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Meta analysis of prognostic factors for major adverse cardiovascular events in

patients with chronic total occlusion of coronary artery after PCI
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[ ABSTRACT] Aim  To systematically review the prognostic factors for major adverse cardiovascular events
(MACE) in patients with chronic total occlusion (CTO) of coronary artery after percutaneous coronary intervention (PCI).
Methods PubMed, EMBASE, the Cochrane Library, CNKI, VIP and WanFang Data databases were electronically
searched to collect cohort studies on the prognostic factors for MACE in patients with CTO after PCI from inception to Octo-
ber 2021.  Two reviewers independently screened literature, extracted data and assessed risk of bias of included studies.

Then, Meta analysis was performed using R3. 6.2 software. Results A total of 30 cohort studies were included, in-
cluding 25 002 patients with CTO.  The results of Meta analysis showed that there were 8 prognostic factors with statistical
significance; age (RR=1.06, 95% CI was 1.01 ~1.10, P=0.01), male (RR=1.68, 95% CI was 1.17 ~2.42, P<
0.01), coronary artery bypass grafting history (RR=1.50, 95% CI was 1. 12 ~1.99, P<0.01), diabetes history (RR=
1.51, 95%CI was 1. 15 ~1.99, P<0.01), renal dysfunction (RR=2.91, 95% CI was 2.44 ~3.48, P<0.01), in-stent
CTO (RR=2.15, 95% CI was 1.08 ~4.31, P=0.03), successful PCI (RR=0.52, 95% CI was 0. 38 ~0.72, P<0.01)
and minimal lumen diameter (RR=0.47, 95% CI was 0. 31 ~0.70, P<0.01), respectively. Conclusions Current
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evidence shows that age, male, coronary artery bypass grafting history, diabetes history, renal dysfunction and in-stent

CTO were the risk factors for MACE in patients with CTO after PCI.

protective factors for MACE in patients with CTO after PCIL.

bR Bl kA% P 58 42 P 295 A2 ( chronic total oc-
clusion, CTO) J& 48 7 4K 2 ik 52 4= 141 2€ , TIMI 1Ml ¥t O
Y HAFAERS L 3 A H LR st AR e
IR BN K 5 ( coronary angiography , CAG ) 25 5 AT LK
CTO 43 M Hif o] I3 TIMI O 2% 4%t CTO (B E:
SEARIA1 2E ) LASCHIT ] L3 TIMI 1 2% D A& CTO
(BRI 4P 2E) o X FJa skl A DG~
SRV AE , {ELAE PAD 2 I PN B ) I 3 T O e = S B
AUBEIN RS S, CTO 2l R _F 3 UL Y SR 3 ik 52 ¢
WA TEFTA 52 CAG 1Y TE.Ci B 4 Hh CTO 1 &
TRTE 15% ~30% % 259ATT | 4 B IR 3 ik
4 AR YT ( percutaneous coronary intervention, PCI) |
i IR Bl K #8 BF R ( coronary artery bypass grafting,
CABG) & HHiIAYT CTO My 35 ) U Horp h2h
PRI R A AR BN UL, ARk BEE
I NBR B K e T AR A 580, 45 PCL )
BRI k2 1 CTO #3527 PCL, Eu-
roCTO Club HIRBIHH$E Y, CTO 47 PCI 4 I a #E77,
B GGEHE AR AE SE BRI R AR AT A 8 43 4 3%
PCI Iy CTO 4% BUS AR K, B a5 @R
CTO & PCI A5 AN B3 2 28 10 4 57 500 (9 3%
CTO BEMLLHAE S A RFA A, Hi,
XTI R I T S I R A e B R,
BN KO M 4F 4 (major adverse cardiovascular e-
vents, MACE ) Z3-HC Il B B0 25 TR T 7 BV B
A BIZE AR AR, BT 4T CTO B3 PCI AR H
B MACE 520 K 2R (4 AR DRI [ N AR 1A i, (3
BTN AR PR 2R A S AR ], SCIR 5 B2 4% B
25, MR ARG, B, AWF5E R ]
Meta F3 #7897 ¥ % BRAE AR OCAIF I #E A7 0 32 | PF-A LA
KRy 35 CTO 3% PCLARJS &4 MACE (520
PR SIS IR AE, LA MACE B Hb 3 B
2R S HEIEUE KA

1 #RITE

1.1 SNFAHEBR PR

1.1 #FRER AHE RN X HR KA Ky A7
B, SORR IR 1 Oy o SO 3 5

1.1.2 #rast% ATCAGREHVELAL X
% Jy CTO, 7 1 A3 TIMI 0 % 89 A %

Successful PCI and minimal lumen diameter were the

1.1.3 RERZE  Ti®wm CTO &F PCI A5
& % MACE Wyt x B %,
1.1.4 %Ak MACE 89 & 4, MACE # %
X 4 4 31 (all-cause mortality, ACM) | JF 2 3% &
3 AL 3T ( non-fatal myocardial infarction, MI) 1 #2 g
A7 35 # # (target lesion revascularization, TLR) &
&% R,
115 #oirgk Ok #BE SVEXAZE
WE EHEURELZRLXRNTR,QHARNEL 4R
TRRFRBTIUFEIRENF R ;DL ERRE A
AT B AR WA R DKW RA X TG H & WA,
1.2 Bk 2R B

i EH A & PubMed . EMBASE . the Cochrane Li-
brary (CNKI VIP #1 WanFang Data 315 & | #% & % T
% CTO B+ PC1 AJ& MACE & 4 8948 % [H & 1
BAFIHE 5, 4o R IR 0 2 JEE 2021 10 A, F
HEAFIRR, HFENANAIRN ST XH, &
AXFEA e AMAE LN T X, FXREK
T R B R M R A T A R B RN BT
A& % A Z 2 H & 3 U & 1A . CTO | chronic
total occlusion | chronic total coronary occlusion, PCI
percutaneous coronary intervention , angioplasty , PTCA |

percutaneous transluminal coronary angioplasty . stents |

factors, LA PubMed Jy 7] , H B A R g & 1,

% 1. PubMed ¥ R KB
Table 1. PubMed retrieval strategy

# Searches

1 CTO OR ( Chronic total occlusion)

PCI OR ( Percutaneous coronary intervention) OR An-
2 gioplasty OR PTCA OR ( Percutaneous transluminal
coronary angioplasty) OR Stents

3 factors

4 #1 AND #2 AND #3

1.3 SCEKIFIEFD BF RHREX

B P 4 B R A L 0F 2 U B B R R &R X
Hxt, TANENBENAHERX XRABHATT 2 X
AR, wA 2B NEBL RN E E =4
T W IR R — B, Uk 0 2 B w e R XA AR
WE,HRA L AKX X, #— P @ e XH
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PR A AF 6 99 NAR B SRR, R B R AN E AT
By SUHR, AH K B fE B ok a DUEE R By D X
BAFREH, MUA T, AANFR FRIE W
FaE OINFAREEREL . FRME &1k
# AREEFHRE G O Rt KB R L
Yy FE B R AE AR K W R B3R s @RE 1 B R @ BT X E
by 2 B 45 br fn 25 R B 35, OFUR B & 00 AR A G [
JZ (relative risk,RR) 2 X\ [ t. (hazard ratio, HR) {8 &
H 95% CL; @ T 1 4 MU F 4 i Ak 92
1.4 WNTFRIEERBEITEN

W LA R 4 SLAF 4 N R R KU,
AXXHAER, KAAFHR - BREERX
( Newcastle-Ottawa Scale , NOS) %t 44 N #F 57 #t 4T 1 &7
Rt 7
1.5 ZIHZESH

RIS R HAEHFEHEF COX 2R ERTE
& RR 2t HR B 3 95% C1, 7 ¥ 77 18 3 38 i An
¥k, UL RR Rk, WAFEEFREHILQ
frde kA PRI R R AW, P>0.1 B ER U, K
Z A F U, AR 48 % ¥ AL Cochrane Handbook for
Systematic Reviews of Interventions 6.3 # I’ 4 I %
WMEREIE W, 4 P 0% ~40% A A GFERERR
¥330% ~60% , i\ K ¥ 5 Fr AE PR SR M 50% ~
90% , A K ¥ B B A BOK 3 M 75% ~100% , 3k K
MREFERAFRE, BB P St &EwEET
HEARFUE AN -—BWEEZEELNER®
R, BLFE R B R /N A T 1) LA R M IE AR B BE
(A F BRI BRHNPE, KL HTERE), %
P>0.1 H P <50% , I & i [ % 2% 5 4 A R #E 4T 2
#5% P<0.1 H P>50% , 5 R F AL 380 L AR A ok
AT 247, 6 AR T2 4L 29+ A A SRR e 9 AT 3 53 I By
KIRHEAT AT, Meta 27T B9 & - B & A RR 12,
FHItHH 95%Cl, L Z EH B R T FERIUF
B, KEN a=0.05, #HK}; E Egger’s &
Iofn Begg's I H W = & HFER KRG, & P<
0.05 M %W 7 & K EZWT. % Begg’ s ol &
Egger’s BI04 R 1 — ot , U Egger’s & 4o 45 R 4
e, DL BT AT R3.6.2 B Meta 4T,

2 # R

NETRIERIERER
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B2 30 Sk, 7 30 BIRFSE S eh 4 15

2.1
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25 002 24 B B SCERKS ZA T AR IR 1,
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| ]
SIE E 5 E Ak
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S e HEFR SR (n=1 902)
HEB (n=141)
A2 R PR AR (=59
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BT AR jﬁiﬁ%ﬁﬂﬁﬂf’
(n=30) - EETRE(-1)
WA R A A (Metass i)
Y3 Bk (n=30)

1. XEEERERER

Figure 1. Research literature screening process and results
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AN 30 F SCHR 09 BF R AT RN 112 ~
2334 ZilE MANDRPERER D 62.8 4, H
MR Z (15 80.2% ) BEVIIF K 12 ~84 4~ A,
MACE K450 19.5% o AN ABETE B9 HAS R AE L
1, MAIARY 30 FSCHRAEAT oM , B — R SCHR BT
PRI TS R BRI, 4 74 B 5E 1 Meta
TINTEIFER ARG R & TS B R AE 4 0
PLERSEm R R R, HRBR T S 4R B | i AL AT
(serum creatinine , SCr) A58 15 /NBR U8 15 2K (esti-
mated glomerular filtration rate, eGFR ) A S A4 5t 5 5%
(body mass index,BMI) ERNE, REYPA 13 g
Meg PR 2R, L4 A7 % M0 WA s BEAE CABG B IR
g S LR IR SR D RE AN A | 22 SIS A8 (mult
vessel disease, MVD) /200 ZE S 11535 (left ventricular
ejection fraction, LVEF) | f% /N4 £ B 42 ( minimum
lumen diameter, MLD) | J-CTO 434, PCI B2/ R I |
BRI CTO W ABFFERsZMA R R W3R 2,
2.3 AR R EXEE TN

a1 NOS Xt 94 A 1) BA B A 5 3447 0t fay XL 1
i AR 30 4> BRIIBIF S 109 KU 743 2 7E 6 43 L
b HA 8 DL B BRBIBESE A 26 4, i A S
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WFIT 1 86. 66% , & W KR53 BA S BIF 52 14 ot 1 R 4
(%£3),
2.4 Meta THER

XA 13 A 520 K 2R 64T Meta 2007, &3
A G2 L(P<0. 05) sZma R 3364 8 A4S, o
RIS M BEAE CABG MR L B D REA 42 K S
PN CTO ) RR>1, AT LA & CTO i PCL AR5
KA MACE myfal &, Hrh RR SR i e &

R TIREA 4 i PCI AT MLD 9 RR<1, 7] 4
INMJE CTO B3 PCL ARG kA= MACE PRI IRER
TN RIEA LT L (P>0.05) B0 B R 3
A5 A, ALHEME L i L MVD LVEF & J-
CTO 7%k, MARER X 5 NMEZFE A CTO £ PCI
ARJG &4 MACE 1 sgm &, Forp, XF 45 %
LVEF #4757 50 87, 20 A S5 Bt o R, HLAA &5
KR4,

R1. ANFRBOERFFE

Table 1. Basic characteristics of the included studies

et maen mx e MUY BT e wers Y e
de Felice F 2009 p= | I ] =4 2 36 283 77 206 62.0£10.0  219(77.4)
Lee SK 2009 | IR 12 200 38 162 — —

Han JP 2009 ] HBETE 19.8 139 15 124 — —

Lee SW 2011 CE | CO)iERES 36 333 30 303 60.3+10.4  251(75.4)
Tomasello SD 2011 BEAA nibEkE 12 303 34 269 61.0+9.6 272(89.8)
Hoebers LP 2013 W 24 i 60 1791 291 1 500 61.5+10.6 1 544(86.2)
Liu W 2013 H A [ st P 36 153 28 125 75.2+8.4 120(78.4)
pil 2013 i E [ Jost e 12 210 38 172 74.4+9. 4 131(62.4)
Rinfret S 2014 nER HrEEE 13.1 187 20 167 6510 151(80.7)
Salarifar M 2014 P [=] st 15.1 269 13 256 56.1+10.7 178(66.2)
Lee MH 2015 [EHES| AR 12 1082 54 1028 61.7+11.1 794(73.4)
8% 2015 L RIES] [ g ek 44.6 183 24 161 65.9+10.9 133(72.7)
Cho MS 2016 5[] [ ] g ek 36 1 049 94 955 60.0+£10.5 865(82.5)
Toma A 2016 s ] [ ] Jgg ek 32.1 2 002 617 1385 65.4+10.8 1670(83.4)
Azzalini L 2017 Z[H HAEE 13.6 924 96 828 64.9+10. 1 827(90)
Azzalini L 2017 Z | REME 15.5 899 133 766 65.1+10.7 778(86.5)
W2 2017 i E [ Jegi 4 27 112 5 107 67.4x11.0 95(84.8)
Kim GS 2017 ZHE B 22 2 334 254 2 080 62+11.0 1772(73.8)
Yong HK 2017 A HrHEM: 36 266 — — 62.2+23 195(73.3)
Toma A 2017 1t 5] [ ] s 32.1 2 002 617 1385 65.5£11.0 1370(68.4)
Gebhard C 2018 it 5] HiEME 31.2 2 002 617 1385 65.2+10.7 1662(83.0)
Wu K 2019 HhE [ ] s ek 84 155 17 138 60.3+10.7 146(94.2)
T &2 2019 SRl [ g ek 29 1363 195 1168 57.6+£10.5 1123(82.4)
Gong ML 2020 LRl [ ] g ek 30 401 178 223 61.0+10.5 395(82.8)
g 2020 T HIRETE 60 2 306 671 1635 57.2+10.5 1913(83.0)
Gong ML 2021 i E [5] Jt p 30 474 105 369 61.0+10.5  395(82.8)
PURES 2021 [ [ ot P 36 161 27 134 57.8x11.4  132(82.0)
Tian T 2021 ] HTRE: 60 1 806 304 1502 57.1+10.5 1674(92.7)
EHLH 2021 LRl [ Jogi 12 1415 245 1170 59.7+9.2  1107(78.2)
SR L] 2021 [ [ JogT 20 198 34 164 63.2+9. 4 162(81.8)
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Table 2. Prognostic factors of included studies Table 3. Bias risk assessment of cohort studies
HABFIE i WINPT 4R gy
) HABE
de Felice F 2009  MLD D@ 6 ®0®-~9
Lee SK 2009 PR BE IR de Felice F2009 1 1 1 1 2 11 1
Han JP 2009 MLD Lee SK 2009 1 1 1 1 1 0 1 1
Lee SW 2011 PCI /21K Han JP 2009 L 11 2 1 11
Tomasello SD 2011 #EFR% MVD LeeSW2011 1 1 1 1 2 1 11
. Tomasello SD2011 1 1 1 1 2 111
Hoebers LP 2013 4E#% . PCI i3/ 2K omaseto
Hoebers LP 2013 1 1 1 1 1 0 1 1
Liu W 2013 BRI B IhREA 42 MLD
Liu W 2013 11 1 1 2 111
/44: 2 1 IIXI o N
0 B 2013 RIREA S 0 BE 2013 11 1 1 2 111
. L R . .
Rinfret S 2014 PRI BEAE CABG J-CTO 4341 254 CTO Rinfret $2014 1 1 1 1 5 111
Salarifar M 2014 PCI 81/ 2RI Salarifar M2014 1 1 1 0 2 1 1 1
Lee MH 2015 18 R Lee MH 2015 1 1 1 1 1 01 1
H % 2015 PCI %3/ 5 H % 2015 1 1 1 1 1 1 1
Cho MS 2016 B IREA 4 Cho MS 2016 1 1 1 1 1 1 1
Toma A 2016 BEFE CABG Toma A 2016 1 1 1 0 b

Azzalini L 2017
Azzalini L 2017
#2017
Kim GS 2017

Yong HK 2017
Toma A 2017
Gebhard C 2018

Wu K 2019
F %2019
Gong ML 2020
5 2020
Gong ML 2021
X1 4 2021

Tian T 2021

FEHLFH 2021
A 2021

REFE CABG . LVEF 32814 CTO

BEAE CABG . J-CTO 434 . %24 CTO
MVD PCI S 21/ 2R

AR PR

AR ) W B PR L I )
AEAR 4

LVEF

SEHE MW BB CABG BEJRJE .MVD,
LVEF .PCI &3/ 4

L% J-CTO 434 PCI 131/ 2R
PCI {31/ KM

PERI MLD  PCI K31/ 5

WEA: CABG

P J-CTO 4%k

WA A PR \LVEF

AR M WM PR R I R
LVEF J-CTO 43 . 2224 CTO

UGN
AR R R R LR MVD

2.5 BIRRMESH

SR AU S B3 A BIE S 1) 7 32 AT S A 4y
B, SR R B — BRI A & R ES IR
ROV A T PR SRR AR UG RE .

Azzalini L2017 1 1 1 1
Azzalini L2017 1 1 1 1

NSRS SR SN "I S (ST ST )
—_ =
—_ =
O O 00 0 0 N X O O X O O X 0 O VO O © VvV NN X OV OV v N v Vv VvV 3 o

HHFETH 2017 11 1 1 1 0 1
Kim GS 2017 11 1 1 0 1 1
Yong HK2017 1 1 1 1 111
Toma A 2017 11 1 1 111
Gebhard C2018 1 1 1 1 1 111
Wu K 2019 11 1 1 2 111
T £ 2019 1 1 1 1 2 111
Gong ML2020 1 1 1 0 1 111
6 #2020 1 1 1 1 1 0 1 1
Gong ML2021 1 1 1 0 2 11 1
X1 & 2021 11 1 1 20 1 1
Tian T 2021 11 1 1 2 0 1 1
YL 2021 11 1 1 2 11 1
H A 2021 11 1 1 2 111

1. OX B IR RN, @ AR 8 AT R 2L 1, B 7 57
MIHE , @B SETT IR A K AR 2 R A, & B2 7 5 4% 5% DA
FURITT etk , @ A5 RSP , ORI 15 558, @ A BE Vi 5E

2.6 ERIRFE

A 6 F SCHR AT T AE XS CTO B3 PCL RJ5
KA MACE 1520, FIH] Egger’ s K45 Fl Begg’ s
Kb AT % T A A, 5 3 R AT AE K 2 M 7%
(Egger’s Ki 56 1=2.31,P~0.08;Begg’ s K 2=
0.56,P=0.57) , WL 2,
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% 4. PCI RI5% % MACE ZNEEH Meta S T4 R
Table 4. Meta analysis results of the prognostic factors of MACE after PCI

S PR 5 AR
HEHR PABITRE  BE G RONAR Y
/% P RR(95% CI) P
AES 6 6 246 90 <0.01 FAIL 1.06(1.01 ~1.10) 0.01
=75 B0 >65 % 2 2 004 0 0.70 & 5E 1.64(1.09 ~2.47) 0.02
BN % 3 4059 73 0.03 FEHL  1.01(1.00 ~1.03) 0.15
AN 10 % 1 183 — — FEHL 1.48(1.31 ~1.67) <0.01
Pk 7 11 820 70 <0.01 BEHL  1.68(1.17 ~2.42) <0.01
WA R 5 2 256 78 <0.01 BEHL  1.63(0.89~2.99) 0.11
WETE CABG 6 8 320 73 <0.01 BEHL  1.50(1.12~1.99) <0.01
W PRI 5 10 7 070 61 <0.01 Rt HL 1.51(1.15~1.99) <0.01
15 1L S 5 2215 55 0.07 FEAIL 1.36(0.90 ~2.04) 0.15
B UIREA 4 4 852 42 0.16 EE  2.91(2.44 ~3.48) <0.01
MVD 4 536 54 0.09 &L 1.31(0.64 ~2.69) 0.46
LVEF 6 9229 93 <0.01 &L 1.27(0.81 ~1.99) 0.29
<40% 5§, 50% 5 8 305 94 <0.01 BEHL  1.45(0.80 ~2.63) 0.21
BHIN 10% 1 924 — — BEHL  0.78(0.65 ~0.93) 0.04
MLD 4 1082 11 0.34 & 0.47(0.31~0.70) <0.01
J-CTO 434k 5 935 0 0. 64 BE  1.09(0.99 ~1.20) 0.09
PCI B3 9 6 609 76 <0.01 FEHL  0.52(0.38 ~0.72) <0.01
ST CTO 4 879 79 <0.01 BEHL  2.15(1.08 ~4.31) 0.03
T — AR R,
0.0F % FEMEAT AT A B, 45 R WOR AR M ) BE AR
_ o} ’ CABG MRS IS 2 % % 424 CTO 9 RR
5 o2} . (¥R T 1, AT LA & CTO B PCL AR J5 &4
5 oal ) MACE [f&f B2 T MLD il PCLIRII RR {5/
§ 04} T 1,07 LA CTO 35 PCI A J5 &4 MACE 1
o5l \ {541 P 22 5 T 8 L 5 1 MVD  LVEF &% J-CTO
— 05 10 15 20 2530 S5 CTO 3% PCL AR J5 &4 MACE T B ¢
Risk ratio

2. Xt ERZNEZENRFE
BTN AN ST ; Risk ratio S KUK HE , ) 2k TR
4315 RR {4, Standard error S&pRifELR

Figure 2. Funnel chart for age as a prognostic factor
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CTO &3 PCI ARJ5 i Bl MACE 521 [F 3 (1 BA %) iF

W, AW AR SCER S8, AR T 2,
PRI 4, A0 5 30 WAFSY, 13 AN E R %, 25 002
2 CTO B4, T R 30 2k f, {8 20 A 445 S 38
FalE

IR PCT RJG &4 MACE ST /G 16 R &
SRR 1 % MACE % A2 KU 3 I 29 1) ARk
Meta 73Hr485 B 5 it — 3, 24 B3 09 R 30 bk 1
FEHAA T Z W RERE AL, [ B I 85 A ol 1 5T
i, KAIEIN T A AR M BE R Bl AR I K
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FR I O PR 9 | 12 2 R R e LA B SR 2 1) R A
o ANEELE MILBEFE CABG, & Fh R IK S50 LVEF
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FEOFRABS I R, A% T e 0 £ 2 O A
T UL PEAS A

B PCT ARG & 4 MACE B3 7 75 [ (K]
R, B, ZUREEAR MBS 5T Y R, CTO
H BAET B8 Ik 80% LA b HAR By i
CTO a2 R, nTRE M T 5 M ) 22
TR PR e B BTG ZE AL e e Y T
TEETRESE —RIVERHFE T, #1153 &l
O CTO M & ANBE, L TR RN R R p
Pa 174K A,

[ A1 ) — IR 5T H 38, 76 BT I AWFFE Y CTO
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