
Int J Clin Exp Med 2016;9(2):853-865
www.ijcem.com /ISSN:1940-5901/IJCEM0018409

Original Article 
Clinical and angiographic outcomes of rotational  
atherectomy for patients with calcified coronary  
lesions: a meta-analysis of randomized and  
observational studies

Bu-Chun Zhang1, Jiang-Ming Fam2, Cheng Wang1

1Department of Cardiology, The Affiliated Hospital of Xuzhou Medical College, Jiangsu 221002, China; 2National 
Heart Centre Singapore, Singapore

Received October 24, 2015; Accepted January 21, 2016; Epub February 15, 2016; Published February 29, 2016

Abstract: Rotational atherectomy (RA) before stenting is still controversial. We aim to evaluate the long-term clinical 
and angiographic outcomes of RA for patients with calcified coronary lesions after stent implantation. A systematic 
literature search of Medline, Embase, Cochrane and Ovid Databases were conducted. The clinical endpoints com-
prised major adverse cardiovascular events (MACEs), target lesion revascularization (TLR), and myocardial infarc-
tion (MI). The angiographic outcomes include acute gain, late lumen loss, and restenosis rate. Five randomized con-
trolled trials (RCTs) and thirteen observational studies comprising 5,340 patients were included. Pooled analysis 
indicated that RA followed by stent decreased the rate of TLR (odds ratio (OR), 0.69; 95% confidence interval (CI), 
0.48-0.99; P = 0.04), restenosis (OR, 0.54; 95% CI, 0.40-0.75; P = 0.0002), and have a better acute gain (weighted 
mean difference (WMD), 0.28; 95% CI, 0.18-0.37; P<0.00001). However, the risk of MI was significantly higher in 
the RA followed by stent group than the stent-only group (OR, 1.63; 95% CI, 1.15-2.31; P = 0.006). There were no 
significant differences in the incidence of MACEs (OR, 0.78; 95% CI, 0.46 to 1.32; P = 0.36) and late lumen loss 
(WMD, -0.03; 95% CI, -0.14 to 0.09; P = 0.65) between the two groups. This meta-analysis confirmed that RA fol-
lowed by stent is superior to stent alone in terms of TLR, better acute gain, and restenosis during long-term periods. 
But a higher MI risk existed in patients treated by RA followed by stent technique.
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Introduction

Rotational atherectomy (RA) was introduced in 
1988 as a dedicated tool to facilitate the deliv-
ery and the deployment of stents in the severe-
ly calcified coronary lesions by plaque debulk-
ing and smoothing of the inner vascular lumen 
[1]. Thus, RA increases the compliance of resis-
tant lesions, allowing balloon dilation and stent 
deployment to be accomplished successfully. 
Several studies have suggested that the use of 
RA followed by stent implantation to treat 
severely calcified lesions may achieve higher 
procedural success [2-10, 12-18]. However, 
other studies in this regard failed to find the 
effect of RA on stent implantation outcome [11, 
19]. Furthermore, data on the efficacy and 
safety of RA in calcified lesions is derived from 
case reports and single-center experiences 

and there is no conclusive evidence supporting 
the use of RA in selected lesions prior to stent 
implantation improving long-term outcomes.

To evaluate the clinical and angiographic out-
comes after RA followed by stent implantation 
in patients with coronary artery disease, we 
performed an updated meta-analysis to deter-
mine whether patients with severely calcified 
lesions will benefit from a strategy combining 
the RA technique and evaluate the long term 
clinical outcomes.

Methods

Search strategy and selection criteria

The published research was scanned by formal 
searches of electronic databases (PubMed, 
EMBASE, Web of Science and the Cochrane 
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Central Register of Controlled Trials) up to 
February 2015. MeSH terms and key words 
included in the search were related to “coro-
nary  atherectomy”, “atherectomy”, “debulk-
ing”, “stent”, as well as a combination of the 
terms “calcified coronary lesions”, and “coro-
nary artery disease”. The inclusion criteria were 
as follows: 1) the studies included a direct com-
parison of RA before stenting versus stenting 
alone; 2) patients with calcified coronary 
lesions; 3) reporting clinical outcomes; and 4) 
the follow-up time was at least 3 months. 
Exclusion criteria were defined as: 1) duplicate 
publications; 2) ongoing studies; 3) no control 
studies; and 4) studies lack of baseline or fol-
low-up data.

Data extraction

Two independent investigators reviewed each 
report to determine its eligibility and then 
extracted and tabulated all of the relevant data. 
Disagreement was resolved by consensus 

between the two authors. The following infor-
mation was obtained from each article: first 
author, year of publication, study design, 
patients and calcified coronary lesions sample 
size, clinical and angiographic follow-up period, 
clinical and angiographic events from included 
trials.

Endpoints

The primary clinical endpoint is composite 
major adverse cardiovascular events (MACEs). 
The secondary clinical endpoints included tar-
get lesion revascularization (TLR), and myocar-
dial infarction (MI). Angiographic outcomes 
involving acute gain, late lumen loss, and reste-
nosis. Individual protocol definitions were used 
to define the clinical endpoints.

Statistical analysis

All analyses were performed using Review 
Manager 5.0 software (available from The 

Table 1. Main characteristics of the studies included in the Meta-analysis

First author, Year (Ref. #) Design, study name
Patients 
sample 
size (N)

Lesions 
sample 
size (N)

Angio-
graphic 

follow-up 
(Months)

Maximal 
length of clin-
ical follow-up 

(Months)

Target lesion

Moussa I, et al 1998 [2] Prospective registry study, SOLD 75/75 75/75 6 18 Ostial and bifurcation 
lesions 

Kobayashi Y, et al 1998 [3] Retrospective case-control study 37/163 37/163 6 6 LAD

Bramucci E, et al 1998 [4] Prospective case-control study 100/94 94/94 6 14 Proximal non-tortu-
ous artery

Muramatsu T, et al 2000 [5] Retrospective case-control study 27/47 27/47 5.8 5.8 Ostial lesions 

Ahmed JM, et al 2000 [6] Retrospective case-control study 133/187 139/201 12 12 Ostial vein graft

Karvouni E, et al 2001 [7] Retrospective case-control study 31/31 62/62 6 12.3 Bifurcation

Park SJ, et al 2001 [8] Retrospective case-control study 40/87 40/87 6 25.5 Unprotected left 
main

Aizawa T, et al 2001 [9] RCT, DESIRE 251/250 251/250 6 6 Broad inclusion 
subset

Airoldi F, et al 2003 [10] Retrospective case-control study 46/71 46/71 5.9 7.9 Ostial LAD

Stankovic G, et al 2004 [11] RCT, AMIGO 381/372 381/372 8 12 Broad inclusion 
subset

Kawamura A, et al 2004 [12] Retrospective case-control study 64/69 64/69 6.1 6.1 Broad inclusion 
subset

Kim YH, et al 2004 [13] RCT 44/42 44/42 6 18.6 Ostial LAD

Chung CM, et al 2004 [14] Retrospective case-control study 44/42 44/42 6 6 Ostial lesions

Clavijo LC, et al 2006 [15] Retrospective case-control study 81/69 81/69 NA 6 Broad inclusion 
subset

Tsuchikane E, et al 2008 [16] RCT, DOCTORS 138/128 138/128 6 12 CTO 

Tamekiyo H, et al 2009 [17] Retrospective case-control study 223/1604 162/1477 7 24 Broad inclusion 
subset

Fujimoto H, et al 2010 [18] Retrospective case-control study 26/28 26/28 7.9 12 Broad inclusion 
subset

Abdel-Wahab M, et al 2013 [19] RCT, ROTAXUS 120/120 123/132 9 9 Broad inclusion 
subset

RCT, randomized controlled trials; LAD, left anterior descending coronary artery; CTO, chronic total coronary occlusions.
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Cochrane Collaboration at ht- 
tp//www.cochrane.org). Pooled 
odds ratios (ORs) or weighted 
mean differences (WMD) with 
95% confidence intervals (CI) 
were calculated using the Ma- 
ntel-Haenszel method for fixed 
effects and the DerSimonian-
Laird method for random 
effects. We tested heterogene-
ity of the included studies with 
Q statistics and extent of incon-
sistency between results with I2 
statistics [20]. Possibility of 
publication bias was assessed 
by funnel plot analysis. Sen- 
sitivity analysis was also done 
by omitting one study at a time 
to examine influence of one 
study on the overall summary 
estimate. Data are presented 
as ORs or WMD with 95% confi-
dence intervals (CIs), P<0.05 
were considered statistically 
significant. This study was per-
formed in compliance with the 
Preferred Reporting Items for 

Table 2. Angiographic data from single studies

First author, Year (Ref. #)
Acute gain (mm) Late loss (mm) Restenosis rate (%)

RA+stent Stent alone RA+stent Stent alone RA+stent Stent alone
Moussa I, et al 1998 [2] 2.63±0.612.30±0.51 0.91±0.941.02±0.75 1121
Kobayashi Y, et al 1998 [3] 2.84±0.52.27±0.46 NANA 6.323.1
Bramucci E, et al 1998 [4] 2.43±0.552.20±0.56 0.82±0.671.04±0.71 6.830.5
Muramatsu T, et al 2000 [5] 2.20±0.651.60±0.65 1.20±1.111.20±0.90 2043
Ahmed JM, et al 2000 [6] 2.42±0.682.02±0.68 NANA NANA
Karvouni E, et al 2001 [7] 2.32±0.721.97±0.70 1.03±0.791.19±0.85 28.843.5
Park SJ, et al 2001 [8] 3.10±0.552.90±0.55 NANA 823
Aizawa T, et al 2001 [9] 2.10±0.401.87±0.41 NANA 1516
Airoldi F, et al 2003 [10] 2.40±0.782.13±0.80 0.80±0.631.05±0.84 13.833.3
Stankovic G, et al 2004 [11] 1.77±0.611.74±0.56 0.79±0.760.69±0.66 26.722.1
Kawamura A, et al 2004 [12] 2.61±0.782.15±0.87 0.93±0.930.70±0.83 12.518.8
Kim YH, et al 2004 [13] 2.80±0.52.5±0.7 1.70±0.91.50±0.70 2837
Chung CM, et al 2004 [14] 2.57±0.592.56±0.58 0.91±0.851.26±0.78 1722
Clavijo LC, et al 2006 [15] NANA NANA NANA 
Tsuchikane E, et al 2008 [16] NANA NANA 23.834.6
Tamekiyo H, et al 2009 [17] NANA NANA  NANA
Fujimoto H, et al 2010 [18] NANA 0.61±0.981.05±1.02 17.442.3
Abdel-Wahab M, et al 2013 [19] 1.56±0.431.44±0.49 0.44±0.580.31±0.52 11.410.6
RA, rotational atherectomy; NA, not available.

Table 3. Clinical events data of the studies included in the Meta-
analysis

First author, Year (Ref. #)
TLR (n)

(RA+stent/ 
Stent)

MACEs (n)
(RA+stent/ 

Stent)

MI (n)
(RA+stent/ 

Stent)
Moussa I, et al 1998 [2] 5/14 NA/NA NA/NA
Kobayashi Y, et al 1998 [3] 5/9 NA/NA NA/NA
Bramucci E, et al 1998 [4] 3/15 4/19 0/3
Muramatsu T, et al 2000 [5] 0/5 NA/NA NA/NA
Ahmed JM, et al 2000 [6] 26/34 3/4 2/1
Karvouni E, et al 2001 [7] 9/14 9/15 0/0
Park SJ, et al 2001 [8] 2/13 1/0 0/0
Aizawa T, et al 2001 [9] 24/40 NA/NA NA/NA
Airoldi F, et al 2003 [10] 4/15 4/17 3/5
Stankovic G, et al 2004 [11] 75/70 21/16 16/13
Kawamura A, et al 2004 [12] 7/9 NA/NA 7/1
Kim YH, et al 2004 [13] 5/5 3/2 0/0
Chung CM, et al 2004 [14] 16/21 NA/NA NA
Clavijo LC, et al 2006 [15] 3/3 8/9 1/1
Tsuchikane E, et al 2008 [16] 37/50 34/43 4/1
Tamekiyo H, et al 2009 [17] 67/276 78/327 21/66
Fujimoto H, et al 2010 [18] 3/10 NA/NA 0/2
Abdel-Wahab M, et al 2013 [19] 14/15 29/34 8/7
TLR, target lesion revascularization; MACEs, major adverse cardiovascular events; 
MI, myocardial infarction; NA, not available. 
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Systematic reviews and Meta-Analyses (PRIS- 
MA) statement [21].

Results

Description of studies

The initial search generated 1386 reports, of 
which 1368 were excluded because of incon-
sistencies with selection criteria. Ultimately, 18 
published studies were included [2-19]. A total 
of 1,861 patients undergoing RA before stent 
and 3,479 patients undergoing stent alone 

were included in the final meta-analysis. Five 
studies were randomized controlled trials 
(RCTs) [9, 11, 13, 16, 19], and 13 were non-
randomized controlled trials (non-RCTs) [2-8, 
10, 12, 14, 15, 17, 18]. Length of clinical follow-
up varied between 5.8 months and 25.5 
months, and length of angiographic follow-up 
between 5.8 months and 12 months after the 
index procedure. The clinical characteristics of 
patients included in the meta-analysis are 
reported in Tables 1-3. All studies were pub-
lished in English. 

Figure 1. Comparison of rotational atherectomy combined with stent versus stent-only for the clinical outcome of 
major adverse cardiovascular events (MACEs).
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Data synthesis

Clinical endpoints

MACEs: Data for MACEs were available from 11 
studies [4, 6-8, 10, 11, 13, 15-17, 19] including 

4,142 patients in whom 680 events were 
recorded. Pooled effects showed no significant 
difference in the incidence of MACEs between 
the RA followed by stent and stent-only groups 
(OR, 0.78; 95% CI, 0.46-1.32; P = 0.36). 
Statistical heterogeneity was evident among 

Figure 2. Comparison of rotational atherectomy combined with stent versus stent-only for the clinical outcome of 
target lesion revascularization (TLR). 
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these studies (P<0.00001, I2 = 77%) (Figure 1). 
Likewise, the incidence of MACEs were similar 
in patients undergoing PCI with RA followed by 
stent versus stent-only at 6 months (OR, 0.49; 
95% CI, 0.21-1.17; P = 0.11), 9-12 months (OR, 
0.84; 95% CI, 0.61-1.17; P = 0.31), and longer 
than 12 months (OR, 0.87; 95% CI, 0.24-3.09; 
P = 0.82).

TLR: According to Figure 2, there were 13 
observational studies [2-8, 10, 12, 14, 15, 17, 

18] and 5 RCTs [9, 11, 13, 16, 19] used for the 
quantitative analysis of TLR. Pooled effects 
showed a decreased TLR in patients treated 
with RA followed by stent (16.4%, 305/1,861) 
as compared to patients receiving stent-only 
(17.8%, 618/3,479) (OR, 0.69; 95% CI, 0.48-
0.99; P = 0.04). Statistical heterogeneity was 
evident among these studies (P<0.00001, I2 = 
72%). However, the rates of TLR at 6 months 
(OR, 0.68; 95% CI, 0.42-1.10; P = 0.12), 9-12 
months (OR, 0.82; 95% CI, 0.57-1.19; P = 0.30), 

Figure 3. Comparison of rotational atherectomy combined with stent versus stent-only for the clinical outcome of 
myocardial infarction (MI).
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and longer than 12 months (OR, 0.53; 95% CI, 
0.19-1.46; P = 0.22) showed no statistical dif-
ference between the two groups.

MI: As presented in Figure 3, 10 studies [4, 6-8, 
10, 11-13, 15-19] were involved for analyzing 
MI. Among them, 3 studies reported the MI 
rates in both groups were zero [7, 8, 13]. The 
overall rates of MI in stent-only group were 
lower both in the total group (OR, 1.63; 95% CI, 
1.15-2.31; P = 0.006; I2 = 23%, Phet = 0.23) and 
longer than 12 months subgroup (OR, 1.97; 
95% CI, 1.19-3.26; P = 0.008). Although there 
was no significant difference between the two 
groups for MI at 6 months (OR, 2.04; 95% CI, 
0.76-5.50; P = 0.16) and 9-12 months (OR, 
1.26; 95% CI, 0.73-2.17; P = 0.40).

Angiographic endpoints

Acute gain: Fourteen trials [2-14, 19] with 
3,134 patients were included. The meta-analy-

sis showed RA followed by stent strategy com-
pared to stent-only was associated to a better 
acute gain (weighted mean difference (WMD), 
0.28; 95% CI, 0.18-0.37; P<0.00001). Stati- 
stical heterogeneity was evident among these 
studies (P<0.00001, I2 = 78%). Similar situa-
tions can be observed in either 6 months or 
less (WMD, 0.30; 95% CI, 0.21-0.40; 
P<0.00001) and 6-12 months (WMD, 0.23; 
95% CI, 0.04-0.42; P = 0.002) subgroup (Figure 
4).

Late lumen loss: A total of 11 trials [2, 4, 5, 7, 
10-14, 18, 19] were selected for evaluating late 
lumen loss. In Figure 5, no statistical differenc-
es were detected in not only the total group 
(WMD, -0.03; 95% CI, -0.14 to 0.09; P = 0.65), 
but also the subgroups of less than 6 months 
(WMD, -0.10; 95% CI, -0.24 to 0.004; P = 0.16) 
and 6-12 months (WMD, 0.10; 95% CI, -0.02 to 
0.22; P = 0.09) when comparing the late lumen 
loss of RA followed by stent and stent-only.

Figure 4. Comparison of rotational atherectomy combined with stent versus stent-only for the angiographic outcome 
f acute gain.



Coronary rotational atherectomy and outcomes

860 Int J Clin Exp Med 2016;9(2):853-865

Restenosis: According to Figure 6, 15 studies 
[2-5, 7-14, 16, 18, 19] were used for the quan-
titative analysis of restenosis. The combined 
approach of RA before stent compared to stent-
only was associated to a significantly lower rate 
of restenosis in the total group (OR, 0.53; 95% 
CI, 0.38-0.76; P = 0.0004; I2 = 65%, Phet = 
0.0003). When separated into subgroups, RA 
followed by stent also decreased restenosis 
rates in the less than 6 months subgroup (OR, 
0.47; 95% CI, 0.34-0.66; P<0.00001), but not 
in the 6-12 months subgroup (OR, 0.94; 95% 
CI, 0.50-1.79; P = 0.86).

Heterogeneity and subgroup analysis

Since significant heterogeneity across studies 
was found in this meta-analysis, heterogeneity 
analysis was performed by deselecting studies 
one by one. The results showed that no single 
study within each analysis seemed to be 
responsible for the significant heterogeneity 
(data not shown).

Furthermore, subgroup analysis based on study 
design was conducted. Subgroup analysis 
showed that there was no difference in the rate 
of MACEs and TLR and a better acute gain was 
found both in the RCTs and non-RCTs between 
the two groups. In addition, no statistical differ-
ences between the two groups for the rates of 
MI at RCTs, but difference exists in the non-
RCTs subgroup. RA followed by stent strategy 
decreased late lumen loss and restenosis rates 
in the subgroup of non-RCTs, although this ben-
efit was not found in the subgroup of RCTs 
(Table 4).

Publication bias

Since TLR data involving 18 studies, publica-
tion bias was performed for TLR data. Begg’s 
test (P = 0.23) and Egger’s test (P = 0.04) indi-
cated the existence of potential publication 
bias. However, the trim-and-fill method indicat-
ed that no missing studies were needed to 
achieve a symmetrical funnel plot (Figure 7). 

Figure 5. Comparison of rotational atherectomy combined with stent versus stent-only for the angiographic outcome 
of late lumen los.
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Discussion

The present meta-analysis based on currently 
available published RCTs and observational 
studies demonstrates that RA before stent is 
superior to stent alone with regard to TLR, bet-
ter acute gain, and restenosis and this effect 
occurs despite a long follow-up period. However, 
a higher incidence of MI was observed in 
patients treated by RA followed by stent tech-
nique. No significant difference was evident for 
MACEs and late lumen loss between the RA fol-
lowed by stent and stent-only groups.

Calcified coronary lesions showed a significant 
correlation with stent under expansion, reste-

nosis, and procedural complications [1]. In the 
PCI era, effective treatment for heavily calcified 
coronary lesions remains a challenge. Studies 
from the bare-metal stent (BMS) era consis-
tently demonstrated that RA prior to stent 
implantation reduced the rate of TLR, angio-
graphic  restenosis and have a large lumen gain 
[2-5]. However, in the current era of DES, it 
remains an unsolved problem whether routine 
RA combined with stent strategy could improve 
outcome. The present meta-analysis allows an 
evaluation of clinical and angiographic benefits 
and drawbacks associated with the compari-
son between RA before stent versus stent 
alone.

Figure 6. Comparison of rotational atherectomy combined with stent versus stent-only for the angiographic outcome 
of restenosis.
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Clinical outcomes

In the present study, the incidence of cumula-
tive MACEs was similar between the two strat-
egy groups at scheduled clinic follow-up. This 
finding is consistent with most of  the prior 
studies [6, 8, 13, 19]. However, there are some 
interesting observations in the individual clini-
cal endpoints. In the present meta-analysis, 
there was a 31% reduction in the TLR with RA 
before stent strategy for calcified coronary 

The risk of in-stent restenosis is a further point 
of interest when RA is used in calcified lesions. 
In the past, the authors also cautioned that 
delayed endothelial healing after the RA poten-
tially increases the risk of in-stent restenosis 
[11, 22]. There is a theoretical risk that endo-
thelial healing may be impaired after RA, thus 
predisposing to an increased risk of neointimal 
hyperplasia and in-stent restenosis. However, 
the use of RA before stent implantation in calci-
fied coronary lesions was associated with a low 

Table 4. Subgroup analyses of clinical and angiographic outcomes based on study design
Study (Ref.) OR 95% CI P value I2 (%)

RCT
    MACEs [11, 13, 16, 19] 0.85 0.61 to 1.18 0.33 0
    TLR [9, 11, 13, 16, 19] 0.77 0.56 to 1.06 0.11 32
    MI [11, 13, 16, 19]  1.32 0.74 to 2.36 0.35 0
    Acute gain [9, 11, 13, 19]   0.15 0.03 to 0.27 0.01 79
    Late loss [11, 13, 19] 0.12 0.04 to 0.19 0.004 0
    Restenosis [9, 11, 13, 16, 19] 0.95 0.70 to 1.29 0.74 36
NON-RCT
    MACEs [4, 6-8, 10, 15, 17]  0.69 0.27 to 1.75 0.43 83
    TLR [2-8, 10, 12, 14, 15, 17, 18] 0.61 0.35 to 1.05 0.08 76
    MI [4, 6-8, 10, 12, 15, 17, 18] 1.86 1.20 to 2.87 0.005 36
    Acute gain [2-8, 10, 12, 14] 0.34 0.24 to 0.44 <0.00001 58
    Late loss [2, 4, 5, 7, 10, 12, 14, 18] -0.15 -0.28 to -0.02 0.02 30
    Restenosis [2-5, 7, 8, 10, 12, 14, 18] 0.37 0.27 to 0.51 <0.00001 0
OR, odds ratio; CI, confidence interval; TLR, target lesion revascularization; MACEs, major adverse cardiovascular events; MI, 
myocardial infarction; NA, not available.

Figure 7. Funnel plot for target lesion revascularization comparing rotational 
atherectomy combined with stent versus stent-only. The trim-and-fill method 
suggests that no missing studies were needed to achieve a symmetrical fun-
nel plot.

lesions treatment. But the 
incidence of TLR in the follow-
up period did not differ 
between the different strategy 
groups. And was relatively 
lower using RA combined with 
stent compared with that 
using stent alone in historical 
studies. In this meta-analysis, 
another major concern is of 
the risk of the increased MI 
with the RA before stent for 
calcified coronary lesions. 
Follow-up period sub analysis 
shows the incidence of MI 
occurred after 12 months. 
One possible reason may be 
that RA impaired vessel-wall 
healing and increased risk of 
very late stent thrombosis.

Angiographic outcomes
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risk of in-stent restenosis was observed in our 
meta-analysis. This was further supported by 
the similar extent of late lumen loss between 
the two groups found in this meta-analysis. 
Subgroup analysis based on follow-up period 
also supported this finding. Late lumen loss, 
defined as the difference between the mini-
mum lumen diameter (MLD) immediately after 
stenting and the MLD at 6 to 8 months follow-
up. Late loss in luminal diameter reflects the 
time-related anatomical change of the lesions 
after angioplasty, and is an independent risk 
factor for restenosis after angioplasty [23, 24]. 
In addition, this meta-analysis demonstrated a 
better acute gain in the RA combined with stent 
group compared to the control group both in 
the overall pooled results and subgroup analy-
ses. Taken together, these findings suggest 
that the angiographic outcome may be 
improved by RA followed by stent implantation 
strategy.

Comparison with previous meta-analysis

Our results were consistent with that of a simi-
lar meta-analysis by Niccoli G et al. [25]. Our 
meta-analysis yielded a similar overall reduc-
tion in the incidence of TLR and angiographic 
restenosis rate and a better acute lumen gain 
when RA plus stent group compared to the 
stent alone group. However, the present meta-
analysis also has several distinguishing fea-
tures. Firstly, we added 2 additional RCT and 4 
additional observational studies and 1 addi-
tional clinical endpoint, MI. Secondly, we evalu-
ate the longest available clinical and angio-
graphic outcomes based on the different 
follow-up duration subgroup analysis. Thirdly, 
though we found there was no difference in the 
rate of MACEs and TLR and a better acute gain 
between the two groups both in the RCTs and 
non-RCTs. The rates of MI and late lumen loss 
difference exist in the non-RCTs subgroup.

Limitations

Our systematic review has limitations which 
should be noted. First, our study is based on 
study-level data and as such has the inherent 
limitations of the studies used. Second, 13 
non-RCTs and 5 RCTs were included in our 
meta-analysis and the results of our meta-anal-
ysis may be affected by selection bias and con-
founders. Third, some heterogeneity was 
observed among the included studies, which 

was due primarily to the design of the included 
trials (most were non-RCTs) and the patient 
characteristics.

Conclusions

In conclusion, our meta-analysis suggests that 
RA followed by stent implantation is superior to 
stent alone in terms of TLR, better acute gain, 
and restenosis rates during long-term periods. 
But a higher MI risk existed in patients treated 
by RA combined with stent implantation strate-
gy. Longer follow-up studies and more RCTs are 
needed to evaluate whether RA followed by 
stent implantation is better than stent-only in 
the treatment of calcified coronary lesions.

Acknowledgements

This work was supported by China Postdoctoral 
Science Foundation Research Funds (Grant  
No: 2013M540468), The Natural Science 
Foundation of Jiangsu Province (Grant No: 
BK20141137), and Jiangsu Planned Projects 
for Postdoctoral Research Funds (Grant No: 
1302169C) to Bu-Chun Zhang.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Cheng Wang, 
Department of Cardiology, The Affiliated Hospital of 
Xuzhou Medical University, 99 West Huai-Hai Road, 
Xuzhou 221002, Jiangsu Province, China. Tel: 086-
561-85806997; Fax: 086-561-85802753; E-mail: 
zhangbc138@sina.com.cn

References

[1] Chen CC, Hsieh IC. Application of rotational 
atherectomy in the drug-eluting stent era. J 
Geriatr Cardiol 2013; 10: 213-216.

[2] Moussa I, Moses J, Di Mario C, Busi G, Reimers 
B, Kobayashi Y, Albiero R, Ferraro M, Colombo 
A. Stenting after optimal lesion debulking 
(sold) registry. Angiographic and clinical out-
come. Circulation 1998; 98: 1604-1609.

[3] Kobayashi Y, Moussa I, Akiyama T, Reimers B, 
Di Mario C, Finci L, Colombo A. Low restenosis 
rate in lesions of the left anterior descending 
coronary artery with stenting following direc-
tional coronary atherectomy. Cathet Cardio-
vasc Diagn 1998; 45: 131-138.

[4] Bramucci E, Angoli L, Merlini PA, Barberis P, 
Laudisa ML, Colombi E, Poli A, Kubica J, Ardis-
sino D. Adjunctive stent implantation following 



Coronary rotational atherectomy and outcomes

864 Int J Clin Exp Med 2016;9(2):853-865

directional coronary atherectomy in patients 
with coronary artery disease. J Am Coll Cardiol 
1998; 32: 1855-1860.

[5] Muramatsu T, Tsukahara R, Ho M, Ito S, Inoue 
T, Akimoto T, Hirano K. Efficacy of directional 
coronary atherectomy before stent implanta-
tion for coronary ostial lesions. J Invasive Car-
diol 2000; 12: 440-445.

[6] Ahmed JM, Hong MK, Mehran R, Mintz GS, 
Lansky AJ, Pichard AD, Satler LF, Kent KM, Wu 
H, Stone GW, Leon MB. Comparison of debulk-
ing followed by stenting versus stenting alone 
for saphenous vein graft aortoostial lesions: 
immediate and one-year clinical outcomes. J 
Am Coll Cardiol 2000; 35: 1560-1568.

[7] Karvouni E, Di Mario C, Nishida T, Tzifos V, Re-
imers B, Albiero R, Corvaja N, Colombo A. Di-
rectional atherectomy prior to stenting in bifur-
cation lesions: a matched comparison study 
with stenting alone. Catheter Cardiovasc Interv 
2001; 53: 12-20.

[8] Park SJ, Hong MK, Lee CW, Kim JJ, Song JK, 
Kang DH, Park SW, Mintz GS. Elective stenting 
of unprotected left main coronary artery steno-
sis: effect of debulking before stenting and in-
travascular ultrasound guidance. J Am Coll 
Cardiol 2001; 38: 1054-1060.

[9] Aizawa T, Tamai H, Asakura Y. Clinical and an-
giographic results of the debulking and 
stendting in restenosis elimination (DESIRE) 
trial. Circulation 2001; 104: 2954A.

[10] Airoldi F, Di Mario C, Stankovic G, Briguori C, 
Carlino M, Chieffo A, Liistro F, Montorfano M, 
Pagnotta P, Spanos V, Tavano D, Colombo A. 
Clinical and angiographic outcome of direc-
tional atherectomy followed by stent implanta-
tion in de novo lesions located at the ostium of 
the left anterior descending coronary artery. 
Heart 2003; 89: 1050-1054.

[11] Stankovic G, Colombo A, Bersin R, Popma J, 
Sharma S, Cannon LA, Gordon P, Nukta D, 
Braden G, Collins M; AMIGO Investigators. 
Comparison of directional coronary atherecto-
my and stenting versus stenting alone for the 
treatment of de novo and restenotic coronary 
artery narrowing. Am J Cardiol 2004; 93: 953-
958.

[12] Kawamura A, Asakura Y, Ishikawa S, Okabe T, 
Yamane A, Li HC, Ogawa S. Stenting after direc-
tional coronary atherectomy compared with 
directional coronary atherectomy alone and 
stenting alone: a serial intravascular ultra-
sound study. Circ J 2004; 68: 455-461.

[13] Kim YH, Hong MK, Lee SW, Lee CW, Han KH, 
Kim JJ, Park SW, Mintz GS, Park SJ. Random-
ized comparison of debulking followed by 
stenting versus stenting alone for ostial left 
anterior descending artery stenosis: intravas-
cular ultrasound guidance. Am Heart J 2004; 
148: 663-669.

[14] Chung CM, Nakamura S, Tanaka K, Tanigawa J, 
Kitano K, Akiyama T, Matoba Y, Katoh O. Stent-
ing alone versus debulking and debulking plus 
stent in branch ostial lesions of native coro-
nary arteries. Heart Vessels 2004; 19: 213-
220.

[15] Clavijo LC, Steinberg DH, Torguson R, Kuchul-
akanti PK, Chu WW, Fournadjiev J, Satler LF, 
Kent KM, Suddath WO, Waksman R, Pichard 
AD. Sirolimus-eluting stents and calcified coro-
nary lesions: clinical outcomes of patients 
treated with and without rotational atherecto-
my. Catheter Cardiovasc Interv 2006; 68: 873-
878.

[16] Tsuchikane E, Suzuki T, Asakura Y, Oda H, 
Ueda K, Tanaka T, Matsubara T, Hsu YS, Tamai 
H, Katoh O; DOCTORS Investigators. Debulking 
of chronic coronary total occlusions with rota-
tional or directional atherectomy before stent-
ing: Final results of DOCTORS study. Int J Car-
diol 2008; 125: 397-403. 

[17] Tamekiyo H, Hayashi Y, Toyofuku M, Ueda H, 
Sakuma T, Okimoto T, Otsuka M, Imazu M, Ki-
hara Y. Clinical outcomes of sirolimus-eluting 
stenting after rotational atherectomy. Circ J 
2009; 73: 2042-2049.

[18] Fujimoto H, Ishiwata S, Yamaguchi T, Ohno M. 
Usefulness of rotational atherectomy for the 
implantation of drug-eluting stents in the calci-
fied lesions of hemodialysis patients. J Cardiol 
2010; 55: 232-237.

[19] Abdel-Wahab M, Richardt G, Joachim Büttner 
H, Toelg R, Geist V, Meinertz T, Schofer J, King 
L, Neumann FJ, Khattab AA. High-speed rota-
tional atherectomy before paclitaxel-eluting 
stent implantation in complex calcified coro-
nary lesions: the randomized ROTAXUS (Rota-
tional Atherectomy Prior to Taxus Stent Treat-
ment for Complex Native Coronary Artery 
Disease) trial. JACC Cardiovasc Interv 2013; 6: 
10-19. 

[20] Thompson SG, Sharp SJ. Explaining heteroge-
neity in meta-analysis: a comparison of meth-
ods. Stat Med 1999; 18: 2693-2708.

[21] Liberati A, Altman DG, Tetzlaff J, Mulrow C, 
Gøtzsche PC, Ioannidis JP, Clarke M, Devereaux 
PJ, Kleijnen J, Moher D. The PRISMA statement 
for reporting systematic reviews and meta-
analyses of studies that evaluate health care 
interventions: explanation and elaboration. 
Ann Intern Med 2009; 151: W65-94. 

[22] Abe S, Yoneda S, Kanaya T, Oda K, Nishino S, 
Kageyama M, Taguchi I, Masawa N, Inoue T. 
Pathological features of in-stent restenosis af-
ter sirolimus-eluting stent versus bare metal 
stent placement. Cardiovasc Pathol 2012; 21: 
e19-22.

[23] Ernst A, Bulum J, Šeparović Hanževački J, 
Lovrić Benčić M, Strozzi M. Five-year angio-
graphic and clinical follow-up of patients with 



Coronary rotational atherectomy and outcomes

865 Int J Clin Exp Med 2016;9(2):853-865

drug-eluting stent implantation for symptom-
atic myocardial bridging in absence of coro-
nary atherosclerotic disease. J Invasive Cardiol 
2013; 25: 586-592.

[24] Zhang BC, Wang C, Li WH, Li DY. Clinical out-
come of drug-eluting versus bare-metal stents 
in patients with calcified coronary lesions: a 
meta-analysis. Intern Med J 2015; 45: 203-
211.

[25] Niccoli G, Testa L, Mongiardo R, Ricco A, Bel-
loni F, Romagnoli E, Leone AM, Burzotta F, Tra-
ni C, Mazzari MA, Rebuzzi AG, Crea F. Direc-
tional atherectomy before stenting versus 
stenting alone in percutaneous coronary inter-
ventions: a meta-analysis. Int J Cardiol 2006; 
112: 178-183.


