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Six-Month Angiographic and Clinical Outcomes
after Successful Eccentric Excimer Laser
Coronary Angioplasty with Adjunctive
Cutting Balloon Angioplasty for
Recurrent In-Stent Restenosis
Ching-Pei Chen,1 Chung-Li Huang,1 Chih-Chung Fong,1 Xian-Nin Wu,1 Chi-Hsien Pai2 and Yung-Ming Chang1

Background: There was no study yet surveying the efficacy & safety of eccentric excimer laser angioplasty (ELCA)
with cutting balloon angioplasty (CBA) in patients with repeat in-stent restenosis (ISR).
Methods: Thirty-five patients (40 lesions) with repeat in-stent restenosis were recruited between May 2004 and
June 2005. All patients received ELCA+CBA. Coronary angiogram was followed 6 months later. Five patients had
received graft stents for previous coronary perforation. Four patients were excluded due to missing angiograms.
Results: Left anterior descending artery, left circumflex, and right coronary artery lesions were 22, 8, and 6 in
number, respectively. The stent length, stent diameter, and lesion length were 20.03 ± 4.99 mm, 3.17 ± 0.34 mm, and
14.13 ± 8.00mm, respectively. The minimal lumen diameter increased from 0.79 ± 0.49 mm before treatment to 1.95
± 0.52 mm after eccentric ELCA, and 2.65 ± 0.31 mm after CBA, but had declined to 1.25 ± 1.05 at 6 months. The
diameter stenosis decreased from 74 ± 16% before intervention to 32 ± 14% after laser surgery, and 16 ± 18% after
CBA, but later increased to 60 ± 32%. The overall restenosis rate was 56%. The recurrent restenosis rates in ISR
with lesion length < 9 mm and in ISR with lesion length  9 mm were 23% and 74%, respectively. Excluding graft
stent lesions, the overall restenosis rate was 42%. The acute gains were 1.16 ± 0.63 mm and 1.86 ± 0.5 mm after laser
and cutting balloon angioplasty, respectively. The late loss was 1.4 ± 1.0 mm. There were no major adverse
cardiovascular events during hospitalization.
Conclusion: ELCA+CBA can be safely and effectively used in patients with recurrent focal ISR.
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cal problem. ISR is caused by intimal hyperplasia.3,4 Traditional balloon angioplasty was still the most widely
used treatment for ISR before 2000.5 However, the recurrence rate of diffuse ISR may be as high as 85%.6-9
Cutting balloon angioplasty (CBA) has better long-term
angiographic and clinical outcome for ISR than rotational atherectomy or traditional balloon angioplasty.10
We tried to delineate whether or not debulking of instent neointimal tissue by eccentric excimer laser coronary angioplasty (ELCA), followed by CBA, could reduce clinical recurrence. We therefore conducted this
single center surveillance trial to evaluate the safety,

Intracoronary stents reduce restenosis more effectively than balloon angioplasty.1,2 Due to their increasing
use, in-stent restenosis (ISR) is now an important clini-
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mm stents, 2.0 mm eccentric for 3.5-4.0 mm stents). If
an optimized laser catheter could not be crossed over the
lesion, a smaller (0.9 mm or 1.4 mm concentric laser
catheter) catheter was passed first. Adjunctive CBA was
performed using balloons 2.75-4.0 mm in diameter, with
balloon/stent ratios of 1.0-1.1 and maximum inflation
pressure at 8-12 atm. Laser angioplasty success was defined as £ 50% residual stenosis immediately after eccentric ELCA or a successful pass with an eccentric
1.7-mm laser catheter. Procedure success was defined as
laser angioplasty success followed by £ 30% residual
stenosis in all angiographic views, with the use of adjunctive CBA on quantitative coronary angiography
(QCA-CMS, Version 3.0; MEDIS, Leider, The Netherlands), without major in-hospital complications (ST- or
non-ST-elevation myocardial infarction, bypass surgery,
death).

feasibility, and efficacy of eccentric ELCA+CBA for
treating recurrent ISR.

METHODS
Patient population
Between May 2004 and June 2005, ELCA+CBA
was performed in 35 patients (40 lesions) with recurrent
ISR. Stents had been deployed 11-25 months before that.
All patients had developed recurrent ISR and received
CBA at least twice (2-6 times) Coronary artery bypass
graft surgery was suggested, but the patients refused.
Thirty patients had been treated with a single bare metal
stent (BMS); five patients were treated with two BMSs.
Of the coronary stents, 8 were 2.5 mm in diameter, 4
were 2.75, 17 were 3.0, 2 were 3.25, 8 were 3.5, and 1
was 4.0 mm. Informed consent was obtained from all
patients.

QCA analysis
QCA was performed with an automated edge-detection algorithm with the contrast-filled catheter as the
calibration standard. Minimal lumen diameter (MLD),
reference stent diameter, diameter stenosis (DS), and lesion length were measured from multiple projections,
and results from the “worst” view were recorded.

Excimer laser system
A xenon chloride excimer laser unit (SpectraneticsCVX-300TM Colorado) was utilized for all patients.
Laser energy was delivered through eccentric multifiber
catheters (VitesseTM-E, Spectranetics Colorado) 1.7 or
2.0 mm in diameter.11-14

Clinical follow-up
Patients were contacted monthly by telephone or
outpatient visit. Coronary angiography was repeated 6
months after the procedure.

Laser angioplasty procedure and definitions
All patients were treated with oral aspirin (300 mg)
and clopidogrel (300 mg) for loading. Intravenous heparin (12,500-15,000 units) and intracoronary nitroglycerin (100-300 ug) were administered before eccentric
ELCA to keep the activated clotting time (ACT) > 300 s
during intervention. The laser catheter was advanced at a
speed of 0.5 mm/s across the lesion, with simultaneous
intracoronary infusion of 0.9% saline solution. We used
area ablation method and debulked the lesion step-bystep. Only 5 mm lesion was debulked during each pass.
The catheter was pulled back and clockwise rotated by
90 degrees and re-advanced 5 mm. We repeated the procedures by clockwise rotating the laser catheter to 180
and 270 degrees. Energy densities ranged from 45 to 60
mJ/mm2, and the pulse number was 2500. The multiple
laser pass technique was used in all lesions. Ablation
time ranged from 32 to 287 seconds. Laser catheter size
depended on stent size (1.7 mm eccentric for 2.5-3.25
Acta Cardiol Sin 2008;24:15-20

Statistical analysis
Baseline characteristics and data obtained by QCA
analysis are described as mean ± SD. Discrete variables
are presented as counts and percentages. Categorical
variables were compared with the Fisher exact or Chisquare test. Continuous variables were compared using
the Wilcox signed rank or Mann-Whitney U test. A receiver operation characteristics (ROC) curves is a graphical presentation of the trade off between false negative and false positive rates for every possible cutoff.
When there is a positive likelihood ratio (LR+) of  2.0
and a negative likelihood ratio of  0.5, a test is good.
We use ROC curve to present the cutoff of lesion length
between those with and without recurrent in-stent
restenosis.
16
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RESULTS

Procedure results
Minimal lumen diameter (MLD) increased from
0.79 ± 0.49 mm before treatment to 1.95 ± 0.52 mm after laser surgery and 2.65 ± 0.31 mm after adjunctive
CBA, but had declined at follow-up to 1.25 ± 1.05 mm.
Diameter stenosis (DS) decreased from 74 ± 16% before intervention to 32 ± 14% after eccentric ELCA and
16 ± 18% after adjunctive CBA, but had increased to
60 ± 32% at follow-up. Acute gains were 1.16 ± 0.63
mm and 1.86 ± 0.5 mm post laser and cutting balloon
angioplasty, respectively. Late loss was 1.4 ± 1.0 mm at
6-month follow-up (Table 2). Angiographic success (£
50% DS) was 92% after eccentric ELCA and 100%
post adjunctive CBA, with an overall procedural success rate of 100% (Figure 1). There was no dissection,
myocardial infarction (ST or non-ST-elevation), bypass
surgery or in-hospital death. Twenty lesions (56%) developed recurrent restenosis 6 months after eccentric
ELCA+CB. We used an ROC curve to find a reasonable
lesion length which could simultaneously acquire good
sensitivity and specificity. The LR+ and LR- were 2.7
and 0.2, respectively, when cutoff of lesion length was
9 mm. In lesions under 9 mm in length, the restenosis
rate was 23%. The restenosis rate was 74% in lesions 
9 mm. All 5 graft stents developed recurrent ISR. The
overall restenosis rate was 42% if graft in-stent lesions
were excluded. The incidence of repeat ISR was higher
in the non-smoking group, but hyperlipidemia, hypertension, and type II DM did not impact results. Lesion
length was the only independent predictor of repeat ISR
(Table 3, p < 0.005).

Clinical characteristics
Thirty-five patients was enrolled in this study. Four
patients refused follow-up evaluation. Five patients had
2 separate ISR, and therefore 36 lesions were evaluated. The baseline characteristics of patients are listed
in Table 1.

Table 1. Baseline characteristics of the population (31 patients,
36 lesions)
Age
Male
Diabetes mellitus
Hyperlipidemia
Hypertension
Smoking
CCS angina grade
I
II
III
IV
Target vessels
Left anterior descending artery
Left circumflex artery
Right coronary artery
Stent length (mm)
Stent diameter (mm)
Lesion length (mm)
Stent grafts
Stent number in each lesion
One stent
Two stents
CAD
1
2
3

65 ± 10
20 (65%)
19 (61%)
26 (84%)
27 (87%)
13 (42%)
03 (10%)
17 (55%)
08 (26%)
03 (10%)
20 (56%)
09 (25%)
07 (19%)
20.03 ± 4.99
03.17 ± 0.34
14.13 ± 8.00
05 (14%)
26 (84%)
05 (16%)

Six-month clinical results
Fourteen patients had Canadian Cardiovascular Society (CCS) grade II angina, and 4 patients had CCS
grade III at the 6-month follow-up (Figure 2). Four lesions needed repeat coronary intervention, and two pa-

07 (19%)
15 (42%)
14 (39%)

CCS: Canadian Cardiovascular Society; CAD: coronary artery
disease.
Table 2. Angiographic results

Mean reference diameter (mm)
Minimal lumen diameter (mm)
Diameter stenosis (%)
Acute gain (mm)
Late loss (mm)

Pre-ELCA

Post-ELCA

Post-CBA

Follow-up

3.17 ± 0.34
0.79 ± 0.49
74 ± 16

3.17 ± 0.34
1.95 ± 0.52
32 ± 14
1.16 ± 0.63

3.25 ± 0.28
2.65 ± 0.31
16 ± 18
1.86 ± 0.57

3.21 ± 0.31
1.25 ± 1.05
60 ± 32
1.40 ± 1.00

ELCA: excimer laser coronary angioplasty; CBA: cutting balloon angioplasty.
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Figure 1. A 67-year-old woman developed repeat in-stent restenosis.
There was a 70% repeat in-stent restenosis of the middle LAD (A,
arrows) at 12-month follow-up. 1.7 eccentric laser catheter (B, arrow).
Post-excimer laser angioplasty (C, arrows) and adjunctive cutting
balloon angioplasty (D, arrows). Figure A: right anterior oblique,
caudal projection. Figures B, C and D: right anterior oblique, cranial
projections, respectively.
Figure 2. Six-month clinical results.

Table 3. Angiographic result and predictors of repeat ISR
%(follow-up) >= 50 stenosis
(n = 20)
Total

N

%

tients received CABG, with one death during bypass surgery. The actuarial event-free survival (free from death,
myocardial infarction, bypass surgery, or target vessel
revascularization) was 83% (30/36). Overall 6-month
mortality was 3.2% (1/31).

1

p-value

Age (Mean ± SD)
Gender

36
20 66.2 ± 9.34 0.738
Male
25
14
56.0
0.936
Female 11
06
54.5
Length (mm)†
<9
13
03
23.1
0.005
>= 9
23
17
73.9
Diameter stenosis 2.5
07
06
85.7
0.086
2.75
03
03
100.00
3
17
07
41.2
3.25
01
01
100.00
3.5
07
03
42.9
4
01
00
00.0
Diabetes mellitus
No
17
09
52.9
0.765
Yes
19
11
57.9
Hypertension
No
10
06
60.0
1.000
Yes
26
14
53.8
Hyperlipidemia
No
09
05
55.6
1.000
Yes
27
15
55.6
Smoking
No
23
16
69.6
0.038
Yes
13
04
30.8
CAD
1
07
05
71.4
0.753
2
15
08
53.3
3
14
07
50.0
1
P-value by Mann-Whitney U Test, Chi-square test or Fisher’s
exact test, when appropriate.
CAD: coronary artery disease. †: defined by ROC curve.
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DISCUSSION
Eccentric ELCA+CBA for the treatment of recurrent
focal ISR has a high immediate success rate and favorable 6-month angiographic and clinical outcomes.
Coronary stents are in widespread use. Unfortunately, there is a high recurrent restnosis rate of 2285%15-18 when using traditional balloon coronary angioplasty for treatment of ISR. It is critical to assess the efficacy of potential treatment strategies for patients with
recurrent ISR. It has been reported that cutting balloon
angioplasty may produce less vessel wall injury and
neutrophil activation, which leads to lower upregulation
of Mac-1 and consequently lower restenosis rate.19 Ada18
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the same areas. The third cause is guidewire bias. In rotational atherectomy, the guidewire plays a major role
in establishing the cutting vector of the device and
therefore the guidewire’s position is crucial to the outcome of the procedure. There exists a balance between
the vessel and the guidewire in which the guidewire
tries to remain straight and the vessel attempts to maintain its natural configuration. When the guidewire is
more rigid than the vessel, the vessel is deformed and
pseudolesions occur. If the vessel has greater rigidity
than the guidewire, the wire yields to the configuration
of the artery and places tension on the wall at points of
contact. The tension may make laser catheter advancement more difficult and affect ablation.24 This is why
the ratio of laser catheter to stent diameter was near 1,
but there was still a mean residual diameter stenosis
(DS) of 32% and suboptimal acute gain of 1.16 mm after ELCA. Although acute gain and residual diameter
stenosis were further improved to 1.86 mm and 16%,
respectively, the restenosis rate was still high in diffuse
ISR. Inadequate neointima debulking was one of the
major causes. To overwhelm wire bias and automatic
laser catheter rotation, the in-stent lesion should be divided into shorter segments which are not more than 5
mm in length. We suggest debulk the lesion segmentby-segment. In this study there was only 23% repeat
restenosis in patients with focal ISR. So we think that
when using step-by-step technique, the eccentric laser
catheter plus cutting balloon angioplasty could be feasible to use for patients with focal repeat ISR.

mian et al. reported that for patients with ISR, cutting
balloon angioplasty resulted in better long-term angiographic and clinical outcomes than rotational atherectomy.10 Drug-eluting stents (DES) have significantly reduced the incidence of ISR compared with bare-metal
stents. The efficacy of DES in reducing intimal hyperplasia in de novo lesions has been shown in several trials.20 Because of the promising results, the investigators
has extended DES application to the treatment of ISR.
Recent studies have shown DES implantation to be a superior therapy for the treatment of ISR compared to balloon angioplasty and intracoronary radiation therapy.
The incidence of target lesion revascularization (TLR) is
8 to 21.4 %, depending on the complexity of ISR, the
choice of stent used and the duration of follow-up.21 But
such off-label use of DES is still debatable due to lack of
dedicated research and long-term monitoring of safety
outcome.
Even ELCA+PTCA has been shown to increase lumen volume by (1) tissue ablation (during ELCA), 29 ±
15%, (2) tissue extrusion during adjunctive PTCA, 31 ±
14%; and (3) additional stent expansion, 40 ± 16%. 22
Koster et al. demonstrated in his trial that eccentric
ELCA did not reduce the rate of recurrent ISR.23 There
has yet to be a study evaluating the efficacy of eccentric
ELCA+CBA for the treatment of ISR, until now. We investigated the use of ELCA+CBA as an alternative to
coronary artery bypass graft surgery (CABG) for treatment of recurrent ISR. We report that eccentric ELCA+
CBA resulted in an overall 56% rate of 6-month angiographic restenosis. Recurrent ISR was low (23%) in focal ISR For diffuse ISR, the recurrent restenosis rate
was high, up to 74%. These results were no better than
the Bauters et al. and Reimers et al. trials,6,9 where only
balloons were used for treatment of repeat ISR. Why did
eccentric ELCA+CBA not lead to a better result? This
may be due to patient selection. In the present study, all
patients had repeat recurrent ISR, which means that they
may develop neointimal hyperplasia and repeat ISR. The
second cause of high restenosis rate of eccentric ELCA+
CBA for diffuse ISR is suboptimal tissue ablation. In the
present study, eccentric excimer catheters were used in
all lesions. When an eccentric laser is passed through the
target lesion, the laser catheter may rotate automatically,
especially in long, angular, tortuous, and critical lesions.
It may go through the same tract in each pass and ablate

Study limitations
There were only 36 lesions enrolled in the study. A
larger investigation would be needed to determine whether eccenctic ELCA+CBA is an optimal treatment for
patients with recurrent ISR not suitable for CABG.

CONCLUSION
Eccentric excimer laser angioplasty with adjunctive
CBA can be safely and successfully performed in patients with recurrent ISR, and can significantly reduce
the restenosis rate for focal in-stent lesions. For diffuse
ISR, it is feasible to refer patients for CABG. The eccentric laser catheter should be advanced step-by-step.
19
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