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Effects of percutaneous coronary intervention and recovery of left ventricular
ejection fraction on the prognosis of patients with chronic total occlusion

and heart failure with a mildly reduced ejection fraction
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zhou, 450052, China)
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Abstract  Objective: To explore the effect of the successful percutaneous coronary intervention for chronic to-
tal occlusion(CTO-PCID) and recovery of left ventricular ejection fraction(LLVEF) on the prognosis of patients with
CTO and heart failure with mildly reduced ejection fraction(HFmrEF). and to explore the influencing factors of
LVEF recovery. Methods: A total of 138 patients with CTO combined with HFmrEF who received PCI treatment
in the First Affiliated Hospital of Zhengzhou University from January 2018 to March 2019 were selected and divid-
ed into the open group(n =63) and the unopened group (n = 75) according to whether the CTO lesions were
opened or not. LVEF=50% after 1 year of follow-up treatment was defined as LVEF, and the baseline data and
the incidence of major adverse cardiovascular and cerebrovascular events(MACCE) within 3 years after treatment
VEON KB H — B E RS WA (ER N L 450052)
BAEAEE 7K Z A E-mail: yzzhang6@163. com
Sl AR : EA, m, 8, 5. & R Rl WK A6 I7 7S % 55 1 43 o 5200 18 P 58 4 P 28 6 91 99 1 43 B B R AR
10> J7 5% 98 J 3 TG 52w L) 0. I PR O i A 5 2% 5 2023, 39 (4) £ 276-281. DOI: 10. 13201/, issn. 1001~
1439. 2023. 04. 009.
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were collected and compared between the two groups, including all-cause death. cardiac death, non-fatal myocar-

dial infarction, revascularization, heart failure rehospitalization and stroke. Results: After 3 years of treatment,

the incidence of total MACCE in the open group was lower than that in the unopened group(P =0.003). The Ka-

plan-Meier curve showed that the cumulative incidence of total MACCE within 3 years after treatment in the open

group was lower than that in the unopened group (log-rank P = 0.003). Multivariate Cox regression analysis
showed that CTO-PCICHR =0.524, 95%CI: 0.277—0.991, P =0.047) and LVEF recovery (HR = 0. 498,
95%CI: 0.256—0.971, P =0.041) were independent protective factors for the development of total MACCE
within 3 years after treatment. Multivariate logistic regression showed that CTO-PCI, eGFR and baseline LVEF

were independent influencing factors of LVEF recovery after 1 year of treatment(all P<C0. 05). Conclusion: CTO-

PCI opening CTO lesions and LVEF recovery are associated with lower MACCE incidence and better prognosis in patients
with CTO and HFmrEF. CTO-PCI, eGFR, and baseline LVEF were independent factors for LVEF recovery.

Key words percutaneous coronary intervention; left ventricular ejection fraction recovery; chronic total oc-

clusion; heart failure with mildly reduced ejection fraction; prognosis
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v UL DR e 0o A B A 2 iR T Al
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S FFE AL (63 ) AR T 3@ 41 (75 B, AR I 44
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2 B S TR RIS 3 AR N B G I A R
K FH 4 (major adverse cardiac and cerebrovascular
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BITIE 3 AN B MACCE & A i 1 &, R
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Table 1 Comparison of baseline data between two groups (%), X =S, M (P, ,P;;)
T H Fr it 41 (63 i) FFHLLT5 F)D t/y*/Z P {H
RS/ % 64.24411. 23 65.3549.91 0.616 0.539
ER e 44(69. 8) 53(70.7) 0.011 0.916
WEEH/ (kg + m™?) 23.9441.63 23.7340.75 0. 965 0.336
o5 I R 35(55. 6) 45(60.0) 0.278 0.598
RN TP 8(12.7) 9(12.0) 0.015 0.901
Bl R 9 16(25. 4) 29(38.7) 2. 744 0.098
W s 25(39.7) 35(46.7) 0. 680 0.410
A 17(27.0) 11(14. 7D 3.212 0.073
W A 0 ULATE BB 9 sl 23(36.5) 31(41.3) 0.335 0.563
S0 JE B ok 5k #E A AL 21(33.3) 31(41.3) 0.933 0. 334
AR 11(17.5) 22(29.3) 2.653 0.103
MerEH /(g LD 132.43414. 93 129. 0716, 22 1.259 0.210
SRR B/ (mmol « L1 3.7240.83 3.59+0.83 0. 885 0.378
Hih =g/ (mmol « L") 1.26(1.01,2.01) 1.16€0.95,1.53) 1.007 0.314
HDL-C/(mmol » L™1) 1.0240. 26 1.00240, 28 0. 341 0. 734
LDL-C/(mmol » L™ ") 2.3740.80 2.2240.73 1.147 0.253
eGFR/[mL » min~' » (1.73m?) '] 88.33+14. 38 83.53+17.43 1.742 0. 084
NT-proBNP/(ng » L") 1579.0(1 214.0,2 900.0) 1860.0(1 231.9,2581.5)  0.562 0.574
& LVEF/ % 45.53+2.67 45.39+2.68 0.094 0.759
JHZ1E B
U PN TR 34(54.0) 45(60. 0) 0.509 0.476
B 52 1% BEL ¥ 741 54(85.7) 58(77.3) 1.573 0.210
ACEI/ARB/ARNI 41(65.1) 57(76.0) 1. 984 0.159
FIFR 28(44.4) 38(50.7) 0. 509 0.476
AT RBER
Rentrop 734 =2 % 33(52.4) 35(46.7) 0. 447 0.504
SYNTAX 43/ 4 23.184+5.97 22.9645, 97 0.210 0. 834
J-CTO W45/ 4 1.3540. 65 1.37+0. 60 0.163 0.871
CTO R4 i &
TR 2 34/79(43.0) 29/114(25. 4) 6.574 0.010
Il Ji 32 17/79(21.5) 39/114(34. 2) 3. 649 0. 056
A gt ik 28/79(35.4) 46/114(40. 4) 0.475 0. 490
5k ik 2 39 AE 52(82.5) 71(94.7) 5.197 0.023
FARIRAE 13(20. 6) 2/9(22.2) 0. 000 1. 000
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2.2 LVEF AN
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1.114~5.049, P = 0. 025), eGFR (OR = 1. 032,
95%CI ;1. 004 ~ 1. 061, P = 0.027) fl 3£ £ LVEF
(OR=1.314,95%CI ;1. 129~1. 529, P <C0. 001) J&
IGIT 1AEJE LVEF I M AP IR . WLk 2,

% 2 LVEF %R EH £ E X logistic @3 5 #7

Table 2 Multivariate logistic regression analysis of
LVEF recovery
A OR 95%CI P i
CTO-PCI 2.371 1.114~5.049 0.025
eGFR 1.032 1.004~1.061 0.027
HZ LVEF  1.314 1.129~1.529  <<€0.001

2.3 MACCE &AM
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B H 5 FRHLT- R (4.5% vs 17.2%, P <
0.0001), Khan 21 ) 25 2 4y 0 R, 5 # 4l
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®3 248BERTIFEE MACCE RERBR
Table 3 Incidences of MACCE between two groups af-

ter 3 years of treatment %)

. Il 41 ﬂiﬂTﬁéﬁ "
63 %) (75 FD

EHET 3(4.8)  6(8.0) 0.178 0.674"
LIRS 2(3.2)  4(5.3) 0.040 0.841"
AEHFE O HUESE  5(7.9) 10(13.3)  1.029 0.310
K I iz F 7(11.1) 17(22.7) 3.182 0.074
o P B 6(9.5) 13(17.3) 1.759 0.185
i 2 2(3.2)  3(4.0) 0.000 1.000"
M MACCE 14(22.2) 35(46.7) 8.934 0.003
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Figure 1 Kaplan-Meier curve of cumulative incidences

of total MACCE within 3 years after treat-

ment between two groups

# 4 2 MACCE K& EZE Cox B35

Table 4  Multivariate Cox regression analysis of total
MACCE
A fE HR 95%CI P i
CTO-PCI 0.524 0.277~0.991 0. 047
LVEF #&&  0.498 0.256~0. 971 0.041
B IR 2.043 1.137~3.670 0.017

AL E R CTO-PCI FFil CTO %545 fig g oF
Ik ssE CTO 43 HFmrEF B 3% s L% mT



FB LA, 2 BOE AR B IR AR ST F AL FE 5 AL 53 B0 S 0o 48 M 56 4 P 8 45 T S 0 B AR Y e o

e 280 ¢ WANG Xing,et al. Effects of percutaneous coronary intervention and recovery of left ventricular . ..

e : CTO-PCI HF3d 1 228 I A . 203 1t i X 35,
4O LRI, 455 K T B 2 0 0 RN A% B 0% 0 AL 40
Pl T WL ¥ [F R T8 CTO SR A8 AR T
i 7 I A5 X A0 S AN AN I A A 0 Of AR L R T L
XA KO L F RS2 . CTO s
R ik 2 T A TR R BB A 0 S AR BRI A A AR R
R B4 0 S 47 2R AT DL R AR 2 T A A 90 Y0 Bk
25 1 Sk Jik I, T DA R S B0 LR AR R RD il
TR T B A b 0 S 706 3R AT A7 A O LB I, AN RE W
SRV B B A0 LR AL X o IR CTO P ZE I &
FE B b A0 R Y0 T RE RN TS 4R I T BRI AR
PET, HATHE B B 2% A9 T CTO-PCI A9 AY,
UPRE &L 90% , B It & AE & A R AL, i 15 1%
TR A B 1 e kR s BB I — A AL IR T
B HAET CTO-PCI £ 3% [® PCI 45 B il ESC/
EACTS Mz s r oy [l a 28977 .

W R, LVEF U 8l 0 32 HOE XA T RN
fa7 PR T HE B 5 4 . LVEF & 2 0 JIF ) B 45 44
30 B AR AR . LVEF Bk 3% sk &2 190
EEREKIL LVEF B E A E 4 mm
Jat® . Kalogeropoulos ZE1 By W 78 45 BE 1 LVEF
<40% . 47T LVEF=>40 % [0 3 8 0 5T i 43 %
PRI 0 AT R B 0 R 5 LVEF /-8
1 LVEF BEAG A0 5 85 A b JE TSR TG, £ B
BREAL, Savarese &k B, 5 LVEF & &
B £ R B 2o B B G R 4 T BB A S AE T B A
B 52 A 26 mi B XUBS: 25 PR AIRA G, X AR
g — 2, B LVEF % Z 19 CTO & I HFmrEF
BHE ) MACCE &A= AL, 15 5 4f, J5 R 0l fg
0 LA 5 I B9 1L 32 7 A 5 03 0 2 S A P
25 ) L R AE P AR 0 =580 FE A L TR IR A T R
B 22 i AR L O B 1 LVEFR, e &0 3%
BEG .

AW & CTO-PCL, eGFR f1 34 LVEF
IR 14E)F LVEF IR E WM gmF R, 54K
WF 5% 45 B A AL » Cardona %512 3 3 .0 iE MRI 23 #r
KB, LVEF<<40% i # 17 CTO-PCI J5 LVEF
R, Hir 28R Bon i CTO-PCI ##
B E LVEF., 1] 88 5 Il iz & 6 J5 O B o 7 ol 3%
B A B far U R A HE D E S A G, B Y RE X
LVEF W52 n] B8 5 /K 810 81 . B 321 48 B ok -
T [ B 22 48 TG M 7 R B R O WL G,
2k LVEF # & /& LVEF ¥k & i 47 H 2 AT fg &
3Lk LVEF %5 m B AT B ek g O D g B ] 58
#| LVEF &5 , i ] EAHXT 25 55

AHFFE oIR8 20 CTO 5 28 /il RS2 e ) i e v
TARTFFE AL, 7T RE = P Ry A B S AL 1 A S FTRE R
B L A ARG 2/3 O WL, B O UL R A K, B
PRI R ETRE S CTO 9 48 5 35 7] fig A o kK 36

fii » AT 0 A A8 T A3 0 3 AR X 5N 18 A 5 5 T
3¢, R 35 AT RE T ] T O Ol ET R S CTO 95 42,
EXPLORE i 88" CTO 45 722 {2 T §if B 52 % 3V £

Gt s 5 AL 2R AL . CTO-PCT 4 /&

# LVEF W3 T+ w10 CTO 280 T 47 568 55 Il i

YRR 2 PG T 7 LVEF Tl B 22 7, Bt il

T FTRESZ CTO Wi 22 H 3% T REA 3R 3R 4
ARG I 38 4 2 38 e AR L AR TR

AH L AT RE R 22 S R A SR CTO g Z8 M X &

A, G ITIER 2 T 30 ME FE O 0Bl AR X B, A

J5 IF R AE AR B H 2 S R S R 25 0T b

PRY e il Hs  PCT AR Ji5 FJS ok 38 ml GBS 6 B 18, R

HIReMi ) TR ONFE CTO W78, AR ZHER

Cox [0 15 43 #7 & 7= B IR R IR 97 5 3 4F &

MACCE % 4= i 57 16 B 9 3% nT RE 2l PR s i

PN B 240 L B R 05 L WCTIE B 5 ) S o L O ok ok A el

A A5 B 2%

L& LA, CTO-PCIJFid CTO fi &AM LVEF
WER CTO &3 HFmrEF B # ) MACCE k& 4
AR, WG B 4F. CTO-PCI, eGFR Hl 3k £
LVEF J& LVEF ¥k & 9 57 #0i [N 5. A BF 5% 2
L RN (T 18 075 8 VI = o N &/ N R D M ST E S
WEIEEE A5 2 20 bl L KBRS £ L Bl AIL X 3
ik — 2B Rk,

PR A AEH G I AETE A 45 i
5% 3k
[1] Bozkurt B,Coats A, Tsutsui H,et al. Universal defini-

tion and classification of heart failure:a report of the

Heart Failure Society of America, Heart Failure As-

sociation of the European Society of Cardiology,Japa-

nese Heart Failure Society and Writing Committee of
the Universal Definition of Heart Failure: Endorsed by
the Canadian Heart Failure Society, Heart Failure As-
sociation of India, Cardiac Society of Australia and

New Zealand, and Chinese Heart Failure Association

[J]. Eur J Heart Fail,2021,23(3) :352-380.

[2] Shang Z,Wang X, Gao W. Heart failure with mildly
reduced ejection fraction:emerging frontiers in clinical
characteristics, prognosis,and treatment[ ] ]. Rev Car-
diovasc Med,2022,23(1):30.

[3] Ffe,Z=%eag, dei, 5. v B AR Be O ) 2898 0 Wi AT
9 2 MR T B LT, A0 1 B s 48 75, 2019 (1 D)
865-874.

[4] Koelbl CO, Nedeljkovic ZS, Jacobs AK. Coronary
Chronic Total Occlusion (CTO): A Review[]]. Rev
Cardiovasc Med,2018,19(1) :33-39.

[5] Galassi AR, Brilakis ES, Boukhris M, et al. Appropri-
ateness of percutaneous revascularization of coronary
chronic total occlusions:an overview[ ] ]. Eur Heart J,
2016,37(35) :2692-2700.

[6] HP=fdfe, SRR, W], 55, ek 2 Ik ig 1 58 42 A E



FB LA, 2 BOE AR B IR AR ST F AL FE 5 AL 53 B0 S 0o 48 M 56 4 P 8 45 T S 0 B AR Y e o

WANG Xing,et al. Effects of percutaneous coronary intervention and recovery of left ventricular ... e

281 -

[7]

[8]

[9]

(10]

[11]

(12]

[13]

[14]

[15]

B¢ s il Al B A A3 T BIF 5T BE S LT, i DR O 1L 5 2%
#,2022,38(12) :951-954.

Werner GS, Martin-Yuste V, Hildick-Smith D,et al. A
randomized multicentre trial to compare revasculariza-
tion with optimal medical therapy for the treatment of
chronic total coronary occlusions [J]. Eur Heart J,
2018,39(26) :2484-2493.

Brilakis ES, Mashayekhi K, Burke MN. How DECI-
SION-CTO Can Help Guide the Decision to Perform
Chronic Total Occlusion Percutaneous Coronary In-
tervention[ ] ]. Circulation,2019,139(14) :1684-1687.
Obedinskiy AA, Kretov EI, Boukhris M, et al. The
IMPACTOR-CTO Trial[J]. JACC Cardiovasc Interv,
2018,11(13):1309-1311.

Patel MR, Marso SP.Dai D,et al. Comparative effec-
tiveness of drug-eluting versus bare-metal stents in
elderly patients undergoing revascularization of chron-
ic total coronary occlusions:results from the National
Cardiovascular Data Registry, 2005-2008 [ ] ]. JACC
Cardiovasc Interv,2012,5(10):1054-1061.

Khan AA, Khalid MF, Ayub MT, et al. Outcomes of
Percutaneous Coronary Intervention Versus Optimal
Medical Treatment for Chronic Total Occlusion: A
Comprehensive Meta-analysis[ J]. Curr Probl Cardiol,
2021,46(3):100695.

1 I8 8, X V0. 28 B et AR Bl ik A AR 97 0 52 4 ]
FE 99 78 Xof 5RO R R A s e [ 0. I R 0 I 7 0 %
#,2021,37(3) :220-223.

Ybarra LF,Rinfret S, Why and How Should We Treat
Chronic Total Occlusion? Evolution of State-of-the-
Art Methodsand Future Directions[ ] ]. Can J Cardiol,
2022,38(10 Suppll) : S42-S53.

T AR, & e, 55, et AR 3h K18 M o8 4 1) 2E R
72500 S AR A % T PN RN WSS A LT W PR G i
R A ,2021,37(8) :705-709.

de Marchi SF.Streuli S, Haefeli P,et al. Determinants
of prognostically relevant intracoronary electrocardio-
gram ST-segment shift during coronary balloon occlu-

sion[J]. Am J Cardiol,2012,110(9) :1234-1239.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Lee SW,Lee PH,Ahn JM,et al. Randomized Trial E-
valuating Percutaneous Coronary Intervention for the
Treatment of Chronic Total Occlusion[]]. Circula-
tion,2019,139(14) :1674-1683.
Wybraniec MT, Orszulak M, Mecka K, et al. Heart
Failure with Improved Ejection Fraction: Insight into
the Variable Nature of Left Ventricular Systolic Func-
tion[ J ]. Int J Environ Res Public Health, 2022, 19
(21) :14400.
Perry A,Loh F,Adamo L,et al. Unsupervised cluster
analysis of patients with recovered left ventricular e-
jection fraction identifies unique clinical phenotypes
[J7J. PLoS One,2021,16(3) :0248317.
Kalogeropoulos AP, Fonarow GC, Georgiopoulou V,
et al. Characteristics and Outcomes of Adult Outpa-
tients With Heart Failure and Improved or Recovered
Ejection Fraction[J]. JAMA Cardiol, 2016, 1 (5):
510-518.
Savarese G, Vedin O, D" Amario D, et al. Prevalence
and Prognostic Implications of Longitudinal Ejection
Fraction Change in Heart Failure[]J]. JACC Heart
Fail,2019,7(4) :306-317.
Basuray A, French B, Ky B,et al. Heart failure with
recovered ejection fraction: clinical description, bio-
markers, and outcomes [ J ]. Circulation, 2014, 129
(23):2380-2387.
Cardona M, Martin V., Prat-Gonzalez S.et al. Benefits
of chronic total coronary occlusion percutaneous inter-
vention in patients with heart failure and reduced ejec-
tion fraction: insights from a cardiovascular magnetic
resonance study[ J]. J Cardiovasc Magn Reson, 2016,
18(1) .78.
Henriques JP, Hoebers LP, Rdmunddal T, et al. Per-
cutaneous Intervention for Concurrent Chronic Total
Occlusions in Patients With STEMI: The EXPLORE
Trial [J]. J Am Coll Cardiol, 2016, 68 (15):
1622-1632.

OlkAE B #41.2022-11-16)



