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OBJECTIVES This randomized trial compared repeat stenting with balloon angioplasty (BA) in patients
with in-stent restenosis (ISR).

Stent restenosis constitutes a therapeutic challenge. Repeat coronary interventions are
currently used in this setting, but the recurrence risk remains high.

We randomly assigned 450 patients with ISR to elective stent implantation (224 patients) or
conventional BA (226 patients). Primary end point was recurrent restenosis rate at six
months. Secondary end points included minimal lumen diameter (MLD), prespecified
subgroup analyses, and a composite of major adverse events.

Procedural success was similar in both groups, but in-hospital complications were more
frequent in the balloon group. After the procedure MLD was larger in the stent group (2.77
* 0.4 vs. 225 = 0.5 mm, p < 0.001). At follow-up, MLD was larger after stenting when
the in-lesion site was considered (1.69 = 0.8 vs. 1.54 = 0.7 mm, p = 0.046). However, the
binary restenosis rate (38% stent group, 39% balloon group) was similar with the two
strategies. One-year event-free survival (follow-up 100%) was also similar in both groups
(77% stent vs. 71% balloon, p = 0.19). Nevertheless, in the prespecified subgroup of patients
with large vessels (=3 mm) the restenosis rate (27% vs. 49%, p = 0.007) and the event-free
survival (84% vs. 62%, p = 0.002) were better after repeat stenting.

In patients with ISR, repeat coronary stenting provided better initial angiographic results but
failed to improve restenosis rate and clinical outcome when compared with BA. However, in
patients with large vessels coronary stenting improved the long-term clinical and angiographic
outcome. (J Am Coll Cardiol 2003;42:796-805) © 2003 by the American College of
Cardiology Foundation
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Coronary stenting is increasingly used during coronary
interventions (1-3). Treatment of in-stent restenosis (ISR),
however, represents a technical and clinical challenge (4—
11). Satisfactory initial results are usually obtained with
conventional balloon angioplasty (BA), but the risk of
recurrent restenosis remains high (4—11). Therefore, the use
of alternative mechanical approaches, such as debulking
techniques, has been advocated (12-14). However, a recent
randomized study (13) failed to demonstrate benefits of
rotational atherectomy in these patients. Angiographic and
intravascular ultrasound studies suggest that repeated coro-
nary interventions do not obtain the same results that were
achieved during initial stent implantation (4,7,11). Accord-
ingly, suboptimal procedural results could explain the un-
satisfactory course of some patients. In addition, although
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the effectiveness of coronary brachytherapy has been clearly
demonstrated in this setting, it is not widely available and it
has inherent problems and limitations (15-18). There is,
therefore, still a need to determine which mechanical interven-
tion is best suited for patients with ISR, a problem affecting up
to 150,000 patients annually in the U.S. alone (18).

In some patients treated for ISR, a new “unplanned” stent
implantation is eventually required to achieve a satisfactory
final angiographic result (19—22). Preliminary reports (21,22)
have suggested the potential value of “elective” stenting (used
as the primary strategy) in these patients. Nevertheless, the
outcome of patients with ISR electively treated by the implan-
tation of a new stent remains largely unknown.

We hypothesized that repeat coronary stenting could
improve the initial angiographic results of patients with ISR
and that this might translate into better long-term clinical and
angiographic outcomes. Therefore, we conducted a multi-
center randomized trial to compare elective coronary stenting
with conventional BA in these patients.

METHODS

Patient selection and study design. Patients with angina
or objective evidence of myocardial ischemia undergoing
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Abbreviations and Acronyms
BA = balloon angioplasty

ECG = electrocardiogram

ISR = in-stent restenosis

MI = myocardial infarction
MLD = minimal lumen diameter

repeat coronary interventions for ISR (>50% stenosis on
visual estimation) were eligible if they had lesions amenable
to both interventional strategies. The target lesion had to be
a first ISR that could be spanned by a single stent (=32 mm
in length) and had to be located in a vessel >2.5 mm in
diameter. Lesions located in severely tortuous or calcified
vessels and those presenting as total occlusions were ex-
cluded. Patients with prior stent implantation within the
previous month, severe concomitant systemic illness, and
conditions likely to preclude follow-up angiography were
not included. The study was carried out following the
principles of the Declaration of Helsinki regarding investi-
gations with human subjects (23) and the recommendations
for conducting/reporting randomized trials (24). Written
informed consent was obtained from all patients. Random-
ization was performed by telephone, using a computer-
generated code, and was stratified according to restenosis
length.

At the coordinating center, data were verified by consis-
tency checks, and double data set entry and queries about
any missing or inconsistent data were sent back to the sites.
Summaries of clinical records from all patients with poten-
tial events were also reviewed at the coordinating center.
Subsequently, all events were classified and adjudicated by
an independent clinical events committee unaware of the
assigned treatment.

Coronary interventions. All patients were pretreated with
aspirin, and 100 IU/kg of heparin was given as a bolus at the
beginning of the procedure. Balloon size was selected with
the aim of achieving a final balloon-to-artery ratio of 1.1/1.
Relatively high pressures (>12 atm) were recommended in
both arms. In patients allocated to repeat stenting the stent
was deployed after a previous balloon dilation of the lesion.
Because the strategy of repeated stenting (rather than the
value of any specific stent design) was under investigation,
three different noncoil stent designs were selected for the
study: the NIR stent (Boston Scientific, Maple Grow,
Minnesota) (106 patients), the Crown stent (Cordis, John-
son and Johnson, Warren, New Jersey) (46 patients), and
the Bestent (Medtronic-AVE, Santa Rosa, California) (45
patients). However, in 24 patients other noncoil stent types
were eventually implanted for logistic reasons or operator
preferences. Crossover to the other treatment method was
strongly discouraged. In all cases repeated prolonged bal-
loon inflations had to be attempted before crossover to stent
deployment. Crossover was allowed only in patients with
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persistent stenosis >50%, major coronary dissections (Na-
tional Heart, Lung, and Blood Institute types D-F), or
dissections associated with ischemia.

Creatine kinase levels (with myocardial isoenzymes if
abnormal) and 12-lead electrocardiograms (ECGs) were
obtained before the procedure and every eight hours after-
wards for 24 h. Personnel blinded to the assigned treatment
reviewed the ECGs. Procedural success was defined as
angiographic success (residual stenosis <50%) in the ab-
sence of major complications. Myocardial infarction (IMI)
was considered in the presence of two of the following:
prolonged (>30 min) chest pain, new Q-waves (>0.04 s),
and increase in the creatine kinase level more than twice the
upper normal value (with a MB fraction >10% of the total
value). All patients received aspirin indefinitely, whereas
patients treated with repeated stenting also received ticlo-
pidine (500 mg daily) for one month. Patients were followed
up at one, six, and seven months and at one year. An
exercise test was recommended immediately before the
follow-up angiography. Angiographic follow-up was ob-
tained routinely at six months or earlier if clinically indi-
cated. Follow-up angiographic data obtained <3 months
after the index procedure were excluded unless restenosis
was documented; otherwise, the patient was asked to
undergo the scheduled angiogram at six months.
Objectives. The primary end point was the recurrent
restenosis rate “per segment.” Secondary end points in-
cluded: 1) the analysis of the influence of 10 prespecified
relevant variables on the restenosis rate according to the
assigned treatment (age, gender, diabetes, unstable angina,
time to restenosis, left anterior descending coronary artery
location, reference vessel =3 mm, diffuse [=10 mm] reste-
nosis, stent type, and balloon/artery ratio); 2) comparison of
minimal lumen diameters (MLDs) at follow-up; 3) com-
parison of angiographic findings confined to the “in-lesion”
analysis; and 4) assessment of a combined clinical end point
at one year follow-up.

Angiographic analysis. Multiple coronary views were ob-
tained after the administration of intracoronary nitroglyc-
erin (0.2 mg). All cine films or CDs were analyzed at the
centralized angiographic core laboratory and reviewed by
experienced personnel blind to the assigned treatment (25).
Special care was taken in trying to identify the site of initial
stent deployment—before the injection of contrast materi-
al—and subsequently the relative location of the lesion.
Detailed drawings of these two sites (requested on the case
report forms) were also reviewed. Quantitative coronary
angiographic analysis was carried out using a validated,
automatic edge-detection algorithm (MEDIS, CMS 4.0,
Leiden, the Netherlands) (26). Matched angiographic views
were reviewed before, after intervention and at follow-up. A
first analysis was confined at the lesion site “in-lesion
analysis” (site showing the initial narrowing), and a second
analysis considered “the segment” that encompassed the
lesion site, the treated region, and the adjacent 5 mm of the



798 Alfonso et al.

Stenting the Stent for ISR

JACC Vol. 42, No. 5, 2003
September 3, 2003:796-805

891 Patients Undergoing PCI for In-ST Restenosis

141 Clinical Exclusion Criteria

15 Refused

| 175 Anatomical Exclusion Criteria

I
| {
]

110 Logistics / Operator

450 Patients Randomized

[

|
224 Patients ST

In-Hospital
1 Failure ||

l 1 Acute Occlusion
| 1 Died

[ At FU

| 3 Died
‘ 9 Refused Angiography

209 Patients 6 Mo Angiographic FU

206 Patients QCA FU

|
226 Patients BA

In-Hospital
1 Failure
1 Acute Occlusion
1 Died |

AtFU
2 Died
11 Refused Angiography

210 Patients 6 Mo Angiographic FU

209 Patients QCA FU

Figure 1. Trial profile. Of 891 consecutive patients undergoing repeat coronary interventions for in-stent restenosis during the study period, 450 (51%) were
included in the trial. BA = balloon angioplasty arm; FU = follow-up; PCI = percutaneous coronary intervention; QCA = quantitative coronary

angiography; ST = stent arm.

vessel on each side. This methodology has been used in
previous controlled trials (18,27). A binary definition for
restenosis (stenosis >50% at follow-up) was used.

Statistical analysis. On the basis of data from a previous
pilot study of repeated stenting for ISR (21) and prior studies
of BA in this setting (7) (2/3 of patients presenting diffuse
ISR), a recurrent restenosis rate of 30% and 45% was
estimated in the stent and balloon groups respectively.
Given these assumptions we required 185 in each group to
be able to detect a 30% reduction in the restenosis rate with
repeat stenting with a power (1-beta) of 90% and a type I
error (alpha) of 5%. To compensate for non-evaluable
patients at follow-up (10% expected, because of patient
refusal or poor-quality angiograms), the sample size was
increased to a total number of 450 patients. Comparisons
were performed according to the intention-to-treat princi-
ple. Categorical data were compared with the chi-square
test or Fisher exact test (when expected values were <5).
For the comparison of continuous variables a two-tailed
Student # test (normally distributed data) or Wilcoxon
rank-sum nonparametric test were used. Rates of event-free
survival were studied with Kaplan-Meier analysis and com-
pared with the log-rank test. Cox proportional hazards
models were also used to assess events. The 10 prespecified
subgroups, were examined for interactions (28,29) using a

logistic regression model. The p value of the interaction
terms was corrected with the Bonferroni test. Analyses were
performed using the SPSS package (version 10.0). A p value
<0.05 was considered statistically significant.

RESULTS

Hospital results. Between December 1997 and December
1999, 450 patients were enrolled at 24 investigational sites
from Spain and Portugal; 224 patients were assigned to
repeat stent implantation and 226 to balloon treatment
(Fig. 1). Baseline demographic, clinical, and angiographic
data (Table 1) were well matched in the two groups.
Procedural characteristics were also similar, although higher
inflation pressures and shorter total balloon inflation times
were used in the stent arm (Table 1).

Angiographic success (448 patients, 99%) was obtained in
all but one patient in each group. Procedural success was
similar in both groups (98% stent group, 95% balloon group,
p = 0.11). Crossover to the other strategy was required in
only 16 patients, 13 (5.7%) in the balloon group and 3
(1.3%) in the stent group (p = 0.02). All but 11 patients
(5%) in the stent group were treated with single stents
(mean stented length 19 £ 6 mm). During hospitalization
2 patients died, 11 developed MI (Q-wave in 1), and 1
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Table 1. Baseline Clinical, Angiographic, and Procedural Characteristics

Stent Group Balloon Group
Characteristic (n = 224) (n = 226)
Age (yrs) 61 =11 61 =11
Female gender, no. (%) 59 (26) 42 (19)
Risk factors, no. (%)
Diabetes mellitus 60 (27) 58 (26)
Hyperlipidemia 132 (59) 117 (53)
Hypertension 131 (59) 116 (51)
Ever smoked 122 (55) 136 (60)
Clinical features, no. (%)
Unstable angina 102 (45) 92 (41)
Stable angina 105 (47) 119 (53)
Silent ischemia® 17 (8) 15 (6)
Previous myocardial infarction 98 (44) 95 (42)
Previous bypass surgery* 9(4) 10 (4)
Time to restenosis, dayst 180 (132-230) 180 (124-228)
Target artery, no. (%)
Left anterior descending 105 (47) 130 (57)
Left circumflex 50 (22) 38 (17)
Right coronary 65 (29) 53 (24)
Saphenous vein graft* 4(2) 5(2)
Multivessel disease 108 (48) 92 (41)
Ejection fraction (%) 65 + 12 64 + 12
Procedural characteristics
Maximal pressure (atm) 13.5+2.2 12.6 = 2.8+
Total inflation time (s) 131 + 86 176 + 120§
Final balloon diameter (mm) 314+ 0.4 3.09 =04
IIb/I11a inhibitors 4 (2%) 8 (4%)

*Fisher exact test. tMedian and interquartile range (25th to 75th percentile) (Wilcoxon test). $p < 0.001, §p < 0.01. Plus-minus
values are means * SD.

patient (with initial angiographic failure) required elective MI). Altogether there were fewer hospital complications in
surgery before discharge (Table 2). Two patients experi- the stent group (Table 2).
enced subacute vessel occlusion during admission and re-  Angiographic findings. Angiographic data before and im-

quired repeat interventions (one fulfilled the study criteriaof ~ mediately after the procedure are summarized in Table 3

Table 2. In-Hospital and One Year Clinical Events

Stent Group Balloon Group Relative Risk
Event (n = 224) (n = 226) p Value (95% CI)
Hospital events, no. (%)
Death 1(0.4) 1(0.4) 1 1 (0.06-16.03)
Myocardial infarction 2(0.9) 9 (4) 0.06 0.22 (0.05-1.03)
Target vessel revascularization 1(0.4) 2(0.9) 1 0.50 (0.046-5.52)
Coronary angioplasty 1(0.4) 1(0.4) 1 1 (0.06-16.03)
Coronary surgery 0(0) 1(0.4)
Any major hospital event 3(1.3) 11 (4.9) 0.039 0.27 (0.078-0.97)
Events at 7 months, no. (%)
Death 5(2.2) 4(1.8) 0.75 1.26 (0.34-4.64)
Myocardial infarction 5(2.2) 12 (5.3) 0.13 0.42 (0.15-1.17)
Target vessel revascularization 37 (16.5) 39 (17.3) 0.9 0.96 (0.63-1.44)
Coronary angioplasty 27 (12) 29 (12.8) 0.89 0.94 (0.57-1.53)
Coronary surgery 12 (5.4) 11 (4.9) 0.83 1.10 (0.49-2.44)
Any major event at 7 months 42 (19) 47 (21) 0.64 0.90 (0.62-1.31)
Events at 1 yr, no. (%)
Death 8 (4) 7(3) 0.8 1.15 (0.42-3.12)
Myocardial infarction 6 (2.7) 13 (5.8) 0.15 0.46 (0.18-1.20)
Target vessel revascularization 44 (19.6) 55 (24.3) 0.25 0.81 (0.57-1.14)
Coronary angioplasty 32 (14) 43 (19) 0.20 0.75 (0.49-1.14)
Coronary surgery 14 (6.3) 13 (5.8) 0.84 1.08 (0.52-2.26)
Any major event at 1 yr (+) 52 (23) 65 (29) 0.19 0.81 (0.58-1.10)

Patients with more than one event are counted only once for the composite clinical end points, although each event is listed

separately in the corresponding category.

CI = confidence interval; (+) = a prespecified secondary study end point (p values from Cox analysis).
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Table 3. Initial and Follow-Up Angiographic Results

Variable Stent Group Balloon Group p Value
Before the procedure (n = 224) (n = 226)
Reference vessel diameter (mm) 2.87 0.5 2.83 £ 0.5 0.24
Minimal lumen diameter (mm) 0.68 = 0.4 0.67 = 0.4 0.79
Stenosis (% of lumen diameter) 76 =12 76 =12 0.95
Lesion length (mm) 1276 13.0x7 0.62
Diffuse lesions (>10 mm), no. (%) 132 (60) 130 (59) 1
After the procedure (n = 224) (n = 226)
Reference vessel diameter (mm) 31204 292 +0.5 < 0.001
Minimal lumen diameter (mm) 2.77 = 0.4 2.25*0.5 < 0.001
Stenosis (% of lumen diameter) 12+ 10 23 +10 < 0.001
Acute gain (mm) 2.08 = 0.5 1.58 £ 0.5 < 0.001
At follow-up (“per segment” analysis) (n = 206) (n = 209)
Reference vessel diameter (mm) 291 +0.5 2.82+0.5 0.042
Minimal lumen diameter (mm) 1.63 £ 0.8 1.52 £0.7 0.17
Stenosis (% of lumen diameter) 45 =25 46 =23 0.82
Restenosis, no (%) 79 (38) 82 (39) 0.92
Late loss (mm) 1.12+0.8 0.73 £ 0.7 < 0.001
Loss index 0.55 = 0.4 0.42 £0.5 0.004
Net gain (mm) 0.95 0.8 0.84 = 0.7 0.13
At follow-up (“in lesion” analysis) (n = 206) (n = 209)
Reference vessel diameter (mm) 291 0.5 28205 0.03
Minimal lumen diameter (mm) 1.69 = 0.8 1.54 = 0.7 0.046
Stenosis (% of lumen diameter) 43 + 24 45 +23 0.31
Restenosis, no. (%) 69 (33) 80 (38) 0.36
Late loss (mm) 1.06 = 0.7 0.72 £ 0.7 < 0.001
Loss index 0.52 = 0.4 0.42+0.5 0.02
Net gain (mm) 1.01 = 0.8 0.85 = 0.68 0.03

and Figure 2. Of the 262 lesions with diffuse restenosis, 99
had a proliferative pattern (14). Reference vessel size and
MLD before intervention were similar in the two groups.
After the procedure, however, angiographic results were
significantly better in the stent group. Patients in the stent
group obtained a larger final MLD and had a larger acute
gain and a lower residual diameter stenosis compared with
those in the balloon group.

Quantitative coronary angiographic follow-up data
(Table 3, Fig. 2) were obtained in 415 of 439 (95%) eligible
patients (median 188 days, similar in both groups) (Fig. 1).
Although MLD at follow-up (“per-segment” analysis) was
larger in the stent group, this difference was no longer
significant (p = 0.17). However, when the more stringent
“in-lesion” analysis was used, patients in the stent group
obtained a significantly better MLD at follow-up (p =
0.046) and a larger net gain (Table 3). The binary restenosis
rate per segment analysis was similar in the two groups (38%
stent group vs. 39% balloon group). Restenosis rates for
patients with focal (27% vs. 26%), diffuse (39% vs. 43%) and
proliferative (58% vs. 59%) ISR were similar with the two
techniques. In addition, the restenosis rate using the “in-
lesion” analysis was also similar (33% stent arm vs. 38%
balloon arm, p = 0.36) (Table 3). The “per-protocol”
angiographic analysis did not differ from the primary inten-
tion to treat analysis. In the stent arm no differences could
be identified among the three stents used (p for interaction
0.29). Finally, the influence of the 10 prespecified variables

on treatment effect is summarized in Figure 3. On logistic
regression analysis there was a significant vessel-size/
treatment-effect interaction (p = 0.001, p = 0.01 after the
Bonferroni correction). In patients with large vessels (refer-
ence diameter =3 mm), the binary restenosis rate was
significantly reduced after stenting (27% vs. 49%, p = 0.007;
risk ratio 0.55, 95% confidence interval 0.35 to 0.85). In
clinical terms, four patients with ISR in large vessels would
need to be treated by repeat stenting to prevent one episode
of recurrent restenosis. Conversely, in patients with small
vessels (<2.6 mm, lower tercile) the restenosis rate (59% vs.
41%, p = 0.053) tended to be higher in the stent group.

Clinical follow-up. All 450 patients were followed up for
one year with no patient lost to follow-up (Table 2). Of the
99 patients undergoing target vessel revascularization during
follow-up, 96 (97%) had angina or documented ischemia (as
required by protocol), but in 3 patients (1 stent group, 2
balloon group) only an “anatomic indication” led to repeat
intervention. Although the clinical outcome was similar in
the two groups a nonsignificant trend (p = 0.19) was found
for a poorer event-free survival in the balloon group (Fig. 4),
mainly because a larger number or patients required target
vessel revascularization. In patients with large vessels, how-
ever, the one-year event-free survival was significantly better
in the stent group (Fig. 4). This difference was largely
determined by a reduced need for repeat interventions (13%

vs. 34%, p = 0.002).
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Figure 2. Cumulative frequency distribution curves of the minimal lumen diameter before the procedure (PRE), immediately after intervention (POST),
and at six months follow-up (FU), in patients treated with balloon angioplasty (BA) and repeat stenting (ST). (A) “Per-segment” analysis. (B) “In-lesion”
analysis. After the procedure the distribution curve in the stent group is shifted to the right (with the two analyses) indicating a larger acute gain. At
follow-up the results of the stent group are better than those in the balloon group in the “in-lesion” analysis (B), but not in the “per-segment” analysis (A).

DISCUSSION procedure-related complications and provided much better

immediate angiographic results but failed to reduce the rate
This study has demonstrated the value of stent implantation  of recurrent restenosis compared with BA. In fact, MLD at
in patients with ISR. This technique reduced the risk of  follow-up was better after stenting only when the “in-lesion”
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Characteristics No Patients % Restenosis Relative Risk (95% CI)
ST BA
Overall 415 38 39 4‘*
Age > 65 (y) 174 33 38 ——
Age < 65 (y) 241 42 40 ——
Male 323 40 40 ——
Female 92 34 36 i
Diabetes 105 41 43 —
No diabetes 310 38 38 ——
Unstable Angina 173 42 46 ——
No Unstable Angina 242 35 35 ——
Time to RE>180 (d) 240 31 33
Time to RE<180 (d) 175 48 49
LAD 221 37 38
No LAD 104 30 s -
Vessel >3 (mm) 146 27 49 S E—
Vessel <3 (mm) 261 46 35 R
RE length > 10 (mm) 244 46 49
RE length < 10 (mm) 163 27 26 i
18t ST Coil 57 27 39 B
1stST no Coill 358 41 39 ——
B/A>1.1 198 50 41 T
B/A<1.1 194 28 40 S
0 0.5 1 1.5 2
ST Better BA Better

Figure 3. Rates, relative risks, and confidence intervals (CI) of restenosis according to the 10 prespecified variables. P values for the interaction (logistic
regression analysis) were only significant for reference vessel size (p = 0.001). BA = balloon angioplasty; B/A = balloon to artery ratio; LAD = left anterior

descending coronary artery; RE = restenosis; ST = stent.

segment was taken into consideration. The study also
suggests that in patients with large vessels (=3 mm) repeat
stenting appears to have long-term clinical and angiographic
benefits beyond those obtained with BA and, therefore,
should be recommended.

The current study shows that repeat stenting is safe and
can be readily accomplished. Indeed, the occurrence of
procedure-related complications was higher in the balloon arm.
A previous observational study comparing BA with repeat
stenting in patients with “focal” ISR (22) suggested that
patients treated with BA had a higher rate of major in-hospital
complications (death, Q-wave infarction, urgent revasculariza-
tion). Although procedure-related complications in patients
with ISR may be the result of side-branch occlusion, this event

rarely results in clinically evident myocardial necrosis (9). Some
of the Mls documented in our study were the result of
crossover to stenting after a complicated BA procedure. The
potential implication of the antiplatelet therapy imbalance in
this regard is of interest but remains speculative.

Compared with conventional BA elective restenting pro-
vided much better immediate angiographic results because
of a larger acute gain. These findings confirm that repeat
stenting can guarantee an excellent immediate angiographic
result in these patients (20-22). Nevertheless, recurrent
restenosis rates were eventually high and similar with both
techniques. The greater late loss and late loss-index seen in
the stent group suggest that this strategy elicits a more
profound proliferative response. Although the MLD at
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Figure 4. Kaplan-Meier estimates of the event-free survival at one year (death, myocardial infarction, or target vessel revascularization) according to
treatment group. No differences were found between the two groups in the entire 450-patient population (Cox hazard ratio 0.81, 95% confidence interval
[CI] 0.56 to 1.17) (A), but the event-free survival in patients with large vessels (=3 mm) (B) was significantly greater in the stent group (Cox hazard ratio
0.31, 95% CI 0.2 to 0.73). This difference was due to the lower proportion of patients in the stent group that required target vessel revascularization. Note
survival scales cut off at 60%. BA = balloon angioplasty; ST = stent.
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follow-up was similar in the two groups on the “per-
segment” analysis, better results were found after stenting
when the analysis was focused on the “in-lesion” site. This
may be relevant from the pathophysiologic point of view,
suggesting that in some patients undergoing repeat stenting,
a relocation of minimal lumen diameter at follow-up or
“edge-effect” (27) may produce recurrent restenosis outside
the site encompassed by the second stent.

The event-free survival at one year was also similar with
the two techniques, with most patients having a satisfactory
long-term outcome. The trend for a larger MLD at
follow-up after repeat stenting could explain the associated
trend toward a better long-term clinical outcome resulting
from a reduction in the need for repeat interventions. In
addition, the significant number of revascularization proce-
dures after six months is of interest but also may have been
driven by the requirement to demonstrate ischemia before
proceeding with further revascularization. In this regard, an
even longer clinical follow-up would have been of clinical
relevance and this is currently planned for these patients.

Finally, an important study finding was the evidence of a
major interaction between treatment effect and vessel size.
In this study we prospectively predefined our subgroups of
interest to determine potential interactions (28,29). In
patients with large vessels (=3 mm) elective stenting not
only significantly reduced the restenosis rate compared with
BA, but also improved the long-term clinical outcome. This
significant “treatment effect size” (calculated power 80%)
emerges from the analysis of a secondary study end point but
has the inherent limitations of subgroup analyses. However, in
our opinion, it is clinically relevant and may have implications
for patient management. The striking difference in clinical
outcomes between the stent and balloon groups in patients
with large vessels was primarily due to the need for fewer repeat
interventions on the target vessel. This parallels previous
studies showing that the main clinical benefit of stenting in
native coronary lesions occurs in large vessels as the result of a
reduction in the number of reinterventions (1,2,30).

Conversely, in patients with small vessels repeat stenting
was associated with a relatively high restenosis rate, and
probably should be avoided. Although by design we tried to
exclude patients with small vessels from this trial, one-third
of our patients (with vessels >2.5 mm on visual estimation)
actually had small vessels by quantitative angiography.
Again, these findings mirror those found in “de novo”
lesions, where the value of stenting in small vessels is, at
least, controversial (31,32).

Repeat stenting, therefore, constitutes an attractive strat-
egy for patients with ISR in large vessels. Alternatively, for
most patients with small vessels and a focal pattern of
restenosis BA should be preferred. Brachytherapy, however,
currently remains the cornerstone of therapy for patients
presenting with the vexing problem of diffuse ISR (15-18),
where both angioplasty and repeat stenting are shadowed by
an unacceptably high recurrence rate. Repeat stenting
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should not be recommended in combination with brachy-
therapy owing to the potential risk of late thrombosis (33).

Last, we used conventional stainless-steel stents in the
present study. Our findings underscore the importance of
assessing the results of restenting using the new drug-eluting
stents. Because drug-coated stents prevent subsequent neoin-
timal proliferation to a large extent (34), they appear to be
ideally suited for the treatment of patients with ISR (35,36).
However, the potential concern for edge effects should also be
investigated with these new stents in patients with ISR.
Conclusions. Although some observational studies have
suggested a potential benefit of “stenting the stent” for patients
with ISR in this large multicenter randomized controlled trial
repeat stenting failed to reduce the rate of recurrent restenosis
when compared with BA. Nevertheless, our findings suggest
that in patients with large vessels repeat stenting provides
better long-term results and should be recommended.

Reprint requests and correspondence: Dr. Fernando Alfonso,
Unidad de Hemodindmica, Servicio de Cardiologia Interven-
cionista, Instituto Cardiovascular, Hospital Universitario “San

Carlos,” Ciudad Universitaria, Plaza de Cristo Rey, Madrid 28040,
Spain. E-mail: falf@hotmail.com.

REFERENCES

1. Serruys PW, De Jaegere P, Kiemeneij F, et al. A comparison of
balloon-expandable-stent implantation with balloon angioplasty in
patients with coronary artery disease. N Engl ] Med 1994;331:489-95.

2. Fischman DL, Leon MB, Baim DS, et al. A randomized comparison
of coronary-stent placement and balloon angioplasty in the treatment
of coronary artery disease. N Engl ] Med 1994;331:496-501.

3. Rankin JM, Spinelli JJ, Carere RG, et al. Improved clinical outcome
after widespread use of coronary stenting in Canada. N Engl ] Med
1999;341:1957-65.

4. Baim DS, Levine MJ, Leon MB, Levine S, Ellis SG, Schatz RA.
Management of restenosis within the Palmaz-Schatz coronary stent
(the U.S. multicenter experience). Am ] Cardiol 1993;71:364-6.

5. Eltchaninoff H, Koning R, Tron C, Gupta V, Cribier A. Balloon
angioplasty for the treatment of coronary in-stent restenosis: immedi-
ate results and 6-months angiographic recurrent restenosis rate. ] Am
Coll Cardiol 1998;32:980—4.

6. Bauters C, Banos JL, Van Belle E, Fadden EP, Lablanche JM,
Bertrand ME. Six-month angiographic outcome after successful repeat
percutaneous intervention for in-stent restenosis. Circulation 1998;97:
318-21.

7. Alfonso F, Pérez-Vizcayno MJ, Hernindez R, et al. Long-term
outcome and determinants of event-free survival in patients treated
with balloon angioplasty for in-stent restenosis. Am J Cardiol 1999;
83:1268-70.

8. Bossi I, Klersy C, Black AJ, et al. In-stent restenosis: long-term
outcome and predictors of subsequent target lesion revascularization
after repeat balloon angioplasty. ] Am Coll Cardiol 2000;35:1569-76.

9. Alfonso F, Herndndez C, Pérez-Vizcayno M]J, et al. Fate of stent-
related side-branches after coronary interventions in patients with
in-stent restenosis. ] Am Coll Cardiol 2000;36:1549-56.

10. Adamian M, Colombo A, Briguori C, et al. Cutting balloon angio-
plasty for the treatment of in-stent restenosis: a matched comparison
with rotational atherectomy, additional stent implantation and balloon
angioplasty. ] Am Coll Cardiol 2001;38:672-9.

11. Mintz GS, Hoffmann R, Mehran R, et al. In-stent restenosis: the
Washington Hospital Center experience. Am J Cardiol 1998;81:7-13E.

12. Mahdi NA, Pathan AZ, Harrell L, et al. Directional coronary
atherectomy for the treatment of Palmaz-Schatz in-stent restenosis.
Am ] Cardiol 1998;82:1345-51.



JACC Vol. 42, No. 5, 2003
September 3, 2003:796-805

13. vom Dahl J, Dietz U, Haager PK, et al. Rotational atherectomy does
not reduce recurrent in-stent restenosis. Results of the angioplasty
versus rotational atherectomy for treatment of diffuse in-stent reste-
nosis trial (ARTIST). Circulation 2002;105:583—8.

14. Mehran R, Dangas G, Abizaid AS, et al. Angiographic patterns of
in-stent restenosis. Classification and implications for long-term
outcome. Circulation 1999;100:1872-8.

15. Teirstein PS, Massullo V, Jani S, et al. A double-blinded randomized
trial of catheter based radiotherapy to inhibit restenosis after coronary
stenting. N Engl ] Med 1997;336:1697-703.

16. King SB III, Williams DO, Chougule P, et al. Endovascular beta-
radiation to reduce restenosis after coronary balloon angioplasty:
results of the Beta Energy Restenosis Trial (BERT). Circulation
1998;97:2025-30.

17. Waksman R, White RL, Chan RC, et al. Intracoronary gamma-
radiation therapy after angioplasty inhibits recurrence in patients with
in-stent restenosis. Circulation 2000;101:2165-71.

18. Leon MB, Teirstein PS, Moses JW, et al. Localized intracoronary
gamma-radiation therapy to inhibit the recurrence of restenosis after
stenting. N Engl ] Med 2001;344:250-6.

19. Moris C, Alfonso F, Lambert JL, et al. Stenting for coronary
dissection after balloon dilation of in-stent restenosis: Stenting a
previously stented site. Am Heart ] 1996;131:834—6.

20. Elezi S, Kastrati A, Hadamitzky M, Dirschinger J, Neumann FJ,
Schémig A. Clinical and angiographic follow-up after balloon angio-
plasty with provisional stenting for coronary in-stent restenosis. Cathet
Cardiovasc Interv 1999;48:151-6.

21. Alfonso F, Cequier A, Zueco J, et al. Stenting the stent: initial results
and long-term clinical and angiographic outcome of coronary stenting
for patients with in-stent restenosis. Am J Cardiol 2000;85:327-32.

22. Mehran R, Dangas G, Abizaid A, et al. Treatment of focal in-stent
restenosis with balloon angioplasty alone versus stenting. Short and
long-term results. Am Heart ] 2001;141:610—4.

23. World Medical Association Declaration of Helsinki. Ethical principles
for medical research involving human subjects. 52nd WMA General
Assembly, Edinburgh, Scotland, October 2000. Available at: http://
www.wma.net/e/policy/17¢_e.html.

24. Altman DG, Schulz KF, Moher D, et al., for the CONSORT Group.
The revised CONSORT statement for reporting randomised trials:
explanation and elaboration. Ann Intern Med 2001;134:663-94.

25. Ellis SG, Vandormael MG, Cowley MJ, et al. Coronary morphologic
and clinical determinants of procedural outcome with angioplasty for
multivessel coronary artery disease: implications for patient selection.
Circulation 1990;82:1193-202.

26. Keane D, Haase ], Slager CJ, et al. Comparative validation of
quantitative coronary angiography systems. Results and implications
from a multicenter study using a standardized approach. Circulation
1995;91:2174-83.

27. Sabaté M, Costa MA, Kozuma K, et al. Methodological and clinical
implications of the relocation of the minimal lumen diameter after
intracoronary radiation therapy. Dose finding study group. ] Am Coll
Cardiol 2000;36:1536—41.

28. Assmann SF, Pocock SJ, Enos LE, Kasten LE. Subgroup analysis and
other mis(uses) of baseline data in clinical trials. Lancet 2000;355:
1064-9.

29. Buyse ME. Analysis of clinical trial outcomes: some comments on
subgroup analyses. Control Clin Trials 1989;10:1875-945.

30. Erbel R, Haude M, Hopp HW, et al. Coronary-artery stenting
compared with balloon angioplasty for restenosis after initial balloon
angioplasty. Restenosis Stent Study Group. N Engl ] Med 1998;339:
1672-78.

31. Kastrati A, Schémig A, Dirschinger ], et al.,, for the ISAR-SMART
Study Investigators. A randomized trial comparing stenting with
balloon angioplasty in small vessels in patients with symptomatic
coronary artery disease. Circulation 2000;102:2593-8.

32. Park SW, Lee CW, Hong MK, et al. Randomized comparison of
coronary stenting with optimal balloon angioplasty for treatment of
lesions in small coronary arteries. Eur Heart ] 2000;21:1732—4.

33. Waksman R, Bhargava B, Mintz GS, et al. Late total occlusion after
intracoronary brachytherapy for patients with in-stent restenosis. ] Am
Coll Cardiol 2000;36:65-8.

34. Morice MC, Serruys PW, Sousa JE, et al. A randomized comparison
of sirolimus-eluting stent with a standard stent for coronary revascu-

larization. N Engl ] Med 2002;346:1773-80.

Alfonso et al. 805
Stenting the Stent for ISR

35. Tanabe K, Serruys PW, Grube E, et al. TAXUS III Trial: in-stent
restenosis treated with stent-based delivery of paclitaxel incorporated
in a slow-release polymer formulation. Circulation 2003;107:559-64.

36. Sousa JE, Costa M, Abizaid A, et al. Sirolimus-eluting stent for the
treatment of in-stent restenosis. A quantitative coronary angiography
and three-dimensional intravascular ultrasound study. Circulation

2003;107:24-7.

APPENDIX

The design and execution of the protocol as well as the analysis
of the data were conducted at the coordinating center in a
manner absolutely independent of the sponsors (research
grants from Boston Scientific, Cordis [Johnson and Johnson],
Medtronic) that had no access to the results of the trial until
the analysis of the study objectives had been finalized.

The Restenosis Intra-stent: Balloon angioplasty versus
elective Stenting (RIBS) Investigators, Coordinators, and
Sites were the following:

Coordinating Center: Hospital Universitario San Car-
los, Madrid.

Steering Committee: F. Alfonso (Principal Investiga-
tor), A. Cequier, C. Moris, J. Zueco, A. Bethencourt,
R. Seabra-Gomes, C. Macaya. Clinical Events Commit-
tee: E. Esplugas, A. Cortina, P. Zarco. Coronary Angiog-
raphy Core Laboratory: (Hospital Universitario San Car-
los, Madrid) J. Goicolea, J. Escaned. Data Coordination,
Safety Monitoring and Statistical Committee: C. Ferndn-
dez, MLJ. Pérez-Vizcayno. Intravascular Ultrasound Com-
mittee: M. Sabaté, F. Alfonso. Economics Committee:
V. Mainar, R. Melgares.

Sites and Investigators: In order of enrollment (number
of randomized patients): Spain: Hospital Universitario San
Carlos, Madrid (86, F. Alfonso, C. Macaya, R. Herndndez);
Hospital Universitario Marqués de Valdecilla, Santander (43,
J. Zueco, T. Colman); Hospital Universitario Bellvitge, Bar-
celona (41, A. Cequier, E. Esplugas); Hospital Meixoeiro,
Vigo (30, R. Mantilla, J. Goicolea); Hospital Universitario de
Son Dureta, Palma de Mallorca (29, A. Bethencourt); Hospi-
tal Universitario Infanta Cristina, Badajoz (24, J.R. Lépez-
Minguez); Hospital Universitario Valle de Hebrén, Barcelona
(22, J. Angel); Hospital Universitario Santa Cruz y San Pablo,
Barcelona (22, ].M. Augé); Hospital Universitario La Princesa,
Madrid (21, M. Gémez-Recio); Hospital Clinico, Valencia
(13, L. Insa); Hospital Miguel Servet, Zaragoza (12, 1. Calvo);
Hospital Virgen de la Victoria, Mdlaga (11, J.M. Herndndez);
Hospital Carlos Haya, Madlaga (11, J.A. Bullones); Hospital
Virgen de las Nieves, Granada (11, R. Melgares); Hospital
Central de Asturias, Oviedo (11, C. Moris); Hospital Provin-
cial de Navarra, Pamplona (9, R. Lezain); Hospital de Ali-
cante, Alicante (9, V. Mainar); Hospital Juan Canalejo, La
Corufia (9, N. Vizquez); Hospital Universitario “12 Octubre,”
Madrid (8, J. Tascon); Hospital General Valencia, Valencia (5,
F. Pomar). Portugal: Hospital S. Joao, Porto (8, ] Mota-
Garcia); Hospital Santa Cruz, Lisboa (7, R. Seabra-Gomes);
Hospital Vila Nova de Gaia, Porto (4, V. Gama-Ribeiro);
Centro Hospitalar de Coimbra, Coimbra (4, A. Leitao-
Marques).
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