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Treatment of in-stent restenosis (ISR) with conventional PTCA causes significant recurrent
neointimal tissue growth in 30-85% of the cases. Therefore, laser ablation of intra-stent neointimal
hyperplasia prior to balloon dilatation can be an attractive alternative. However, the long-term
outcomes of such treatment have not been studied thoroughly enough. This prospective casecontrol study evaluated angiographic and clinical outcomes of PTCA alone and a combination
of excimer laser coronary angioplasty (ELCA) and adjunct PTCA in 125 patients with ISR.
ELCA was performed prior to balloon dilatation in 67 patients, PTCA alone was performed in 58
patients. Basic demographic and clinical data were comparable in both groups. Lesions included
in ELCA group were longer (17.1±9.9 mm versus 13.6±9.1 mm; p=0.034), more complex (36.5%
type-C stenoses versus 14.3%; p=0.006) and more frequently had reduced distal blood flow (TIMI
< 3: 18.9% versus 4.8%; p=0.025) compared to lesions in PTCA group. Immediate angiographic
results of PTCA and ELCA+PTCA appeared to be comparable. PTCA alone was successful in 57
patients (98.3%), ELCA+PTCA - in 66 patients (98.5%). The rates of hospital complications were
comparable (3.0% in ELCA group versus 8.6% in PTCA group). The 1 year-follow-up showed
that the rates of MACE were comparable in the two groups (37.3% in ELCA group versus 46.6%
in PTCA group). The rates of TVR within 1 year after the intervention were also similar in ELCA
and PTCA groups (32.8% versus 34.5%). The data mean that ELCA in patients with complex ISR
is efficient and safe. Despite a higher complexity of lesions in ELCA group, no increase in the
rate of complications was registered.
Key words: Excimer laser coronary angioplasty, in-stent restenosis, percutaneous transluminal
coronary angioplasty
INTRODUCTION
The randomized clinical research has
demonstrated a greater efficacy of coronary
stenting (CS) in comparison with percutaneous
transluminal coronary angioplasty (PTCA)
for the treatment of native coronary lesions
in patients with coronary artery disease
(CAD) (1,2). Stents have been widely used
for efficient treatment of coronary lesions
of various complexity. At present CS is
performed in as many as 50-80% patients at
a large number of catheterization laboratories
(3). Optimized antithrombotic therapy has
significantly decreased acute and subacute
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complications (4).
However, restenosis is registered with
10-40% of patients within six months after
CS (5). In USA alone the number of patients
with in-stent restenosis (ISR) is over 150000
a year (6).
It is known that restenosis after PTCA is
determined by early elastic recoil, subsequent
contraction of the dilated vessel, thrombosis at
the site of dilatation, major proliferation with
migration to intimal tissue and overproduction
of extracellular matrix (7-9). The last
two processes are mainly responsible for
neointimal tissue growth (7,10). Intravascular
ultrasound (IVUS) studies have shown that
elastic recoil and subsequent contraction of
the dilated vessel are virtually absent after CS
(9,11,12). In-stent restenosis results totally
from neointimal hyperplasia within the axial
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stent length and at the margins of the stented
segment (12-14).
A large number of strategies have been
employed to treat ISR (15,16). The recurrence
rate of ISR after conventional PTCA has
been reported to be 30-85% depending on
the reference vessel diameter and ISR length
(17-19). In patients with ISR with a high risk
of restenosis efficacy of directional (20-22),
high-speed rotational (23-26) and extractional
atherectomy (27-29) preceding PTCA was
evaluated. The methods allowed to eliminate
neointimal
hyperplasia
before
balloon
dilatation of ISR and, therefore, contributed
to a higher PTCA efficacy and lower residual
stenosis. Similarly to atherectomy, excimer
laser coronary angioplasty (ELCA) was
performed prior to PTCA in patients with a
high risk of restenosis (30-31). Its immediate
effect has proved to be favorable, but the
long-term outcomes of ELCA in the treatment
of ISR have not been thoroughly studied, at
least in Europe and Asia (32).
This prospective case-control study
compared immediate angiographic results and
also hospital and long-term clinical outcomes
of ELCA + adjunct PTCA with PTCA alone
for the treatment of in-stent restenosis. Eight
participating clinical centers obtained results
on patients after invasive treatment of ISR
from tertiary observers united by the research
protocol of the International Invasive
Cardiology Research Group.
MATERIAL AND METHODS
Patients selection and exclusion criteria
One
hundred
twenty-five
patients
hospitalized between 1997 and 2002 with instent restenosis were studied. All restenoses
and occlusions within a stent were available
for both laser ablation and conventional
PTCA. Patients with acute myocardial
infarction and with cardiogenic shock were
excluded from the study. Patients whose
follow-up monitoring was impossible were
also excluded. Prior written informed consent
to every type of invasive treatment was
obtained from all patients.
Evaluation of procedural, in-hospital and
long-term outcomes
Demographic data were collected from the
patients with in-stent restenosis including
history of angina, previous myocardial
infarctions, number of previous coronary
interventions, risks of atherosclerosis and
restenosis. Non-invasive examination was
performed to grade angina pectoris and
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estimate significance of the present instent restenosis. Diagnostic coronarography
determined the number and localization of
previously implanted stents, quantitative
coronary analysis for the evaluation of ISR
was performed.
The intervention of ISR was considered
successful if residual stenosis was less than
50% of the vessel diameter and there were
no major adverse cardiac events (death,
acute occlusion with subsequent myocardial
infarction, urgent coronary artery bypass
grafting). Subacute occlusion was defined
as complete vessel closure outside of the
catheterization laboratory within 30 days
after the procedure.
Hospital outcome was considered as
favorable if after the intervention and up to
the hospital discharge there were no major
adverse cardiac events (MACE): death, acute
myocardial infarction, subsequent target
percutaneous coronary intervention (PCI) or
coronary artery bypass grafting (CABG).
All the patients were contacted by telephone
after their hospital discharge to identify late
adverse clinical events: death, myocardial
infarction, target vessel revascularization
(TVR) in other clinics. In case of recurrent
angina all the patients underwent control
angiography with subsequent TVR.
Treatment of in-stent restenosis
ELCA was performed according to the
above-described technique (32). Eccentric
and concentric 1.4 mm, 1.7 mm and 2.0
mm laser catheters were used. Initially the
treatment was performed with the smallest
1.4 mm catheter because of safety concerns.
If the result was insufficient and a 1.4 mm
laser catheter could pass successfully distal to
the lesion, a 1.7 mm eccentric laser catheter
was chosen. Multiple passes with the catheter
were made through the stenotic segment. If
a suboptimal result was achieved with a 1.7
catheter, a 2.0 mm concentric laser catheter
was used to maximize restenotic tissue
ablation. ELCA was discontinued if it was
not possible to increase lumen diameter of
the lesion after a larger catheter was used.
Laser power was between 35 mJ/mm 2 and 55
mJ/mm 2 . Mean power was 46.2±4.9 mJ/mm 2 .
Saline flush was performed during ELCA to
prevent or reduce laser-induced photoacoustic
damage of the vessel (33).
Adjunctive conventional PTCA (19) was
performed after the laser intervention to
achieve 1:1 balloon-to-artery ratio. PTCA
without prior laser extraction in the restenotic
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Table I. Basic demographic and clinical data.
							
ELCA 		
PTCA			
p
							
n:67			
n:58
Age years					
61±12			
63±12			
Women (%)					
19 (28.4%)		
15 (25.9)		
Unstable angina (%)				
35 (60.3%)		
48 (71.6%)		
Prior myocardial infarction (%)		
31 (46.3%)		
33 (56.9%)		
Prior coronary artery bypass grafting (%)
33 (49.3%)		
32 (55.1%)		
Diabetes mellitus (%)				
23 (34.3%)		
17 (29.3%)		
Family history of CAD (%)			
37 (55.2%)		
39 (67.2%)		
Hypercholesterolemia (%)			
50 (74.6%)		
37 (63.8%)		
Current smokers (%)				
31 (46.3%)		
34 (60.3%)		
Congestive heart failure (%)			
16 (23.9%)		
13 (22.4%)		

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

CAD; coronary artery disease, ELCA; excimer laser coronary angioplasty, PTCA; percutaneous transluminal coronary
angioplasty, ns; non significant

segment was also performed conventionally
(19), and the optimal balloon-to-artery ratio
of 1:1 was achieved.
Drug support
After the intervention all the patients were
treated with heparin intravenously for 2448 hours, clopidogrel 300 mg in the first 24
hours and 75 mg/day for subsequent 8 weeks.
The treatment with aspirin 325 mg/day was
routinely continued in all patients.
X-ray analysis
The morphology of the in-stent restenosis
was evaluated in accordance with the abovedetermined standard criteria (34). The length
of in-stent restenosis was determined by the
axial lumen diameter loss over 50% of the
reference vessel diameter. Lesion complexity
was evaluated on the scale approved by the
American College of Cardiology (ACC) and
the American Heart Association (AHA) (35).
Complications related to ELCA or PTCA were
also recorded.
Preintervention
and
postintervention
angiography of the lesion was performed
in two projections. Projections with the
least shortening of the lesion were selected.
Patients were treated with nitroglycerin
intracoronary (200 mcg) before the procedure
if no contraindications were reported. A
guiding catheter filled with contrast media
was used as the calibration device. Mean
reference vessel diameter (RVD), minimum
lumen diameter (MLD) and diameter stenosis
(DS) were calculated using QuantCor QCA 4.0
(Siemens, Germany) QCA-Plus (Sunders Systems,
USA) software. To distinguish between intrastent stenosis and lesions continuing beyond
the stent margins into contiguous segments,
the first point was chosen at 3-5 mm proximal

to the stent and the last point – at 3-5 mm
distal to the stent.
Statistical analysis
Continious data are presented as mean ±
standard deviation. Qualitative evaluation
was performed using chi-square criterion
or Fisher ’s exact test. Proportions were
compared using z-test with Yates’ correction
or Fisher ’s exact test. Comparison of the end
points results was performed using Student’s
t-test. Stepwise logistic regression model
with inclusion of variables was applied to
define variables related to MACE developed
within 12 months after the intervention.
Survival function was estimated using Kaplan
and Meier method. Group differences in
the proportion of patients without MACE
were revealed with Cox F-test. Significant
level was considered as p<0.05. A software
package “Statistica 6.0” (StatSoft Inc) was
used for the analysis.
RESULTS
Patients demographic characteristics
and clinical data; A total of 125 patients
were enrolled in the study. The mean age
of the patients was 62±11 years. ELCA was
performed in 67 patients (ELCA group); it was
immediately followed by PTCA. In 58 patients
PTCA alone without prior laser ablation of the
restenosis was performed (PTCA group). No
significant differences in basic demographic
and clinical data between the groups were
revealed.
Risks of atherosclerosis and
restenosis were reported with most patients in
both groups. Demographic and clinical data
are presented in Table 1.
Angiographic analysis; Initial X-ray
coronary angiography was performed in
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Table 2. Basic initial angiographic data.
						
ELCA			
PTCA			
						
n:67 			
n:58
Lesions with restenosis		
74			
63
Number of original stents		
1.6±0.6		
1.5±0.7		
ns
Primary restenosis 			
65 (87.8%)		
60 (95.2%)		
Secondary restenosis 			
8 (10.8%)		
2 (3.2%)		
Repeat restenosis 			
1 (1.4%)		
1 (1.6%)		
Days from stent placement		
144±87		
162±73		
ns
Coronary segment
LAD				
30 (40.5%)		
21 (33.3%)		
Left circumflex artery		
8 (10.8%)		
9 (14.3%)		
Right coronary artery		
19 (25.7%)		
13 (20.7%)		
Saphenous vein graft		
17 (23.0%)		
20 (31.7%)		
Lesion location
Ostial				
19 (25.7%)		
18 (28.6%)		
Proximal				
25 (33.8%)		
16 (25.4%)		
Middle				
23 (31.7%)		
20 (31.7%)		
Distal				
6 (8.1%)		
7 (11.1%)		
Anastomosis			
1 (1.3%)		
2 (3.2%)		
Length (mm)				
17.1±9.9		
13.6±9.1		
Length > 10 mm 			
57 (77.0%)		
30 (47.6%)		
Length > 20 mm 			
26 (35.1%)		
10 (15.9%)		
Eccentric				
17 (23.0%)		
12 (19.0%)		
Bend > 45 degrees 			
1 (1.4%)		
2 (3.2%)		
Pre TIMI flow < 3			
14 (18.9%)		
3 (4.8%)		
Total occlusion			
4 (5.4%)		
1 (1.6%)		
ns
ACC/AHA complexity
Type A				
8 (10.8%)		
13 (20.6%)		
Type B 1 				
24 (32.4%)		
30 (47.6%)		
Type B 2 				
15 (20.3%)		
11 (17.5%)		
Type C				
27 (36.5%)		
9 (14.3%)		

p

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
0.034
0.001
0.019
ns
ns
0.025
ns
ns
ns
0.006

ELCA; excimer laser coronary angioplasty, PTCA; percutaneous transluminal coronary angioplasty, LAD; left anterior
descending coronary artery, TIMI; thrombolysis in myocardial infarction, ACC; American College of Cardiology, AHA;
American Heart Association, ns; non significant

125 patients with ISR. Hemodynamically
significant in-stent restenosis (over 50%) was
revealed in 137 segments.
Restenosis-to-patient
ratio
was
1.1.
ELCA+PTCA was performed in 67 patients to
treat 74 lesions out of the total 137 lesions. 63
lesions in 58 patients were treated with PTCA
alone. Basic initial angiographic data are
presented in Table 2. Over fifty percent of the
lesions in ELCA group and nearly fifty percent
of the lesions in PTCA group were located in
branches of the left coronary artery. Lesions
in saphenous vein grafts made a considerable
proportion in both groups: 23% in PTCA
group and 32% in ELCA group. Proliferative
restenoses were registered significantly more
often in ELCA group. Lesions complexity was
higher in ELCA group.
The number of stents was comparable in
both groups. Recurrent restenosis was more

frequent in ELCA group. In all the patients
the stents were multicellular matrix steel
constructions. Recurrence period for in-stent
restenosis was slightly shorter in ELCA
group.
Procedural results; During ELCA the
maximum catheter diameter was 1.4 mm in
8 patients (10.8%), 1.7 mm in 26 patients
(35.1%) and 2.0 mm in 40 patients (54.1%).
776±513 pulses were delivered during 3.6±2.1
laser catheter passes.
Thrombosis developed in 4 treated
segments (5.4%) during ELCA, but remained
only in 2 segments (2.7%) after PTCA. In
PTCA group thrombosis was registered in
one segment (1.6%, differences between the
groups not significant). Blood flow reduced
below TIMI 3 in 5 segments (6.8%) after
ELCA, but after PTCA antegrade blood flow
TIMI 3 was registered in all the segments.
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Table 3. Quantitative angiographic results.
					
RVD, mm
Initial			
Post ELCA			
Final			
MLD, mm
Initial			
Post ELCA			
Final stent			
Final segment		
% DS
Initial			
Post ELCA			
Final stent			
Final segment		
Balloon:artery ratio		

ELCA 		

PTCA			

p

2.75±0.63		
2.75±0.61
2.81±0.59		

2.89±0.68		

ns

2.93±0.61		

ns

0.85±0.41		
1.42±0.49
2.29±0.60		
2.21±0.58		

1.14±0.51		

0.001

2.25±0.63		
2.19±0.65		

ns
ns

69.1±14.1		
48.4±16.9
18.5±13.3		
21.4±12.7		
1.09±0.11		

60.6±14.8		

0.001

23.2±15.1		
25.3±14.1		
1.03±0.13		

ns
ns
0.004

ELCA; excimer laser coronary angioplasty, PTCA; percutaneous transluminal coronary angioplasty, RVD; reference
vessel diameter, MLD; minimum lumen diameter, DS; diameter stenosis, ns; non significant

There was no reduction in blood flow after
the procedure in PTCA group. Laser treatment
caused dissection in 14 segments (18.9%).
According to the classification of the National
Heart, Lung and Blood Institute, type A and
B dissections immediately after ELCA were
registered in 8 segments (4+4), type C and D
dissections – in 6 segments (3+3). No type E
or F dissections were registered. Dissections
after PTCA were registered in 17 segments in
ELCA group (23.0%). Type A was registered
in 3 segments (4.1%), type B – in 7 segments
(9.5%), type C – in 5 segments (6.8%), and
type D – in 2 segments (2.7%). Type E or
F dissections were not registered. In PTCA
group dissections appeared after balloon
dilatation in 10 segments (15.2%, differences
between the groups not significant). Type
B dissection was registered in 4 segments
(6.3%), type C – in 5 segments (7.9%) and
type D – in 1 segment (1.6%).
Generally, the outcome of ELCA was
not optimal in 5 cases (6.8%). In 2 cases a
lesion could not be passed to its full length,
in 3 other cases the reasons were different.
However, successful results were obtained
in 4 out of 5 non-optimal ELCA cases after
PTCA was performed. Thus, in ELCA group
the treatment of in-stent restenosis appeared
to be ineffective in 1 case (1.5%). In PTCA
group the treatment of in-stent restenosis was
not successful in 1 patient (1.7%) due to the
massive vessel thrombosis. ELCA+PTCA
treatment was significantly more timeconsuming: it was 67.2±41.9 minutes versus
49.3±35.6 minutes in PTCA group (p:0.012).
Quantitative coronary analysis of the

laser and balloon interventions (Table 3)
showed that the reference vessel diameter
was comparable in both groups. However,
in ELCA group there were more patients
with the smaller minimum lumen diameter
(0.85 mm versus 1.14 mm in PTCA group,
p<0.001). Mean residual stenosis after ELCA
was less than 50%: 48.4%±16.9%. There were
no significant differences between the groups
in final MLD and DS. Significant differences
were registered in the maximum balloon
diameter-to-reference vessel diameter ratio:
in ELCA group it was significantly larger
(1.09 versus 1.03 in PTCA group, p:0.004).
Hospital results;Immediate effect was
achieved in 66 out of 67 patients in ELCA
group (98.5 %), and in 57 out of 58 patients
in PTCA group (98.3 %, difference not
significant). In 2 patients (1 patient in each
group) endovascular treatment of ISR was
complicated by a massive thrombosis of
coronary arteries. Urgent coronary artery
bypass grafting was needed. Both operations
were successful; the thrombotic occlusion
did not result in myocardial infarction with
Q-wave. During the hospital stay target
PTCA at the site of in-stent restenosis was
performed in 4 patients in PTCA group and
in 1 patient in ELCA group due to recurrent
angina (the tendency for more frequent
target interventions in PTCA group was not
significant). 2 out of 4 patients in PTCA group
suffered acute coronary syndrome. Successful
intravenous thrombolysis with streptokinase
was performed which prevented development
of acute myocardial infarction. 1 patient in
ELCA group and 1 patient in PTCA group
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Table 4. Procedural and in-hospital outcomes
							
ELCA			
PTCA			
n							
67			
58
Procedural success				
66 (98.5%)		
57 (98.3%)		
Urgent CABG 				
1 (1.5%)		
1 (1.7%)		
ns
Recurrent angina 				
1 (1.5%)		
4 (6.9%)		
Repeat PCI					
1 (1.5%)		
4 (6.9%)		
All in-hospital complications 			
2 (3.0%)		
5 (8.6%)		
Clinical success 				
65 (97.0%)		
53 (91.4%)		

p
ns
ns
ns
ns
ns

ELCA; excimer laser coronary angioplasty, PTCA; percutaneous transluminal coronary angioplasty, CABG; coronary
artery bypass grafting, ns; non significant

underwent target PCI with tirofiban - blocker
of glycoprotein IIb/IIIa platelet receptors.
None of the interventions caused cardiac
tamponade. All the patients were alive at the
time of hospital discharge. Complications and
hospital outcomes are presented in Table 4.
Cardiac complications and bleedings after
the intervention were minimal in both groups.
No retroperitoneal hematoma, ischemic limbs
or major bleedings with hematocrit reduction
were registered. There were no instances of
gastrointestinal bleeding or cerebrovascular
hemorrhages. One arteriovenous fistula in
ELCA group (1.5%) and one pseudoaneurysm
in each group (1.5% in ELCA group and 1.7%
in PTCA group) were not typical for the
groups, did not result in clinical complications
and did not make any significant intergroup
differences.
Long-term clinical outcomes; Clinical
events during the 12 month-follow-up
are presented in Table V. No significant
intergroup
differences
were
revealed
concerning cardiac death rate, development
of Q-wave myocardial infarction, recurrent
angina CCS class. II-IV, need for target PCI
or CABG. The average follow-up period
and complications occurrence period after
the procedure were 222 ± 97 days in ELCA
group and 200 ± 103 days in PTCA group

(differences not significant). Totally, MACE
took place in 25 patients from ELCA group
(37.3%) and in 27 patients in PTCA group
(46.6%, differences not significant). TVR
(coronary angioplasty or coronary artery
bypass grafting) of the restenotic vessel
was needed in 32.8 % in ELCA group and
in 34.5 % in PTCA group (differences not
significant).
Evaluation of cumulative proportions of
patients without MACE was performed with
Kaplan and Meier method (Figure1). When
compared using the criterion for censored
data (Cox F-test:1.50), a tendency for less
frequent complications in ELCA group proved
to be non-significant (p:0.07).
Stepwise logistical regression model with
inclusion of variables was applied to reveal
demographic, clinical, angiographic and
procedural factors significantly related to
the recurrent restenosis after the treatment
of ISR. The analysis has shown that the
period of time from the first stenting until
ISR (odds ratio OR:8.81, range 1.21÷42, p:
0.03), diabetes mellitus (OR=3.72, range
1.43÷9.94, p:0.017), the length of the instent restenosis (OR=2.85, range 1.19÷6.85,
p:0.012) and female gender (OR=1.65, range
1.11÷2.98, p:0.04) are significant predictors
of the recurrent restenosis and of the need for

Table 5. Late clinical outcome.
					
n					
MACE				
Time to follow-up, days
Death				
Q-wave MI 			
Recurrent angina 		
All TVR			
Target lesion CABG
Target lesion PCI		

ELCA 		
PTCA 			
p
67			
58
25 (37.3%)		
27 (46.6%)		
222±97		
200±103		
ns
1 (1.5%)		
2 (3.4%)		
2 (3.0%)		
1 (1.7%)		
20 (29.9%)		
19 (32.8%)		
22 (32.8%)		
20 (34.5%)		
7 (10.4%)		
8 (13.8%)		
15 (22.4%)		
12 (20.7%)		

ns
ns
ns
ns
ns
ns
ns

ELCA; excimer laser coronary angioplasty, PTCA; percutaneous transluminal coronary angioplasty, MACE; major adverse
cardiac events (death, MI, TVR, recurrent angina), MI; myocardial infarction, TVR; target vessel revascularization,
CABG; coronary artery bypass grafting, PCI; percutaneous coronary intervention, ns; non significant
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Figure 1. Cumulative freedom from MACE at follow-up (Kaplan-Meier method).

target revascularizations. At the same time, a
bigger reference vessel diameter has proved
to be a significant predictor (OR=0.59, range
0.28÷0.87, p:0.01) of lower recurrence rate
for ISR and related complications.
DISCUSSION
There is an acute demand for the best
strategy to treat in-stent restenosis, because
the number of stent implantations and ISR
after the intervention are increasing every
year, and the recurrence rate for dilated
restenotic vessels is varying from 30% to
85% (17-19). This study demonstrates safety
and efficacy of ELCA for the treatment of
ISR. This revascularization technique has a
high potential for the treatment of complex
lesions. Despite sufficient length of the ISR
(17.1±9.9 mm) and lesions complexity (type
B2 or C lesions were registered in 56.8%
cases), the number of revascularizations
within the 12 month-follow-up after ELCA
was 32.8%. However, the proportion of
target revascularizations was comparable
in both groups and the study has not
demonstrated significant clinical advantage
of ELCA+adjunct PTCA for the treatment of
ISR compared to PTCA alone. A larger-scale

comparison of the methods may be required
to reveal advantages of laser treatment of
ISR. However, a study conducted in the USA
which compared efficacy of ELCA and PTCA
used for the treatment of 157 lesions in 146
patients did not reveal significant differences
between the methods, although it mentioned
a trend for more favorable outcomes after
ELCA (37).
Treatment of in-stent restenosis; Serial
IVUS studies have shown that the base for
restenosis after conventional PTCA is chronic
which may contribute as much as 75% to the
lumen loss (10-11). On the contrary, lumen
loss after the stenting results primarily form
neointimal tissue growth within the axial
length of the stent (11-14). It is in very rare
instances that ISR is caused by underdilation
of the stent or by its radial compression (6,1214,38). Marginal restenosis is, therefore, more
often caused by the combination of mechanical
stenosis and tissue growth (12,13,37).
Previous research using angiographic and
IVUS data showed that diffuse ISR (over 10
mm) was significantly related to the stent
length, reference lumen diameter and final
diameter at the site of implantation (35,39).
The
revascularization
strategy
was
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determined by three basic mechanisms of the
treatment of ISR. Neointimal redistribution,
plaque ablation or elimination and stent
expansion are required (14,31). Longitudinal
and cross lumen plaque can be redistributed
inside a stent towards its margins and through
the stent cells into the media and adventitia
only during balloon expansion. Quantitative
evaluation of IVUS studies showed that
dilatation if ISR with the balloon alone
significantly increased minimal lumen crosssectional area (CSA) from 2.3±1.3 mm 2 to
6.1±2.2 mm 2 (p<0.0001); in-stent lumen CSA
increased from 7.2±2.4 mm 2 to 8.7±2.6 mm 2
and in-stent neointimal hyperplasia CSA
reduced from 4.9±2.2 mm 2 to 2.7±2.0 mm 2
(p<0.0001) (40).
In 1990s a number of single- and
multicenter trials were conducted to evaluate
efficacy of endovascular treatment of instent restenosis, which developed after first
coronary stent models were implanted (1719,40,41).
These studies demonstrated, in particular,
safety and efficacy of balloon dilatation of 75
restenoses in Gianturco-Roubin wire stents
(19). Immediate success of the dilatation of
ISR was 97%, MACE were registered in 1.3%
cases. ISR reduced by 57% from 77%±12%
to 20%±11%. Opportunities for endovascular
treatment of restenosis within the first
matrix Palmaz-Schatz stent were considered
even more favorable. Immediate success of
balloon dilatation reached to 100%, no MACE
including subacute occlusion outside of the
catheterization laboratory were registered
(18). In a later multicenter study immediate
success of PTCA in treatment of ISR was
98.4%, but in 6.4% cases early target PTCA
was required during the same in-hospital stay.
The reasons were major dissections and rapid
prolapse of the crushed plaque into the stent
lumen. Target PTCA was successful in all
the patients. In the present study immediate
success of PTCA without laser ablation of
ISR was 98.3%; hospital outcome without
complications was 91.4%. As in the previous
study, TVR was needed in 8.6% patients due
to early recurrent angina.
On the contrary, long-term outcomes of
balloon dilatation of ISR were less favorable.
The rate of recurrent angina requiring TVR was
reported to be from 14% to 81% depending on
the length of the initial ISR (17,18,40). One
report indicated development of recurrent
ISR in 37% cases after PTCA (17). In case of
diffuse ISR (over 10 mm), the recurrence rate
was 85% compared to 12% in case of local
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ISR and 19% in case of marginal restenosis
(p<0.0001). Another study also registered a
tendency for a higher recurrence rate of ISR
and its TVR after PTCA if ISR was longer than
10 mm (41% recurrence rate in case of diffuse
ISR and 19% recurrence rate in case of local
ISR, p:0.08) (40). A randomized comparison
of PTCA and ELCA in the treatment of ISR
has demonstrated that the recurrence rate
for local and noncomplicated ISR and for
related events was 32.3% after PTCA (37),
whereas this nonrandomized study after
PTCA alone has registered a recurrence rate
of 34.5% for in-stent restenosis and its target
revascularizations performed within the first
6 moths after PTCA. The high recurrence
rate for ISR emphasized the urgent need for
developing alternative strategies to treat instent restenosis.
Alternative strategies for the treatment
of in-stent restenosis; Elimination of instent neointimal hyperplasia prior to PTCA
in patients with a high risk of recurrence of
ISR can result in considerable reduction of
the substrate for subsequent neointimal tissue
growth. For this, extractional (27-29,43),
directional (20-22) and high-speed rotational
(23-26) atherectomy was applied. It appeared
that atherectomy with adjunct PTCA results
in a greater final lumen of the restenotic
segment. The largest number of clinical
data refer to the use of high-speed rotational
atherectomy. Several research groups have
reported good immediate outcomes and
low hospital complications after highspeed rotational atherectomy with adjunct
PTCA (23-26). An interesting comparison
was performed for high-speed rotational
atherectomy and ELCA. IVUS control after
extraction and laser ablation showed that highspeed rotational atherectomy eliminated more
neointimal tissue (31), but it was difficult
to directly compare efficacy of the two
extractional methods. The main restriction on
the use of high-speed rotational atherectomy
is the fixed bur diameter of 2.5 mm. Since
a bur diameter must be approximately 80%
of a vessel diameter, the use of high-speed
rotational atherectomy in vessels of a nonmatching diameter is related to a greater risk
of complications. Besides, a frequent effect
of high-speed rotational atherectomy used
in patients with ISR is an elevation of MB
fraction of creatine phosphokinase (23).
Directional
atherectomy
has
more
advantages in the treatment of ISR, because
it allows target elimination of large masses
of neointimal hyperplasia (22,42). An
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atherectom has a bigger cutting diameter
compared to a rotating bur. In a series of trials
the final lumen was larger after directional
atherectomy than after PTCA (2.7±0.4 mm
versus 2.2±0.5 mm, p<0.0005), and late
events were less frequent after directional
atherectomy than after PTCA (10.5% versus
39%, p:0.03) (42). The main restrictions on
the use of directional atherectomy are the
necessity to use guiding catheters of a large
diameter 10F (3.3 mm), a possibility of partial
elimination of the stent and complexity of
working with lesions longer than 15 mm and
also in vessels less than 3 mm (20,21).
ELCA in the treatment of in-stent
restenosis; Tissue ablation by excimer laser
energy can be an efficient way to eliminate
plaques in patients with ISR (30,32,37,44).
In-stent lumen gain is achieved by the
combination of tissue ablation, tissue
redistribution and stent expansion (30,32).
A single-center study used IVUS to evaluate
volume and distribution of ISR after PTCA
and after ELCA (32). It appeared that
immediate outcomes were more favorable in
ELCA group than in PTCA group. Another
study of 23 patients with 37 restenotic
segments in stents evaluated immediate and
short-term effect of ELCA. ELCA achieved
100% effect in 15 cases of ISR after PalmazSchatz stents implantation and in 22 cases of
ISR after AVE-Microstent stents implantation
(30). To achieve the effect, average 634±396
pulses were delivered during 29±16 seconds.
The maximum laser diameter was 1.4 mm in
2 cases, 1.7 mm in 14 cases and 2.0 mm in 7
cases. ELCA resulted in significant reduction
of the stenosis from 75±16% to 44±13%
(p<0.01), and adjunct PTCA contributed to
its further reduction to 19±14% (p<0.01).
Procedural outcomes were successful in all
cases, no dissections or perforations were
visualized.
Despite the more aggressive character
of atherectomy and laser ablation, the final
lumen diameter of the restenotic stent was
smaller than the primary lumen achieved
during the initial stenting (45,46). In 159
patients with in-stent restenosis, PTCA, ELCA
or high-speed rotational atherectomy resulted
in the increase of the lumen cross-sectional
area (CSA) from 2.1±1.4 mm 2 to 6.2±1.7
mm 2 according to IVUS, reduced neointimal
hyperplasia with tissue ablation and plaque
extrusion from 5.5±2.4 mm 2 to 2.9±1.6 mm 2 ,
and also further expanded the stent from
7.5±2.3 mm 2 to 9.1±2.4 mm 2 . However, the
final lumen CSA measured 1.3±1.9 mm 2 ,
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which was less than before the intervention
(46). When residual stenosis developed due
to dissection or the plaque prolapse into
the lumen, additional stenting was required
(47). 18% of significant residual stenosis in
stented lesions after ELCA appeared to be
non-significantly less than 22% of significant
residual stenosis after PTCA, which is
considerably greater than 10% of residual
stenosis after the initial restenting of ISR.
Recently, Koster et al. received non-optimal
results after ELCA treatment of 141 segments
in 96 patients (48). After 6 months the rate
of restenosis (over 50% of a vessel diameter)
was 54%, target endovascular interventions
were performed in 31% of cases; in 18% of
patients coronary artery bypass grafting was
needed.
On the other hand, a multicenter LARS
(Laser Angioplasty for Restenotic Stents)
trial conducted in the USA by Giri et al.
revealed a higher potential of ELCA for the
treatment of complex in-stent restenoses in 93
patients (37). Success was achieved in 98.9%
of cases, and major adverse events were
registered in 1.1%. One vessel perforation
was not directly related to ELCA, because it
was diagnosed after adjunct PTCA. In other
cases no dissections restricting blood flow
were registered. The need for target PTCA
was less after ELCA (1.1%) than after PTCA
(6.4%). Long-term outcomes up to 1 year
were also more favorable after ELCA. Major
cardiac complications occurred in 39.1% of
cases after ELCA and in 45.2% after PTCA
within the period. Target revascularizations
were performed in 30% of patients after
ELCA, and in 32.3% of patients after PTCA.
The results of this study conducted
in Europe are largely similar to the ones
obtained by the American trial LARS. As
there was no randomization, more complex
in-stent lesions were included in ELCA
group. However, the immediate outcomes
of ELCA and PTCA were comparable.
ELCA+adjunct PTCA was successful in
98.5% of patients, PTCA alone – in 98.3%.
Hospital complications were more frequent
after PTCA (8.6%) than after ELCA+PTCA
(3.0%), but this trend was not significant.
In-hospital monitoring showed that adverse
cardiac events occurred in 37.3% of patients
after ELCA and in 46.6% after PTCA, target
revascularizations were required in 32.8%
and 34.5% respectively. Survival analysis did
not demonstrate significance of the tendency
for less frequent complications in ELCA
group. However, during the entire follow-up
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period the curve of cumulative proportion of
the patients without complications in ELCA
group was above the curve for PTCA group.
As a result, since the study was planned in a
nonrandomized design and a bigger number of
patients with more severe ISR were included
in ELCA group, it is not possible to draw a
conclusion about advantages of excimer laser
treatment of in-stent restenosis. However, the
high rate of successful interventions (98.5%),
the low rate of in-hospital complications
(3.0%) and acceptable rate of MACE within
365 days after the procedure (37.3%)
allow to recommend ELCA with adjunctive
conventional PTCA for the treatment of instent lesions of various complexity.
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