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Predictors of Ischemic Cardiomyopathy in Patients with Acute Myocardial
Infarction who Underwent Percutaneous Coronary Intervention

Hye Sook Kim"?, Myung Ho Jeongl‘z, Hyun Ju Yoon'?, Yongcheol Kim"?, Seok-Joon Sohn’, Min Chul Kim"?, Doo Sun Sim'?,
Young Joon Hong", Ju Han Kim"?, Youngkeun Ahn'?, Jae Young Cho'?, Kye Hun Kim'?, and Jong Chun Park"”

'The Heart Center of Chonnam National University Hospital, Gwangju, ’The Heart Research Center Designated by Korea Ministry of
Health and Welfare, Gwangju;, jDepartment of Preventive Medicine, Chonnam National University Medical School, Gwangju, Korea

Background/Aims: Many patients with acute myocardial infarction (AMI) suffer from heart failure due to progressive ischemic left
ventricular (LV) remodeling. This study investigated the predictors of ischemic cardiomyopathy (ICMP) in patients with AMI who
underwent successful percutaneous intervention.

Methods: A total of 547 patients with AMI were divided into two groups: ICMP (n = 66, 67.1 = 11.9 years, 78.8% males) and
non-ICMP (n =481, 62.5 + 12.2 years, 70.1% males).

Results: On echocardiography, the LVEF was significantly decreased (41.7 + 10.5 vs. 55.4 £ 10.3%, p < 0.001) but the LV end-dia-
stolic (54.1 £7.2vs. 49.3 £ 5.3 mm, p <0.001) and systolic (42.1 £ 8.0 vs. 33.5 £ 6.0 mm, p < 0.001) dimensions significantly
increased in the ICMP group compared with the non-ICMP group. According to multivariate logistic regression analysis, LVEF
< 50% (odds ratio [OR] 8.722, 95% confidence interval [CI] 2.986-25.478, p < 0.001), LV end-diastolic dimension > 55 mm
(OR 4.511, 95% CI 1.561-13.038, p = 0.005), and ratio of early mitral inflow velocity to mitral annular early diastolic velocity
(E/e’)>15 (OR 3.270, 95% CI 1.168-9.155, p = 0.024) were independent predictors of ICMP development.

Conclusions: The present study demonstrates that a larger LV size, lower LV function, and increased E/e’ (> 15) were independent
predictors of ICMP. Therefore, the development of ICMP should be carefully monitored in AMI patients with these features.
(Korean J Med 2020,95:188-200)
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Figure 1. Covariate balance between groups after propensity score matching. SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; ARB, angiotensin II receptor blocker; HR, heart rate; DM, diabetes mellitus ; CPR, cardiopulmonary resuscitation; BMI, body
mass index; CCB, calcium channel blocker; AKI, acute kidney injury; ACEi, angiotensin converting enzyme inhibitors; HTN, hyper-
tension; PPM, permanent pacemaker; ECMO, extra corporeal membrane oxygenation; IABP, intra-aortic balloon pump.
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Table 1. Baseline clinical characteristics

Group I (n=66) Group II (n=481) p-value
Age (years) 67.1£11.9 62.5+12.2 0.004
Males 52 (78.8) 337(70.1) 0.142
BMI (kg/m?) 243+3.0 245+3.5 0.623
Symptoms
Chest pain 55(83.3) 424 (88.1) 0.266
Dyspnea 12 (18.2) 51(10.6) 0.071
Vital signs on admission
SBP (mmHg) 118.0£21.1 124.1+233 0.047
DBP (mmHg) 76.6 £12.3 78.2+14.6 0.411
Heart rate (beats/min) 82.0+£19.3 79.5+17.2 0.280
Cardiovascular risk factors
Hypertension 33 (50.0) 250 (52.0) 0.763
Diabetes mellitus 24 (36.4) 135 (28.1) 0.164
Dyslipidemia 4(6.1) 45(9.4) 0.494
Smoking 41 (62.1) 281 (58.5) 0.579
Prior angina 6(9.1) 43 (8.9) 0.968
Family history 2(3.0) 31(64) 0.409
Clinical diagnosis 0.004
STEMI 43 (65.2) 222 (46.2)
NSTEMI 23 (34.8) 259 (53.8)
Killip class 0.008
I 43 (65.2) 383 (79.6)
il 6(9.1) 44 (9.1)
il 11(16.7) 30(6.2)
v 6(9.1) 24 (5.0)

Values are presented as the means + standard deviation or numbers (%).
STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; BMI, body mass
index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Table 2. Baseline laboratory and echocardiographic findings

Group I (n=66) Group II(n=481) p-value
Laboratory findings
WBC (/mm3) 12,340 + 4,235 10,560 + 4,057 0.001
Glucose (mg/dL) 201.7+£104.4 164.7+75.5 0.007
Creatinine (mg/dL) 1.3£1.2 1.00+ 1.0 0.096
Total cholesterol (mg/dL) 1709 +454 178.2+452 0.216
HDL-cholesterol (mg/dL) 41.7+129 40.2+10.3 0.293
LDL-cholesterol (mg/dL) 112.0+40.9 1143+41.8 0.680
Creatine kinase (U/l) 1,567.1 £2,261.8 781.9+1,801.7 0.009
CK-MB (U/) 163.9 £ 124.6 87.8+102.9 <0.001
Troponin I (ng/dL) 1242+ 113.5 44.5 +56.9 <0.001
hs-CRP (mg/dL) 3.84+6.7 142+3.2 0.120
NT pro-BNP (pg/mL) 3,377.9 +5,866.0 2,257.6 +4,925.2 0.156
HbA1C (%) 6.6+1.7 65+1.6 0.679
Initial echocardiographic findings
LVEF (%) 41.7+10.5 554+10.3 <0.001
LVEDD (mm) 54172 493+£53 <0.001
LVESD (mm) 42.1+8.0 33.5+59 <0.001
Indexed LVEDD (mm) 32.0+5.1 28.8 +4.1 <0.001
Indexed LVESD (mm) 249+54 19.6 +4.1 <0.001
LAD (mm) 399+72 38.0+6.0 0.072
Deceleration time (ms) 166.2 £51.6 204.0+61.5 <0.001
E/A ratio 1.19+£0.7 0.95+0.5 0.017
e’ 0.05+0.02 0.06 £ 0.02 0.004
E/e’ 16.7+7.8 12.7+6.1 0.001
Echocardiographic findings at 1-year follow-up
LVEF (%) 39.8+7.6 60.2+9.5 <0.001
LVEDD (mm) 60.1+£4.1 49.6 +4.9 <0.001
LVESD (mm) 469+53 329455 <0.001
Indexed LVEDD (mm) 353+4.1 29.0+3.7 <0.001
Indexed LVESD (mm) 27.6+4.1 192+3.8 <0.001
Deceleration time (ms) 196.2 £ 69.6 229.7+65.9 <0.001
FE/A ratio 1.53£1.2 0.88+04 <0.001
E/e’ 17.9+9.9 114+5.1 <0.001

CK-MB, creatine kinase myoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; hs-CRP, high-sensitivity C-reactive
protein; NT pro-BNP, N-terminal pro hormone brain natriuretic peptide; HbA1C, hemoglobin A1C; LVEF, left ventricular ejection
fraction; LVESD, left ventricular end-systolic dimension; LVEDD, left ventricular end-diastolic dimension; LAD, left atrial dimension;
e', early septal mitral annular velocity; E/e', ratio of early transmitral velocity to early septal mitral annular velocity.
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Table 3. Comparison of procedural and coronary angiographic findings

Group I (n=66) Group II (n=481) p-value
Symptom-to-door time (min) 1,248.7 +£3,576.7 1,279.0 £3,527.5 0.948
STEMI 319.9 +479.0 4355+928.5 0.427
NSTEMI 2,985.3 £5,702.7 2,001.9+4,612.5 0.338
Door-to-balloon time (min) 516.5+1,641.6 497.1 +£1,302.4 0913
STEMI 110.6 £236.7 65.1 +£36.3 0.215
NSTEMI 1,275.4 +£2,632.6 867.4 +1,690.1 0.473
Target vessel 0.187
Left main artery 2 (3.0) 12 (2.5)
Left anterior descending artery 40 (60.6) 235 (48.9)
Left circumflex artery 11 (16.7) 77 (16.0)
Right coronary artery 13 (19.7) 157 (32.6)
Number of involved vessels 0.866
Left main artery 2 (3.0) 18 (3.7)
Three-vessel disease 9(13.6) 51(10.6)
Two-vessel disease 18 (27.3) 125 (26.0)
Single-vessel disease 37 (56.1) 287 (59.7)
ACC/AHA type 0.257
A 0 0
B 6(9.1) 34 (7.1)
B, 41(62.1) 346 (71.9)
C 19 (28.8) 101 (21.0)
Pre-PCI TIMI flow 0.150
0 39 (59.1) 216 (44.9)
I 5(7.6) 39 (8.1)
il 10 (15.2) 121 (25.2)
il 12 (18.2) 105 (21.8)
Post-PCI TIMI flow 0.780
0 0 2(0.4)
I 1(1.5) 5(1.0)
il 3(4.5) 13(2.7)
il 62 (93.9) 461 (95.8)
Stent diameter (mm) 3.21+£0.36 3.17+£043 0.497
Stent length (mm) 241+7.1 229+7.1 0.240
Stent number 0.852
0 34.5) 24 (5.0)
1 53 (80.3) 368 (76.5)
2 10 (15.2) 86 (17.9)
3 0(0) 3(0.6)

Values are presented as mean =+ standard deviation or number (%).

ACC/AHA, American College of Cardiology/American Heart Association; STEMI, ST-segment elevation myocardial infarction;

NSTEMI, non-ST-segment elevation myocardial infarction; TIMI, thrombolysis in myocardial infarction.
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Table 4. Comparison of prescribed medications at 1-year follow-up

Medications Group I (n=66) Group II (n=481) p-value
Aspirin 66 (100) 474 (99.8) 1.000
Clopidogrel 46 (69.7) 335 (70.5) 0.890
Prasugrel 16 (24.2) 96 (20.2) 0.449
Beta-blocker 50 (75.8) 442 (93.1) <0.001
Calcium channel blocker 5(7.6) 60 (12.6) 0.237
ACE inhibitor 11(16.7) 70 (14.7) 0.681
ARB 46 (69.7) 398 (83.8) 0.005
Statin 63 (95.5) 460 (96.8) 0.556

Values are presented as number (%).
ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker.

Table 5. In-hospital clinical outcomes

Group [ (n=66) Group II(n=481) p-value
In-hospital complications
Cardiogenic shock 7 (10.6) 43 (8.9) 0.660
Stent thrombosis 4(6.1) 1(0.2) 0.001
Ventricular arrhythmia 7 (10.6) 27 (5.6) 0.115
Atrioventricular block 4(6.1) 20 (4.2) 0.516
AKI 2(3.0) 1(0.2) 0.040
Total cardiac events 32 (48.5) 109 (22.7) <0.001
Treatment during in-hospital stay
CPR 8 (12.1) 22 (4.6) 0.012
Pacemaker 5(7.6) 29 (6.0) 0.626
IABP 1(1.5) 10 (2.1) 1.000
ECMO 1(1.5) 2(0.4) 0.321
Defibrillation 7 (10.6) 26 (5.4) 0.096
Hospital stay (days) 10.6 £6.2 73+6.9 <0.001

Values are presented as number (%).
AKI, acute kidney injury; CPR, cardiopulmonary resuscitation; IABP, intra-aortic balloon pump, ECMO, extracorporeal membrane
oxygenation
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Table 6. Clinical outcomes at 1-year follow-up
Group I (n=66) Group II (n=481) p-value
Total MACEs, n (%) 28 (42.4) 91 (18.9) <0.001
Cardiac death 0(0) 3(0.6) 1.000
Recurrent myocardial infarction 6(9.1) 31(6.4) 0.422
Re-PCI 9 (13.6) 66 (13.7) 0.985
Re-hospitalization 22 (33.3) 19 (4.0) <0.001
Coronary artery bypass graft 0(0) 2(0.4) 1.000

MACEs, major adverse cardiac events; PCI, percutaneous coronary intervention.

Table 7. Predictors of ischemic cardiomyopathy according to multivariate logistic regression analysis

Univariate Multivariate
OR 95% CI p-value OR 95% CI p-value

Age > 65 (years) 2.199 1.285-3.764 0.004 2.016 0.737-5.511 0.172
STEMI 2.181 1.275-3.732 0.004 0.984 0341-2.839 0.976
Killip class > II 2.090 1.203-3.633 0.009 0.741 0.267-2.057 0.565
SBP < 100 (mmHg) 1.478 0.591-3.695 0.403

WBC (> 10,000/mm?) 2.505 1.428-4.394 0.001 2917 0.963-8.837 0.058
Glucose (=200 mg/dL) 1.741 0.991-3.057 0.054

CK-MB (per 1 ng/mL) 1.006 1.003-1.008 <0.001 1.002 0.997-1.007 0.380
Troponin I (per 1 ng/mL) 1.012 1.009-1.016 <0.001 1.008 1.000-1.016 0.052
LVEF < 50% 14.876 7.542-29.344 <0.001 8.722 2.986-25.478 <0.001
LVEDD > 55 mm 7.817 4.210-14.516 <0.001 4.511 1.561-13.038 0.005
E/e’>15 3.352 1.855-6.059 <0.001 3.270 1.168-9.155 0.024
E/A ratio>1.0 2.319 1.282-4.195 0.005 1.191 0.465-3.048 0.716
Cardiac event 3.212 1.895-5.445 <0.001 1.220 0.425-3.500 0.712
Stent thrombosis 30.968 3.407-281.507 0.002 2.423 0.144-51.452 0.570
AKI 15.00 1.341-167.777 0.028 16.754 0.524-536.092 0.111
CPR 2.878 1.225-6.760 0.015 0.993 0.170-5.793 0.993
Hospital stay (days) 1.048 1.015-1.083 0.005 1.011 0.962-1.062 0.668
Beta blocker 0.233 0.120-0.454 <0.001 0.336 0.112-1.008 0.052
ARB 0.445 0.249-0.794 0.006 0.844 0.318-2.236 0.733

OR, odds ratio; CI, confidence interval; STEMI, ST-segment elevation myocardial infarction; SBP, systolic blood pressure; WBC, white
blood cells; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic dimension; E/e', ratio of early transmitral
velocity to early septal mitral annular velocity; AKI, acute kidney injury; CPR, cardiopulmonary resuscitation.
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Figure 2. Results of primary endpoint analysis according to subgroup in patients with (A) an LVEF < 50%, (B) LVEDD > 55 mm, and

(C)E/e’ > 15.
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+ 1029 U/L, p < 0.001), troponin-I (124.2 + 113.5 ng vs. 44.5
+ 113.5 ng, p < 0.001) =27} F-oJ8HA] E3ich kg
(hemoglobin Alc, Hb Alc)= 1 ZollA] 6.6 + 1.7%, Tato)|A]
6.5 £ 1.6%% T o 7o 2}ol= glgle = 0.679), U
Al 2 [ oA 201.7 + 1044 mg/dL, Lol A 164.7 +
75.5 mg/dLZ =3} cHp = 0.007). High sensitive C-reactive pro-
tein, N-terminal pro-B-type natriuretic peptide+= 5t 7+ 2]u]
Sl Afolg Holx gk
B 27] AR AR SR A4 S A
B2 Lol A o8l S71= o] AUTH54.1

493 + 53 mm, p < 0.001). & Simpson2] BH[8]e] 2J3)
ZA3F LVEF= 1 oA 417 + 10.5%, [2ol|lA] 554 +
10.3%=2 ol A G2J3t ZFo]7} AUAthp < 0.001). E/A ra-
tio (1.19 £ 0.7 vs. 0.95 + 0.5, p = 0.017), 7] LEI P24
o} 7] $RHE &£5=219] H|(Ee ratio)gt= [ oA I
T} o l;gkumm + 78 vs. 127 + 6.1, p = 0.001). =7
AArpolA AlReE 250t HAF Aol gt tell LVEF
(39.8 + 7.6% vs. 60.2 + 9.5%)<} LVEDD (60.1 + 4.1 mm vs.
49.6 = 49 mm)7} S-2)3H4 ZFol7} QUQITKTable 2).

A4S TSN HHe| EY
A=W 2o Lol A FA P target vessel)e] HH 2

Z], ¥ 7 S>(number of involved vessels), ACC/AHA clas-
sification®]] 2J3F &3 WHo] EX 12|31 PCI & TIMI flow
A= Fst Alol= Tt WAFEH 2FwoA St
PCIe] AF RO A 1Ho] Felat Aol WAl 4 213l
o A”HIE 27, o] 9 A= ot Tholl §2jgk Zfol7}

Table 8. Predictors of ischemic cardiomyopathy according to multivariate logistic regression analysis after propensity score matching

Multivariate
OR 95% CI p-value
Age > 65 (years) 1.706 0.593-4.909 0.322
STEMI 0.703 0.220-2.242 0.551
Killip class > II 0.840 0.295-2.392 0.744
WBC (= 10,000/mm?®) 3.131 0.929-10.552 0.066
CK-MB (per 1 ng/mL) 1.002 0.997-1.007 0.377
Troponin I (per 1 ng/mL) 1.008 0.999-1.016 0.079
LVEF <50% 5.744 1.925-17.138 0.002
LVEDD > 55 mm 3.332 1.103-10.065 0.033
E/e’ > 15 3.104 1.047-9.205 0.041
E/A ratio> 1.0 1.026 0.379-2.775 0.960
Cardiac event 0.881 0.266-2.911 0.835
Stent thrombosis 2.174 0.106-44.578 0.614
CPR 1.060 0.177-6.341 0.949
Hospital stay (days) 1.076 0.980-1.181 0.122
Beta blocker 0.464 0.148-1.456 0.188
ARB 0.867 0.305-2.464 0.789

OR, odds ratio; CI, confidence interval; STEMI, ST-segment elevation myocardial infarction; SBP, systolic blood pressure; WBC, white
blood cells; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic dimension; E/e', ratio of early transmitral
velocity to early septal mitral annular velocity; AKI, acute kidney injury; CPR, cardiopulmonary resuscitation.
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9191 CH(Table 3).
X ok =

T2 AAR Al 7 o 2ol AR FA|of T A= aspirin,
clopidogrel, prasugrel, Z&Z23A|, SHX| L HA AZas <
AAl, 2~BF o) AR Hlszstl o, Tto A <] Bst
o HEFX}THA|(75.8% vs. 93.1%, p < 0.001)2} OHx] @Bl Al 4=
SA AHA|(49.7% vs. 83.8%, p = 0.005)2] ARg-o] itk
(Table 4).
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AFA(48.5% vs. 22.7%, p < 0.001)0] oF- 7F2] §-2]3t 2fo|7}
AATE A 2=, A WIS, AR =S =t
Afolof A o3t Zpol 5 Holx] ¥k
I HE Ak, s
o e Aug We A & ol 9n] Q= Aol
gtk AuaAas [ioflA Itof Histo] fofahA B
ATH12.1% vs. 4.6%, p = 0.012). L Y Q7|7+ [ o]
M to] vlste] AjA7]17ko] ZAATK10.6 + 62 vs. 7.3 + 6.9
], p < 0.001) (Table 5).
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S
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(Table 7).
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