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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 (MACESs), 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 (Cl),
0.48-0.99; P = 0.04), restenosis (OR, 0.54; 95% Cl, 0.40-0.75; P = 0.0002), and have a better acute gain (weighted
mean difference (WMD), 0.28; 95% ClI, 0.18-0.37; P<0.00001). However, the risk of Ml was significantly higher in
the RA followed by stent group than the stent-only group (OR, 1.63; 95% Cl, 1.15-2.31; P = 0.006). There were no
significant differences in the incidence of MACEs (OR, 0.78; 95% Cl, 0.46 to 1.32; P = 0.36) and late lumen loss
(WMD, -0.03; 95% Cl, -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 Ml risk existed in patients treated by RA followed by stent technique.
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Introduction and there is no conclusive evidence supporting
the use of RA in selected lesions prior to stent
Rotational atherectomy (RA) was introduced in implantation improving long-term outcomes.
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,

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

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

Search strategy and selection criteria

The published research was scanned by formal
searches of electronic databases (PubMed,
EMBASE, Web of Science and the Cochrane


http://www.ijcem.com

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

Coronary rotational atherectomy and outcomes

First author, Year (Ref. #)

Design, study name

Moussa |, et al 1998 [2]

Kobayashi Y, et al 1998 [3]
Bramucci E, et al 1998 [4]

Muramatsu T, et al 2000 [5]
Ahmed JM, et al 2000 [6]
Karvouni E, et al 2001 [7]
Park SJ, et al 2001 [8]

Aizawa T, et al 2001 [9]

Airoldi F, et al 2003 [10]
Stankovic G, et al 2004 [11]

Kawamura A, et al 2004 [12]

Kim YH, et al 2004 [13]
Chung CM, et al 2004 [14]
Clavijo LC, et al 2006 [15]

Tsuchikane E, et al 2008 [16]
Tamekiyo H, et al 2009 [17]

Fujimoto H, et al 2010 [18]

Prospective registry study, SOLD

Retrospective case-control study

Prospective case-control study

Retrospective case-control study
Retrospective case-control study
Retrospective case-control study
Retrospective case-control study

RCT, DESIRE

Retrospective case-control study
RCT, AMIGO

Retrospective case-control study

RCT
Retrospective case-control study

Retrospective case-control study

RCT, DOCTORS
Retrospective case-control study

Retrospective case-control study

Abdel-Wahab M, et al 2013 [19]  RCT, ROTAXUS

. . Angio- Maximal
Patients  Lesions g . .
graphic length of clin- )
sample  sample . Target lesion
size(N)  size (N) follow-up ical follow-up
(Months) (Months)
75/75 75/75 6 18 Ostial and bifurcation
lesions
37/163 37/163 6 6 LAD
100/94 94/94 6 14 Proximal non-tortu-
ous artery
27/47 27/47 5.8 5.8 Ostial lesions
133/187 139/201 12 12 Ostial vein graft
31/31 62/62 6 12.3 Bifurcation
40/87 40/87 6 25.5 Unprotected left
main
251/250 251/250 6 6 Broad inclusion
subset
46/71 46/71 5.9 79 Ostial LAD
381/372 381/372 8 12 Broad inclusion
subset
64/69 64/69 6.1 6.1 Broad inclusion
subset
44/42 44/42 6 18.6 Ostial LAD
44/42 44/42 6 6 Ostial lesions
81/69 81/69 NA 6 Broad inclusion
subset
138/128  138/128 6 12 CTO
223/1604 162/1477 7 24 Broad inclusion
subset
26/28 26/28 7.9 12 Broad inclusion
subset
120/120 123/132 9 9 Broad inclusion

subset

RCT, randomized controlled trials; LAD, left anterior descending coronary artery; CTO, chronic total coronary occlusions.

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
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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
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Coronary rotational atherectomy and outcomes

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 |, et al 1998 [2]
Kobayashi Y, et al 1998 [3]
Bramucci E, et al 1998 [4]
Muramatsu T, et al 2000 [5]
Ahmed JM, et al 2000 [6]
Karvouni E, et al 2001 [7]
Park SJ, et al 2001 [8]
Aizawa T, et al 2001 [9]
Airoldi F, et al 2003 [10]
Stankovic G, et al 2004 [11]
Kawamura A, et al 2004 [12]
Kim YH, et al 2004 [13]
Chung CM, et al 2004 [14]
Clavijo LC, et al 2006 [15]
Tsuchikane E, et al 2008 [16]
Tamekiyo H, et al 2009 [17]
Fujimoto H, et al 2010 [18]

Abdel-Wahab M, et al 2013 [19]

2.63+0.612.30+0.51 0.91+0.941.02+0.75 1121
2.84+0.52.27+0.46 NANA 6.323.1
2.4310.552.20+0.56 0.82+0.671.04+0.71 6.830.5
2.20+0.651.60+0.65 1.20+1.111.20+0.90 2043
2.42+0.682.02+0.68 NANA NANA
2.321+0.721.97+0.70 1.03+0.791.19+0.85 28.843.5
3.10+0.552.90+0.55 NANA 823
2.10+0.401.87+0.41 NANA 1516
2.4040.782.13+0.80 0.80+0.631.05+0.84 13.833.3
1.77+£0.611.74+0.56 0.79+0.760.69+0.66 26.722.1
2.61+0.782.15+0.87 0.93+0.930.70+0.83 12.518.8
2.80+0.52.5+0.7 1.70+0.91.50+0.70 2837
2.57+0.592.56+0.58 0.91+0.851.26+0.78 1722
NANA NANA NANA
NANA NANA 23.834.6
NANA NANA NANA
NANA 0.61+0.981.05+1.02 17.442.3
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

TLR (n) MACEs (n) MI (n)
First author, Year (Ref. #) (RA+stent/ (RA+stent/ (RA+stent/

Stent) Stent) Stent)
Moussa |, 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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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 [
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 (Cls), P<0.05
were considered statistically
significant. This study was per-
formed in compliance with the
Preferred Reporting Items for
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Coronary rotational atherectomy and outcomes

CRA Confrol Odds Ratio Odds Ratio

Study or Subgroup Everts Total Everts Total \Weight NIH.Random. 95% Cl IVH. Random 95% ClI

6 morths
Ajroldi Fetal 2003 4 46 17 7 84% 0.30[008,057] -
Clavijo LCetal 2006 8 M 9 B9 94% 073[027,2.01] =
Subtetal (95% Cl) 121 140 17.8% 0.49[0.21,1.17] R
Taal events 12 26
Heterogeneity. Tau?= 0.0§ Chi? =1.27,df=1 (P =0.26) I?= 21%
Test for overall efect Z=161 (P =0.11)

9-12 months
Abdel-Wahab M, etal 2013 23 120 34120 123% 0.81[045,1.43) -
Ahmed JM, etal 2000 3 133 4 187 b66% 1.06[0:23,4.80] -
Stankovic G, etal 2004 2133 16 372 1M7% 1.30[067,253)] 1™
Tsuchikane E, et al 2008 34 138 43 128 126% 065(0.38,1.10] ™
Subtetal (95% Cl) 172 807 43.1% 0.84[0.61,1.17] 4
Tdal events 87 97
Heterogeneity: Tau?= 0.00 Chi* =267, df=3 (P =045) 1= 0%
Test for overall eflect: Z=102(P =0.31)

>12 morths
Bramucd E, etal 1998 4 100 19 94 87% 0.16[0.05, 0.50] -
Karvouni E, et al 2001 3 A 15 3 92% 0.44[015,1.24] A
Kim YHetal 2004 3 4 2 42 52% 146[023,923) N
Park SJ et al 2001 1 40 0 8 2% 6.65[0.26, 166.76) v g
Tamekiyo H,etal 2009 78 223 327 1604 138% 2.10[1.55,2584] =
Subtatal (95% Cl) 438 1858 39.1% 0.87[0.24, 3.09] N
Tatal events 95 363
Heterogenetty: Tau?= 1.54, Chi* = 26.22, df =4 (P < 0.0001); I*= 85%
Test for overall efiect Z=022 (P =0.82)
Total (95% Cl) 1337 2805 100.0% 0.780.46, 1.32] *
Tdal events 194 486
Heterogeneity: Tau?= 0,50, Chi* = 4384, df = 10 (P < 0.00001); 1= 77% Em 051 ; 1:0 " ou:

Test for overall efiect: Z=092 (P =0.36)

FavoursCRA Favours Control

Figure 1. Comparison of rotational atherectomy combined with stent versus stent-only for the clinical outcome of

major adverse cardiovascular events (MACEs).

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
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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.

Int J Clin Exp Med 2016;9(2):853-865
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CRA Cortral Ockds Ratio Odds Ratio

Study or Subarcup Everts Total Events Tctal Weialt  M-H, Random, 95% €l I-H, Random, 95% Cl

& menths
Aroldi Fetal 2003 4 4 15 71 47% 0.36 [0.11,1.15] ==
AzawaTgetal 2001 24 251 40 250  79% 056 [0.32,095] ]
Chung Chigtal 2004 6 4 21 42 62% 057 [0.24,1235] i
Cavijp LCptal 2006 3 8 3 69 32% 0.85(0.17,433] Y
Kawamura Acetal 2004 F 9 69 53% 0.82[0.29,234) ==
Kobayashi ¥, etal 1998 5 3 9 163 48% 267 [0.84,851] I
hsramatsu T, etal 2000 0 7 5 47T 13% 0.14[0.01,254] —
Subtetal (95% C1 550 M 335% 048 [042,1.10] ¢
Total events 59 102
Heterogeneity: Tau® = 0.12; Chi*= 8.55, df= 6 {P = 020); F= 30%
Test or owerall efiect: 2= 157 (P=0.12)

912 mantls
Fodel-Wiahab M, et al 2013 14 120 15 120 66% 092[0.43,20] -
Amed UM, etal 2000 26 133 34 187 78% 1.09 0.62,133] T
Fujimoto  H,etal 2010 3 % 0 28 38% 0.23 [0.06,098] - |
Stankovic G, etal 2004 7% 38 0 372 88% 1.06 [0.74,152] T
Tsuchikane E, et al 2008 KT K] 50 128 8.1% 057 [0.34,096] =
Subtetal (95% 1) 798 835 351% 082 [057,1.19)
Total events 155 179
Heterogeneity: Tau? = 008; Chi*= 7 52, df= 4(P = 0.11); P= 47%
Test or owerall efiect: 2= 103 (P = 0.30)

> 12 mentls
Bramucd E, et al 1998 3 100 15 94 43% 0.16 [0.05,058] -
Karwouni E, et al 2001 9 3 14 31 53% 050 [0.17,142] I
Kim YHetal 2004 5 44 5 42 42% 0.95[0.25,355] I
hhussa | et al 1998 5 75 14 75 52% 0.31[0.11,081] —
Park SJ,et al 2001 2 4 13 87 35% 0.30 [0.06, 1.40] - T
Tamekivo H,etal 2009 67 223 276 1604 90% 207 [151,283) -
Subtetal (95% C1) 513 1933 34% 053 [(119,1.45) -
Total events 91 37
Heterogeneity: Tau® = 127; Chi*= 33.07, df= 5(P < 000001); F= 85%
Test for overall effect: 2= 122 (P=0.22)
Total (95% C1y 1861 3479 100.0% 049 [0.48,0,99] ¢
Total events 305 618 : . . '
Heterogeneity: Tau® = 0.34; Chi*= 59.69, df= 17 (P < 000001); F=72% 0 0 071 i ih ll]l]'

Test or overall effect: Z= 204 (P= 0.04)

Fawours CRA Favours Control

Figure 2. Comparison of rotational atherectomy combined with stent versus stent-only for the clinical outcome of

target lesion revascularization (TLR).

Data synthesis

Clinical endpoints

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

857

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% ClI, 0.46-1.32; P 0.36).
Statistical heterogeneity was evident among

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



Coronary rotational atherectomy and outcomes

CRA Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight N H, Fixed, 95% Cl I H, Fixed, 95% CI

& months
Airoldi Fetal 2003 3 4 5 71 78%  092[021,409 S
Clavijp LCetal 2006 1 1 B9 23% 0850051389 —
Kawamura A et al 2004 7 b4 1 B9 18% 8.35[1.00,6990 .
Subtotal (5% Cl) 191 200 NP 204[0.7, 550 E
Total events 1 7
Heterogeneity: Ch? = 3.18, df= 2(P=020), F=37%
Test for overall effect: 2= 142 (P=10.16)

9.12 months
Abdekiahab M, et al2013 8 120 7120 139% 115040, 3.29] I
Ahmed JM, et al 2000 2 133 1 187 17% 284]0.25,3164 |
Fujimoto H, etal 2010 0 26 2 28 50% 0200001437 * B
Stankovic G, et al 2004 16 3 13 372 XH8% 121057, 255
Tsuchkane E, et al 2008 4 138 1 128 21% 3790423435 %
Subtotal {(B5%C1) 798 835 495% 1261073, 217
Total events 30 24
Heterogeneity: ChP = 230, df= 4(P=059); P=0%
Test for overall effect: 2= 084(P = 0.40)

> 12 months
Bramucci E, etal 1998 0 100 3 94 76% 013p01,255 Y———1—
Kanvouni E, et al 2001 0 31 0 3 Not estimable
Kim YH,etal 2004 0 44 0 42 Not estimable
Park SJ etal 2001 0 40 0 &7 Not estimable
Tamekiyo H, etal 2009 21 23 66 1604 310%  242(145 404 i
Subtotal {35% Cl) 438 1858 B 197[1.19, 3% L 2
Total events 21 69
Heterogeneity: Ch? = 383, df= 1(P=005); = 74%
Test for overall effect: Z = 264(P = 0.008)
Total (95%CHY u27 202 1000% 163113, 23] L 2
Total events 62 100
Heterogeneity: Ch# = 11.70, df=9 (P =0.23);, P= 23% u - u=1 1 1*0 103:

Test for overall effect: Z = 2 73(P = 0.006)

Favours CRA Favours Control

Figure 3. Comparison of rotational atherectomy combined with stent versus stent-only for the clinical outcome of

myocardial infarction (Ml).

these studies (P<0.00001, 12 = 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% Cl, 0.21-1.17; P = 0.11), 9-12 months (OR,
0.84; 95% Cl, 0.61-1.17; P = 0.31), and longer
than 12 months (OR, 0.87; 95% Cl, 0.24-3.09;
P=0.82).

TLR: According to Figure 2, there were 13
observational studies [2-8, 10, 12, 14, 15, 17,
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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, I? =
72%). However, the rates of TLR at 6 months
(OR, 0.68; 95% Cl, 0.42-1.10; P = 0.12), 9-12
months (OR, 0.82; 95% CI, 0.57-1.19; P = 0.30),

Int J Clin Exp Med 2016;9(2):853-865
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CRA Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
<6 months
Airoldi Fetal 2003 24 078 46 213 08 T 51% 0.27 [-0.02, 0.56) _'_
Aizawa T et al 2001 21 04 251 187 041 250 99% 0.23[0.16, 0.30) N
Bramucci E, etal 1998 243 055 94 22 056 94 80% 0.23(0.07,0.39 o
Chung CMeta 2004 257 059 44 256 058 42 60% 0.01 [0.24, 0.26] T
Karvouni E, et al 2001 22 072 62 197 07 62 59% 0.35(0.10, 0.60) =
Kim YHetal 2004 28 05 44 25 07 42 58% 0.30 [0.04, 0.56) BB
Kobayashi Y, etal 1998 284 05 37 227 046 163 76% 0.570.39,0.79 -
Moussa |, etal 1998 263 061 75 23051 75 75% 0.33[0.15, 0.51) &
Muramatsu T, et al 2000 22 065 27 16 065 47  48% 0.60[0.29, 0.91] -
Park SJ,et al 2001 31 05 40 29 055 87 69% 0.20 [-0.01, 0.41) ™
Subtotal (95% Cl) 720 933 67.6% 0.30[0.21, 0.40] 4
Heterogeneity: Taw? = 0.01; Chi?= 22,60, df = 9 (P = 0.007); P =60%
Test for overall effect: Z = 6.18 (P < 0.00001)
7-12months
Abdel-Wahab M, etal 2013 156 043 123 144 043 132 91% 0.121(0.01,023 ™
Ahmed JM, eta 2000 242 068 139 202 068 201 B8.3% 0.40[0.25, 0.59) -
Kawamura A, etal 2004 261 078 64 215 087 69 53% 0.46 (018,074 -
Stankovic G, etal 2004 1.77 061 381 174 056 372 97% 0.03 [-0.05, 0.11) T
Subtotal (955 Cl) 707 774 32.4% 0.23[0.04, 0.42] L 2
Heterogeneity: Taw? = 0.03, Chi?= 23.76, df = 3 (P < 0.0001); P=87%
Test for overall effect: Z = 2.37 (P = 0.02)
Total (95% CI) 1427 1707 100.0% 0.280.18, 0.37] 4
I T 1 ]

Heterogeneity: Tawf = 0.02, Chi?= 58.31, df =13 {P <0.00001); I>= 7%

Test for overall effect: Z= 5.89 (P < 0.00001)

-2 - 0 1 2
Favours Control  Favours CRA

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

f acute gain.

and longer than 12 months (OR, 0.53; 95% ClI,
0.19-1.46; P = 0.22) showed no statistical dif-
ference between the two groups.

MiI: As presented in Figure 3, 10 studies [4, 6-8,
10, 1113, 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% Cl,
1.15-2.31; P=0.006; I> = 23%, P, . = 0.23) and
longer than 12 months subgroup (OR, 1.97;
95% Cl, 1.19-3.26; P = 0.008). Although there
was no significant difference between the two
groups for Ml at 6 months (OR, 2.04; 95% ClI,
0.76-5.50; P = 0.16) and 9-12 months (OR,
1.26; 95% Cl, 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-
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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% ClI, 0.18-0.37; P<0.00001). Stati-
stical heterogeneity was evident among these
studies (P<0.00001, 17 = 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% Cl, 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% Cl, -0.14 to 0.09; P = 0.65),
but also the subgroups of less than 6 months
(WMD, -0.10; 95% Cl, -0.24 t0 0.004; P = 0.16)
and 6-12 months (WMD, 0.10; 95% Cl, -0.02 to
0.22; P =0.09) when comparing the late lumen
loss of RA followed by stent and stent-only.
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CRA Control Mean Difference Mean Difference
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Muramatsu T, etal 2000 12111 27 12 09 47 42%  000[0.49,0.49] -1
Subtotal (95% CI) 456 502 614%  -0.10[0.24,004] 4
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Testfor overall effect: Z =0.46 (P = 0865)
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Figure 5. Comparison of rotational atherectomy combined with stent versus stent-only for the angiographic outcome

of late lumen los.

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%
Cl, 0.38-0.76; P = 0.0004; I = 65%, P, =
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% Cl, 0.34-0.66; P<0.00001), but not
in the 6-12 months subgroup (OR, 0.94; 95%
Cl, 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).
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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).
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Figure 6. Comparison of rotational atherectomy combined with stent versus stent-only for the angiographic outcome

of restenosis.

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 M|l was observed in
patients treated by RA followed by stent tech-
nique. No significant difference was evident for
MACESs 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-
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nosis, and procedural complications [1]. In the
PCl 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.
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Table 4. Subgroup analyses of clinical and angiographic outcomes based on study design

Study (Ref.) OR 95% CI P value 12 (%)
RCT
MACEs [11, 13, 16, 19] 0.85 0.61to0 1.18 0.33 0
TLR [9, 11, 13, 16, 19] 0.77 0.56 to 1.06 0.11 32
Ml [11, 13, 16, 19] 1.32 0.74 t0 2.36 0.35 0
Acute gain [9, 11, 13, 19] 0.15 0.03t0 0.27 0.01 79
Late loss [11, 13, 19] 0.12 0.04 t0 0.19 0.004 0
Restenosis [9, 11, 13, 16, 19] 0.95 0.70to 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 0.351t0 1.05 0.08 76
Ml [4,6-8, 10, 12, 15, 17, 18] 1.86 1.20to 2.87 0.005 36
Acute gain [2-8, 10, 12, 14] 0.34 0.24t0 0.44 <0.00001 58
Late loss [2,4,5,7,10, 12, 14, 18] -0.15 -0.28 10 -0.02 0.02 30
Restenosis [2-5,7,8, 10, 12, 14, 18] 0.37 0.27 t0 0.51 <0.00001 0

OR, odds ratio; CI, confidence interval; TLR, target lesion revascularization; MACEs, major adverse cardiovascular events; M,

myocardial infarction; NA, not available.

Filled funnel plot with pseudo 95% confidence limits

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

theta, filled

studies. In this meta-analysis,
another major concern is of
the risk of the increased M
with the RA before stent for
calcified coronary lesions.
Follow-up period sub analysis
shows the incidence of Ml

o
-

s.e. of: theta, filled

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.

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
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1.5 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

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
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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, Ml. 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 Ml 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

863

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 Ml 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.
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