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Introduction

Primary coronary angioplasty (PTCA)
has been shown to be more effective than
thrombolysis in restoring vessel patency1,2

and can result in improved myocardial sal-
vage and in a lower mortality rate during
acute myocardial infarction (AMI)1. On the
other hand, angioplasty performed after
failed thrombolysis (rescue PTCA) has been
associated with a lower success rate3,4, a
high incidence of reocclusion5, and ques-
tionable effects on left ventricular function5

and long-term prognosis6. Moreover, failed
rescue PTCA is associated with a very high
mortality5,7,8.

In recent years, parallel to the develop-
ment of these revascularization strategies,
coronary stenting has become an established
and effective procedure to treat complica-
tions, and optimize immediate and long-
term results of PTCA9. Therefore, stents
have been increasingly utilized in AMI and
results of recent work strongly support their
effectiveness in this setting10,11. However,
most of the available data concerning the
use of coronary stents in AMI were collect-
ed in primary procedures10, while little in-

formation is presently available on rescue
stenting. For this reason, we reviewed our se-
ries of urgent procedures performed in AMI
and compared primary to rescue stenting,
testing the hypothesis that stenting tends to
decrease the gap observed in the procedur-
al success and complication rate in these
two situations.

Methods

Study patients. From January 1995 to Jan-
uary 1999, 145 patients were treated in our
catheterization laboratory for AMI. Of these,
111 (77%) received one or more stents and
constitute the object of the present report.
The group consisted of 81 males and 30 fe-
males with a mean age of 63 years (range 37-
95 years). The criteria utilized for the defi-
nition of AMI were: chest pain of > 30 min
and ST segment elevation in at least 2 con-
tiguous leads persistent after sublingual ni-
trates. The accepted time for intervention
from the onset of chest pain was 12 hours.
After admission to the coronary care unit, the
physician on duty was responsible for the ac-
tivation of the catheterization laboratory per-
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Background. Although many previous reports showed a worse outcome after rescue compared to
primary coronary angioplasty, a direct comparison of these two strategies in the era of stenting is lack-
ing. 

Methods. Fifty patients treated with rescue stenting were retrospectively compared to 61 patients
treated with primary stenting during acute myocardial infarction over a 4-year period in our Labo-
ratory.

Results. Baseline demographic and angiographic parameters were not significantly different in the
two groups. Despite a significantly longer time-to-reperfusion in rescue stenting (4.7 – 2.7 vs 2.8 – 2.1
hours, p < 0.0001), procedural success rate (98 vs 97%), in-hospital mortality (6 vs 11%) and target
vessel revascularization at 6 months (8 vs 10%) were similar in rescue compared to primary stenting.

Conclusions. These data suggest that stenting may help improve results of rescue angioplasty, and
support the concept that aggressive treatment after failed thrombolysis can be pursued with satisfac-
tory results.
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sonnel, according to his/her evaluation of the severity of
the clinical status, potential benefits of PTCA, and
availability of the interventional cardiologist. These pa-
tients are therefore identified not on the basis of a pre-
defined protocol but rather on the combination of sever-
ity and availability. For all patients treated with intra-
venous thrombolysis, the drug utilized was tissue-type
plasminogen activator (t-PA), according to the GUSTO
protocol12.

Definitions. Primary angioplasty is defined as a percu-
taneous revascularization procedure performed in a pa-
tient with the above-mentioned clinical and electrocar-
diographic criteria. Rescue angioplasty refers to the
same revascularization procedures performed after the
administration of full-dose t-PA in the presence of per-
sistent ST segment elevation with or without chest pain,
or early recurrence of ST segment elevation after an
initial improvement. Procedural success refers to the
achievement of a TIMI 3 flow in the infarct-related
artery and a residual stenosis < 20%. A suboptimal re-
sult is considered a residual stenosis > 20% or TIMI 2
flow. The indications for stenting are either bailout (re-
occlusion or critical flow reduction after initial suc-
cessful re-opening with PTCA) or elective (stenting
planned regardless of the result obtained with PTCA).
Cardiogenic shock is identified in the presence of per-
sistent hypotension (systolic blood pressure < 90 mmHg)
secondary to extensive left ventricular myocardial in-
farction and/or right ventricular infarction, associated with
evidence of target organ hypoperfusion. An acute is-
chemic event in the territory of the stented vessel with
angiographic documentation of stent occlusion or criti-
cal flow reduction is defined as acute stent thrombosis
if occurring < 24 hours after stent implantation and sub-
acute stent thrombosis if occurring > 24 hours after im-
plantation. Target vessel revascularization is the term used
to define a new procedure (percutaneous or surgical) per-
formed in the stented vessel deemed clinically indicat-
ed within 6 months of entering the study.

Stenting procedure. Most of the procedures were per-
formed using a percutaneous femoral approach, a stan-
dard dose of 10 000 IU of heparin as an intravenous bo-
lus before coronary instrumentation and conventional
monorail balloon systems. In 3 cases, a percutaneous
brachial approach was required because of severe pe-
ripheral vascular disease. In all the cases included in this
analysis, no additional thrombolytic drug was adminis-
tered either intravenously or intracoronarily as adjunc-
tive treatment. Starting from 1998, GP IIb/IIIa receptor
inhibitors became routinely available and were used in
21 cases (50% of the total population treated in that pe-
riod). In these patients, the initial heparin bolus was
halved. Bare and pre-mounted stents were utilized aim-
ing at a stent-to-vessel ratio of 1.0-1.1. Intracoronary ul-
trasound and quantitative angiography were not available
in our laboratory during the study period. Left ventric-

ular ejection fraction was calculated either angiograph-
ically at the end of the procedure (30  right anterior
oblique ventriculography) or by echocardiography in
the coronary care unit within 24 hours of stenting. The
combination of ticlopidine and aspirin was the routine
medical treatment for the prevention of rethrombosis in
all study patients.

Statistical analysis. Results are presented as mean – 1
SD. Continuous variables were compared using Stu-
dent s t-test for unpaired data or non-parametric analy-
sis (Mann-Whitney s U test), where appropriate. All
tests are two-tailed. Discrete variables are presented as
percentages and analyzed with the χ2 likelihood ratio with
Fisher s correction when indicated. A p value of < 0.05
was considered as statistically significant.

Results

Sixty-one patients (55%) were treated with primary
stenting (Group P) and 50 (45%) with rescue stenting
(Group R). Of the 34 patients treated in the same peri-
od with PTCA alone, 28 (82%) had a primary angio-
plasty, while 6 (18%) had a rescue angioplasty. Thus, stent
implantation was significantly more frequent in rescue
procedures compared to direct procedures (89 vs 69%,
p = 0.008). In the years 1995-1996, rescue stenting rep-
resented one third of all cases of stenting in AMI, while
it has increased to one half in the years 1997-1999 (Table
I). Patients characteristics are illustrated in table II. Ten
percent of patients in Group R and 18% in Group P
were over age 75. Fifteen had evidence of cardiogenic
shock upon admission, 7 in Group R and 8 in Group P.
Vessel distribution was comparable in the two groups.
Left ventricular ejection fraction was available in 44
patients (88%) in Group R and averaged 45 – 11%.
This value was not statistically different from that ob-
tained in Group P which was equal to 43 – 15%. Pro-
cedural data are summarized in table III. Angiographic
evidence of post-balloon dissection was present in 14%
of cases in Group R vs 16% in Group P. Bailout stent-
ing was performed in a similar proportion of cases (14
vs 23%, respectively).

Different types of stents were used. In Group R, a to-
tal of 61 stents were implanted in 50 patients (1.2
stent/patients). They were: NIR (n = 23); Palmaz-Schatz
(n = 14); Multilink (n = 9); Minicrown (n = 5); Wiktor

L La Vecchia et al - Rescue vs primary stenting in acute myocardial infarction

51

Table I. Frequency of primary and rescue stenting in the study pe-
riod.

1995-1996 1997-1999 Total

Rescue 11 (33%) 39 (51%) 50
Primary 23 (67%) 38 (49%) 61
Total 34 77 111



(n = 3); AVE (n = 3); Crossflex (n = 2); V-Flex (n = 2).
The distribution of stent types did not differ signifi-
cantly between the two groups (Fig. 1). However, there
was a trend for a higher number of stents and a longer
stented segment in Group P compared to Group R pa-
tients (1.4 – 0.7 vs 1.2 – 0.5, p = 0.093, and 20.3 – 12

vs 16.3 – 7 mm, p = 0.058, respectively) (Table III).
Intra-aortic balloon counterpulsation was started ei-

ther during or immediately after the procedure in 40%
of patients in Group R vs 28% in Group P (p = 0.252)
and was continued for at least 48 hours. None of the 21
patients treated with Reo-Pro experienced major bleed-
ing (i.e. requiring transfusion).

The most relevant difference between the two groups
reflects, as expected, a longer time-to-reperfusion in
rescue stenting (4.7 – 2.7 vs 2.8 – 2.1 hours, p < 0.0001).

TIMI flow data are illustrated in table IV. Baseline dis-
tribution of TIMI grading shows no significant difference
between the two groups. After the procedure, a final
TIMI 3 flow was obtained in 88% of patients in Group
R and in 94% of patients in Group P (p = 0.507).

Five cases of subacute stent thrombosis were record-
ed in the early phase (1995-1996), 1 in Group R and 4
in Group P. The stented vessel was the left anterior de-
scending coronary artery in 4 cases and a saphenous vein
graft to the left anterior descending coronary artery in 1.
Two subacute thromboses were fatal, while 3 were treat-
ed with repeated PTCA and were uneventful. Details on
subacute thrombosis in these patients have been de-
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Table II. Baseline clinical characteristics of the study population.

Group R Group P p
(n=50) (n=61)

Age (years) 60 – 12 64 – 11 0.070
Males (%) 38 (76) 43 (70) 0.663
Hypertension (%) 12 (24) 16 (26) 0.961
Diabetes (%) 4 (8) 6 (10) 0.998
Multivessel disease (%) 22 (44) 29 (48) 0.856
Previous myocardial infarction (%) 7 (14) 19 (31) 0.068
Cardiogenic shock (%) 7 (14) 8 (13) 0.886
Infarct-related vessel   

LAD 25 (50) 28 (45)
RCA 20 (40) 20 (31)
LCX 4 (8) 10 (17) 0.555
SVG 1 (2) 2 (5)
LMCA --- 1 (2)

LAD = left anterior descending coronary artery; LCX = left circumflex artery; LMCA = left main coronary artery; RCA = right
coronary artery; SVG = saphenous vein graft.

Table III. Clinical and procedural variables in the two study groups.

Group R Group P p
(n=50) (n=61)

Mean – SD Range Mean – SD Range

Time to reperfusion (h) 4.7 – 2.7 2-13 2.8 – 2.1 0.5-11 < 0.0001
Stents/patient (n=) 1.2 – 0.5 1-3 1.4 – 0.7 1-5 0.093
Length of the stented segment (mm) 16.3 – 7 9-45 20.3 – 12 8-73 0.058
Size of largest balloon used (mm) 3.2 – 0.4 2.5-4.0 3.2 – 0.5 2.5-4.5 1.000
Inflations (n=) 4.8 – 2.9 1-13 5.7 – 3.3 2-17 0.134
Total time of inflation (s) 348 – 432 40-1980 435 – 392 30-1155 0.269
Maximal inflation pressure (atm) 13.3 – 2.4 7-18 13.6 – 2.5 8-20 0.523
Left ventricular ejection fraction (%) 45 – 11 20-68 43 – 15 20-70 0.434
Peak CK-MB mass (ng/ml) 347 – 256 7-1205 287 – 214 0-763 0.185

Figure 1. Frequency of different stent types in the two study groups. The
differences are not significant.



scribed elsewhere13,14.
Table V provides analytic data regarding procedur-

al results, in-hospital course and 6-month follow-up.
Overall, 10 hospital deaths and no late deaths were ob-
served. Of these, 3 occurred in Group R and 7 in Group
P and were all but one due to cardiogenic shock. One
death in Group P was secondary to massive retroperi-
toneal bleeding in a patient with aortic counterpulsation.
The difference in mortality between the two groups was
not significant (6 vs 11%, p = 0.503). The composite end
point of death, reinfarction and target vessel revascu-
larization at 6 months was also comparable in the two
groups (14 vs 20%, p = 0.592).

formed in many centers, very few teams are actively en-
gaged in providing equal treatment for all patients with
pre-defined criteria 24 hours a day, 7 days a week. For
this reason, medical treatment will remain the first ap-
proach not only for patients admitted to peripheral hos-
pitals without catheterization facilities, but also for
some or most of those admitted to larger centers. Due
to logistical limitations, the issue of referring patients
for PTCA after failed thrombolysis has a major clinical
impact and is expected to have an increasingly impor-
tant role in the near future. Currently, the more severe
the patient s condition, the more likely he or she will be
offered rescue PTCA, with a higher rate of adverse
events even in case of success.

Experimental data provide supporting evidence that
PTCA after failed thrombolysis is a cumbersome pro-
cedure. It has been observed that after thrombolysis
more thrombin is generated which then promotes mas-
sive platelet adhesion15. Evidence of a high complica-
tion rate in rescue angioplasty was historically of such
a magnitude as to be observed even in small-sized stud-
ies16,17, and has persisted in more recent trials18. Larg-
er clinical database confirm that the efficacy of rescue
PTCA is suboptimal. Results from the TIMI 4 trial re-
port a 29% adverse in-hospital outcome after success-
ful rescue PTCA and 83% after failed rescue PTCA, for
a combined total of 35%. This equals the number of pa-
tients who did not undergo rescue PTCA at all6. More
recent data gathered from the GUSTO I database report
a 30% mortality after 1 month in patients with rescue
failure7. These authors emphasize that patients who are
offered a rescue procedure represent, by definition, a
high-risk subgroup that already possesses the clinical
predictors for a poor outcome (compared to patients with
failed thrombolysis who are treated conservatively)7.

Although rescue PTCA was reported to be success-
ful in > 80% of the cases in this large series, only 68%
of the procedures achieved a TIMI 3 flow, and the mean
residual stenosis was close to 45%7. These angiograph-
ic results differ substantially from the accepted success
criteria defined in more recent trials, in which a TIMI 2
flow at the end of the procedure as well as a diameter
stenosis > 30% were considered as suboptimal10. Reoc-
clusion after successful rescue PTCA is frequent, oc-
curring in approximately 18-20% of patients treated
with t-PA5, while a lower percentage of patients was re-
ported in the FRESCO trial10. Thus, suboptimal criteria
for the definition of procedural success match well with
the very different incidence of complications observed
in these two studies.

Primary stenting is known to be effective in AMI10,11

and has recently been demonstrated to be superior to
PTCA in terms of death, reinfarction and target vessel
revascularization at 1 (3.4 vs 12.5%)11 and 6 months (9
vs 28%)10. Consistent data on rescue stenting, however,
are lacking.

The aim of our report was to present and analyze re-
sults of rescue stenting in our laboratory. To do so, we

L La Vecchia et al - Rescue vs primary stenting in acute myocardial infarction

53

Table IV. TIMI flow at baseline and after the procedure in the two
study groups.

TIMI flow Group R Group P
(n=50) (n=61)

Initial Final Initial Final

0 25 (50%) 1 (2%) 40 (65%) 2 (3%)
1 13 (26%) 0 (2%) 9 (15%) 0 (2%)
2 10 (20%) 5 (10%) 8 (13%) 2 (3%)
3 2 (4%) 44 (88%) 4 (7%) 57 (94%)

Table V. Procedural results and follow-up data in the study
population.

Group R Group P

In-lab 50 (100%) 61 (100%)
Procedural success 49 (98%) 59 (97%)
Uncomplicated failure 1 (2%) 0 
Death 0 2 (3%)

In-hospital 50 59
Death 3 (6%)* 5 (8%)*
Re-infarction 0 0
Target vessel revascularization 0 1*
Total in-hospital mortality 3 (6%) 7 (11%)

Six-month follow-up 47 54
Death 0 0 
Re-infarction 0 0 
Target vessel revascularization 4 (8%) 4 (10%)*
Composite end points at 6 months 7 (14%) 12 (20%)

* including cases of subacute stent thrombosis: 2 in-hospital
deaths (1 Group R and 1 Group P); 1 in-hospital and 2 late target
vessel revascularizations.

Discussion

The activation of a timely and effective system for
ensuring prompt percutaneous revascularization in AMI
requires a high degree of commitment, training and
practice. In fact, although coronary angioplasty has an
established role in the treatment of AMI and is per-



felt it necessary to provide data obtained in a reference
group of patients treated with primary stenting in the same
time period and carried out by the same operators.

Two closely related aspects that reflect our clinical
setting and have an impact on the results presented need
to be highlighted. First, rescue stenting in our laborato-
ry represents > 40% of all procedures performed in AMI
(Table I). Second, primary procedures are selected main-
ly for high-risk patients. Although there is a shortage of
nationwide ad hoc registries, available data suggest that
the proportion of rescue procedures performed in our lab-
oratory is much higher compared to most other centers.
For instance, Repetto et al.19 have recently provided a
contribution consisting of 49 rescue stenting procedures
collected over a similar length of time. However, ac-
cording to the recent national survey by GISE20, the
same group in 1998 performed 98 primary procedures
compared to only 10 by us. Thus, in this unique situa-
tion, rescue and primary procedures are almost equally
performed, not because we overtreat patients after throm-
bolysis, but because primary procedures are relatively un-
derrepresented. As a consequence, patients treated with
primary stenting are not representative of the more gen-
eral population of AMI patients and the results obtained
must take into account the high-risk profile of this sub-
group (Table I). Mean age, prevalence of multivessel dis-
ease and frequency of shock appear to be consistently
higher compared to previous studies on primary angio-
plasty2 and to the PAMI stent study group11. These pa-
tients show a greater resemblance to those included in
the non-randomized arm of the FRESCO study10, in
which a 10% mortality and 10% target vessel revascu-
larization were observed.

Thus, the main conclusion of our report is that res-
cue stenting in our setting provides procedural and clin-
ical results which are comparable and not worse to those
of primary stenting, given a similar caseload experi-
ence of the operators in these two clinical situations. It
is possible that centers which extensively perform pri-
mary procedures, including low-risk patients, and offer
salvage procedures only to high-risk patients after failed
thrombolysis may face a different scenario in terms of
results and complications between the two groups.

We do realize that randomized trials are the only
way to define whether one strategy is definitely better or
worse than another. However, data substantiating the
role of rescue stenting are scarce. Most of the available
studies compare rescue procedures to conservative med-
ical management after failed21 or effective22 thrombol-
ysis, while others compare primary procedures with
thrombolysis2. Thus, conclusions on this particular issue
remain inferential.

Although our study has neither the sample size nor
the design to answer the question as to whether rescue
stenting is equally effective compared to primary stent-
ing, our results suggest that rescue stenting is feasible and
associated with an acceptable rate of clinical events. In
fact, we observed a 6% mortality and a 14% incidence

of combined end points at 6 months, in a population that
does not seem to be at low risk (Table II). These appear
to be intermediate results and lie between the data pro-
vided by Antoniucci et al.10, describing a 1% mortality
and 9% event rate at 6 months, and previous available da-
ta on rescue PTCA, in which the 30-day mortality alone
was 11%7.

The use of intra-aortic balloon counterpulsation in our
patients was higher than usually reported, especially in
the rescue group. Although an ad hoc randomized trial
did not show any significant benefit for primary PTCA
patients with the routine use of intra-aortic balloon coun-
terpulsation23, we felt that a liberal utilization of this de-
vice might help improve flow especially during and/or
after rescue procedures, in which we were able to obtain
a TIMI 3 flow in 88% of patients (compared to 94% in
Group P). As a matter of fact, a previous study by Ohman
et al.24 reported a lower incidence of reocclusion and a
higher incidence of TIMI 3 flow in patients randomized
to intra-aortic balloon counterpulsation. Interestingly, a
substantial proportion of rescue procedures was includ-
ed in that particular study.

The availability of GP IIb/IIIa receptor antagonists
opens new perspectives in the treatment of AMI, in com-
bination with either thrombolysis25 or percutaneous
coronary interventions26. Data collected in the very last
part of the study period do not allow us to draw any con-
clusions concerning efficacy. However, the lack of ma-
jor bleeding in rescue procedures represents an encour-
aging element in favor of Reo-Pro use in carefully se-
lected cases after failed thrombolysis.

Study limitations. The number of patients being stud-
ied is limited and the analysis was carried out retro-
spectively. In this context, differences that are not sta-
tistically significant may be clinically relevant. Although
our results cannot be automatically translated into the con-
clusion that rescue and primary stenting are equally ef-
fective, this report may be given the credit for an im-
provement in the results of rescue procedures has oc-
curred, and that it is most likely attributable to coronary
stenting.

In conclusion, our experience suggests that rescue
stenting is feasible and is associated with clinical results
that are comparable to those obtained by primary stent-
ing, despite a significantly longer time-to-reperfusion. We
consider these data as supportive evidence in favor of an
aggressive strategy of stenting in patients after failed
thrombolysis.
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