
Abstract. – OBJECTIVE: DESs have been
proved to be beneficial for patients with chronic
total coronary occlusions (CTO) in terms of car-
diac function and other prognosis. We aim to
compare the efficacy and safety of drug-eluting
stent (DES) and bare-metal stent (BMS) in CTO
recanalization at different follow-up duration.

METHODS: Articles comparing outcomes be-
tween DES and BMS implantation in patients
with CTO was searched. A fixed-effect (inverse-
variance weighted) and random-effect (DerSi-
monian and Laird) model were used to analyze
the pooling results.

RESULTS: A total of 29 comparative studies in-
cluding 24 cohort studies and 5 randomized con-
trolled studies were identified with a total of 9140
patients (5008 received BMS and 4132 received
DES). The risk of all cause death for DES was
higher at 6 months and lower at 12 months than
BMS, and no significant difference was shown at
24, 36 and 60 months. DES group had lower risk of
MI after 12 months implantation, and no difference
was shown at 6, 24, 36 and 60 months. Major ad-
verse cardiovascular event (MACE)-free survival
was clinically and significantly improved by 73%,
68%, 49%, 40% and 37% respectively in DES group
at 6,12, 24, 36, and 60 months.

CONCLUSIONS: DES is superior to BMS in bi-
nary restenosis, reocclusion and MACE-free sur-
vival during long-term follow up. The occur-
rences of all-cause death and MI show that the
risk rate of BMS is higher than that of DES at 12
months. The frequency of all-cause death of DES
is higher than BMS at 6 months. DES has higher
risk of in-stent thrombosis than BMS at 36
months of implantation.

Key Words:
Chronic total coronary occlusions, Drug-eluting
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Introduction

Recanalization in patients with chronic total
coronary occlusions (CTO) is still considered as
the biggest challenge due to disease complexity,
difficulty in operation and postoperative comor-
bidity, although the success rate of the recanal-
ization has been improved with the development
of the technique intervention, equipment and the
clinical practice. The long-term restenosis rates
in CTO patients vary from 30% to 55%, and 10%
to 20% with the treatment of bare metal stent
(BMS) and drug-eluting stent (DES), respective-
ly1,2. Success rate for recanalization of CTO con-
tinues to be improved with the help of new tech-
niques.

DESs have been proved to be beneficial for
patients with CTO in terms of cardiac function
and other prognosis. DESs have considerably re-
duced in-stent restenosis and broadened the ap-
plications of percutaneous coronary interventions
for the treatment of coronary artery disease3. The
searches for improving the performance of DES
various developments4 and new technical5 are in
progress worldwide, Moreover, different types of
DESs (such as sirolimus-eluting stent and pacli-
taxel-eluting stent) on the therapeutic effect of
the disease also varies6. However, most of the
studies related to the efficacy of different stents
are not randomized clinical trials (RCTs) with
different follow-up duration or small sample size.
Different efficacy conclusions for DES are
shown in these studies. The relative safety of
DES and BMS continues to be debated, large
sample sizes are needed to accurately estimate
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the recanalized artery of < 50% of the reference
diameter both within the stent and in the adjacent
segments 5 mm proximal and distal. Reocclusion
was defined as 100% stenosis of the target vessel
at follow-up angiography.

Quality Assessment and Data Extraction
Eligible studies were independently scored by

two reviewers (T.L. and Z.J.J) according to the
Cochrane Collaborations tool for assessing risk
of bias for RCTs and Newcastle-Ottawa scale7

for non randomized comparative studies (NRCS).
Extracted data included first author, publication
year, study design, patients in BMS and DES,
stent type, period of follow-up, clinical and an-
giographic baseline characteristics, and outcomes
of interest. Disagreements were resolved by dis-
cussion between them, or with a third reviewer
(H.J.).

Statistical Analysis
Relative risk (RR) with their 95% confidence

interval (CI) were calculated from abstracted di-
chotomous data of each study and pooled accord-
ing to fixed-effects (inverse-variance weighted)
and random-effects (DerSimonian and Laird)
models.

When the events was rare (< 1%), the peto
one-step odds ratio method was used in the
analysis, which was found to be the least biased
and most powerful method with the best confi-
dence interval8.

Statistical heterogeneity was assessed with
Cochran’s Q via a chi-square test and quantified
with the I2 test, p < 0.10 and I2 > 50% suggesting
significant heterogeneity, I2 ≤ 25% considering
low heterogeneity. Binary meta-regressions were
performed to assess the potential sources of het-
erogeneity. Publication bias was assessed by fun-
nel plots and Begg test. Sensitivity analysis for
included studies was performed. Analyses were
performed using Stata 11.0 (Stata Corporation,
Lakeway, TX, USA) and Comprehensive Meta
Analysis 2.0 (Biostat, Englewood, NJ, USA).

Results

Literature Search and Quality Assessment
Twenty-nine studies (5RCTs and 24NRCs)

were eligible and were assessed for quality rat-
ings (Figure 1). Five RCTs were scored as mod-
erate quality: two post-hoc subgroup analysis of
a prospective randomized-controlled trials, the

treatment differences between stents. As we
know, although some meta-analyses have report-
ed the results when considering different follow-
up periods which may have an influence on the
clinical outcomes, the further research on the ef-
ficacy of DES for CTO occlusions at different
follow-up duration is necessary.

In this study, we performed a systematic re-
view and meta-analysis of available RCTs and
non-RCTs studies reporting outcomes after DES
implantation in cases with CTO.

Methods

Search Strategy
Two independent reviewers (T.L. and Z.J.J)

were conducted in online databases (Pubmed,
Embase, Ovid, Cochrane Library and Chinese
Biomedical Database) and cardiology society
web sites (clinicaltrials.gov, tctmd.com, car-
diosource.com, crtonline.org and escardio.org)
from January 2004 to June 2011. The terms of
CTO, total coronary occlusion (TCO), DES,
BMS, sirolimus-eluting stents (SES), and pacli-
taxel-eluting stents (PES) were used. No lan-
guage restrictions were used.

Study Selection Criteria
CTO was defined as a coronary obstruction

with thrombolysis in myocardial infarction flow
grade 0 or 1 (duration > 2 weeks). The studies
that related to a direct comparison between DES
and BMS in CTO recanalization with clinical or
angiographic outcome follow-up period at least 6
months after stent implantation were retrieved.
Ongoing studies, case reports, reviews, editorials
and letters were excluded. All articles were iden-
tified by two independent reviewers (M.R. and
T.L.) with discrepancies adjudicated by a third
reviewer (Y.S.S).

Study Endpoints
The primary endpoint was major adverse car-

diovascular events (MACEs) at 6, 12, 24, 36 and
60 months after stent implantation. The sec-
ondary endpoints were clinical outcomes (all-
cause death, myocardial infarction (MI), in-stent
thrombosis (IST), MACE-free survival and an-
giographic outcomes (binary restenosis and reoc-
clusion). The MACEs included all-cause death,
MI and target lesion revascularization (TLR) by
either percutaneous or surgical method. Resteno-
sis was defined as minimum lumen diameter in
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Stenting Coronary Arteries in Non-Stress/Benes-
tent Disease (SCANDSTENT) study; two
prospective randomized, controlled single-blind
trials, Primary Stenting of Totally Occluded Na-
tive Coronary Arteries II (PRISON II); one
prospective randomized, controlled unblind trial,
Gruppo Italiano di Studio sullo Stent nelle Oc-
clusioni Coronariche (GISSOC II). The quality
for 24 NRCS were from moderate (4 of 8 stars)
to good (7 of 8 stars).

Characteristics of Patients and Studies
A total of 5 RCTs and 24 NRCs with 9140

CTO patients (5008 received BMS and 4132re-
ceived DES) enrolled from 2004 to 2011 were in-
cluded in the comprehensive meta-analysis. The
clinical follow-up duration for CTO patients
were ranged from 6 to 60 months and the mean

angiographic follow-up was 6 months. The char-
acteristics of CTO patients were shown in Table
I, II, and III9-39, including sample size, age, gen-
der, smoker, hypercholesterolaemia, hyperten-
sion, diabetes mellitus, prior coronary artery by-
pass graft (CABG) prior percutaneous coronary
intervention (PCI), prior MI, ejection fraction,
microvascular disease (MVD), left anterior de-
scending artery (LAD), circumflex (Cx), right
coronary artery (RCA), Lesion length, and stent
length.

Angiographic Outcomes

Binary Restenosis
Data for this comparison were reported in 15

studies which included 1612 and 1581 patients in

1103

Drug-eluting stent for chronic total coronary occlusions

Figure 1. Flow diagram of the literature search.
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DES and BMS group respectively. Overall, 229
(14.21%) and 579 (36.62%) CTO patients in
those two groups underwent binary restenosis
until 6 months after operation. The pooled Ran-
dom-effect relative risks (RRs) for binary
restenosis was 0.30 (95% CI 0.18 to 0.49, p <
0.001, Figure 2). The heterogeneity was incorpo-
rated into the random-effects model (Q = 118.44,
p < 0.001, I2 = 88.18%).

Reocclusion
Data for reocclusion were available for analy-

sis from a total of 885 and 1144 CTO patients
enrolled in 12 trials from DES and BMS group,
respectively. There were 35 (3.95%) and 133
(11.63%) cases of reocclusion by the end of six
months after implantation of the stents, indicat-
ing a peto OR of 0.34 (95% CI 0.18 to 0.72, p =
0.004 Figure 3). The heterogeneity was incorpo-
rated into the random-effects model (Q = 45.20,
p < 0.001, I2 = 75.66%).

Clinical Follow-up Outcomes

MACEs
Data on MACEs were available for analysis of

29 studies in 4736 and 4071 CTO patients en-
rolled in DES and BMS groups. The incidence of
MACE at 6, 12, 24, 36, and 60 months were
9.44%, 11.41%, 21.08%, 13.49%, and 18.76%
respectively in DES group, and were 24.94%,
28.21%, 33.53%, 29.73%, and 28.79% respec-
tively in BMS group. The MACE rates in DES
group were significantly lower than those in
BMS group. The pooled RRs were 0.43 (95% CI
0.20 to 0.93, p = 0.03, Q = 38.30 p < 0.001, I2 =
81.72%), 0.32 (95% CI 0.181 to 0.57, p < 0.001,
Q = 27.42 p < 0.001, I2 = 78.12%), 0.63 (95% CI
0.55 to 0.71, p < 0.001, Q = 7.05 p = 0.13, I2 =
43.25%), 0.46 (95% CI 0.31 to 0.67, p < 0.001,
Q = 15.06 p = 0.01, I2 = 66.80%), and 0.66 (95%
CI 0.42 to 1.02, p = 0.06, Q = 6.22 p = 0.045, I2 =
67.86%) at those time points (Figure 4).
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Publication Follow-up
Author year period Sample size Stent type Study design

Kim K5 2004 6 194 DES/BMS Cohort
Lei Ge6 2005 6 381 SES/BMS Cohort
Maarten J. Suttorp7 2006 6 200 SES/BMS RCT
Angela Migliorini8 2006 6 118 DES/BMS Cohort
Aleksiadi ER9 2007 6 107 DES/BMS Cohort
Kazuyuki O10 2008 6 112 SES/BMS Cohort
Henning Kelbaek11 2006 7 127 SES/BMS RCT
Angela Hoye12 2004 12 84 SES/BMS Cohort
Gerald S. Werner13 2004 12 96 PES/BMS Cohort
Sunao Nakamura14 2005 12 180 SES/BMS Cohort
Gerald S. Werner15 2006 12 164 PES/BMS Cohort
Abhiram Prasad16 2007 12 634 DES/BMS Cohort
Francesco De Felice17 2009 12 99 DES/BMS Cohort
Kandzari DE18 2009 12 402 SES/BMS Cohort
Francesco De Felice19 2009 18 223 DES/BMS Cohort
Paolo Rubartelli20 2010 24 152 SES/BMS RCT
G. Godino21 2010 24 1147 DES/BMS Cohort
Bimmer E. Claessen22 2010 24 1159 DES/BMS Cohort
Carlo La Spina23 2009 26 111 DES/BMS Cohort
Hector M. Garcia-Garcia24 2007 36 147 SES/BMS Cohort
Gerald S. Werner25 2007 36 190 PES/BMS Cohort
Kotaro Obunai26 2008 36 830 DES/BMS Cohort
Kelbaek H27 2008 36 115 SES/BMS RCT
Francesco De Felice28 2009 36 283 DES/BMS Cohort
Rahel BM29 2009 36 200 SES/BMS RCT
Han Ya-ling30 2009 60 1184 DES/BMS Cohort
Shen ZJ31 2009 60 140 SES/BMS Cohort
Zhang Jian32 2010 60 188 DES/BMS Cohort
Bimmer E. Claessen33 2011 60 173 DES/BMS Cohort

Table I. Studies and their respective sample size rgouped by follow-up period.



1105

Drug-eluting stent for chronic total coronary occlusions

Sa
m

p
le

si
ze

A
g

e
M

al
e

se
x

Sm
ok

er
H

yp
er

ch
ol

es
te

ro
la

em
ia

H
yp

er
te

n
si

on
D

ia
be

te
s

A
u
th

or
D

ES
B

M
S

D
ES

B
M

S
D

ES
B

M
S

D
ES

B
M

S
D

ES
B

M
S

D
ES

B
M

S
D

ES
B

M
S

K
im

K
5

11
5

79
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
L

ei
G

e6
12

2
25

9
61

±
10

61
±

10
10

7
22

6
62

95
77

11
1

61
11

1
34

49
M

aa
rt

en
J.

Su
tto

rp
7

10
0

10
0

59
.6

±
10

.6
59

.3
±

10
.2

83
76

34
40

90
90

45
46

10
16

A
ng

el
a

M
ig

lio
ri

ni
8

92
26

67
±

11
64

±
10

n/
a

n/
a

24
7

43
12

46
16

17
5

A
le

ks
ia

di
E

R
9

47
60

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

K
az

uy
uk

iO
10

42
70

64
.0

±
9.

0
62

.0
±

13
.0

38
53

17
25

27
25

23
25

25
25

H
en

ni
ng

K
el

ba
ek

11
64

63
63

.5
6

±
10

.4
2

61
.2

2
±

8.
94

49
51

25
20

54
60

31
21

12
13

A
ng

el
a

H
oy

e12
56

28
59

.8
±

11
.1

60
.2

±
10

.0
40

24
15

10
31

16
22

11
8

20
G

er
al

d
S.

W
er

ne
r13

48
48

63
.1

±
10

.7
65

.0
±

7.
9

38
36

14
11

38
35

39
36

16
14

Su
na

o
N

ak
am

ur
a14

60
12

0
69

.5
±

8.
8

68
.6

±
7.

8
42

75
30

59
21

40
35

72
20

39
G

er
al

d
S.

W
er

ne
r15

82
82

62
.4

±
10

.5
64

.4
±

9.
8

68
59

26
18

69
63

68
57

29
25

A
bh

ir
am

Pr
as

ad
16

15
2

48
2

63
.3

±
12

.0
64

.0
±

11
.6

11
3

36
0

17
61

12
5

34
2

10
4

29
2

42
11

4
Fr

an
ce

sc
o

D
e

Fe
lic

e17
52

47
66

.0
±

9.
0

63
.0

±
8.

0
38

38
15

15
28

29
45

33
52

47
K

an
dz

ar
iD

E
18

20
0

20
2

60
.3

(5
4.

8,
69

.7
)

57
.7

(5
0.

0,
65

.7
)

16
0

16
9

35
36

n/
a

n/
a

13
9

70
49

30
Fr

an
ce

sc
o

D
e

Fe
lic

e19
11

1
11

2
62

.9
±

10
.5

62
.0

±1
0.

0
83

86
40

44
68

79
78

80
35

35
Pa

ol
o

R
ub

ar
te

lli
20

74
78

63
.9

±
9.

6
63

.9
±

9.
8

58
68

45
41

54
59

49
51

19
15

G
.G

od
in

o21
75

0
39

7
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
51

8
21

0
n/

a
n/

a
18

3
62

B
im

m
er

E
.C

la
es

se
n22

76
3

39
6

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

C
ar

lo
L

a
Sp

in
a23

88
23

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

H
ec

to
rM

.G
ar

ci
a-

G
ar

ci
a24

76
71

61
.1

±
10

.6
60

.9
±

10
.5

50
54

14
19

51
41

32
25

11
4

G
er

al
d

S.
W

er
ne

r25
95

95
63

.0
±

10
.0

64
.0

±
10

.0
67

70
n/

a
n/

a
n/

a
n/

a
79

72
29

27
K

ot
ar

o
O

bu
na

i26
56

0
27

0
62

.0
±

11
.0

62
.0

±
11

.0
48

7
24

0
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
16

8
54

K
el

ba
ek

H
27

59
56

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

Fr
an

ce
sc

o
D

e
Fe

lic
e28

12
4

15
9

63
.0

±
10

.0
61

.0
±

10
.0

93
12

6
48

72
76

11
0

89
10

7
42

42
R

ah
el

B
M

29
10

0
10

0
59

.6
±

10
.6

59
.3

±
10

.2
83

76
34

40
90

90
45

46
10

16
H

an
Y

a-
lin

g30
66

0
52

4
58

.5
±1

1.
6

58
.4

±
11

.8
54

0
43

3
n/

a
n/

a
n/

a
n/

a
33

6
28

1
15

1
10

8
Sh

en
Z

J31
76

64
61

.0
±

10
.6

60
.3

±
10

.5
50

48
14

19
50

38
34

22
11

3
Z

ha
ng

Ji
an

32
11

8
70

58
.3

±
10

.2
58

.6
±

10
.4

99
58

47
34

29
10

86
44

32
14

B
im

m
er

E
.C

la
es

se
n33

12
2

51
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a

Ta
b
le

II
.S

tu
dy

ch
ar

ac
te

ri
st

ic
s,

by
D

E
S

ve
rs

us
B

M
S

of
C

T
O

re
ca

na
liz

at
io

n.



1106

S.-S. Yang, L. Tang, G.-G. Ge, R.-G. Li, X.-K. Qu, W.-Y. Fang, J.-G. Ma, Z.-Y. Qiao, et al.

Pr
io

r
C

A
B

G
Pr

io
r

PC
I

Pr
io

r
M

I
EF

(%
SD

)
M

V
D

LA
D

C
x

R
C

A
Le

si
on

le
n

g
th

(m
m

)

A
u
th

or
D

ES
B

M
S

D
ES

B
M

S
D

ES
B

M
S

D
ES

B
M

S
D

ES
B

M
S

D
ES

B
M

S
D

ES
B

M
S

D
ES

B
M

S
D

ES
B

M
S

K
im

K
5

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

33
.6

6
±

19
.6

5
25

.7
6

±
13

.1
7

L
ei

G
e6

15
19

n/
a

n/
a

67
16

4
52

.9
±

10
.4

53
.4

±
10

.5
96

18
0

48
95

40
79

56
11

2
10

.4
±1

0.
2

9.
6

±
6.

9
M

aa
rt

en
J.

Su
tto

rp
7

3
2

18
16

47
51

n/
a

n/
a

53
49

33
36

25
22

42
42

16
.0

±
9.

3
16

.3
±

9.
3

A
ng

el
a

M
ig

lio
ri

ni
(8 )

8
4

21
6

47
12

n/
a

n/
a

38
11

27
8

31
5

45
13

39
±

22
33

±
24

A
le

ks
ia

di
E

R
9

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

K
az

uy
uk

iO
10

n/
a

n/
a

n/
a

n/
a

18
41

56
.0

±
15

.0
57

.0
±

13
.0

34
45

17
37

13
8

16
29

41
.0

±
16

.6
5

26
.0

3
±

14
.1

0
H

en
ni

ng
K

el
ba

ek
11

7
3

n/
a

n/
a

41
35

50
±

11
51

±
10

25
24

20
24

14
14

30
25

27
.5

±
15

.0
22

.8
±

10
.0

A
ng

el
a

H
oy

e12
0

0
7

6
31

13
n/

a
n/

a
26

17
29

8
14

8
13

13
12

.7
11

.3
G

er
al

d
S.

W
er

ne
r13

n/
a

n/
a

n/
a

n/
a

20
23

67
±

16
68

±
15

n/
a

n/
a

17
16

27
29

4
3

18
±

13
16

±
12

Su
na

o
N

ak
am

ur
a14

7
10

n/
a

n/
a

22
42

51
.8

±
7.

7
55

.8
±

6.
8

47
10

0
31

65
17

32
17

40
24

.8
±5

.5
23

.6
±

6.
6

G
er

al
d

S.
W

er
ne

r15
9

5
n/

a
n/

a
31

42
65

±
16

63
±

18
n/

a
n/

a
27

22
8

6
47

54
n/

a
n/

a
A

bh
ir

am
Pr

as
ad

16
28

81
48

14
7

43
16

2
n/

a
n/

a
83

33
5

55
17

7
41

13
4

58
17

9
n/

a
n/

a
Fr

an
ce

sc
o

D
e

Fe
lic

e17
3

0
6

3
37

31
50

±
14

51
±

11
28

15
27

32
9

7
16

8
25

±
14

17
±

8
K

an
dz

ar
iD

E
18

17
3

65
25

67
13

6
n/

a
n/

a
n/

a
n/

a
59

78
43

29
98

95
n/

a
n/

a
Fr

an
ce

sc
o

D
e

Fe
lic

e19
3

3
8

8
68

82
52

.0
±

9.
3

50
.0

±
10

.0
57

53
61

61
18

24
32

27
23

.7
±

9.
6

16
.7

±
6.

9
Pa

ol
o

R
ub

ar
te

lli
20

5
4

11
15

24
24

55
.1

±
8.

8
55

.4
±

11
.3

48
53

24
20

15
21

35
37

n/
a

n/
a

G
.G

od
in

o21
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
35

4
14

0
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
B

im
m

er
E

.C
la

es
se

n22
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
C

ar
lo

L
a

Sp
in

a23
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
H

ec
to

rM
.G

ar
ci

a-
G

ar
ci

a24
3

0
n/

a
n/

a
39

36
n/

a
n/

a
n/

a
n/

a
35

20
15

20
28

32
n/

a
n/

a
G

er
al

d
S.

W
er

ne
r25

n/
a

n/
a

n/
a

n/
a

36
47

62
.0

±
17

.0
64

.0
±

19
.0

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

23
.0

±
16

.0
22

.0
±

13
.0

K
ot

ar
o

O
bu

na
i26

n/
a

n/
a

26
9

17
0

40
9

20
8

52
.0

±
10

.0
54

.0
±

10
.0

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

25
.9

±
17

.4
20

.9
±

15
.6

K
el

ba
ek

H
27

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

Fr
an

ce
sc

o
D

e
Fe

lic
e28

4
3

9
8

76
11

7
52

.0
±

9.
0

52
.0

±
11

.0
63

61
67

89
18

35
39

35
23

.0
±

10
.0

16
.0

±
7.

0
R

ah
el

B
M

29
3

2
18

16
47

51
n/

a
n/

a
53

49
33

36
25

22
42

42
16

.0
±

9.
3

16
.3

±
9.

3
H

an
Y

a-
lin

g30
n/

a
n/

a
n/

a
n/

a
35

6
27

4
n/

a
n/

a
51

2
41

8
42

2
33

4
10

8
95

23
8

20
1

n/
a

n/
a

Sh
en

Z
J31

2
0

n/
a

n/
a

37
34

n/
a

n/
a

39
37

33
18

15
18

28
29

n/
a

n/
a

Z
ha

ng
Ji

an
32

n/
a

n/
a

n/
a

n/
a

68
32

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

B
im

m
er

E
.C

la
es

se
n33

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

Ta
b
le

II
I.

St
ud

y
ch

ar
ac

te
ri

st
ic

s,
by

D
E

S
ve

rs
us

B
M

S
of

C
T

O
re

ca
na

liz
at

io
n.



1107

Drug-eluting stent for chronic total coronary occlusions

Figure 2. Forest plot of studies that compared the effect of chronic total occlusion recanalization with DES and BMS on
binary restenosis during available follow-up.

Figure 3. Forest plot of studies that compared the effect of chronic total occlusion recanalization with DES and BMS on
reocclusion during available follow-up.
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Figure 4. Forest plot of studies that compared the effect of chronic total occlusion recanalization with DES and BMS on
MACEs during follow-up at 6, 12, 24, 36 and 60 months.



All-cause Death
All-cause death rate was available for analy-

sis in 25 studies in 3,956 and 3,200 patients en-
rolled in DES and BMS groups. The incidence
of all-cause death at 6, 12, 24, 36, and 60
months were 1.41%, 0.35%, 2.71%, 2.74%, and
9.63% respectively in DES group, and were
0.51%, 1.49%, 2.30%, 4.24%, and 11.28% re-
spectively in BMS group. The pooled peto ORs

are 5.09 (95% CI 1.22 to 21.34, p = 0.03, Q =
3.77 p = 0.15, I2 = 46.96%), 0.26 (95% CI 0.08
to 0.87, p = 0.03, Q = 0.79 p = 0.94, I2 =
0.00%), 1.12 (95% CI 0.58 to 2.14, p = 0.74, Q
= 0.51 p = 0.92, I2 = 0.00%), 0.75 (95% CI 0.43
to 1.30, p = 0.31, Q = 7.69 p = 0.10, I2 =
47.95%), and 0.85 (95% CI 0.62 to 1.17, p =
0.32, Q = 5.85 p = 0.12, I2 = 48.74%) at those
time points (Figure 5).
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Figure 5. Forest plot of studies that compared the effect of chronic total occlusion recanalization with DES and BMS on all-
cause death during follow-up at 6, 12, 24, 36 and 60 months.
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Myocardial Infarction
Data on MI were available for analysis in 22

studies in 3,168 and 2,652 patients enrolled in
DES and BMS groups. The incidence of MI at 6,
12, 24, 36, and 60 months were 2.54%, 0.78%,
2.03%, 1.09%, and 2.02% respectively in DES
group, and were 3.60%, 5.71%, 1.81%, 2.63%,
and 2.61% respectively in BMS group. The
pooled peto ORs are 0.92 (95% CI 0.45 to 1.89,
p = 0.82, Q = 1.20 p = 0.55, I2 = 0.00%), 0.21
(95% CI 0.11 to 0.40, p < 0.001, Q = 1.52 p =
0.68, I2 = 0.00%), 1.10 (95% CI 0.52 to 2.30, p =

0.81, Q = 1.03 p = 0.79, I2 = 0.00%), 0.85 (95%
CI 0.43 to 1.66, p = 0.63, Q = 4.43 p = 0.35, I2 =
9.69%), 0.93 (95% CI 0.20 to 4.32, p = 0.92, Q =
0.47 p = 0.50, I2 = 0.00%) at those time points
(Figure 6).

MACE-Free Survival
Eighteen studies were available with the com-

parison of MACE-free survival, which included
4,071 and 3,296 CTO patients in DES and BMS
group. MACE-free survival was clinically and

S.-S. Yang, L. Tang, G.-G. Ge, R.-G. Li, X.-K. Qu, W.-Y. Fang, J.-G. Ma, Z.-Y. Qiao, et al.

Figure 6. Forest plot of studies that compared the effect of chronic total occlusion recanalization with DES and BMS on my-
ocardial infarction during follow-up at 6, 12, 24, 36 and 60 months.



significantly improved by 73%, 68%, 49%, 40%
and 37% respectively in DES group at 6,12, 24,
36, and 60 months (HRs; 0.27 (95% CI 0.18 to
0.41, p < 0.001, Q = 2.94 p = 0.23, I2 = 32.08%),
0.32 (95% CI 0.23 to 0.43, p < 0.001, Q = 5.03 p
= 0.41, I2 = 0.57%), 0.51 (95% CI 0.35 to 0.75, p
< 0.001, Q = 7.20 p = 0.03, I2 = 72.22%), 0.58
(95% CI 0.45 to 0.75, p < 0.001, Q = 0.90 p =
0.64, I2 = 0.00%) and 0.63 (95% CI 0.51 to 0.77,
p < 0.001, Q = 2.44 p = 0.30, I2 = 17.85%) re-
spectively (Figure 7).

The effect of DES implantation on MACE-free
survival at 6 months was significantly higher
than those at 24, 36 or 60 months (Interaction p =
0.04, 0.005 and 0.003 for 6 months versus 24, 36
or 60 months). Furthermore, the effect of DES
implantation on MACE-free survival at 12
months was also significantly higher than those
at 36 or 60 months (Interaction p = 0.003 and
0.002 for 12 months versus 36 or 60 months). No
statistical significance was shown when compar-
ing the effect at other time points.
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Figure 7. Forest plot of studies that compared the effect of chronic total occlusion recanalization with DES and BMS on
MACE-Free survival during follow-up at 6, 12, 24, 36 and 60 months.
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In-stent Thrombosis
Data on in-stent thrombosis were available

for analysis in 17 studies in 3,373 and 2,333
patients enrolled in DES and BMS groups. The
incidence of in-stent thrombosis at 6, 12, 24,
36, and 60 months were 0.70%, 1.35%, 1.08%,
2.11%, and 0.95% respectively in DES group,
and were 0.47%, 0.00%, 0.67%, 1.02%, and
0.54% respectively in BMS group. The pooled
peto ORs are 1.20 (95% CI 0.16 to 8.82, p =
0.86, Q = 3.47 p = 0.18, I2 = 42.28%), 7.46
(95% CI 0.46 to 120.17, p = 0.16, Q = 0.00 p =
1.00, I2 = 0.00%), 1.55 (95% CI 0.66 to 3.63, p
= 0.32, Q = 3.09 p = 0.38, I2 = 2.82%), 2.63
(95% CI 1.21 to 5.71, p = 0.01, Q = 2.99 p =

0.39, I2 = 0.00%) and 1.84 (95% CI 0.24 to
13.86, p = 0.55, Q = 0.51 p = 0.47, I2 = 0.00%)
at those time points (Figure 8).

Discussion

CTO, which has a low success rate in recanal-
ization, is the end stage of atherosclerosis. The
high incidence of short term in-stent restenosis
and reocclusion in BMS or balloon angioplasty
throws doubt on long-term efficacy of percuta-
neous coronary interventions. The introduction of
DES has been demonstrated to cause less
restenosis and reocclusion than BMS in CTO pa-
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Figure 8. Forest plot of studies that compared the effect of chronic total occlusion recanalization with DES and BMS on in-
stent thrombosis during follow-up at 6, 12, 24, 36 and 60 months.



tients. However, the long-term benefit and safety
of DES in CTO remains unclear. Moreover, the
influence of follow-up duration on the efficacy
and safety profile of DES is not fully evaluated.
There was no similar analysis in related pub-
lished meta-analysis38-40. This systematic review
and meta-analysis, which included 29 studies
with 9106 CTO patients, focused on clinical and
angiographic efficacy comparison between DES
and BMS implantation for CTO lesions at differ-
ent follow-up duration.

The results indicate that DES for CTO recanal-
ization is superior to BMS in terms of restenosis,
reocclusion during long-term periods. Published
literatures show that the incidence of binary
restenosis and reocclusion in DES group is re-
duced by 0.49%-59.07%, and 4.06%-21.05% re-
spectively. The significant differences may be re-
lated to the different lost in follow-up rate, which
varies from 0% to 43.22% and 0% to 28.57% in
DES and BMS group respectively in published lit-
eratures. While this systematic review and meta-
analysis indicated that, compared with BMS, DES
reduced restenosis and reocclusion by 26.18%
and 7.67% respectively after 6 months implanta-
tion in CTO recanalization (p < 0.01). The pooled
analysis for published articles showed that the lost
to follow-up rates were similar in both groups
(5.29% and 6.84% in DES and BMS group, re-
spectively). Sample size pooling for meta-analysis
makes it possible to show the real effect of DES
on binary restenosis and reocclusion. Moreover,
the pooled results of binary restenosis and reocclu-
sion for CTO patients in DES group were similar
to those for non-CTO patients implanted with
DES41. So DES plays an important role in the pre-
vention of binary restenosis and reocclusion in the
treatment of CTO lesions.

Compared with BMS group, DES group have a
more significant MACE reduction in the previous
studies, our analysis suggested that the incidence
of MACE in DES group was lower than that in
BMS group within 36 months after stent implanta-
tion, which is consistent with previous meta-analy-
sis38-40, but no difference was shown at 60 months
(p > 0.05). DES may reduce death and MI by pre-
venting binary restenosis and reocclusion resulted
from inhibiting or delaying the growth of vascular
endothelial cells within 36 months42. However, the
role of DES and BMS might be equal when the ef-
fect of drug released from DES disappear com-
pletely within 60 months43,44. In addition, the influ-
encing factors besides stent itself are more compli-
cated during long term follow up.

Published independent studies show that the in-
cidences of all cause death and MI are low after 6
months implantation both in BMS and DES
group. Previous meta-analyses use randomized ef-
fect model for RR and OR without evaluating im-
pact of low incidence factors on pooled parame-
ters which lead to no difference between BMS and
DES38-40. However, our meta-analysis applied peto
OR, commonly used for low incidence events, for
pooled effect evaluation and showed significant
high death rate in DES group at 6 months (p =
0.026). The introduction of peto OR lead to the
different results between present and previous
study, so a larger sample size is needed for the
confirmation of our conclusion. The peto OR of
all cause death and MI showed significant differ-
ence between DES and BMS groups at 12 months
(p < 0.05). We assumed that the much lower inci-
dence of restenosis and reocclusion may have an
influence on the lower MI and all-cause death rate
in DES group. The reasons why no difference
were shown at other time points could be (1) the
sample size for death and MI evaluation is not
large enough to identify the real difference be-
tween two groups. (2) All cause death also con-
tained non-cardiac deaths during long term follow
up which may be beyond the role of cardiac death.
Further analysis should be done to fully evaluate
the impact on long term death and MI.

Pooled effect of MACE-free survival from 17
articles in this meta-analysis showed that DES for
CTO recanalization was superior to BMS in terms
of prolonging the MACE-free survival at all time
points, which indicates that DES may improve
survival time for CTO patients compared with
BMS. Moreover, HRs for DES and BMS compari-
son tended to increase at all 5 time points. HRs of
MACE-free survival rate between two groups at
36 and 60 months were different from those at 6
and 12 months (p < 0.05), which indicates that the
difference of HR for MACE-free survival are get-
ting smaller with time going by. Usually, the high
rate of censored data may affect the accuracy of
data analysis. It is difficult to show statistical dif-
ference for survival rate when MACE-free mor-
bidity is less than 50%. This meta-analysis did
show significant difference even if MACE-free
morbidity was less than 50%. But we still need to
extend follow up duration to get less censored data
with more valid conclusion.

In-stent thrombosis is one of the most serious
complications of stent implantation, which could
lead to acute MI, even death. The incidence of in-
stent thrombosis is very low, but morbidity is up
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to 20% to 25%45,46. Some studies suggest that de-
layed endothelialization at stented site and accu-
mulation of platelets may increase the risk of late
stage IST47, 48. But the difference of IST inci-
dence between DES and BMS is still under de-
bate. Our study revealed that the risk of in-stent
thrombosis in DES group showed tendency to in-
crease but no significant difference (p = 0.067)
compared with BMS implantation regardless of
follow up duration. The results are consistent
with published meta-analysis39. After grouping
by time, the IST incidence in DES group was
twice that in BMS group at 36 months (p < 0.05).
No significant heterogeneity was found by meta-
regression for baseline diabetes, multivessls dis-
ease and long lesion length, It is indicated that all
these baseline factors have no impact on the IST
incidence of postoperative late stage. Further
analysis found that antiplatelet therapy in DES
group usually lasted for 6 to 12 months and in
BMS group for 3 months49, which may be a rea-
son for the similar rate of in-stent thrombosis be-
tween BMS and DES. Nevertheless, the stent le-
sion may not be fully endothelialized because of
sustained drug release even at 36 months after
implantation21, while at that time the antiplatelet
therapy was stopped for nearly one year, which
could increase the risk of in-stent thrombosis.
Therefore, whether antiplatelet therapy should be
maintained for longer time such as 36 months
needs further investigation.

However, although risk of in-stent thrombosis
was higher in DES group, there is no significant
difference of the incidence of death and MI be-
tween two groups. Assumption could be like this:
increased in-stent thrombosis in DES group may
potentially increase the risk of death and MI for
CTO patients, but decreased restenosis and reocclu-
sion may have a contrary effect on death and MI,
which is incomparable with that in BMS group.

Study limitation: there were only five RCTs
available in this meta-analysis while the rest
were cohort studies, which may lead to selection
bias and become confounding factors for com-
parison. More RCTs should be done for valid
conclusion for clinical practice.

Conclusions

In this study, we have obtained several conclu-
sions. Firstly, DES in CTO recanalization leads
to significant fewer major adverse cardiac events,
restenosis, and reocclusion and improved

MACE-free survival than BMS during long term
follow up. Secondly, the incidence of death and
MI shows significant difference at 6 and 12
months. Thirdly, the risk of in-stent thrombosis
in DES is higher than that in BMS after 36
months of implantation. Finally, the change of
MACE-free survival along with follow-up period
indicates that the effect of drug-eluting stent
fades away.
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