ARTICLE IN PRESS

REC Interv Cardiol. 20XX;XX(X):XX-XX Original article
https://doi.org/10.24875/RECICE.M25000537

Safety and efficacy profile of excimer laser coronary
angioplasty for thrombus removal in STEMI

Mohsen Mohandes,* Alberto Pernigotti,»“* Mauricio Torres,® Cristina Moreno,?
Humberto Coimbra,* Roberto Bejarano,® Jordi Guarinos,® Francisco Fernandez,?

and José Luis Ferreiro®®¢

a Servicio de Cardiologia, Hospital Universitario de Tarragona Joan XXIII, Instituto de Investigacion Sanitaria Pere Virgili (IISPV), Tarragona, Spain

® Universitat Rovira i Virgili, Tarragona, Spain
¢ Centro de Investigacion Biomédica en Red de Enfermedades Cardiovasculares (CIBERCV), Instituto de Salud Carlos III, Madrid, Spain

ABSTRACT

Introduction and objectives: Thrombus removal in patients with ST-segment elevation myocardial infarction (STEMI) undergoing
percutaneous coronary intervention (PCI) can be challenging in the presence of a large thrombus burden. Excimer laser coronary
angioplasty (ELCA) is an adjuvant device capable of vaporizing thrombus. This study aimed to evaluate the safety and efficacy
profile of ELCA in PCI.

Methods: Patients with STEMI undergoing PCI with concomitant use of ELCA for thrombus removal were retrospectively identified
at our center. Data were collected on the device efficacy and its contribution to overall procedural success. Additionally, ELCA-related
complications and major adverse cardiovascular events were recorded at a 2-year follow-up.

Results: ELCA was used in 130 STEMI patients, 124 (95.4%) of whom had a large thrombus burden. TIMI grade flow improved
significantly after ELCA: before laser application, TIMI grade-0 flow was reported in 79 (60.8%) cases and TIMI grade-1 flow in
32 (24.6%) cases. After ELCA, TIMI grade-2 and 3 flows were achieved in 45 (34.6%) and 66 (50.8%) cases, respectively (P < .001).
Technical and procedural success were achieved in 128 (98.5%) and 124 (95.4%) cases, respectively. The complications included
1 death at the cath lab (0.8%), 1 coronary perforation (0.8%), and 3 distal embolizations (2.3%). At the 2-years follow-up, major
adverse cardiovascular events occurred in 18.3% of the population.

Conclusions: In the context of STEMI, ELCA seems to be an effective device for thrombus dissolution, with adequate technical
and procedural success rates. In the present cohort, ELCA use was associated with a low complication rate and favorable long-term
outcomes.
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Perfil de eficacia y seguridad de la angioplastia con laser excimer
para la eliminacién de trombos en el IAMCEST

RESUMEN

Introduccion y objetivos: La eliminacién de trombos durante la intervencién coronaria percutdnea primaria (ICPp) en el infarto
agudo de miocardio con elevacion del segmento ST (IAMCEST) es un desafio en presencia de una carga trombdtica elevada. La
angioplastia coronaria con laser de excimeros (ELCA) es una técnica complementaria que permite vaporizar el trombo. Este estudio
evalud la eficacia y la seguridad de la ELCA en el contexto de la ICPp.

Meétodos: Analisis retrospectivo unicéntrico de pacientes con IAMCEST sometidos a ICPp con ELCA. Se evaluaron la eficacia en
la disolucién del trombo, la mejoria del flujo, el éxito del procedimiento, las complicaciones asociadas y los acontecimientos
cardiovasculares adversos mayores durante un seguimiento de 2 afios.

Resultados: Se realizo6 ELCA en 130 pacientes con JAMCEST, de los cuales 124 (95,4%) tenian carga trombdtica elevada. El flujo
TIMI mejoré significativamente tras la ELCA: previamente era O en 79 casos (60,8%) y 1 en 32 casos (24,6%), y se lograron flujos
TIMI 2 y 3 en 45 casos (34,6%) y 66 casos (50,8%), respectivamente (p < 0,001). Las tasas de éxito técnico y del procedimiento
fueron del 98,5% y el 95,4%, respectivamente. Las complicaciones incluyeron 1 muerte intraprocedimiento (0,8%), 1 perforacién
coronaria (0,8%) y 3 embolizaciones distales (2,3%). A los 2 afios, la tasa de acontecimientos cardiovasculares adversos mayores
fue del 18,3%.
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Conclusiones: La ELCA parece ser una técnica eficaz y segura en el IAMCEST para la disolucién del trombo, con altas tasas de
éxito técnico y procedimental, baja incidencia de complicaciones y resultados favorables a largo plazo.

Palabras clave: Sindrome coronario agudo. Trombectomia. Angioplastia coronaria con laser de excimeros.

Abbreviations

ELCA: excimer laser coronary angioplasty. LTB: large thrombus burden. MACE: major adverse cardiovascular events. PCI: percuta-
neous coronary intervention. STEMI: ST-segment elevation myocardial infarction. TIMI: Thrombolysis in Myocardial Infarction.

INTRODUCTION

In patients with ST-segment elevation myocardial infarction
(STEMI), percutaneous coronary intervention (PCI) is the preferred
reperfusion strategy, as long as it can be performed within 120
minutes of the electrocardiogram-based diagnosis.! Many patients
with STEMI present with thrombotic occlusion of the infarct-related
artery. Therefore, the use of devices aimed at reducing thrombus
burden is a reasonable consideration to minimize distal emboliza-
tion and no-reflow. Persistent no-reflow in patients with STEMI
undergoing PCI is associated with the worst in-hospital outcomes
and increased long-term mortality.?

While early studies on manual thrombus aspiration suggested bene-
fits in terms of improved myocardial blush grades and ST-segment
elevation resolution,® larger trials comparing manual thrombus
aspiration with PCI alone showed no significant reduction in cardio-
vascular death, recurrent myocardial infarction, cardiogenic shock,
or a New York Heart Association FC IV heart failure within 180
days.* Consequently, routine aspiration thrombectomy is no longer
recommended in patients with STEMI.®

Thrombus removal, particularly when dealing with a large thrombus
burden (LTB) in the context of STEMI, remains a critical and
sometimes challenging aspect of PCI. Excimer laser coronary angio-
plasty (ELCA Coronary Laser Atherectomy Catheter, Koninklijke
Philips N.V., The Netherlands) is a well-established adjuvant
therapy for coronary interventions. ELCA uses xenon-chloride gas
as the lasing medium to produce UV light energy, which is deliv-
ered to the target site through an optical fiber. This energy has the
ability to ablate inorganic material through photochemical, photo-
thermal, and photomechanical mechanisms.®” The microparticles
released during laser ablation measure < 10 pm and are absorbed
by the reticuloendothelial system, theoretically reducing the risk of
microvasculature obstruction.® These unique characteristics of
ELCA have facilitated its use as an adjuvant therapy in patients
with STEMI to ablate and remove thrombus.

Although ELCA is part of the therapeutic armamentarium in some
PClI-capable centers, literature data is limited on its safety and
efficacy profile in this specific scenario. The aim of this study was
to evaluate the contribution of ELCA, focusing on its safety and
efficacy profile as an adjuvant therapy in patients with STEMI
undergoing PCI in our center.

METHODS

Data from all patients undergoing PCI with the simultaneous use
of ELCA as an adjuvant technique were retrospectively recorded

in a dedicated database after each procedure, starting from the
introduction of the device in our center. ELCA procedures were
performed by 5 interventional cardiologists with dedicated training
in the use of the device.

This study was approved by Parque Sanitario Pere Virgili ethics
committee (Barcelona, Spain) (reference No.: CEIM 003/2025). For
the purposes of this study, we selected the subgroup of patients
with STEMI who underwent PCI in which ELCA was used to
facilitate thrombus removal.

Thrombus burden was assessed using the thrombus grading classi-
fication® as defined by the Thrombolysis in Myocardial Infarction
(TIMI) study group, ranging from O to 5. A LTB was defined as a
thrombus score > 3. According to our internal protocol, ELCA was
considered in STEMI patients in the presence of angiographic
evidence of LTB, defined as TIMI thrombus grade > 3, particularly
if TIMI grade-0-1 flow or, poor visualization of the distal vessel,
or as a bailout strategy after unsuccessful manual thrombectomy.
Clinical variables were meticulously refined, and follow-up details
were obtained through a thorough review of the patients’ health
records. Following coronary angiography and successful guidewire
crossing of the culprit lesion, ELCA was left at the operator’s
discretion. It was used either as a primary device for thrombus
removal or as a bailout strategy when manual thrombus aspiration
did not improve TIMI grade flow. The selection of catheter size
was mainly based on the target vessel diameter and on the charac-
teristics of the vessel and the lesion; a 0.9 mm ELCA catheter is
usually used in tortuous anatomies due to its better navigability
and in small-caliber vessels, whereas a 1.4 mm catheter is used in
selected cases involving larger proximal vessels with straight
segments. Catheter size (0.9 mm or 1.4 mm) was selected based on
vessel diameter and lesion characteristics. Laser fluence (45-60 m]/mm?)
and pulse repetition rate (25-40 Hz) were chosen as per manufac-
turer's recommendations.

Before laser application, the target vessel was flushed with saline
solution to prevent interaction between the laser and blood or
contrast medium. In all cases, continuous saline infusion was
administered during laser delivery to avoid coronary artery wall
heating. Laser energy was delivered using an 'on-off’ technique,
consisting of 10-s laser activation cycles interspersed with 5-s
pauses. The laser catheter was advanced at a rate of approximately
1 mm/s over a 0.014-in coronary guidewire through the target
lesion, following the manufacturer's recommendations.”!'” After 2-3
laser catheter passes, a follow-up coronary angiography was
performed to evaluate the efficacy of laser application and assess
the feasibility of stent implantation. TIMI grade flow was recorded
after the ELCA procedure (Post-ELCA TIMI grade flow) and once
the PCI would have been completed (final TIMI grade flow).
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Technical success was defined as the ability to advance the laser
catheter through the entire target lesion and deliver laser energy
successfully. Procedural success was defined as achieving a final
TIMI grade > 2 flow without any major cath lab-related complica-
tions, such as death, coronary perforation, or emergency bypass
surgery after PCI completion. All procedural complications,
including death, coronary perforation,!’ emergency bypass surgery,
distal embolization, ventricular arrhythmia, and no-reflow were
carefully documented and reported. Follow-up was conducted via
retrospective review of health records, and major adverse cardio-
vascular events (MACE) defined as a composite endpoint of all-cause
mortality, new myocardial infarction, and target lesion revascular-
ization were recorded at the follow-up.

Statistical analysis

Continuous variables are expressed as mean + standard deviation
for normally distributed data or as the median (interquartile range)
for non-normally distributed data. Inter-group comparisons were
performed using an unpaired Student's t-test for normally distrib-
uted variables and the Mann-Whitney U test for non-normally
distributed variables. Categorical variables are expressed as counts
and percentages and were analyzed using the chi-square test or
Fisher's exact test, as appropriate.

The composite endpoint of MACE was analyzed as time-to-event
data at the follow-up. Kaplan-Meier survival analysis was performed
to estimate the event-free survival rates. All statistical analyses
were conducted using SPSS Statistics (version 23.0, IBM Corp.,
United States). A 2-tailed P value < .05 was considered statistically
significant.

RESULTS

Between July 2015 and August 2024, a total of 130 PCI s were
performed in patients with STEMI using ELCA as an adjuvant
therapy for thrombus removal. The patients’ mean age was 61.8 £
11.7 years, with 18 (13.8%) being women and 18 (13.8%) diagnosed
with diabetes mellitus. ELCA was employed as the primary device
for thrombus dissolution in 66 cases (50.8%) and as a bailout
strategy in 64 cases (49.2%). Within the bailout group, manual
thrombus aspiration was performed in 47 cases (36.2%), balloon
dilation in 6 cases (4.6%), and thrombus debulking using the dotter
effect in 11 cases (8.5%).

In the overall cohort, 124 patients (95.4%) presented with culprit
lesions with a LTB. Before laser energy application, TIMI grade-0
flow was reported in 79 (60.8%) cases TIMI grade-1 flow in 32
(24.6%). After ELCA, TIMI grade-2 and 3 flows were achieved in
45 (34.6%) and 66 (50.8%) cases, respectively; P < .001 (figure 1).

Technical success was achieved in 128 (98.5%) cases, and proce-
dural success in 124 (95.4%) (table 1). Procedural success was
significantly higher when ELCA was used as the initial strategy vs
when it was used as the bailout strategy (100% vs 90.6%; P = .013).
However, procedural time was significantly longer in the bailout
vs the initial strategy group (69.81 vs 48.50 min, respectively)
(table 2).

One case of type IV coronary perforation, according to the modified
Ellis classification, occurred in an octogenarian patient with an ecstatic
and tortuous right coronary artery. Perforation sealing was achieved
with the implantation of a covered stent. One cath lab-related death
occurred in a patient with an uncrossable mid-segment of a left
anterior descending coronary artery lesion and initial TIMI grade-3
flow. Following balloon dilation and partial advancement of the

TIMI flow

Initial TIMI flow

Post-ELCA TIMI flow Final TIMI flow

ETIMI 3 ETIMI 2 ETIMI 1 ETIMIO

Figure 1. TIMI grade flow distribution before and after ELCA application.
Stacked bar graph showing the distribution of TIMI grade 0-3 flows at 3
different time points: initial angiography, post-ELCA, and final angiographic
result after PCl. A marked improvement in coronary flow is observed
following ELCA, with a progressive increase in TIMI grade-3 flow from 6.2%
to 74.6%. ELCA, excimer laser coronary angioplasty; TIMI, Thrombolysis in
Myocardial Infarction.
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Figure 2. ELCA-related procedural complications. Bar chart showing the
frequency and percentage of major complications during or immediately
after ELCA. The most common was no-reflow (3.1%), followed by distal
embolization (2.3%). Other events (death, perforation, ventricular arrhythmia,
and stent thrombosis) were rare (0.8% each). ELCA, excimer laser coronary
angioplasty.

laser probe, complete vessel occlusion and suspected left main coro-
nary artery dissection resulted in cardiac arrest and cath lab-related
death.

Other procedural complications included distal embolization in 3
(2.3%) cases and slow flow or no-reflow in 4 (3.1%). Among the
slow/no-reflow cases, 1 occurred after laser application, and 3
following stent implantation and/or post-dilation. All were success-
fully managed with optimal medical therapy, achieving final TIMI
grade-2 flow. One episode of ventricular arrhythmia occurred
during saline washout of the target vessel, requiring electrical
cardioversion. Additionally, 1 case of stent thrombosis (0.8%)
occurred intraoperatively (figure 2).

Long-term follow-up data were missing for 6 patients (4.6%). At the
2-year follow-up, the event-free rate for combined MACE was 0.80
(95%CI, 0.73-0.88) as determined by the Kaplan-Meier estimator
(table 3 and figure 3).

DISCUSSION

The main finding of this single-center study is that coronary laser
angioplasty is a feasible, safe, and effective adjuvant therapy in the
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Table 1. Baseline characteristics of patients

Variable (n = 130) Value
Age, yr 61.8 + 11.7
Female 18(13.8)
Hypertension 59 (45,4%)
Hypercholesterolemia 57 (43,8%)
Tobacco use 78 (60%)
Diabetes mellitus 18 (13.8)
Killip classification

| 98 (75.4)

Il 18 (13.8)

1 3(2.3)

\% 11 (8.5)
Radial access 118 (90,7%)
Femoral access 12 (9,3%)
Lesion localization

LMCA 3(2,3%)

LAD 55 (42,3%)

LCX 8 (6,2%)

RCA 64 (49,2 %)
Primary device 66 (50.8)
Bailout strategy 64 (49.2)
Large thrombus burden 124 (95.4)
Laser catheter size, Fr

09 114 (87.7)

1.4 16 (12.3%)
Procedural time, min 60 (43-86)
Fluoroscopy time, min 22.2 +£12.2
Laser frequency, Hz 31+104
Laser fluency, mJ/mm? 46.5 + 9.17
Laser delivery time, s 1259 + 83.4
Technical success 128 (98.5)
Procedural success 124 (95.4)

LAD: left anterior descending coronary artery; LCX: left circumflex artery; LMCA: left
main coronary artery; RCA: right coronary artery.

Categorical data are presented as absolute value and percentage, n (%); and continuous
variables as mean + standard deviation or first and third quartiles.

context of PCI (videos 1-4 of the supplementary data), demon-
strating a low rate of complications and an acceptable long-term
rate of MACE.

Data on the use of ELCA in acute myocardial infarction remain
limited, with most evidence coming from non-randomized clinical
trials. The CARMEL trial,'? the largest multicenter study to date,
evaluated the safety, feasibility, and acute outcomes of ELCA in
patients with acute myocardial infarction within 24 h of symptom
onset requiring urgent PCI. TIMI grade flow significantly improved

M. Mohandes et al. REC Interv Cardiol. 20XX; XX(X): XX-XX

Figure 3. Pre- and post-ELCA findings in 2 typical cases of right coronary
artery with large thrombus burden. ELCA, excimer laser coronary angioplasty.

after laser application, increasing from 1.2 to 2.8, with an overall
procedural success rate of 91% and a low distal embolization rate
of 2%, even though 65% of cases had a LTB. In our study, 95.4%
of the patients had culprit lesions with a LTB, and laser delivery
significantly improved the mean TIMI grade flow from 0.6 to 2.29,
with a comparable distal embolization rate of 2.3%.

Arai et al.'® retrospectively analyzed 113 consecutive acute coro-
nary syndrome cases undergoing PCI comparing an ELCA group
(n = 48) with a thrombus aspiration group (n = 50). They found that
ELCA was associated with a significantly shorter door-to-reperfusion
time, a better myocardial blush grade, and fewer MACE vs
thrombus aspiration. These favorable outcomes are likely attribut-
able to ELCA's ability to vaporize thrombi through acoustic shock-
wave propagation and dissolution mechanisms,'? as well as its
capacity to suppress platelet aggregation kinetics (a phenomenon
known as the 'stunned platelet’ effect).*

Reperfusion injury to the coronary microcirculation is a critical
concern during PCI in STEMI patients. While manual thrombus
aspiration can reduce the rate of no-reflow in patients with a LTB,
residual thrombi and decreased coronary flow following thrombec-
tomy have been associated with a higher risk of no-reflow.'”” In a
study of 812 patients with STEMI and a LTB undergoing PCI, Jeon
et al.’ reported that 34.4% experienced failed thrombus aspiration,
defined as no thrombus retrieval, remnant thrombus grade > 2, or
distal embolization. This failure was associated with an increased risk
of impaired myocardial perfusion and microvascular obstruction.

ELCA's ability to vaporize thrombi (with a low rate of distal embo-
lization) and mitigate platelet activation, key cofactors in myocar-
dial reperfusion damage,'” can potentially reduce this undesirable
effect. Although the direct impact of ELCA on coronary microcir-
culation in PCI has not been well documented, evidence from
smaller studies suggests potential benefits. For example, Ambrosini
et al.’® investigated ELCA in 66 patients with acute myocardial
infarction and complete thrombotic occlusion of the infarcted
related artery, demonstrating excellent acute coronary and myocar-
dial reperfusion outcomes (as assessed by the myocardial blush
score and the corrected TIMI frame count), as well as a low rate
of long-term left ventricular remodeling (8%). The significant
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Table 2. Difference in variables between the initial and bailout strategy groups

Variable ELCA as the initial strategy (n = 66) ELCA as the bailout strategy (n = 64) P-value
Complications 8(12.1%) 3 (4.7%) .100
Large thrombus burden 64 (97%) 60 (93.8%) 440
Technical success 65 (98.5%) 63 (98.4%) 1.000
Procedural success 66 (100%) 58 (90.6%) 013
Procedural time, median 48.50 (38.83-66.61) 69.81 (55.36-101) <.001

ELCA, excimer laser coronary angioplasty.

Categorical data are presented as absolute value and percentage, n (%); and continuous variables as mean + standard deviation or first and third quartiles.

Table 3. List of adverse clinical events

Patient No. Event Date
6 Death 1
13 Death 493
15 Death 148
23 Death n
33 Death 170
36 Death 4
43 New myocardial infarction associated with TLR 39
50 New myocardial infarction 213
61 Death 16
77 Death 1
83 New myocardial infarction associated with TLR 119
84 Death 4
92 Death 1
98 Death 0
101 Death 37
110 Death 0
13 Death 12
118 Death 253
121 Death 139
124 New myocardial infarction associated with TLR 291
128 Death 10

TLR, target lesion revascularization.
Lost to follow-up: 6 patients (4.6%).

improvement in mean TIMI grade flow observed immediately after
ELCA application in our cohort may indirectly suggest a protective
effect of this technique on coronary microcirculation. However, the
lack of large studies comparing ELCA with conventional STEMI
treatment limits the ability to definitively confirm the benefits of
coronary laser therapy in this setting. Shibata et al.!” explored the
impact of ELCA on myocardial salvage using nuclear scintigraphy
in 72 STEMI patients and an onset-to-balloon time < 6 h, comparing
ELCA (n = 32) and non-ELCA (n = 40) groups. Their findings
indicated a trend towards a higher myocardial salvage index in the
ELCA vs the non-ELCA group (57.6% vs 45.6%).

Limitations

This study has several limitations. It is a retrospective analysis,
which inherently introduces biases related to data collection, inter-
pretation and application of inclusion and exclusion criteria.
Besides, the absence of a comparative group limits the ability to
establish the definitive clinical benefit of ELCA and its potential
superiority over other strategies in the context of STEMI patients
undergoing PCI. Furthermore, while the significant improvement
of TIMI grade flow observed after laser application suggests poten-
tial benefits for coronary microcirculation, we did not directly
assess this effect or thrombus burden reduction since post-ELCA
thrombus grading was not systematically recorded. Unfortunately,
in our retrospective database, PCI details (segmental analysis of
coronary arteries and classification), the use of intravascular
imaging modalities, dual antiplatelet therapy regimens (aspirin in
addition to a potent P2Y'? inhibitor, or clopidogrel when prasugrel
or ticagrelor were contraindicated, was routinely prescribed
following current guidelines recommendations) or post-PCI echo-
cardiography or cardiac magnetic resonance parameters were not
systematically collected (unavailable in the health reports we
revised) and follow-up data were missing for 4.6% of patients, all
of which limited our ability to assess their potential impact on
clinical outcomes. Last, our findings represent the experience of a
single center, the percentage of women and patients with diabetes
is relatively low, and procedures were performed by 5 trained
operators, which may limit the external validity of the results.

CONCLUSIONS

ELCA seems to be an effective device for thrombus dissolution in
the STEMI scenario, with excellent technical and procedural success
rates. Besides, a low complication rate and favorable long-term

outcomes with an acceptable event-free survival rate was observed
in the present cohort.
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WHAT IS KNOWN ABOUT THE TOPIC?

— ELCA is a specialized technique used as adjuvant therapy
during PCI for STEMI, particularly in patients with LTB.

— Although former studies have shown that ELCA can
improve coronary flow and potentially reduce thrombotic
material, data in the setting of acute myocardial infarction
remain limited.

— ELCAis mostly used in high-volume centers by experienced
operators, and standardized criteria for use in STEMI
patients are not consistently reported in the literature.

WHAT DOES THIS STUDY ADD?

— This is one of the largest retrospective single-center
series (130 patients) ever reported on the use of ELCA in
STEMI patients with angiographically defined LTB.

— The study shows a high rate of technical and procedural
success, significant improvement in TIMI flow, low rate
of complication, and acceptable long-term outcomes.

— It provides detailed information on operator training,
device selection, and laser settings, contributing to trans-
parency and reproducibility.
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— It also identifies current limitations in data reporting (eg,
lack of systematic thrombus grading or dual antiplatelet
therapy regimen documentation), underscoring the need
for standardization in future studies.
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Supplementary data associated with this article can be found

in the online version available at https://doi.org/10.24875/
RECICE.M25000537.
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