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Background: Severely calcified coronary lesions with reduced left ventricular
(LV) function result in worse outcomes. Atherectomy is used in treating such
lesions when technically feasible. However, there is limited data examining the
safety and efficacy of atherectomy without hemodynamic support in treating
severely calcified coronary lesions in patients with reduced left ventricular
ejection fraction (LVEF).

Objective: To evaluate the clinical outcomes of atherectomy in patient with
reduced LVEF.

Methods: We searched PubMed, Cochrane CENTRAL Register and
ClinicalTrials.gov (inception through July 21, 2021) for studies evaluating
the outcomes of atherectomy in patients with severe LV dysfunction. We used
random-effect model to calculate risk ratio (RR) with 95% confidence interval
(Cl). The endpoints were in-hospital and long term all-cause mortality, cardiac
death, myocardial infarction (Ml), and target vessel revascularization (TVR).

Results: A total of 7 studies consisting of 2,238 unique patients were included
in the analysis. The median follow-up duration was 22.4 months. The risk
of in-hospital all-cause mortality using atherectomy in patients with severely
reduced LVEF compared to the patients with moderate reduced or preserved
LVEF was [2.4vs.0.5%; RR:5.28; 95%Cl 1.65-16.84; P = 0.005], the risk of long
term all-cause mortality was [21 vs. 8.8%; RR of 2.84; 95% Cl 1.16-6.95;
P =0.02]. In-hospital TVR risk was 2.0 vs. 0.6% (RR: 4.15; 95% Cl 4.15-15.67;
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P =0.04) and long-term TVR was [6.0 vs. 9.9%; RR of 0.75; 95% C| 0.39-1.42; P
= 0.37]. In-hospital Ml was [7.1 vs. 5.4%; RR 1.63; 95% C1 0.91-2.93; P = 0.10],
long-term Ml was [7.5 vs. 5.7; RR 1.74; 95%Cl| 0.95-3.18; P = 0.07).

Conclusion: Our meta-analysis suggested that the patients with severely
reduced LVEF when using atherectomy devices experienced higher risk of
clinical outcomes in the terms of all-cause mortality and cardiac mortality.
As we know that the patients with severely reduced LVEF are inherently
at increased risk of adverse clinical outcomes, this information should be
considered hypothesis generating and utilized while discussing the risks and
benefits of atherectomy in such high risk patients. Future studies should focus
on the comparison of outcomes of different atherectomy devices in such
patients. Adjusting for the inherent mortality risk posed by left ventricular
dysfunction may be a strategy while designing a study.

reduced ejection fraction, left ventricular dysfunction, severe coronary calcification,

atherectomy, percutaneous coronary intervention

Introduction

Severely calcified coronary lesions exist in up to 20%
of patients undergoing percutaneous coronary intervention
(PCI) (1). Performing PCI to severely calcified coronary artery
lesions is technically challenging because of the difficulty of
balloon or stent delivery and optimal stent apposition and
expansion, which may lead to underexpansion with increased
risk of stent thrombosis and restenosis (2). Atherectomy is
one of the effective ways to treat severely calcified coronary
lesions that can modify calcified plaques to facilitate balloon
or stent delivery and optimize stent expansion (3, 4). The
2011 American College of Cardiology Foundation/American
Heart Association/Society for Cardiovascular Angiography
and Interventions PCI guidelines gave Class Ila (level
of evidence C) recommendation for rotablator for the
treatment of heavily calcified plaques that cannot be
crossed by a balloon catheter or adequately dilated before
stenting (5).

Patients with severe coronary artery calcifications and
severely reduced left ventricular ejection fraction (LVEF) have
worse prognosis than those with normal LVEE, and pose
technical challenges in standard PCI techniques (6). Although
coronary artery bypass grafting (CABG) has been recommended
for patients with left ventricular (LV) systolic dysfunction as a
first line revascularization strategy (6), due to the technological
advances and improvements in intervention techniques, high-
risk PCI using atherectomy is an alternative to high-risk CABG

Abbreviations: PCI, Percutaneous coronary intervention; LVEF, Left
ventricular ejection fraction; CAC,Coronary artery calcification; CABG,

Coronary artery bypass grafting.
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(7-9). As there are a few reports that have focused on the clinical
outcomes of atherectomy in patients with severe LV dysfunction,
we aimed to perform a systematic review and meta-analysis of
available literature in this regard.

Methods

Data source and search strategy

A meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews an Meta-Analyses
(PRISMA) 2009 guidelines (10). Two reviewers (WA and MA)
independently identified the relevant studies by an electronic
search of the PubMed, EMBASE, Cochrane Central Register
of Controlled Trials, and ClinicalTrials.gov databases (from
inception to July 2021) (Supplementary Table 1). References of
the retrieved studies were also screened further for relevant
studies. The following search terms and key words were
used: “atherectomy” OR “orbital atherectomy” OR “rotational
atherectomy” AND “reduced ejection fraction” OR “heart failure
with reduced ejection fraction” OR “left ventricular dysfunction”
AND “severely calcified coronary lesions” and “coronary artery
disease.” There was no language, publication date or publication
status restrictions imposed.

Study selection

Two investigators (WA and MA) independently assessed the
eligibility of studies on the basis of titles, abstracts, and full-
text reports. Discrepancies in study selection were discussed and
resolved with the third investigator (KD). Eligible studies had to
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TABLE 1 Study characteristics included in the meta-analysis.

10.3389/fcvm.2022.946027

Study Type Total  Type of #ofarms  Severely Moderate normal EF  Follow up

Atherectomy reduced reduced

EF EF

Lee et al. (8) prospective 437 orbital three groups 26-40% 41-50% > 50% In-hospital/12 months
Shlofmitz et al. (15) retrospective 438 orbital two groups <40 >40 30 days
Watanabe et al., (11) retrospective 270 rotational two groups <35% >35% in-hospital/30 days
Whiteside et al., (12) retrospective 131 rotational three groups <30 % 30-50% >50% in-hospital
Mankerious et al. (13) retrospective 644 rotational three groups <35% 36-54% >55% in-hospital/5 years
Zhang et al. (3) retrospective 140 rotational three groups <35% 36-50% >50% in-hospital/24 months
Yoshida et al. (14) retrospective 178 rotational three groups <35% 36-50% >50% in-hospital/12 months

EEF, ejection fraction.

satisfy the following prespecified criteria: (a) Studies evaluating
the use of atherectomy for coronary lesions in patients with left
ventricular dysfunction (b) availability of clinical outcome data.
The exclusion criteria were lack of any clinical outcome data and
duplicated publications. Our study population included patients
with severely reduced LVEE, moderate LVEF and preserved
LVEF. We compared patients with severely reduced LVEF as
one groups to the combined (moderate and preserved LVEF)
as one group. Severely reduced LVEF and moderate LVEF were
attributed according to the definition used in each study as
shown in (Table 1).

Data extraction and quality assessment

Two investigators (WA and QA) independently extracted
data (baseline characteristics, definition of outcomes and
number of events) using a standardized data abstraction form.
The same investigators independently and systematically
assessed the studies’ methodological quality using the Newcastle
Ottawa
were resolved by a third author (KD). We assessed for

Scale  (Supplementary Table 2),  disagreements
publication bias using the funnel plots for the outcomes

(Supplementary Figure 1).

Outcome measures

The endpoints were in-hospital and long term all-
cause mortality, cardiac death, myocardial infarction (MI),
(TVR).
outcomes were also analyzed including slow or no reflow,
attributed
according to the definition used in each study. Definition

and target vessel revascularization Procedural

perforation and dissection. Endpoints were
of MI in each included study were reported in the

Supplementary Table 3.
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Statistical analysis

For categorical outcomes, the risk ratios (RRs) with 95%
confidence intervals (CI) were calculated and study -specific
RR were combined with the DerSimonian and Laird random
effects model with the estimate of heterogeneity using the
Mantel-Haenszel model. We used I? statistic to measure
heterogeneity among the trials; a value of 0% indicates no
observed heterogeneity, and values of 25, 50, and 75% define low,
moderate, and high heterogeneity, respectively. The presence
of publication bias for each outcome was investigated by
visual estimation of funnel plots when data was available
for at least three studies. Results were reported according
to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Protocol (PRISMA-P) 2015 statement. Analyses
were performed using Review Manager (RevMan) Version 5.3
(The Nordic Cochrane Center, The Cochrane Collaboration,
Copenhagen, Denmark).

Results

Search results

Figure 1 displays the PRISMA diagram for study search and
selection. A total of seven studies (six retrospective and one
prospective studies) including 2, 238 patients, 270 with severely
reduced LVEFE, and 1,968 patients with moderately reduced or
preserved LVEF were included in the meta-analysis. The median
follow-up duration for long term outcome was 22.4 months.
The characteristics of the included studies and the patients’
demographics are presented in Tables 1, 2, respectively.

Clinical outcomes
In-hospital and long term outcomes (all-cause mortality,

cardiac death, MI and TVR) were reported in all the studies. In-
hospital all-cause mortality and TVR were significantly higher
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Records identified through

database searching
(n=109) Case reports (n=6),
protocols (n=30),
Editorials (n=4),
¢ reviews (n=5),
meta-analysis
(n=0) and records
Records after duplicates removed notrelevant per
(n=85) title/abstract were
excluded
¢ (n=28)

( ) \ /
Full text articles assessed for

eligibility
(n=12)

v

Full-text articles
excluded as they
didn’t meet the
inclusion criteria

N
Studies included in (n=5)
quantitative synthesis
(n=7)
L J

FIGURE 1
PRISMA flow diagram for study selection.

in patients with severely reduced LVEF as compared to patients
with moderate and preserved LVEF who had atherectomy (RR:
5.28; 95% CI 1.65-16.84; P = 0.005; 2 = 0%; Figure 2A) and
(RR: 4.15; 95% CI 4.15-15.67; P = 0.04; I2 = 0%; Figure 2D),
respectively. There was no significant difference between the
two groups in in-hospital cardiac death (RR of 3.71; 95% CI
0.55-24.87; P = 0.18; 12 = 0%; Figure 2B) and MI (RR of 1.63;
95% CI 0.91-2.93; P = 0.10; 2 = 0%; Figure 2C). Patients
with severely reduced LVEF had higher rate of long term all-
cause mortality (RR of 2.84; 95% CI 1.16-6.95; P = 0.02; 12
= 53%; Figure 3A) and long-term cardiac death (RR of 4.27;
95% CI 1.68-10.83; P = 0.002; 12 = 24%; Figure 3B) compared
with moderate and preserved LVEF. There was no difference
between the two groups in term of long-term MI (RR of 1.74;
95% CI 0.95-3.18; P = 0.07; 2= 28%; Figure 3C) and long-
term TVR (RR of 0.75; 95% CI 0.39-1.42; P = 0.37; I> = 18%;
Figure 3D).

Procedural complications

Procedural complications including slow flow or no reflow,
coronary perforation, and coronary dissection were analyzed
(Figure 4). Slow or no reflow was significantly higher in patients
with severely reduced LVEF (RR: 4.19; 95% CI 2.03-8.65; P
= 0.0001; 1> = 44%; Figure 4A). Atherectomy in patients
with severely reduced LVEF is associated with higher coronary
perforation (RR: 2.11; 95% CI 1.00-4.45; P = 0.05; 2 = 0%;
Figure 4B). There was no difference between the two groups
in peri-procedural dissection (RR: 2.05; 95% CI 0.84-4.98; P =
0.11; 12 = 26%; Figure 4C).
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25 44
60% 77.3%
52% 50%
20% 38.6%
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TABLE 2 Baseline characteristics of the all the included studies.
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Severely reduced EF  (moderate+normal) EF Risk Ratio Risk Ratio A
Study or Sub Events Total Events Total Weight M-H, dom, 95% Cl Year M-H, d 95% CI 4
Watanabe etal. 2018 1 33 2 237  23.9% 3.59[0.33, 38.52] 2018
whiteskle et al. 2018 0 18 1 113 13.5% 2.00 [0.08, 47.31] 2018
Mankerious et al. 2019 2 B2 2 562 35.6% 6.85 [0.98, 47.99] 2019 =
Zhang etal. 2019 1 10 0 130 13.7% 35.73 [1.54, §26.19] 2019 %
Yoshkia et al. 2020 0 25 1 153 13.4% 1.97 [0.08, 47.17] 2020
Total (95% CI) 168 1195 100.0% 5.28 [1.65, 16.84] In-hospital all cause mortality T —
Total events
Heterogeneity: Tau® = 0.00; Chi = 2 33, df = 4 (P = 0.67); F = 0% b o1 021 l.b 100=
Test for overall effect: Z = 2.81 (P = 0.005) Favours (Severely reduced EF) (moderate+normal) EF
ly reduced EF  (mod normal) EF Risk Ratio Risk Ratio B
Study or Sub p Events Total Events Total Weight M-H, , 95% Cl Year M-H, d 95% ClI
Lee etal. 2017 0 33 1 401 35.7% 3.94 [0.18, 94.91] 2017 =
Watanabe etal. 2018 1 33 2 237 64.3% 3.59[0.33, 38.52] 2018 i
Total (95% CI) 66 638 100.0% 3.71 [0.55, 24.87] In-hospital cardiac mortality TR ——
Total events 1
Heterogenehy: Tau® = 0.00; ChE = 0.00, df = 1 (P = 0. 96). P o= 0% ‘b o1 011 li) 1001
Test for overall effect: Z = 1.35 (P = 0.18) Favours (Severely reduced EF) (moderate+normal) EF
Severely reduced EF  (moderate+normal) EF Risk Ratio Risk Ratio .
Study or Subgroup Events Total Events Total Weight M-H, dom, 95% Cl Year M-H, d 95% CI (
Lee etal. 2017 3 33 38 401 27.3% 0.96 [0.31, 2.94] 2017 —
Watanabe etal. 2018 1 33 2 237 &6.1% 3.59[0.33, 38.52] 2018
Mankerious et al. 2019 5 B2 11 562 32.3% 3.12[1.11, B.74] 2018 —_—
Zhang etal. 2019 1 10 15 130 9.3% 0.87 [0.13, 5.91] 2018
Yoshkia et al. 2020 3 25 14 153  25.0% 1.31[0.41, 4.24] 2020 e B a—
Total (95% CI) 183 1483 100.0% 1.63 [0.91, 2.93] In-hospital MI R
Total events 13
Heterogenehy: Tau® = 0.00; ChE = 3.40, df = 4 (P = 0.49); l‘ 0% ‘b o1 0#1 llb 100‘
Test for overall effect: Z = 1.63 (P = 0.10} Favours (Severely reduced EF) (moderate+normal) EF
Severely reduced EF  (moderate+normal) EF Risk Ratio Risk Ratio D
Study or Sub Events Total Events Total Weight M-H, dom, 95% Cl Year M-H, d 95% CI
Lee etal. 2017 0 33 3 401  20.4% 1.69 [0.09, 32.03] 2017
Watanabe etal. 2018 1 33 1 237 23.4%  7.18 [0.46, 112.09] 2018
Mankerious et al. 2019 2 B2 3 562 56.2% 4.57 [0.78, 26.94] 2019 -
Total (95% CI) 148 1200 100.0% 4.15 [1.10, 15.67]  In-hospital TVR e e
Total events 3
Heterogenelty: Tau® = 0.00; Chi = 0.53, df = 2 (P = 0.77); l‘ 0% b 1 0#1 llb 100=
Test for overall effect: Z = 2.10 (P = 0.04) Favours (Severely reduced EF) (moderate+normal) EF
FIGURE 2
Forest plot of in-hospital outcomes (all-cause mortality, cardiac mortality, MI, TVR). (MI, myocardial infarction; TVR, target
vessel revascularization).

Heterogenicity, publication bias and
asymmetry

With
heterogeneity for in-hospital all-cause mortality (P = 0.005, I?
= 0%), cardiac mortality (P = 0.18, I* = 0%), MI (P < 0.10, I?
= 0%) and TVR (p < 0.04, I> = 0%). Heterogenicity was low
for long term cardiac mortality (P < 0.002, 12 = 24%), MI (P
< 0.07, I = 28%), and TVR (P < 0.37, I* = 18%). There was
moderate heterogeneity for long term all-cause mortality (P =

respect to clinical outcomes, there was no

0.02, I? = 53%). Overall, heterogenicity was low and there was
no evidence of publication bias on visual inspection of funnel
plots for the clinical outcomes (Supplemental Figure 1).

Discussion

The current meta-analysis evaluated in-hospital and long-
term outcomes of patients with severely calcified coronary
lesions who underwent PCI with atherectomy. We divided the
patients in two groups depending on their LV dysfunction
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and compared their clinical risks. The main findings of the
analysis were (1) Treating severely calcified coronary artery
disease with atherectomy in patients with severely reduced
LVEF had significant higher in-hospital and long term all-
cause mortality risks compared to the patients with moderate
or preserved LVEF, (2) There was no significant difference in
in-hospital cardiac mortality between the two groups while long
term cardiac mortality was significantly higher in patients with
severe coronary artery calcification (CAC) and severely reduced
LVEF who underwent atherectomy, (3) The risk of in-hospital
MI was higher in patients with severely reduced LVEF while
no difference in long term MI compared to those patients
with moderately reduced or preserved LVEF. (4) There was
increased risk of no reflow/slow flow but similar risk of coronary
perforation and dissection between two groups.

Severe CAC makes PCI challenging and difficult to achieve
optimal results. Despite advances in interventional equipment
and techniques, the outcome in patients with severe CAC
remains worse than those with non-calcified coronary stenosis
(16, 17). Generally, PCI in patients with LVEF <35% is
associated with higher in-hospital mortality rates (18) and
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Severely reduced EF  (moderate+normal) EF Risk Ratio Risk Ratio \
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI £
shiofmitz et al. 2017 5 69 1 369 12.9% 26.74 [3.17, 225.36] 2017 _—
Watanabe etal. 2018 2 33 5 237 19.1% 2.87 [0.58, 14.21] 2018 —
Mankerlous et al. 2019 35 .73 98 562 46.4% 2.45 [1.80, 3.33] 2019 —
Yoshkla et al. 2020 2 25 12 153 21.6% 1.02 [0.24, 4.29] 2020
Total (95% CI) 209 1321 100.0% 2.84 [1.16, 6.95] TR
Total events 44 116 Long term all cause mortality
Heterogenetty: Tau® = 0.42; ChP = 6.33, df = 3 (P = 0.10); F = 53% o1 011 1‘ 100=
Test for overall effect: Z = 2.29 (P = 0.02) Favours (Severely reduced EF) (moderate+normal) EF
S ly reduced EF d 1) EF Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI B
Lee etal. 2017 3 33 11 401 33.9% 3.31[0.97, 11.30] 2017 "
shiofmitz et al. 2017 5 69 1 369 15.5% 26.74 [3.17, 225.36] 2017 _—
watanabe et al. 2018 1 33 3 237 14.3% 2.39 [0.26, 22.35] 2018
Zhang etal. 2019 1 10 1 130 10.4% 13.00 [0.88, 192.69] 2019
Yoshkia etal. 2020 2 25 7 153 25.9% 1.75 [0.38, 7.94] 2020 T
Total (95% CI) 170 1290 100.0% 4.27 [1.68, 10.83] SR
Total events. 12 23 . .
Heterogenetty: Tau® = 0.27; ChP = 5.28, df = 4 (P = 0.26); P = 24% Long term cardiac mortality Ib ol } 1‘ 100’
Test for overall effect: Z = 3.06 (P = 0.002) Favours (Severely reduced EF) (moderate+normal) EF
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FIGURE 3
Forest plot of long term outcomes (all-cause mortality, cardiac mortality, MI, TVR). (MI, myocardial infarction; TVR, target
vessel revascularization).

is considered as a high-risk PCI (5, 6). Patients with severe
CAC and left ventricular systolic dysfunction undergoing PCI
has worse prognosis and increased risk of adverse events
after PCI, including death (19-21). Left ventricular systolic
dysfunction was also reported to be an independent predictor
of poor clinical outcomes in patients undergoing rotational
atherectomy (22). The atherectomy technique has been widely
critiqued for its association with high complication rates, and
is still performed in patients with high pre-procedural risk,
like patients with severely LVEF, which can further increase
the risk(23). Pivotal Trial to Evaluate the Safety and Efficacy
of the Diamondback 360°® Orbital Atherectomy System in
Treating De Novo, Severely Calcified Coronary Lesions (ORBIT
II) showed that preparation of severely calcified plaque with
the Orbital Atherectomy System not only helped facilitate stent
delivery, but had lower rates of in-hospital Q-wave MI (0.7%),
cardiac death (0.2%), and TVR(0.7%).(24) In addition, the rate
of 1-year cardiac death in ORBIT II study increased as LVEF
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decreased. However, a study by Jujo et al. (25) suggested that
using rational atherectomy in treating treat severely calcified
coronary artery stenoses as therapeutic strategy, is associated
with increased rates of PCI success and improved long-term
CV mortality.

There are several explanations for the increased mortality
among severely reduced LVEF patients with atherectomy. First,
there is inherently increased mortality associated with low
LVEF compared to normal EF patients (26) Second, the use
of atherectomy can increase the risk of the mechanical and
thermal injury and distal micro embolization causing no-reflow
or slow flow, which may carry a more deleterious effect among
low LVEF than preserved LVEF patients (27) with the resulting
microvascular dysfunction leading to worse outcomes. An
analysis from National Cardiovascular Data Registry CathPCI
Registry showed increase in the temporal use of coronary
atherectomy, either orbital or rotational, with a temporal decline
in MI (odds ratio 0.97 [95%CI 0.96-0.98], P<0.001) (4). On
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FIGURE 4
Forest plot of procedural outcomes (slow/no reflow, coronary perforation, dissection).

the other hand, McEntegart et al. (28) reported that rotational
atherectomy was associated with a type 4A MI rate of 24%
as detected by cardiac magnetic resonance imaging. Our study
demonstrated non-significant difference in both in-hospital MI
[(RR of 1.63; 95% CI 0.91-2.93; P = 0.10) and long-term MI
(RR of 1.74; 95% CI 0.95-3.18; P = 0.07] in patients with
severely reduced LVEF compared to the other group. However,
Atherectomy has been tested in several high risk population
and showed comparable adverse cardiac events in patients with
acute coronary syndrome and in patients with calcified lesions
>25mm of length (29, 30). While atherectomy in reduced EF
was independently linked to worse cardiac events including
death and MI (22, 31), PROTECT II (32) has shown that the use
of mechanical support device during atherectomy was associated
with poor MACE in reduced EF groups which denotes that the
utility of mechanical support devices would be an independent
predictor of worse outcomes in such a compromised subset
of population.

Our meta-analysis demonstrates higher rates of in-hospital
TVR in the groups with severely reduced LVEF while the long
term TVR rates were not different between the two groups. One
study showed that TVR rates at 5 years were not affected by
LVEEF (13). In ORBIT II, the rate of 1-year TVR was comparable
across the LVEF groups (24). The lack of difference in TVR
rates at follow up between the compared groups might be
explained by the late catch-up phenomena, and the likelihood
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of microembolization having more deleterious effect in patients
with depressed LVEF. It was also reported that in severely
calcified lesions that necessitated rotational atherectomy, thin-
strut drug eluting stent resulted in lower rates of TVR compared
to thick-strut drug eluting stent (33).

Limitations

The main limitation of this meta-analysis is that the cohort
of patients with severely reduced LVEF are inherently high
risk population with worse outcomes due to underlying cardiac
pathology independently from the atherectomy use. Another
major limitation of our study is the relatively small sample size,
which may limit the generalization of the results. However, we
need to understand that it may not be feasible to generate a large
sample of patients in such cohorts. Also, our study has other
several limitations including the use of different atherectomy
devices, with different size and number of burr. Moreover,
severely reduced LVEF was defined differently in the included
studies. In addition, the studies were non-randomized, which
can have inherent selection bias. Other main limitation is that
the outcomes were not adjusted for different variables. Despite
all these limitations, we believe that the current review adds to
the understanding of clinical outcomes in patients with reduced
LVEF with severely calcified lesions with the use of atherectomy.
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Conclusion

Our meta-analysis suggested that the patients with severely
reduced LVEF when using atherectomy devices experienced
higher risk of clinical outcomes in the terms of all-cause
mortality and cardiac mortality. As we know that the patients
with severely reduced LVEF are inherently at increased risk of
adverse clinical outcomes, this information should be considered
hypothesis generating and utilized while discussing the risks
and benefits of atherectomy in such high risk patients. Future
studies should focus on the comparison of outcomes of different
atherectomy devices in such patients. Adjusting for the inherent
mortality risk posed by left ventricular dysfunction may be a
strategy while designing a study.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding author/s.

Author contributions

WA, MRM, KD, and AA-A commenced the idea of this
research. WA, MRM, AA-A, QR, MI, MA, JS, and NE drafted
this manuscript. WA and MRM collected the data of this
research. WA, MRM, and AA-A analyzed these data. TP, IB-
D, KD, WA, and MRM critically reviewed this manuscript.
All authors designed this research and approved the final
manuscript. WA and KD supervised this research. All authors
contributed to the article and approved the submitted version.

References

1. Wong SC. Role of mechanical coronary atherectomy in the
treatment of severely calcified lesions. Circ  Cardiovasc  Interv.
(2020) 13:€008789. doi: 10.1161/CIRCINTERVENTIONS.119.00
8789

2. Lee MS, Shah N. The impact and pathophysiologic consequences of coronary
artery calcium deposition in percutaneous coronary interventions. J Invasive
Cardiol. (2016) 28:160-7.

3. Zhang HP, Zhao Y, Ai H, Li H, Tang GD, Zheng NX, et al
Outcomes of coronary rotational atherectomy in patients with
reduced left ventricular ejection fraction. J Int Med Res. (2020)
48:030006051989514. doi: 10.1177/0300060519895144

4. Beohar N, Kaltenbach LA, Wojdyla D, Pineda AM, Rao SV, Stone GW,
et al. Trends in usage and clinical outcomes of coronary atherectomy. Circ
Cardiovasc Interv. (2020) 13:008239. doi: 10.1161/CIRCINTERVENTIONS.119.
008239

5. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek B, et al. 2011
ACCF/AHA/SCAI guideline for percutaneous coronary intervention. Circulation.
(2011) 124:2574-609. doi: 10.1161/CIR.0b013e31823a5596

6. Neill WWO, Kleiman NS, Moses J, Henriques JPS, Dixon S, Massaro J, et al.
A prospective, randomized clinical trial of hemodynamic support with impella 2.

Frontiers in Cardiovascular Medicine

08

10.3389/fcvm.2022.946027

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fcvm.2022.946027/full#supplementary-material

SUPPLEMENTAL FIGURE 1
Funnel plot of the in-hospital and long term outcomes. MI, myocardial
infarction; TVR, target vessel revascularization.

SUPPLEMENTAL TABLE 1
Search Strategy.

SUPPLEMENTAL TABLE 2
Risk of bias assessment.

SUPPLEMENTAL TABLE 3
Summarizing the definition of in-hospital myocardial infarction in each
included study.

5 vs. intra-aortic balloon pump in patients undergoing high-risk percutaneous.
Circulation. (2012) 126:1717-27. doi: 10.1161/CIRCULATIONAHA.112.098194

7. Patterson T, Perera D, Redwood SR. Intra-aortic balloon pump for high-
risk percutaneous coronary intervention. Circ Cardiovasc Interv. (2014) 7:712-
20. doi: 10.1161/CIRCINTERVENTIONS.114.001258

8. Lee M, Généreux P, Shlofmitz R, Phillipson D, Anose BM, Martinsen BJ, et al.
Orbital atherectomy for treating de novo, severely calcified coronary lesions: 3-
year results of the pivotal ORBIT II trial. Cardiovasc Revascularization Med. (2017)
18:261-4. doi: 10.1016/j.carrev.2017.01.011

9. Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ, et al.
Optimal medical therapy with or without PCI for stable coronary disease. N Engl |
Med. (2007) 356:1503-16. doi: 10.1056/NEJM0a070829

10. Liberati A, Altman DG, Tetzlaff ], Mulrow C, Gotzsche PC, Ioannidis JPA,
et al. The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: explanation and elaboration. BMJ.
(2009) 339:b2700-b2700. doi: 10.1136/bm;j.b2700

11. Watanabe Y, Naganuma T, Kawamoto H, Ishiguro H, Nakamura
S. In-hospital outcomes after rotational atherectomy in patients
with low ejection fraction. Scand Cardiovasc J. (2018) 52:177-82.
doi: 10.1080/14017431.2018.1455988

frontiersin.org


https://doi.org/10.3389/fcvm.2022.946027
https://www.frontiersin.org/articles/10.3389/fcvm.2022.946027/full#supplementary-material
https://doi.org/10.1161/CIRCINTERVENTIONS.119.008789
https://doi.org/10.1177/0300060519895144
https://doi.org/10.1161/CIRCINTERVENTIONS.119.008239
https://doi.org/10.1161/CIR.0b013e31823a5596
https://doi.org/10.1161/CIRCULATIONAHA.112.098194
https://doi.org/10.1161/CIRCINTERVENTIONS.114.001258
https://doi.org/10.1016/j.carrev.2017.01.011
https://doi.org/10.1056/NEJMoa070829
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1080/14017431.2018.1455988
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Abusnina et al.

12. Whiteside HL, Ratanapo S, Nagabandi A, Kapoor D. Outcomes of
rotational atherectomy in patients with severe left ventricular dysfunction
without hemodynamic support. Cardiovasc Revasc Med. (2018) 19:660-5.
doi: 10.1016/j.carrev.2018.02.008

13. Mankerious N, Hemetsberger R, Toelg R, Abdel-Wahab M, Richardt
G, Allali A. Acute and long-term outcomes of patients with impaired
left ventricular systolic function undergoing rotational atherectomy: a
single-center ~ observational retrospective study. Cardiol Ther. (2019)
8:267-81. doi: 10.1007/s40119-019-0143-4

14. Yoshida R, Ishii H, Morishima I, Tanaka A, Takagi K, Yoshioka N, et al.
Rotational atherectomy for severely calcified lesions in patients with left ventricular
systolic dysfunction: one-year outcomes from asingle-center registry analysis.
Cardiovasc Revasc Med. (2020) 21:1220-7. doi: 10.1016/j.carrev.2020.03.033

15. Shlofmitz E, Meraj P, Jauhar R, Sethi SS, Shlofmitz RA, Lee MS. Safety of
orbital atherectomy in patients with left ventricular systolic dysfunction. J Interv
Cardiol. (2017) 30:415-20. doi: 10.1111/joic.12405

16. Pyxaras SA, Mangiacapra F Wijns W, Di Serafino L, De Vroey E
Toth G, et al. ACEF and clinical SYNTAX score in the risk stratification
of patients with heavily calcified coronary stenosis undergoing rotational
atherectomy with stent implantation. Catheter Cardiovasc Interv. (2014) 83:1067-
73. doi: 10.1002/ccd.25360

17. Bourantas C V, Zhang Y-J, Garg S, Igbal J, Valgimigli M, Windecker §,
et al. Prognostic implications of coronary calcification in patients with obstructive
coronary artery disease treated by percutaneous coronary intervention: a patient-
level pooled analysis of 7 contemporary stent trials. Heart. (2014) 100:1158—
64. doi: 10.1136/heartjnl-2013-305180

18. Wallace TW, Berger JS, Wang A, Velazquez EJ, Brown DL. Impact of
left ventricular dysfunction on hospital mortality among patients undergoing
elective percutaneous coronary intervention. Am ] Cardiol. (2009) 103:355-
60. doi: 10.1016/j.amjcard.2008.09.088

19. Kaneko H, Yajima J, Oikawa Y, Tanaka S, Fukamachi D, Suzuki S, et al.
Impact of aging on the clinical outcomes of Japanese patients with coronary
artery disease after percutaneous coronary intervention. Heart Vessels. (2014)
29:156-64. doi: 10.1007/s00380-013-0339-9

20. Mamas MA, Anderson SG, O’Kane PD, Keavney B, Nolan ], Oldroyd
KG, et al. Impact of left ventricular function in relation to procedural
outcomes following percutaneous coronary intervention: insights from the
British Cardiovascular Intervention Society. Eur Heart ]. (2014) 35:3004-
12. doi: 10.1093/eurheartj/ehu303

21. Keelan PC, Johnston JM, Koru-Sengul T, Detre KM, Williams DO,
Slater J, et al. Comparison of In-Hospital and One-Year outcomes in
patients with left ventricular ejection fractions <4, 41 to 49, and >50%
having percutaneous coronary revascularization. Am J Cardiol. (2003) 91:1168-
72. doi: 10.1016/50002-9149(03)00261-3

22. Edes IF, Ruzsa Z, Szab6 G, Nardai S, Becker D, Benke K, et al. Clinical
predictors of mortality following rotational atherectomy and stent implantation

Frontiers in Cardiovascular Medicine

09

10.3389/fcvm.2022.946027

in high-risk patients: a single center experience. Catheter Cardiovasc Interv. (2015)
86:634-41. doi: 10.1002/ccd.25945

23. Cockburn J, Hildick-Smith D, Cotton J, Doshi S, Hanratty C, Ludman P,
etal. Contemporary clinical outcomes of patients treated with or without rotational
coronary atherectomy — An analysis of the UK central cardiac audit database. Int
J Cardiol. (2014) 170:381-7. doi: 10.1016/j.ijcard.2013.11.018

24. Chambers JW, Feldman RL, Himmelstein SI, Bhatheja R, Villa AE, Strickman
NE, et al. Pivotal trial to evaluate the safety and efficacy of the orbital atherectomy
system in treating De Novo, Severely Calcified Coronary Lesions (ORBIT II). JACC
Cardiovasc Interv. (2014) 7:510-8. doi: 10.1016/j.jcin.2014.01.158

25. Jujo K, Otsuki H, Tanaka K, Fukushima N, Okai I, Nakashima M, et al.
Long-term cardiovascular prognosis after rotational atherectomy in hemodialysis
patients: data from the J2T multicenter registry. Int J Cardiol. (2019) 285:14-
20. doi: 10.1016/j.ijcard.2019.03.022

26. Pocock SJ, Wang D, Pfeffer MA, Yusuf S, McMurray JJV, Swedberg KB, et al.
Predictors of mortality and morbidity in patients with chronic heart failure. Eur
Heart . (2006) 27:65-75. doi: 10.1093/eurheartj/ehi555

27. Maclsaac Al, Bass TA, Buchbinder M, Cowley M], Leon MB, Warth
DC, et al. High speed rotational atherectomy: outcome in calcified and
noncalcified coronary artery lesions. ] Am Coll Cardiol. (1995) 26:731-
6. doi: 10.1016/0735-1097(95)00206-]

28. McEntegart M, Corcoran D, Carrick D, Clerfond G, Sidik N, Collison
D, et al. Incidence of procedural myocardial infarction and cardiac magnetic
resonance imaging-detected myocardial injury following percutaneous coronary
intervention with rotational atherectomy. Eurolntervention. (2018) 14:819-
23. doi: 10.4244/E1J-D-17-01077

29. Tannaccone M, Barbero U. D’ascenzo F Latib A, Pennacchi M, Rossi
ML, et al. Rotational atherectomy in very long lesions: results for the
ROTATE registry. Catheter Cardiovasc Interv. (2016) 88:E164-72. doi: 10.1002/
ccd.26548

30. Iannaccone M, Piazza F, Boccuzzi G, D’Ascenzo F, Latib A, Pennacchi
M, et al. ROTational AThErectomy in acute coronary syndrome: early and
midterm outcomes from a multicentre registry. Eurolntervention. (2016) 12:1457-
64. doi: 10.4244/EIJ-D-15-00485

31. Abdel-Wahab M, Baev R, Dieker P, Kassner G, Khattab AA, Toelg R, et al.
Long-term clinical outcome of rotational atherectomy followed by drug-eluting
stent implantation in complex calcified coronary lesions. Catheter Cardiovasc
Interv. (2013) 81:285-91. doi: 10.1002/ccd.24367

32. Cohen MG, Ghatak A, Kleiman NS, Naidu SS, Massaro JM, Kirtane AJ,
et al. Optimizing rotational atherectomy in high-risk percutaneous coronary
interventions: insights from the PROTECT II study. Catheter Cardiovasc Interv.
(2014) 83:1057-64. doi: 10.1002/ccd.25277

33. Lee Y, Tanaka A, Mori N, Yoshimura T, Nakamura D, et al. Thin-
strut drug-eluting stents are more favorable for severe calcified lesions after
rotational atherectomy than thick-strut drug-eluting stents. ] Invasive Cardiol.
(2014) 26:41-5.

frontiersin.org


https://doi.org/10.3389/fcvm.2022.946027
https://doi.org/10.1016/j.carrev.2018.02.008
https://doi.org/10.1007/s40119-019-0143-4
https://doi.org/10.1016/j.carrev.2020.03.033
https://doi.org/10.1111/joic.12405
https://doi.org/10.1002/ccd.25360
https://doi.org/10.1136/heartjnl-2013-305180
https://doi.org/10.1016/j.amjcard.2008.09.088
https://doi.org/10.1007/s00380-013-0339-9
https://doi.org/10.1093/eurheartj/ehu303
https://doi.org/10.1016/S0002-9149(03)00261-3
https://doi.org/10.1002/ccd.25945
https://doi.org/10.1016/j.ijcard.2013.11.018
https://doi.org/10.1016/j.jcin.2014.01.158
https://doi.org/10.1016/j.ijcard.2019.03.022
https://doi.org/10.1093/eurheartj/ehi555
https://doi.org/10.1016/0735-1097(95)00206-J
https://doi.org/10.4244/EIJ-D-17-01077
https://doi.org/10.1002/ccd.26548
https://doi.org/10.4244/EIJ-D-15-00485
https://doi.org/10.1002/ccd.24367
https://doi.org/10.1002/ccd.25277
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

	Outcomes of atherectomy in treating severely calcified coronary lesions in patients with reduced left ventricular ejection fraction: A systematic review and meta-analysis
	Introduction
	Methods
	Data source and search strategy
	Study selection
	Data extraction and quality assessment
	Outcome measures
	Statistical analysis

	Results
	Search results
	Clinical outcomes
	Procedural complications
	Heterogenicity, publication bias and asymmetry

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


