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Abstract

Excimer laser coronary angioplasty (ELCA) is a unique revascularization modality that can vaporize plaque and thrombus.
Compared to thrombus aspiration therapy, ELCA is reported to provide better microcirculation and reduced peripheral embolism
in treatment for acute coronary syndrome. Excimer laser catheters come in various sizes, and we sought to compare the 0.9- and
1.4-mm-diameter catheters. We retrospectively enrolled 90 acute myocardial infarction (AMI) patients who underwent primary
percutaneous coronary intervention with excimer laser from August 2013 to March 2017 in our hospital. Patients were grouped
by diameter of catheter that had been used, the 0.9 mm group (n=51) and 1.4 mm group (n=39). We evaluated myocardial
perfusion, procedural success rate, short-term outcome, lesion crossability, and complications between the two groups. The
percentage of patients whose final thrombolysis in myocardial infarction (TIMI) grade was 3 (0.9 mm 86.3% vs 1.4 mm
89.7% p =0.75) and final myocardial blush grade (MBG) was 3 (0.9 mm 72.5% vs 1.4 mm 69.2% p = 0.82) was similarly high
for both groups. Procedural success rate, in-hospital major adverse cardiac events (MACE), lesion crossability, and complications
were also similar. This study showed that efficacy of 0.9 and 1.4 mm excimer laser catheter was equivalent in ELCA for AMI
patients. If one takes into account lesion crossability, debulking effects, and the stunned platelets phenomenon, the 0.9 mm
excimer laser catheter is sufficient for ELCA in AMI patients.
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Introduction feasible and safe for the treatment of patients with acute

myocardial infarction (AMI) [3-6].

Excimer laser coronary angioplasty (ELCA) is a unique
revascularization modality that recently became available
in Japan. Sometimes referred to as photoablation, ELCA
uses ultraviolet light to vaporize or debulk atherosclerotic
plaque and thrombus [1, 2]. ELCA has been shown to be
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Despite many advances in reperfusion therapy for
coronary artery disease, problems remain. The no reflow
phenomenon is one of them that occur in a notable
proportion of patients with AMI. No reflow is associat-
ed with reduced left ventricular ejection fraction, left
ventricular remodeling, and poor clinical outcomes, in-
dicating that merely re-establishing patency in a blocked
artery is not good enough [7, 8]. The CARMEL multi-
center trial found that ELCA was an effective and safe
revascularization modality for treatment of AMI [9].

Furthermore, ELCA provided better microcirculation and
was better able to cross lesions in ACS patients compared to
thrombus aspiration therapy [10]. Excimer laser catheters
come in 0.9, 1.4, 1.7, and 2.0 mm diameters. It is currently
unknown if there is an optimal catheter size for treatment with
ELCA for AMI. The current study compares the efficacy and
safety of 0.9 and 1.4 mm catheters in ELCA used in treatment
of AMI patients.
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Methods
Study population

We retrospectively analyzed consecutive AMI patients who
underwent percutaneous coronary intervention (PCI) with
ELCA at Tokyo Metropolitan Hiroo Hospital, from August
2013 to March 2017. The AMI was diagnosed on the basis
of AHA/ACC criteria [11, 12]. The present study was per-
formed with approval of the hospital ethics committee. All
of the patients provided written informed consent to receive
ELCA treatment and have their data used. Major criteria for
exclusion were onset to device time = 24 h and cardiopulmo-
nary arrest on hospital arrival. We also excluded patients who
underwent extracorporeal membrane oxygenation, intrave-
nous injection of tissue plasminogen activator, and
intracoronary injection of thrombolytic agents or in whom
both 0.9 and 1.4 mm excimer laser catheters were used. At
our hospital, 1.7 and 2.0 mm catheters are rarely used because
these catheters require a greater than 7 Fr guide catheter. There
were only two instances of use of those catheters during our
study period, so we excluded these sizes from consideration.
The indication for ELCA was decided by the operator based
on imaging studies, namely, angiography and intravascular
ultrasound (IVUS) or optical coherence tomography (OCT)
results. During the same period, 50 AMI patients underwent
classical PCI (i.e., PCI without ELCA), and there were no
significant differences in patient characteristics between the
excimer laser and classical PCI groups. The operator was in-
clined to select classical PCI for smaller vessels.

Catheter procedure

All patients were pretreated with aspirin and clopidogrel or
prasugrel before PCI. Loading dose was aspirin 200 mg,
clopidogrel 300 mg, and prasugrel 20 mg respectively.
Anticoagulation during PCI was achieved with intravenous
unfractionated heparin boluses given to maintain an activated
clotting time > 300 s. All ELCA procedures were conducted using
the Spectranetics CVX-300 platform (Spectranetics, Colorado,
CO, USA), consisting of an excimer laser generator (CVX 300)
and pulsed xenon-chlorine laser catheters capable of delivering
Excimer energy (wavelength 308 nm, pulse length 185 ns) from
30 to 80 mJ/mm? (fluence) at pulse repetition rates of 25 to 80 Hz.
The operator decided whether patients were treated with concentric
0.9- or 1.4-mm excimer laser catheters based on the angiographic
and intracoronary imaging studies. We tended to use the smaller
0.9-mm excimer laser catheter for and arteries which had a bend
proximal to the lesion and the 1.4 mm otherwise. The fluence and
repetition rate were determined by the operator, but 90% of the
patients were started with fluence of 45 mJ/mm? and repetition rate
of 25 Hz, which are the initial settings recommended by the com-
pany. The guiding catheter was filled with saline before lasing. The
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operator advanced the laser catheter at a speed of 0.5 mm/s while
an assistant injected saline at 2-3 ml/s [13]. After the first round,
angiography and intracoronary imaging were repeated in order to
determine whether to modify fluence and repetition rate on the
next round. After ELCA, PCI was performed according to stan-
dard techniques. All but two patients underwent [VUS or OCT.
Most patients underwent stent deployment with either a bare metal
stent (BMS) or drug eluting stent (DES). We sometimes adminis-
tered intracoronary injection of vasodilators such as nitroprusside,
nicorandil, verapamil, and adenosine to improve slow flow and no
reflow phenomenon. CAG and IVUS images from a representa-
tive patient with AMI who underwent ELCA are shown in Fig. 1.
The coronary angiogram finding was improved by ELCA, and
IVUS revealed a reduction of thrombus.

Post-PCl management

All patients were given 100 mg aspirin daily and 75 mg
clopidogrel or 3.75 mg prasugrel daily after PCI. Optimal
medication such as (3-blockers, angiotensin-converting en-
zyme inhibitors, angiotensin I receptor blockers, and statins
was prescribed at the discretion of the attending doctors. Most
patients received these medications.

Study endpoints and definition

We evaluated myocardial reperfusion according to thrombol-
ysis in myocardial infarction (TIMI) grade and myocardial
blush grade (MBG) [14, 15]. The primary end point was
achievement of TIMI grade 3 and MBG 3. Secondary end
points were procedural success rate, in-hospital major adverse
cardiac events (MACE), lesion crossability, and complica-
tions. Procedural success was defined as a reduction of lumen
diameter stenosis to < 30% and final TIMI grade 3. In-hospital
MACE was defined as cardiac death, myocardial infarction,
stent thrombosis, and target lesion revascularization (TLR).
TLR was defined as a repeat revascularization by either PCI
or coronary artery bypass graft (CABG) while in hospital.
Stent thrombosis was classified according to the Academic
Research Consortium definition as definite, probable, or pos-
sible [16]. Lesion crossability was evaluated by whether the
excimer laser catheter could be delivered to the lesion.
Complications were evaluated by the incidence of perforation,
dissection, slow flow or no reflow, and loss of side branches
(= 2.0 mm diameter) after both ELCA and PCI. Perforation
was defined as the demonstration of contrast medium beyond
the vessel wall. Major dissection was defined as type C or
worse, and minor dissection was defined as type A or B ac-
cording to the National Heart Lung and Blood Institute clas-
sification [17]. Slow flow or no-reflow was defined as inade-
quate myocardial perfusion through a given segment of coro-
nary circulation without angiographic evidence of mechanical
vessel obstruction [18].
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Fig. 1 CAG and IVUS images
from a representative patient with
AMI who underwent ELCA

Pre ELCA

Angiographic analysis

Coronary angiograms were obtained for angiographic analysis
and reviewed by three experienced observers. Angiographic
TIMI grade and MBG were visually estimated as previously
described. Quantitative coronary angiography (QCA) was
performed by means of CAAS 5.9 (Pie Medical, Maastricht,
the Netherlands.)

Statistical analysis

Categorical data are expressed as % (n). Continuous data are
expressed as mean + SD. Categorical data were analyzed using
Fisher’s exact test or the chi-squared test. Between-group com-
parison of the continuous data was conducted using unpaired ¢
test, and skewed data were assessed using the Mann—Whitney
U test. All tests were two-sided, and a significance level of 0.05
was set. Statistical analysis was performed using SPSS version
23 (IBM SPSS Statistics, IBM, Armonk, NY, USA).

Results

Baseline clinical, angiographic, and procedural
characteristics

There were 51 patients who had received ELCA with 0.9-mm
excimer laser catheters and 39 who had received the 1.4-mm
excimer laser catheter. The proportion of STEMI patients was

approximately 82%. Baseline clinical characteristic for the two
groups are listed in Table 1. There were no significant differ-
ences between the two groups with regard to age, sex, and
common coronary risk factors. The proportion of STEMI pa-
tients was similar between the two groups. Neither were there
statistical differences in onset to device time, peak creatine ki-
nase (CK), and peak creatine kinase-myocardial band (CK-

Table 1  Patient characteristics
09 mm (n=51) 1.4 mm (n=39) p value

Diagnosis 0.59

STEMI 43 (84.3) 31(79.5)

NSTEMI 8 (15.7) 8 (20.5)
Age (years) 674+15.1 66.1+13.8 0.68
Male 43 (84.3) 29 (74.4) 0.29
Hypertension 25 (49.0) 21 (53.8) 0.68
Diabetes mellitus 16 31.4) 13 (33.3) 1.0
Dyslipidemia 28 (54.9) 23 (59.0) 0.83
Smoking 32 (62.7) 21 (53.8) 0.52
History of PCI 7 (13.7) 7(17.9) 0.77
History of CABG 2 (3.9 0 (0) 0.50
Killip class 1-2 43 (84.3) 31(79.5) 0.59
LVEF before PCI (%) 49.1+11.3 53.4+13.4 0.11
Onset to device time (min) 314.2+262.5 394.2 £296.0 0.18
Peak CK (IU/L) 25812147 26561975 0.87
Peak CK-MB (IU/L) 224 +181 271+276 0.34

Data given as mean + SD or n (%)

CK creatine kinase, CK-MB creatine kinase-myocardial band, CABG cor-
onary artery bypass grafting, LVEF left ventricular ejection fraction,
NSTEMI non-ST-segment elevation myocardial infarction, STEMI ST-
segment elevation myocardial infarction, PCI percutaneous coronary
intervention
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MB). Angiographic characteristics are listed in Table 2. The
distribution of culprit lesions differed significantly (p =0.02).
The proportion of left anterior descending (LAD) lesions was
higher in the 0.9 mm group, and the proportion of left circum-
flex (LCX) lesions was higher in the 1.4 mm group. The initial
TIMI grade and initial MBG were not significantly different
between the two groups. Procedural characteristics are listed
in Table 3. The use of thrombus aspiration, distal protection,
vasodilator, and intraaortic balloon pumping was not signifi-
cantly different between the two groups. However, maximum
fluence and repetition were significantly higher for the 0.9 than
1.4 mm group with p values of 0.04 and 0.03 respectively. The
timing of ELCA (whether it was preceded by thrombus aspira-
tion or balloon dilatation) was similar, and 50-60% patients
underwent ELCA directly. Evaporation time was similar.

QCA results

The baseline data of QCA are listed in Table 4. There were no
significant differences between the two groups regarding
baseline lesion length, reference vessel diameter, MLD (min-
imum lumen diameter), %DS (diameter stenosis), and plaque
burden. We evaluated the excimer laser efficacy by analyzing
QCA after ELCA. The acute gain after ELCA was not signif-
icantly different between the two groups (0.9 mm 0.23 +
0.44 mm vs 1.4 mm 0.26+0.41 mm, p =0.82). The amount
of plaque reduction was also similar (0.9 mm 11.8 +20.6mm’
vs 1.4 mm 13.9+21.7mm’, p = 0.68). According to the QCA
results, the improvement of angiographic findings after ELCA

was not particularly large. There were no significant differ-
ences between the two groups.

Procedural and angiographic results

The distribution of lesion TIMI grades and MBG is shown for
before and after PCI for the two groups in Fig. 2. Final TIMI
grade and final MBG were not significantly different between
the two groups. Procedural success rate, in-hospital MACE,
lesion crossability, and complications between the two groups
are listed in Table 5 and Fig. 3. Regarding these results, there
were no significant differences between the two groups.

Discussion

This retrospective study compared the efficacy of 0.9 and
1.4 mm catheter sizes in patients who underwent PCI with
ELCA. We found no significant differences in myocardial
perfusion before and after ELCA between the two groups.
Procedural success rate, in-hospital MACE, and complica-
tions were also similar. We conclude that the efficacy of the
0.9 mm and 1.4 mm excimer laser catheter is equivalent in
AMI patients. Previous studies have shown the safety and
efficacy of ELCA compared with manual thrombus aspira-
tion. The Japanese ULTRAMAN registry showed that
ELCA was effective and safe even for the thrombotic lesions
[19]. However, previous studies have not evaluated the effects
of excimer laser catheter size.

Table 2 Baseline angiographic

characteristics 0.9 mm (n=51) 1.4 mm (n=39) p value
Culprit lesion 0.02
LAD 32 (62.7) 17 (43.6)
LCX 23.9) 9(23.1)
RCA 17 (33.3) 13 (33.3)
LMT 0(0) 0(0)
Lesion type 0.63
A/B1 3(5.9 1(2.6)
B2/C 48 (94.1) 38 (97.4)
Number of diseased vessels (1) 1.56 +0.81 1.49+0.72 0.62
Baseline TIMI grade 0.74
0-1 28 (54.9) 24 (61.5)
2 14 (27.5) 8(20.5)
3 9(17.6) 7(17.9)
Pre ELCA TIMI grade 0.81
0-1 13 (25.5) 8(20.5)
2 20 (39.2) 15 (38.5)
3 18 (35.3) 16 (41.0)
Post-ELCA TIMI grade 0.64
0-1 11 (21.6) 6 (15.4)
2 12 (23.5) 12 (30.8)
3 28 (54.9) 21 (54.4)

Data given as mean + SD or n (%)

ELCA excimer laser coronary angioplasty, MBG myocardial blush grade, LAD left anterior descending, LMT left
main trunk, LCX left circumflex, RCA right coronary artery, 7/MI thrombolysis in myocardial infarction
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Table 3 Procedural

characteristics 0.9 mm (n=51) 1.4 mm (n=39) p value

Stent implantation 48 (94.1) 31 (79.5) 0.05
Stent size (mm) 3.29+0.58 3324045 0.78
Stent length (mm) 342+15.0 30.8+16.0 0.34
Direct stenting 34 (66.7) 21 (53.8) 0.28
Thrombus aspiration 22 (43.1) 25 (64.1) 0.06
Distal protection 239 2(5.1) 1.0
Vasodilator 21 (41.2) 17 (43.6) 0.83
IABP 6 (11.8) 6 (15.4) 0.76
Maximum fluence (mJ/mm?) 56.8+£6.6 53.9+6.3 0.04
Maximum repetition (Hz) 36.9+6.6 33.84+6.2 0.03
Evaporation time of excimer laser (s) 395.5+229.2 408.1 +£330.5 0.84
Timing of ELCA 043

Direct ELCA 31 (60.8) 19 (48.7)

Post-thrombus aspiration 18 (35.3) 19 (48.7)

Post-balloon dilatation 239 1(2.6)

Data given as mean + SD (%)

IABP intraaortic balloon pumping

A previous review for catheter selection suggests that size of
the vessel and nature of the lesion be considered [20]. It is natural
to select the largest possible diameter catheter that the diseased
vessel will accommodate to debulk the maximum amount of
plaque before the subsequent intervention such as angioplasty
and stenting. The laser catheter diameter should not exceed
two-thirds of the reference vessel diameter. However, narrower
lumens and heavily calcified lesions may not accommodate larg-
er diameter catheters. Smaller catheters have higher fluence and
frequency ranges, because there is less risk of perforation.
Conversely, larger catheters have lower ranges [21]. The most
frequently used size cited in various Japanese studies is 1.7 mm,
whereas in the USA, the most frequently used size is 0.9mm

[22]. Our study is the first to compare clinical efficacy of different
catheter sizes, albeit for the two smallest diameter catheters. We
found no significant differences in efficacy between 0.9- and 1.4-
mm catheters for AMI patients. We believe there are two main
explanations for this result. Firstly, a narrower irradiation range
from a smaller catheter can be compensated for by increasing
fluence and repetition as suggested by the significantly higher
maximum fluence and repetition recorded in this study for the
0.9-mm catheter. In the last year of our study, the X-80
(Spectranetics, Colorado, CO, USA) catheter became available
in Japan from May 2016. The X-80 had a maximum fluence of
80 mJ/mm? and repetition of 80 Hz, which made it easier to
achieve greater debulking with the smaller catheter. Secondly,

Table 4 QCA results

0.9 mm (n=51) 1.4 mm (n=39) p value

Baseline QCA data

Lesion length (mm) 224 £12.3 182 £9.1 0.09

Reference diameter (mm) 2.70 £ 0.73 2.56 + 0.64 0.36

MLD (mm) 0.67 +£0.27 0.63 £0.37 0.59

%DS (%) 742 +£10.7 745 £ 13.5 0.92

Plaque burden (mm?®) 50.8 +47.8 41.8 £27.5 0.32
Acute gain after ELCA (mm) 0.23 £0.44 0.26 £ 0.41 0.82
Plaque reduction after ELCA (mm®) 11.8 £20.6 13.9 £ 21.7 0.68
Final QCA data

MLD (mm) 2.67 +£0.82 2.59 £0.78 0.62

%DS (%) 139+92 143 £17.2 0.90

Plaque burden (mm?) 13.5 £ 15.7 22.6 £ 36.6 0.12

Data given as mean + SD or n (%)

MLD minimum lumen diameter, QCA quantitative coronary angiographic analysis, %DS % diameter stenosis

@ Springer



1752

Lasers Med Sci (2019) 34:1747-1754

Fig. 2 TIMI grade and MBG.
This graph shows TIMI grade at
pre and final angiogram. The
proportion of final TIMI grade 3
was not significantly different
between the two groups (0.9 mm
group 86.3% vs 1.4 mm group
89.7%, p=0.75). This graph
shows MBG pre and final
angiogram. The proportion of
final MBG 3 was not significantly
different between the two groups
(0.9 mm group 72.5% vs 1.4 mm
group 69.2%, p =0.82)

0.9mm 1.4mm

v SN - R

0% 50% 100% 0% 50% 100%

ETIMIO m1 =2 m3 ETIMIO =1 =2 m3

This graph shows TIMI grade at pre and final angiogram. The proportion of final TIMI
grade3 was not significantly different between the two groups (0.9mm group 86.3% vs
1.4mm group 89.7% p=0.75).

0.9mm 1.4mm

v NN -

0% 50% 100% 0% 50% 100%

uMBGO m1 m2 m3 EMBGO m1 w2 m3

This graph shows MBG pre and final angiogram. The proportion of final MBG 3 was not

significantly different between the two groups (0.9mm group 72.5% vs 1.4mm group

69.2% p=0.82).

the excimer laser not only vaporizes thrombus and plaque but
also dose dependently suppresses adenosine diphosphate aggre-
gation. This latter effect is called the stunned platelets phenome-
non [23, 24] and stabilizes thrombus in AMI culprit lesions,
regardless of catheter size. Based on these ways that the excimer

Table 5 Procedural results

09 mm (n=51) 1.4 mm (n=39) p value

Procedural success 43 (84.3) 34 (87.2) 0.77
Lesion crossability 50 (98.0) 35 (89.7) 0.16
ELCA complications 4(7.8) 6(15.4) 0.32
Perforation 0(0) 0(0) n.s
Slow flow or no-reflow 3 (5.9) 5(12.8) 0.29
Side branch occlusion 0 (0) 0(0) n.s
Major dissection 12.0) 0(0.0) 1.0
Ulceration 0 (0) 12.6) 0.43
Post-PCI complications 0 0 n.s

Data given as n (%)

@ Springer

laser achieves its effects, we believe the 0.9-mm excimer laser
catheters can bestow sufficient peripheral circulation despite its
narrower range of evaporation. We believe the 0.9-mm size
excimer laser catheter is sufficient to obtain debulking effect
and thrombus evaporation for AMI patients, while likely having
advantages with respect to lesion crossing ability.

Limitations

Several limitations of this study should be acknowledged.
First, this study was a single-center, non-randomized, ret-
rospective analysis and the sample size was relatively
small. Second, the size of excimer laser catheter was de-
cided on by the operator after consideration of angio-
graphic findings and imagings, i.e., catheter size choice
was not randomized. However, analysis showed that dis-
eased vessel characteristics including vessel diameter and
lesion severity were similar for the two catheter groups.
Another limitation is that the operator decided whether to
perform ELCA or not. However, analysis we conducted in
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Fig.3 In-hospital MACE. CABG 100%
coronary artery bypass grafting, ’
MI myocardial infarction, MACE 90%
major adverse cardiac events, 80%
TLR target lesion -
revascularization 70%
60%
50%
40%
200, b=0.40 p=0.19  p=0.43 p=1.0 p=0.58 p=n.s
20%
10.3%
10% 3.9% 0% 5.1% 0% 2.6% 2.0% (o, 2.0% 1% 0% 0%
In-hospital TLR MI CABG Cardiac stent
MACE death thrombosis
H0.9mm 1.4mm

CABG, Coronary artery bypass grafting; MI, myocardial infarction; MACE, major

adverse cardiac events; TLR, target lesion revascularization.

a separate study showed that patient and lesion character-
istics were not different between the AMI patients who
received ELCA (n=90) and those who did not (n = 50).

Conclusion

The efficacy of the 0.9-mm and 1.4-mm excimer laser catheter
is equivalent in AMI patients. The 0.9-mm excimer laser cath-
eter is likely a better choice going forward, although this will
have to be confirmed by a prospective randomized study.
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