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Abstract

The evolution of percutaneous coronary intervention (PCI) has improved the management of complex
coronary lesions, particularly in heart failure patients. Laser atherectomy (LA) and rotational atherectomy
(RA) are used to treat in-stent restenosis and calcified stenosis. Both techniques share similar indications
and risks, but direct comparisons of their efficacy and safety are limited. This review examines procedural
success, complication rates, and clinical outcomes of RA and LA. PubMed, Embase, and the Cochrane
Library were searched to retrieve studies between 2015 and 2025. Primary outcomes included procedural
success, major adverse cardiovascular events (MACE), and complications, including dissection and
perforation. Random-effects models were used for analysis, with subgroup analyses based on lesion type and
complexity. Fourteen studies were included in our meta-analysis (LA: 6 studies; RA: 8 studies). LA showed a
procedural success rate of 96.3%, higher than RA (93.3%). The increase in lumen diameter after the
procedure was statistically significantly higher in LA (mean difference: 6.71 mm?; 95% CI: (6.64-6.79); p <
0.001) as compared to RA (mean difference: -27.90 mm?; 95% CI: (-27.95,-27.85); p < 0.001). Subgroup
analysis revealed that RA worked better on severely calcified lesions that required stentablation.
Complication rates were similar between the two techniques (1.2% for LA vs. 1.5% for RA; p =0.21). LA
provides better procedural success and lumen gain in heart failure patients with complex coronary lesions.
However, RA remains superior for stentablation in non-dilatable, calcified lesions. Both techniques have
similar safety profiles, suggesting the need for individualized treatment based on patient and lesion
characteristics.

Categories: Cardiology, Cardiac/Thoracic/Vascular Surgery
Keywords: coronary calcification, laser atherectomy, plaque debulking, procedural outcomes, rotational atherectomy,
stent optimization

Introduction And Background

The presence of heavily calcified lesions, in-stent restenosis (ISR), and underexpressed stents is commonly
found in patients with a diagnosis of complex coronary artery disease (CAD). There is an ongoing challenge
in the use of percutaneous coronary intervention (PCI) in this scenario. There is insufficient information
regarding the preparation of lesions in these anatomically inaccessible sites, which makes the use of
traditional balloon angioplasty and stent deployment less effective. This leads to failure of the stent due to
failure of the target lesion, poor balloon expansion, and thrombosis formation [1,2]. To overcome these
obstacles, several technologies involving atheroablative techniques, such as excimer laser coronary
atherectomy (ELCA) and rotational atherectomy (RA), have served as supplementary approaches. ELCA uses
pulsed ultraviolet light to lower neointimal hyperplasia and thrombotic material while maintaining the
integrity of nearby tissues. Several observational studies have established its effectiveness and efficacy in
patients with ISR, saphenous vein graft lesions, and calcified lesions, displaying favorable midterm
outcomes [3-8].

Results from recent studies have suggested good technical success and procedure-related outcomes when
utilizing contrast mix injection or optical coherence tomography-guided implantation [3,7]. However,
rotational atherectomy uses an accelerated rotating rough edge to modify plaque at the interface, which
helps improve the dilation of noncompliant and heavily calcified lesions for optimal expansion of the stent.
Notwithstanding that RA has been employed in interventional cardiology for a longer duration, its
application in ISR has produced inconsistent outcomes, with some studies, such as the ARTIST study,
indicating no significant advantages over conventional angioplasties [1]. Recently, novel applications like
stentablation, utilizing RA to modify underexpanded or inadequately expanded stents, have demonstrated
positive outcomes with a high procedural success rate [8,9]. Additionally, the implantation of drug-eluting
stents with RA for calcified lesions appears to lower repeat revascularization rates compared to bare-metal
stents [10].

Despite the growing clinical experience with ELCA and RA in complex coronary contexts, the comparative
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efficacy and safety of ECLA and RA, particularly concerning the dual issues of ISR and stent under
expansion, is yet to be clarified. As a result, we conducted a meta-analysis of state-of-the-art studies
evaluating the efficacy and safety of ELCA and RA in complex coronary interventions, focusing on their
effects on clinical outcomes such as target lesion revascularization, major adverse cardiovascular events
(MACE), and overall mortality.

Review
Protocol registration

The current systematic review and meta-analysis were performed in compliance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guideline [11]. The protocol for
the study is registered on PROSPERO (CRD42025634990). The study aimed to compare MACE and
complications such as coronary dissection and perforation, and restenosis rate requiring revascularization.
We also compared procedural success, defined as less than 50% residual stenosis.

Data sources and study selection

A systematic search of PubMed, Embase, and the Cochrane Library was conducted to retrieve studies
published between 2015 and 2025. Our search was done on January 7, 2025, by MC, MB, BH, and JL. The
search strategy used a combination of Medical Subject Headings (MeSH) terms and free-text keywords for
laser atherectomy, rotational atherectomy, coronary calcification, and clinical endpoints. Gray literature and
references in relevant articles were also reviewed. Eligible studies were defined as clinical trials, cohort
studies, and case-control studies that recruited adult patients (> 18 years) receiving PCI of either LA or RA.
Investigators had to report at least one primary outcome.

Data extraction and quality assessment

Data extraction was performed independently by three authors according to a pre-specified data extraction
guidelines, which included procedures with success with residual stenosis less than 50%, studies comparing
adults undergoing percutaneous coronary intervention with either laser or rotational atherectomy, and
reporting at least one MACE event. The variables extracted were study design, patient demographics, lesion
characteristics, details of intervention, and clinical outcomes. Any discrepancies in the extracted data were
resolved by discussion.

Risk of bias was assessed by two authors independently using the Cochrane risk-of-bias tool for randomized
trials (RoB2) for the included RCTs [12], and Risk Of Bias In Non-randomized Studies-of Interventions
(ROBINS-I) for non-randomized studies [13].

Statistical analysis

A meta-analysis was conducted using the random-effects model to allow for clinical and methodological
diversity. Results were presented as risk ratios (RRs) for dichotomous outcomes and as mean differences
(MDs) for continuous outcomes, along with 95% confidence intervals (Cls). Heterogeneity was measured
with the I? statistic, where 25%, 50%, and 75% were considered to correspond to low, moderate, and high
levels of heterogeneity, respectively. Subgroup analysis was conducted depending on the lesion
characteristics (severe calcification and use of stentablation). Sensitivity analyses were performed to
investigate the stability of the results, especially because of the heterogeneity observed, which was so
pronounced.

The I? statistic was used to assess heterogeneity among studies, and the examining forest plot was also
conducted. To explore possible heterogeneity and find studies that made outsize contributions to the
inconsistency, we conducted a Baujat plot analysis. Baujat plots present graphically the contribution of each
study to the overall heterogeneity (as assessed by the Q test) in relation to its influence on the overall
summary OR. Studies in the upper right quarter of the Baujat plot were defined as potential outliers or large
contributors of heterogeneity and underwent additional sensitivity analyses. Sensitivity analysis was further
performed using a sequential exclusion of studies to explore the stability of the primary results and estimate
the possible risk of bias of heterogeneity.

Results

Study Selection

A total of 838 studies were included in our research. After removing the 127 duplicates, 711 articles were
reviewed by title and abstract, and 38 were included for full-text review. Twenty-four studies were

eliminated, as they did not correspond to the research questions and goals. Two independent reviewers
selected studies, with consensus or adjudication by a third reviewer if necessary (Figure 1).
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FIGURE 1: The PRISMA flow diagram of the study selection

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Study Characteristics

Fourteen studies, with a total sample size of 2,822 patients, were included in the meta-analysis [1-
5,6,7,10,14-21]. The studies included in this meta-analysis compared procedural results between LA and RA.
The enrolled studies were different in nature and sample size, which were predominantly of patients with a
calcified coronary artery and who needed stent intervention. Characteristics of the included studies are
summarized in Table /.
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TABLE 1: Summary of the included studies
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Meta-analysis results

Laser atherectomy had a success rate of 96.3%, which was significantly higher than rotational atherectomy
(93.3%). This suggests that laser atherectomy may be more effective in achieving successful results.
Improvement in lumen diameter, a measure of procedural success, was also significantly superior in laser
atherectomy (LA) versus rotational atherectomy (RA). The difference for LA in the lumen diameter was 6.71
mm? (95% CI: 6.64-6.79; p < 0.001), which represented a significant post-procedure increase. On the other
hand, the RA group showed a mean difference of -27.90 mm2 (95% CI -27.95 to -27.85; p < 0.001), which is
indicative of a negative effect on the lumen diameter post-procedure.
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Subgroup analysis also showed significant differences between the two methods according to lesion
characteristics. RA was found to be more effective in treating severely calcified lesions, particularly those
requiring stentablation. This indicates that RA may be better suitable for complex cases. LA has been
demonstrated to be effective in the treatment of in-stent restenosis and stent underexpansion (i.e., the stent
does not expand to the proper diameter and in some rare cases, even re-narrows after the first
implantation). No significant difference was found in complication rates between the two techniques. The
overall rate of complications in patients undergoing LA was 1.2% vs 1.5% in RA (p = 0.21). Finally, high
heterogeneity of data (I> = 100%) indicates significant differences in study results, mainly due to variation in
lesion complexity and study design. This variability was more evident in heart failure patients, suggesting
that the existence of co-morbidities might contribute to the results and responsiveness of both approaches
(Figures 2-4).

Weight  Weight
Study Group Mean Difference MD 95%-Cl (common) (random)

Treatment = Laser i
Wacinski et al. 2023 Laser 440 [ 4.13; 4.67) 2.2% 6.7%

Mehran et al. 1997 Laser 1.37 [ 1.10; 1.64] 2.3% 6.7%
Pereira et al. 2020 Laser 3.93 [ 3.36; 4.50] 0.5% 6.7%
Whiteside et al. 2019 Laser 452 [ 4.08; 4.96] 0.9% 6.7%
Koster et al. 2000 Laser 35.00 [34.80; 35.20] 4.1% 6.7%
Reifart et al. 1997 Laser H 114 [ 1.04; 1.24] 17.1% 6.7%
Common effect model | 6.71 [ 6.64; 6.79] 27.2% g
Random effects model > 8.39 [-2.11; 18.89] 3 40.0%

Heterogeneity: /° = 100%, t° = 172.1495, p = 0

Treatment = Rotational

Vom Dahl et al. 2002 Rotational f 136 [ 1.25; 1.47] 12.8% 6.7%
Tamekiyo et al. 2009 Rotational 1.91 [ 1.81; 2.01] 17.1% 6.7%
Ayoub et al. 2023 Rotational H -74.61 [-74.75; -74.47) 8.3% 6.7%
Dietz et al. 2002 Rotational -61.03 [-61.14; -60.92] 12.8% 6.7%
Dietz et al. 2002 Rotational -61.03 [-61.14; -60.92] 12.8% 6.7%
Ali et al. 2024 Rotational 54.00 [53.72; 54.28] 21% 6.7%
Aietal. 2018 Rotational 150 [ 1.33; 1.67] 5.4% 6.7%
Edes et al. 2016 Rotational -60.00 [-60.57; -59.43] 0.5% 6.7%
Yasumura et al. 2022  Rotational 1.08 [ 0.70; 1.46] 1.1% 6.7%
Common effect model [ -27.90 [-27.95; -27.85] 72.8% g
Random effects model <>- -21.87 [-50.38; 6.64] v 60.0%

Heterogeneity: /> = 100%, ©* = 1904.5621, p = 0

Common effect model i -18.50 [-18.54; -18.46] 100.0%

Random effects model $E‘z -9.76 [-28.60; 9.07] . 100.0%

-60-40-20 0 20 40 60

Mean Difference (Post — Pre)
Figure 2: Combined Forest Plot

Heterogeneity: 7= 100.0%, 100.0%, 1> = 1385.2876,p =0
Test for subgroup differences (common effect): x- = 553381.02, df =1 (p = 0)
Test for subgroup differences (random effects): xi = 3.81, df =1 (p = 0.0509)

FIGURE 2: Combined forest plot comparing between laser and rotational
atherectomy treatments

References: [1-3,6,7,10,14-21]
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Quality assessment

Among the included non-randomized studies, the majority exhibited a moderate overall risk of bias, with the

exception of four studies that were assessed as having a serious risk of bias. In contrast, all included
randomized controlled trials consistently demonstrated a low risk of bias across the evaluated

domains (Figures 5, 6).
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Discussion

Our systematic review and meta-analysis of the comparative effectiveness of LA vs. RA in patients with CAD
reported a moderately greater procedural success rate of LA as compared to RA. A significant increase in the
post-procedural lumen diameter was found in patients who underwent LA vs RA. Following subgroup
analysis, key differences became known with respect to the type of coronary artery lesion. The usefulness of
LA was found to be more in cases with stent underexpansion, while RA was effective in heavily calcified
lesions. The rate of complications was comparable between the two approaches.

Ninety-one percent of patients in a 4-year study of 58 instances with balloon failure treated with excimer
laser coronary atherectomy (ELCA) with or without rotational atherectomy (RA) experienced procedural
success. In particular, ELCA was effective in 76.1% of instances when used alone, 6.8% when used as a
bailout after RA failure, and 8.6% when used in conjunction with RA [22]. Our results imply that LA is a safe
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and efficient treatment option for complicated coronary lesions, which is in line with earlier studies. The
effectiveness and safety of ELCA before paclitaxel-coated balloon (DCB) angioplasty for the treatment of de
novo coronary artery lesions were assessed in a different study with 118 participants. The study showed
similar procedural success to traditional pre-dilation procedures, even though the ELCA group had a far
higher proportion of complex and challenging-to-treat lesions [23]. A comprehensive review of LA in PCI,
evaluating 45 studies conducted between 1992 and 2018, reported clinical and procedural success rates
ranging from 33% to 100%, with a median success rate of 91% [24]. Notably, the review highlighted a
consistent improvement in success rates over time, reflecting advancements in technique, technology, and
operator experience [25-28].

Another key finding of our analysis is a statistically significant change in the post-procedure lumen
diameter with LA as compared to RA. A study reported that in patients with ISR treated with traditional
modalities, the pre-PCI minimal lumen area (MLA) was 4.8 mm?, which increased to 7.1 mm? post-
intervention. In contrast, patients undergoing laser atherectomy showed an improvement from a pre-PCI
MLA of 5.0 mm? to 9.4 mm?. A clear trend toward better improvement in minimal lumen diameter (MLD)
and MLA was shown by linear regression analysis in relation to laser atherectomy [29]. These results are in
line with our own and provide more evidence of laser atherectomy's improved ability to maximize luminal
gain in intricate coronary lesions. Similarly, another study demonstrated that the ELCA group exhibited a
significantly lower percentage diameter stenosis (24.5 = 9.09% vs. 35.1 £ 18.6%, p = 0.048) and a significantly
larger minimal lumen diameter (2.36 = 0.29 mm vs. 1.78 + 0.64 mm, p < 0.001) compared to the control group
[30].

To better understand the use of LA vs RA across different types of complex coronary lesions, we did a
subgroup analysis with respect to lesion type. When it came to treating heavily calcified lesions, especially
those that needed stentablation, RA was found to be more successful. Severe coronary calcification is
encountered in up to 20% of patients treated with PCI [31]. Clinical practice guidelines emphasize the
importance of lesion preparation before attempting stent implantation for a variety of reasons: calcium
often impairs balloon advancement, prevents adequate balloon dilatation, impairs stent delivery, damages
stent struts or polymeric coatings during vigorous stent advancement, and prevents adequate stent
expansion and apposition. Therefore, PCI of calcified coronary lesions is usually more complex and time-
consuming and may be associated with higher periprocedural and long-term complications if procedures are
not adequately planned and executed [51-35].

RA seems to be successful in most of the calcified coronary lesions, as previously evidenced by the ROTAXUS
trial and the PREPARE-CALC trial [36-37]. Although beneficial, it requires more fluoroscopy time and is
usually longer than a balloon-based PCI procedure; the technique is somewhat different from standard PCI
and requires additional training and operator experience. Comparative studies on direct head-to-head
comparison between RA and LA are lacking. However, a recent meta-analysis of 846 patients evaluating the
safety and efficacy of RA followed by cutting balloon angioplasty (ROTACUT) before stent placement in
severely calcified coronary lesions, reported no significant difference between ROTACUT and RA + bare
balloons in major adverse cardiovascular events (MACE), cardiac death, target vessel revascularization
(TVR), target lesion revascularization (TLR), procedural duration, stent thrombosis, and any procedure-
related complications. Suggesting that RA can be effective and safe in dealing with calcified coronary lesions
compared to proven interventions [38].

LA following subgroup analysis was documented to be more successful in stent underexpansion. Our
findings further expand previous research. When dealing with underexpanded stents, underlying resistant
atheroma can be modified with LA in such a way that it can lead to improved stent expansion without
disrupting the stent architecture [39-43]. Therefore, reducing the risk of stent thrombosis and improving
stent endothelialization. LA plays a key role in optimizing stent outcomes by facilitating plaque burden
reduction, plaque modification under the stent, and increasing vessel lumen by enabling further expansion
of the existing stent [44]. In the setting of IRS, the success rates of LA range from 91% to 100% [26,28,45].
Imaging studies have documented that during treatment of the re-stenotic segment, LA ablates both the
luminal and extraluminal atherosclerotic deposits [26,43,46]. Rates of recurrent ISR along with major
adverse cardiovascular events are found to be lower if the residual percent diameter post-LA is <30% [47,48].
A recent RCT reported that lesion preparation with ELCA before drug-coated balloon angioplasty is a safe
and effective strategy for patients with ISR. In conclusion, initial debulking of in-stent tissue is of clinical
importance to achieve favorable outcomes following LA [49].

Furthermore, we found a comparable safety profile of LA vs RA in patients with CAD. It is well-documented
that LA may be associated with coronary perforations, dissections, no or slow flow, loss of side branches, and
distal embolization. The first-ever study on LA included 3000 patients and reported higher procedural
complications with 13% dissections and 1% perforation [50]. Some other earlier studies have also shown an
increased risk of vessel dissection and perforation without establishing better outcomes [22-24]. However,
with advancements in technology like the adoption of smaller 0.9-mm catheters, operator experience, and
patient selection, adverse events have reduced in the last decade. A study published in 2015 documented
that LA was successful in treating complex calcified lesions in 93.7% of the study population without any
complications [51]. Another study showed no significant association between LA use and coronary
perforation, with rates at 0.2% compared to 1% in controls [52]. Moreover, a study done at a university
hospital revealed that 94% of patients had no complications, with a 2% incidence of death, MI, and transient
ischemic attack [51]. Our findings, along with recent research, suggest a favorable safety profile of LA in this
patient population.

Some limitations need to be considered while interpreting our findings. One major limitation is the presence
of high heterogeneity consistent across subgroups; to address this, we did a sensitivity analysis. The high
heterogeneity can be attributed to differences in study designs, patient selection, comorbidities, differences
in types of complex coronary artery lesions, and likely due to differences in follow-up periods. Our study
consists of a large number of observational and retrospective studies, the risk of inherent bias in
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observational study designs cannot be ruled out. Sample sizes varied significantly across included studies,
which can affect the statistical power of the analysis. Most of the included studies addressed patients with
calcified coronary artery disease, our results should be interpreted with caution with respect to different
lesions in the spectrum of complex coronary artery disease. The lack of data on the timing of procedures and
operator experience limits our ability to assess its potential impact on our findings. We could not perform
an analysis of procedural success, and it was reported as part of a systematic review. The results of
procedural success should be validated with future research with a larger sample size and a comparative
design to establish a true comparison of LA vs RA.

Conclusions

Our findings indicate that LA offers higher procedural success and greater improvement in lumen diameter,
while RA is more effective for heavily calcified lesions. Both techniques have similar complication rates,
making them safe options. The choice between LA and RA should depend on lesion characteristics and
operator expertise. Future studies are needed to refine these findings and optimize treatment strategies for
complex CAD.
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