Clinical and Angiographic Outcomes After Placement of Multiple
Overlapping Drug-Eluting Stents in Diffuse Coronary Lesions
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Multiple overlapping drug-eluting stents have increasingly been used to treat diffuse
coronary disease, but the safety and efficacy of this approach remains unclear. We assayed
the clinical and angiographic outcomes after placement of “full metal jacket” stents
(stented length >60 mm) in 347 consecutive patients (352 lesions) with very long de novo
coronary lesions. Mean age was 61.0 ⴞ 10.1 years, and the mean stented length was 71.9 ⴞ
13.7 mm. The procedural success rate was 97.7%. Major in-hospital complications (1 death,
2 cases of acute stent thrombosis) occurred in 3 patients (0.7%). Angiographic follow-up
data, obtained for 230 (234 lesions) of the 328 eligible patients (70.1%), showed that the
restenosis rate was 13.7%. Multivariate analysis found that the reference artery diameter
(odds ratio 0.05, 95% confidence interval [CI] 0.01 to 0.33, p ⴝ 0.002) and the use of Taxus
stents (odds ratio 2.88, 95% CI 1.03 to 8.04, p ⴝ 0.043) were significant predictors of
restenosis. During follow-up (16.6 ⴞ 6.9 months), 9 deaths (6 cardiac and 3 noncardiac), 1
nonfatal myocardial infarction, and 13 target lesion revascularizations occurred. The
cumulative probability of survival without major adverse cardiac events (cardiac death,
Q-wave myocardial infarction, and target lesion revascularization) was 95.4 ⴞ 1.1% and
91.4 ⴞ 2.1% at 1 and 2 years, respectively. Left ventricular dysfunction (ejection fraction
<45%) was the only predictor of stent thrombosis (hazard ratio 18.24, 95% CI 1.65 to
201.19, p ⴝ 0.018) and cardiac death/Q-wave myocardial infarction (hazard ratio 5.37, 95%
CI 1.28 to 22.49, p ⴝ 0.021). In conclusion, full metal jacket drug-eluting stents may be a
safe and effective method to treat diffuse coronary disease and may be a useful treatment
option for complex long lesions. © 2006 Elsevier Inc. All rights reserved. (Am J Cardiol
2006;98:918 –922)

The efficacy of drug-eluting stents (DESs) in reducing restenosis has been established in randomized clinical trials,1–3 and
their use in coronary interventions has increased. These trials
usually enrolled patients with simple lesions, with most
treated patients having relatively short narrowings. In realworld settings, however, multiple overlapping stents are
often required to treat diffuse disease or long dissections.
Furthermore, in clinical practice, the stented length has
increased for full lesion coverage. When bare metal stents
were used, these procedures were associated with a high rate
of restenosis and were not generally recommended.4 – 6
DESs have been found to reduce the need for reintervention
and may be an improvement over bare metal stents in
treating complex long lesions.7 Little information is available, however, about the safety and efficacy of very long
overlapping DESs in patients with diffuse disease.8,9 We
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have determined the clinical and angiographic outcomes
after placement of full metal jacket stents to treat diffuse
coronary artery disease.
Methods
Study patients: The patient population consisted of a
consecutive series of 347 patients (352 lesions) at Asan
Medical Center who had been treated with “full metal
jacket” stents, defined as a stented length ⱖ60 mm without
gaps, for de novo diffuse coronary lesions from February 2003
to May 2005. Of these patients, 264 (266 lesions) had been
treated with sirolimus-eluting stents and 83 (86 lesions) with
paclitaxel-eluting stents. Angiographic follow-up at 6 months,
or earlier if symptoms occurred, was attempted unless patients experienced any major adverse cardiac event during
the first 30 days after the procedure, medical conditions
were present contraindicating angiographic follow-up, or
the patients were ⬎80 years old.
Stenting procedure: A Cypher (Cordis, Miami Lakes,
Florida) or Taxus (Boston Scientific, Natick, Massachusetts) stent was used in all patients. Stent implantation was
performed according to standard techniques, and the operators selected stents. Complete lesion coverage was recommended, as well as angiographic optimization with ⬍20%
residual stenosis by visual estimate. During the procedure,
www.AJConline.org
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Table 1
Clinical characteristics
Characteristic
No. of coronary lesions
Age (yrs)
Men
Current smoker
Diabetes mellitus
Total serum cholesterol ⱖ200 mg/dl
Hypertension
Clinical presentation
Stable angina pectoris
Unstable angina pectoris
Acute myocardial infarction
Previous myocardial infarction
Previous percutaneous coronary intervention
Previous coronary bypass surgery
Multivessel coronary disease
Left ventricular ejection fraction (%)

n ⫽ 347
352
61.0 ⫾ 10.1
252 (72.6%)
97 (28.0%)
126 (36.3%)
77 (22.2%)
201 (57.9%)
184 (53.0%)
133 (38.3%)
30 (8.6%)
21 (6.1%)
75 (21.6%)
11 (3.2%)
257 (74.1%)
58.0 ⫾ 10.1

used indefinitely, and clopidogrel (75 mg/day) was used for
ⱖ6 months.

Table 2
Angiographic and procedural characteristics
Characteristic
Lesion characteristics
Target coronary vessel
Left anterior descending
Left circumflex artery
Right coronary artery
Left main to left anterior descending
Chronic total occlusion
Ostial lesion
Bifurcation
Procedural characteristics
Balloon/artery ratio
Direct stenting
Maximal inflation pressure (atm)
Stents per lesion
Stent length per lesion (mm)
Quantitative coronary angiography
Lesion length (mm)
Reference vessel diameter (mm)
Before intervention
Minimal lumen diameter (mm)
Diameter stenosis (%)
After intervention
Minimal lumen diameter (mm)
Diameter stenosis (%)
Follow-up
Minimal lumen diameter (mm)
Diameter stenosis (%)
Acute gain (mm)
Loss (mm)
Angiographic restenosis
Cypher stent
Taxus stent
Use of glycoprotein IIb/IIIa inhibitor
Intravascular ultrasound guidance

Figure 1. Distribution of stented lengths.

n ⫽ 353

193 (54.8%)
14 (4.0%)
124 (35.1%)
22 (6.3%)
60 (17%)
40 (11.4%)
54 (15.3%)
1.32 ⫾ 0.18
15 (4.3%)
15.5 ⫾ 3.5
2.5 ⫾ 0.7
71.9 ⫾ 13.7
55.8 ⫾ 12.9
2.82 ⫾ 0.40
0.66 ⫾ 0.53
68.5 ⫾ 13.5
2.66 ⫾ 0.40
4.5 ⫾ 13.4
2.14 ⫾ 0.68
22.9 ⫾ 23.8
1.99 ⫾ 0.58
0.52 ⫾ 0.67
20/180 (11.1%)
12/54 (22.2%)
11 (3.1%)
256 (72.7%)

patients received a bolus of 8,000 U of heparin, with a
repeat bolus of 2,000 U to maintain an activated clotting
time of ⱖ300 seconds. All patients were pretreated with
aspirin and clopidogrel. Aspirin (100 to 200 mg/day) was

Angiographic analysis: All angiographic analyses were
performed by 2 experienced angiographers unaware of the
study goal. The percentage of diameter stenosis, minimal
lumen diameter, and reference diameter using an on-line
quantitative angiographic analysis system (Xcelera Cath
1.1, Philips, The Netherlands) were measured before predilation, after the stenting procedure, and at follow-up. The
angiographic measurements were made during diastole after
intracoronary nitroglycerin administration using a guiding
catheter to calibrate magnification. Single matched views
with the worst diameter stenosis were compared.
Definitions and clinical follow-up: All demographic,
clinical, angiographic, and procedural characteristics were
prospectively entered into the Asan Medical Center database. An echocardiographic examination was performed
before angioplasty, and the left ventricular ejection fraction
was calculated according to a modified Simpson’s rule.
Follow-up information was obtained by chart review and
telephone interview, and all follow-up investigations were
extended ⱖ6 months. Restenosis and major adverse cardiac
events (cardiac death, Q-wave myocardial infarction, and
target lesion revascularization) were evaluated. Procedural
success was defined as successful stenting at the desired
position with ⬍30% residual stenosis and the absence of
death, Q-wave myocardial infarction, or the need for either
emergency bypass surgery or repeat revascularization during
hospitalization. The diagnosis of procedural non–Q-wave
myocardial infarction was based on an creatine kinase
(CK)-MB elevation ⬎3 times normal in the absence of new
pathologic Q waves on postintervention electrocardiograms.
Restenosis was defined by a diameter stenosis of ⱖ50% in the
segment inside the stent or 5 mm proximal or distal to the stent
at follow-up angiography. Deaths were classified as either
cardiac or noncardiac. Deaths that could not be classified
were considered cardiac. Myocardial infarction during follow-up was diagnosed when the CK-MB was elevated ⬎3-
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Table 3
Predictors of angiographic restenosis by logistic regression analysis
Variable

Reference artery diameter
Use of Taxus stent
Stented length
Reference artery diameter ⬎2.5 mm
Stented length ⬎80 mm
Diabetes
Lesion length
Postintervention minimal lumen diameter

Univariate Analysis

Multivariate Analysis

OR

95% CI

p Value

OR

95% CI

p Value

0.05
2.29
1.03
0.22
2.51
1.39
1.02
0.45

0.01–0.34
1.04–5.05
1.01–1.05
0.08–0.59
1.13–5.56
0.61–3.18
0.99–1.05
0.17–1.21

0.002
0.041
0.012
0.002
0.024
0.427
0.289
0.115

0.05
2.88

0.01–0.33
1.03–8.04

0.002
0.043

OR ⫽ odds ratio.

fold with chest pain for ⱖ30 minutes or with the appearance
of new electrocardiographic changes.

Table 4
Major clinical events during hospitalization and at follow-up

Statistical analysis: Data are expressed as means ⫾ SDs
for continuous variables and as frequencies for categorical
variables. Continuous variables were compared using the unpaired Student’s t test and categorical variables by the chisquare test. Regression analysis was performed to identify
the determinants of restenosis. The Kaplan-Meier method
was used to analyze the occurrence of clinical events during
follow-up. Statistical significance was defined as a 2-sided
value of p ⬍0.05.

Characteristic

In-Hospital
(n ⫽ 347)

Follow-up
(n ⫽ 346)

Death
Cardiac death
Noncardiac death
Myocardial infarction
Q-wave
Non–Q-wave
Cardiac death/Q-wave myocardial infarction
Target lesion revascularization
Repeat intervention
Bypass surgery

1 (0.3%)
1 (0.3%)
0
70 (20.2%)
2 (0.6%)
68 (19.6%)
2 (0.6%)
2 (0.6%)
2 (0.6%)
0

9 (2.6%)
6 (1.7%)
3 (0.9%)
1 (0.3%)
1 (0.3%)
0
7 (2.0%)
13 (3.8%)
12 (3.5%)
1 (0.3%)

Results
Baseline characteristics: The baseline clinical and angiographic characteristics of the patients are listed in Tables 1
and 2. Mean patient age was 61.0 ⫾ 10.1 years (range 31 to
86); 36.3% had diabetes mellitus and 10.4% had left ventricular dysfunction (ejection fraction ⬍45%). The average
number of stent overlaps per lesion was 2.5 ⫾ 0.7 (range 2
to 6), the average overlapped length was 1.9 ⫾ 0.8 mm
(range 0.5 to 3.5), and the total stented length was 71.9 ⫾ 13.7
mm (range 60 to 150; Figure 1).
Procedural results: The procedural success rate was
97.7%. Adjunct high-pressure balloon dilation was required
to achieve optimal stent expansion in all patients. The incidence of procedural non–Q-wave myocardial infarction was
19.6%. During hospitalization, major complications (cardiac death, Q-wave myocardial infarction, repeat revascularization, or emergency bypass surgery) occurred in 3 patients (0.9%). One patient (0.3%) died of cardiac tamponade
immediately after the procedure. Two other patients, treated
with Cypher stents, developed acute stent thrombosis with
Q-wave myocardial infarction (0.6%) 4 and 12 days after
the procedure. The latter patient died suddenly at 1 month
after discharge.
Angiographic restenosis: Angiographic follow-up data
were obtained for 230 (234 lesions) of the 328 eligible
patients (follow-up rate 70.1%). Restenosis was documented in 30 patients with 32 lesions (13.7%) (in-stent
12.4% and in-segment 13.7%). There were 21 incidents of

focal restenosis (65.6%), 6 of diffuse (18.8%), 1 of diffuse
proliferative (3.1%), and 4 of total (12.5%) restenosis. Patients treated with Taxus stents had a higher restenosis rate
than those treated with Cypher stents (22.2% vs 11.1%, p ⫽
0.044), as well as a higher rate of late loss (0.78 ⫾ 0.52 vs
0.45 ⫾ 0.68 mm, p ⫽ 0.002). Univariate predictors of
restenosis included the reference artery diameter, use of
Taxus stents, and stented length (Table 3). Diabetes, lesion
length, and minimal lumen diameter after the procedure
were not significantly related to restenosis. On multivariate
analysis, the reference artery diameter (odds ratio 0.05, 95%
confidence interval [CI] 0.01 to 0.33, p ⫽ 0.002) and the use
of Taxus stents (odds ratio 2.88, 95% CI 1.03 to 8.04, p ⫽
0.043) were independent predictors of restenosis.
Clinical outcomes: Clinical follow-up data were available for all patients (16.6 ⫾ 6.9 months), and the clinical
events are listed in Table 4. During follow-up, 9 deaths
(6 cardiac and 3 noncardiac), 1 Q-wave myocardial infarction, and 13 target lesion revascularizations occurred. Late
stent thrombosis occurred in 1 patient 2 months after the
procedure, and angiography showed thrombotic occlusion
of a stented lesion. This patient had been taking clopidogrel
and aspirin. The event-free survival rate for cardiac death/
Q-wave myocardial infarction was 98.2 ⫾ 0.7% and 96.3 ⫾
1.3% at 1 and 2 years, respectively (Figure 2). The cumulative probability of survival without major adverse cardiac
events was 95.4 ⫾ 1.1% and 91.4 ⫾ 2.1% at 1 and 2 years,
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Figure 2. Event-free survival curves for cardiac death/Q-wave myocardial
infarction (MI) or major adverse cardiac events (MACEs).

respectively. Left ventricular dysfunction (ejection fraction
⬍45%) was the only significant predictor of stent thrombosis (hazard ratio 18.24, 95% CI 1.65 to 201.19, p ⫽ 0.018)
and cardiac death/Q-wave myocardial infarction (hazard
ratio 5.37, 95% CI 1.28 to 22.49, p ⫽ 0.021). No factors
were predictive of major adverse cardiac events.
Discussion
The results we present have shown that the full metal jacket
approach is a safe procedure in the treatment of diffuse
coronary disease, with acceptable immediate and late clinical outcomes, that the reference artery size and type of DES
are predictors of restenosis, and that left ventricular dysfunction is related to stent thrombosis or cardiac death/
Q-wave myocardial infarction after the procedure. These
findings suggest that multiple overlapping DESs may be an
effective treatment option for complex long lesions.
Diffuse coronary disease has been a technical challenge
for the interventional cardiologist, with disappointing clinical outcomes. Conventional balloon angioplasty is rarely
sufficient for angiographic success, and multiple stents are
usually needed to treat complex long lesions. Long stents
can achieve excellent immediate results, with few immediate complications, but the risk of restenosis increases with
stent length.4 – 6 Long bare-metal stents have seldom been
used because of the high rate of restenosis, and coronary
artery bypass surgery has often been performed on this
subset of patients. DESs have eliminated much of the restenosis previously observed with bare metal stents, and
DESs have been increasingly used in high-risk lesions and
in populations excluded from clinical trials. In addition, the
trend is increasing toward the use of multiple overlapping
DESs without clear trial support. Studies of small series of
patients have shown that implantation of multiple overlapping stents to treat very long diffuse disease is safe and
associated with good mid-term outcomes.8,9 Our series included a relatively large number of patients with very long
diffuse disease, confirming that this method results in ac-
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ceptable clinical outcomes. In the present study, however,
there appeared to be a high rate of procedural CK-MB
elevation, which may have been related to a heavy plaque
burden. Although it was not associated with major adverse
cardiac events during the follow-up, procedural CK-MB
elevation may be a limitation to the full metal jacket approach. This procedure is, therefore, considered experimental, and its use should not be generalized until its safety and
efficacy has been demonstrated in large randomized trials.
Restenosis affects a significant number of patients with
complex long lesions. We found that the reference artery
size was an important predictor of angiographic restenosis,
suggesting that full metal jackets may be effective in relatively large vessels. However, this approach resulted in an
increased risk of restenosis in small vessels, requiring further improvement. In addition, we found that Cypher and
Taxus stents resulted in restenosis rates of 11.1% and
22.2%, respectively, suggesting that the risk of restenosis is
influenced by the type of DES used. In several head-to-head
comparison trials, the results favored Cypher stents, which
had lower rates of late loss and restenosis.10,11 It is unclear,
however, whether differences exist in the effectiveness of
currently approved DESs in patients with very long diffuse
disease. Additional randomized studies are required to determine whether the 2 types of DESs differ in safety and
efficacy.
Although DESs constitute a major achievement in preventing restenosis, concerns have been raised regarding
polymer-associated thrombogenicity and delayed vascular
healing. Stent thrombosis is a rare event and may not be
increased by DESs12; however, the probability of stent
thrombosis increases with stent length. We found that 2
patients experienced acute (0.6%) and 1 experienced late
(0.3%) stent thrombosis after the index procedure. All patients developed Q-wave myocardial infarctions, and 1 patient died 1 month after the event. We also found that
patients with left ventricular dysfunction were at high risk
of stent thrombosis and cardiac death after full metal jacket
stenting. Furthermore, a previous study has demonstrated
that a low left ventricular ejection fraction increased the risk
of late stent thrombosis.13 Taken together, these results
suggest that the full metal jacket approach may be associated with an acceptable risk of stent thrombosis, but that it
should be used carefully in patients with poor left ventricular function.
Our study had several potential limitations. First, the lack
of a control group treated with bypass surgery or medical
therapy precluded a determination of the role of treatment
differences on clinical outcomes. Second, the choice of DES
was left to the physician, leading to possible selection bias.
Third, the angiographic follow-up was incomplete, possibly
leading to an error in the restenosis rate.
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