD) or number (%).
*p,0.001.
CABG, coronary artery bypass graft; LAD, left anterior descending coronary artery; LM, left main; MBG,
myocardial blush grade; PCI, percutaneous coronary intervention; RCA, right coronary artery; RD, reference
diameter; TIMI, thrombolysis in myocardial infarction.

Table 2 Reasons for exclusion of patients from primary
angioplasty or crossover from stent to balloon angioplasty

Reason Balloon group Stent group

Patients who did not undergo primary angioplasty (n = 135)*
Number 71 64
No significant stenosis 15 (21.1%) 11 (17.2%)
Conservative treatment 20 (28.2%) 16 (25%)
Early bypass surgery 25 (35.2%) 27 (42.2%)
Guidewire crossing failure 11 (15.5%) 10 (15.6%)

Patients in the stent group (n = 785) who were unsuitable for stenting
Number 109 (13.9%)
Complex anatomy 23.3%
Cardiogenic shock or death in the cath lab 3.7%
In-stent occlusion 1.9%
Planned early bypass surgery 8.3%
Inability to cross lesion with the stent 7.4%
Diffuse sclerosis or small vessels 55.3%

*All comparisons (stent versus balloon groups) not significant.
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according to either intention to treat analysis or actual
treatment analysis. Except for postprocedural residual ste-
nosis, minimum lumen diameter, and cross over rate, no
difference was observed between the groups.
In the stent group 54 (6.4%) patients and in the balloon

group 60 (7.2%) patients had no indication for primary
angioplasty (table 2). The target lesion could not be crossed
with a guidewire or balloon in 10 (1.2%) and in 11 patients
(1.3%) in each group, respectively. Therefore, 1548 patients
(785 in the stent group and 763 in the balloon group) actually
underwent primary angioplasty. Table 1 presents the results
according to actual treatment analysis. In 109 patients
(13.9%) randomly assigned to stenting the target lesion was
considered unsuitable for stenting and they were treated with
balloon angioplasty (table 2). For 214 (28%) randomly
assigned to balloon angioplasty (p , 0.001), bailout stenting
was necessary because of dissection or unsatisfactory results
after balloon angioplasty. Postprocedural TIMI 3 flow,

myocardial blush grade, and distal embolisation did not
differ between the groups. Although stenting was associated
with a better postprocedural minimum lumen diameter and
residual stenosis, no difference in angiographic success was
found.

Primary end point
In intention to treat analysis, combined death or reinfarction
did not differ at either the 30 day or the one year follow (fig 1,
table 3). Similar data were also observed at actual treatment
analysis (fig 1, table 3), even when subsets of patients were
analysed (fig 2). Figure 1 shows the one year clinical outcome
in cross over patients and in those actually treated according
to their random treatment allocation. As expected, cross over
was associated with impaired outcome.

Secondary end points
In intention to treat analysis, TVR and MACE did not differ at
either the 30 day or the one year follow (table 3).
As table 3 shows, actual treatment analysis data were

similar. Table 4 shows the results of quantitative coronary
analysis of patients scheduled for routine angiographic follow
up at six months (n = 629; 41%). Stenting was not
associated with a significant reduction in TVR despite
significant benefits in terms of restenosis.

DISCUSSION
This randomised trial addressed the actual role of routine
stenting in a large cohort of unselected patients undergoing
primary angioplasty for STEMI. An early randomisation
strategy (before the initial angiography) ensured that all
consecutive patients with STEMI were included in this trial,
with no exclusion criteria other than failure to obtain
informed consent.
The main finding of the current study is that routine

coronary stenting for STEMI does not seem to reduce death
or reinfarction when compared with balloon angioplasty.
Several factors may explain the absence of any impact of
stenting on mortality. The survival benefits of primary
angioplasty over thrombolysis are related to the higher rate
of TIMI 3 flow and lower rate of reinfarction and stroke.1–3 In
the present study outcomes of stent and balloon were similar
in terms of TIMI flow, distal embolisation, and myocardial
blush, all major determinants of mortality.13 14 Therefore,
stenting does not seem to improve epicardial or myocardial
perfusion. These data have been confirmed by Kastrati et al,15

who found no difference between stent and balloon
angioplasty for STEMI in terms of myocardial salvage.15

Although the restenosis rate in our trial, defined as
diameter stenosis . 50% at follow up, was significantly
lower after stenting, the incidence of severe restenosis
(diameter stenosis . 70% or total occlusion) was comparable
between the groups (table 4). The absence of clear
advantages in terms of repeat revascularisation after stenting,
in comparison with previous randomised trials, may also be
related to the inclusion in this trial of patients with high risk
lesions and to the fact that not all patients underwent routine
follow up angiography.16 It has previously been shown that
routine follow up angiography is associated with an increased
rate of TVR.16

In the Zwolle trial4 and PAMI (primary angioplasty in
myocardial infarction) study7 of selected patients with strict
angiographic inclusion criteria, stenting was associated with an
extremely low rate of six month reinfarction (1.6% and 2.4%)
and TVR (3.6% and 7.7%, respectively). These findings have
been confirmed in the CADILLAC (controlled abciximab and
device investigation to lower late angioplasty complications)
trial,12 with rates of reinfarction and TVR at six months in the
stent arm (without abciximab) of 1.6% and 8.3%, respectively.
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Figure 1 Kaplan-Meier event-free survival curves for combined death
or reinfarction according to (A) intention to treat analysis, (B) actual
treatment analysis, and (C) analysis of four subgroups according to
initial randomisation allocation and final treatment. B-B, randomly
allocated to balloon and actually treated with balloon; S-B, randomly
allocated to stent but treated with balloon only; B-S, randomly allocated
to balloon but treated with stent; S-S, randomly allocated to stent and
actually treated with stent.
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A recent randomised study17 conducted in highly experienced
centres without strict angiographic exclusion criteria (thus,
close to the real world situation) resulted in a ‘‘relatively poor’’
outcome after coronary stenting with rates of reinfarction and
TVR at sixmonths of 5.5% and 17%, respectively. These data are
consistent with our findings, suggesting that in all unselected
patients presenting with STEMI, stenting does not seem to

improve significantly the rates of reinfarction and TVR
compared with balloon angioplasty.
In addition, among all patients presenting with STEMI

who were randomly allocated before the initial angiography,
the actual prevalence of unsuitable lesions for stenting was
13.9%. These patients were actually excluded from all
previous randomised trials.

Table 3 Clinical outcome at the 30 day and one year follow up according to intention to treat and actual treatment analysis

Intention to treat*

RR (95% CI)

Actual treatment*

RR (95% CI)Stent (n = 849) Balloon (n = 834) Stent (n = 785) Balloon (n = 763)

30 days
Death 4.2% 4.8% 0.86 (0.54 to 1.35) 3.2% 4.5% 0.71 (0.41 to 1.23)
ReMI 5.9% 4.4% 1.37 (0.89 to 2.13) 5.1% 3.9% 1.6 (0.87 to 2.92)
Death/ReMI 9.2% 8.5% 1.09 (0.78 to 1.52) 7.5% 7.7% 0.99 (0.66 to 1.55)
SAT 3.4% 2.2% 1.6 (0.88 to 2.91) 3.7% 2.4% 1.6 (0.88 to 2.91)
TVR 9.1% 8.4% 1.09 (0.78 to 1.53) 6.4% 6.0% 1.21 (0.73 to 1.94)
MACE 13% 13.4% 0.96 (0.72 to 1.27) 9.2% 10.7% 0.88 (0.61 to 1.28)
1 year
Death 7.1% 6.6% 1.12 (0.76 to 1.66) 6.0% 5.9% 1.03 (0.68 to 1.59)
ReMI 8.4% 6.8% 1.33 (0.9 to 1.96) 7.8% 6.4% 1.32 (0.86 to 2.03)
Death/ReMI 14.0% 12.4% 1.21 (0.91 to 1.62) 12.4% 11.3% 1.16 (0.84 to 1.59)
SAT 4.5% 3.0% 1.52 (0.91 to 2.53) 4.8% 3.3% 1.53 (0.9 to 2.52)
TVR 19.6% 20.7% 0.98 (0.78 to 1.22) 17.3% 19.3% 0.89 (0.7 to 1.15)
MACE 26.3% 27.6% 0.99 (0.81 to 1.21) 23.1% 25.3% 0.92 (0.74 to 1.14)

*All comparisons (stent versus balloon groups) not significant.
CI, confidence interval; MACE, major adverse cardiac events (death, reinfarction, or target vessel revascularisation (TVR)); ReMI, recurrent myocardial infarction;
RR, relative risk; SAT, subacute thrombosis.

3.5
Stent better Balloon better

0 32.521.510.5

Non-anterior MI 794 9.8% 8.3% NS

Anterior MI 754 15.0% 14.4% NS

Killip class > 1 128 34.3% 32.8% NS

Killip class I 1420 10.2% 9.5% NS

No diabetes 1388 12.1% 11.2% NS

Diabetes 160 14.3% 11.8% NS

Female sex 353 17.1% 15.7% NS

Male sex 1195 10.9% 10.0% NS

Age ≥ 65 years 616 16.2% 14.6% NS

Age < 65 years 932 9.8% 9.1% NS

n Stent Relative risk (95% CI)

Death or reinfarction

Balloon p Values

Figure 2 Relative risk and 95% confidence intervals (CI) of the primary end point (death or reinfarction) at one year’s follow up in subsets of patients
assigned to balloon or stenting.

644 Suryapranata, De Luca, van ’t Hof, et al

www.heartjnl.com



Although the beneficial effect of drug eluting stents on
TVR have been shown in elective cases,18–19 and the initial
results showed the feasibility of drug eluting stents for
STEMI,20 the issue of their safety for STEMI has not been
established. Future randomised studies, without strict inclu-
sion criteria, should be conducted to provide a cost–benefit
analysis of an unrestricted use of drug eluting stents in this
high risk subset of patients.

Limitations
Even though randomisation before angiography was con-
sidered a more objective method to avoid patient selection
bias, it may have resulted in overuse of stenting, even in
unfavourable lesions. Since the benefits of adjunctive
glycoprotein IIb/IIIa inhibitors have been shown only
recently12 17 and their beneficial effect on mortality in the
setting of STEMI has yet to be clarified,21 only 5% of our
patients received this additional drug and no distal protection
devices were used in this series.
We modified our post-stenting antiplatelet regimens

during the study period when it became clear that clopidogrel
has a similar effect to ticlopidine.22–24

Conclusion
Compared with balloon angioplasty, routine coronary stent-
ing does not seem to reduce death and reinfarction in a large
cohort of unselected patients with STEMI.
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Table 4 Quantitative coronary angiography in 629
patients undergoing routine angiographic follow up

Stent
(n = 306)

Balloon
(n = 323) p Value

Reference diameter (mm) 3.05 (0.53) 2.99 (0.56) NS
MLD (mm)
Post-PCI 2.5 (0.46) 2.17 (0.52) ,0.0001
Follow up 1.62 (0.82) 1.51 (0.78) NS

Stenosis (%)
Post-PCI 17.6 (10.3) 27.3 (10.8) ,0.0001
Follow up 44.5 (25.1) 48.3 (23.3) 0.053

Restenosis
.50% 34.3% 42.4% 0.037
.70% 14.1% 13.9% NS
Total occlusion 11.4% 10.8% NS

Results are presented as mean (SD).
MLD, minimum lumen diameter; NS, not significant; PCI, percutaneous
coronary intervention.
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