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ABSTRACT

Background and Objectives: It is well known that atherosclerosis is characterized by chronic inflammation of an
injured intima and the pathological processes are initiated by an accumulation of morphologically distinct, mo-
dified forms of low density lipoprotein (LDL)-cholesterol. However, it is not well known whether the level of
modified LDL-cholesterol has clinical significance for the patients who underwent percutaneous coronary inter-
vention (PCI). Subjects and Methods: Eighty seven patients (mean age: 63.0% 11.1 years, 58 men) who underwent
PCI were enrolled. The patients with stable or unstable angina pectoris were classified as group I (n=44, mean
age: 62.419.3 years), and the patients with acute myocardial infarction were classified as group II (n=43, mean
age: 63.6112.7 years). Modified LDL-cholesterol was expressed semiquantitatively by agarose gel electrophoresis
with using the charge modification frequency (CMF). The clinical and coronary angiographic data was analyzed.
Results: The clinical diagnosis was stable angina in 13 patients, unstable angina in 31 patients, non-ST elevation
myocardial infarction in 5 patients and ST elevation myocardial infarction in 38 patients. There were no significant
differences of the CMF between two groups (3.0 7.9 vs. 2.1 £10.9, respectively, p=0.671). The diameter stenosis
was severe in the patients with a CMF greater than 10 (84.0 £ 10.4% vs. 78.6 £ 13.7%, respectively, p=0.047). The
six-month major adverse cardio-vascular events (MACEs) had no relationship with the CMF in group L. However,
in group II, the 6-month MACEs developed more frequently in the patients with a CMF higher than 10 {2 (28%)
for group 1l vs. 2 (5%) for group 1, p=0.031}. The patients with acute myocardial infarction and whose CMF was
higher than 10 had in-stent restenosis observed on their follow-up coronary angiography (p=0.003). Conclusion:
A higher level of modified LDL-cholesterol is associated with severe angiographic findings and a poor prognosis
for patients with acute myocardial infarction. (Korean Circ J 2008;38:475-482)
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Fig. 1. Calculation of the charge modification frequency on the
agarose gel electrophoresis. LDL-C: low density lipoprotein-cho-
lesterol.



Table 1. Baseline clinical characteristics
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Table 2. Lipid profile

Group I Group II Group I Group II

(n=44) =43 P =44  @=43) P
Age (years) 624+93 63.61£12.7 0.620 Total cholesterol (mg/dL) 183.8£39.9 177.5%+35.3 0.453
Male (%) 25 (56) 33(76)  0.049 LDL-cholesterol (mg/dL) 115.0£31.7 120.8£37.0 0.030
Hypertension (%) 11 (25) 7(16)  0.713 HDL-cholesterol (mg/dL) 450149 46.6£99 0.551
Diabetes mellitus (%) 16 (36) 14 (32) 0.320 VLDL-cholesterol (mg/dL) 206+124 19.7%+12.6 0.742
Weight (kg) 64.1£8.9 653*£10.5 0.574 Triglyceride (mg/dL) 107.1£54.2 111.5£50.4 0.096
Height (cm) 1609+8.4 164.0E£8.4 0.104 Charge modification frequency ~ 3.0£7.9 21%+109 0.670
Abdominal cricumference (cm) 90.3+8.9 86.5+6.5 0.053 LDL-C: low density lipoprotein-cholesterol, HDL-C: high density li-
Hip circumference (cm) 950461 93.6-77 0.668 E:;E(r)(ljtem-cholesterol, VLDL-C: very low density lipoprotein-chole-
BMI (kg/m?) 247+2.8 244%+32 0.693

BMI: body mass index
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Table 3. Coronary angiographic findings according to the CMF

CMF=10 CMF<10
m=16) =71)

Target lesion (%) 0.264
Left anterior descending artery 12 (75) 40 (56)
Left circumflex artery 4(25) 8 (11)
Right coronary artery 6 (37) 30 (42)
Left main stem 1 (6) 0(0)
Involved vessel number (%) 0.945
1 vessel 8 (50) 35(49)
2 vessel 6 (38) 28 (39)
3 vessel 2 (12) 8 (12)
ACC/AHA classification (%) 0.438
Type Bl 6 (38) 19 (27)
Type B2 6 (38) 17 (24)
Type C 4 (24) 35(49)
TIMI flow (%) 0.715
TIMIO 8 (50) 26 (37)
TIMI 1 0(0) 6(8)
TIMI 2 6 (38) 20 (28)
TIMI 3 2(12) 19 (27)

Lo W2 CMFO| Zlol=

CMF: charge modification frequency, ACC/AHA: American Col-
lege of Cardiology/American Heart Association, TIMI: Throm-
bolysis In Myocardial Infarction

p=0.047) (Table 4 and 5), AS7HMZ FAjo A TIMI &
I (p=0.008), ACC/AHAO] wE HH £
a2 9)9lth (p=0.031) (Table 6),
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Table 4. Baseline clinical characteristics according to the CMF

Table 6. Coronary angiographic findings

CME=10 CMEK10 Group I Group II
(n=16) (=71 =44 =43 "

Age (years) 64.2*£12.1 639%12.2 0925 Target lesion (%) 0.075
Male (%) 11 (68) 53 (75) 0.723 Left anterior descending artery 29 (65) 20 (46)
Hypertension (%) 2 (13) 35 (49) 0.021 Left circumflex artery 2 (4) 5(11)
Diabetes mellitus (%) 0(0) 14 (20) 0.006 Right coronary artery 9 (20) 18 (41)
Weight (kg) 67.6+5.9 64.9+10.3 0.329 Left main stem 4(9) 0(0)
Height (cm) 165.3+13.0 162.2£7.5 0.366 Involved vessel number (%) 0914
Abdominal circumference (cm) 94.1 6.4 87.3+t8.6 0.064 1 vessel 19 (43) 18 (41)
Hip circumference (cm) 95.1%+7.0 92.6t6.7 0.778 2 vessel 18 (40) 20 (46)
BMI (kg/m?) 249+2.9 249+3.3 0.998 3 vessel 7(15) 5(11)
Total cholesterol (mg/dL) 203.61+41.5 180.3£39.0 0.128 ACC/AHA classification (%) 0.031
LDL-cholesterol (mg/dL) 132.2£48.1 118.1£35.4 0.336 Type Bl 6 (13) 20 (46)
HDL-cholesterol (mg/dL) 413£17.3  465%12.6 0.321 Type B2 13 (29) 11 (25)
VLDL-cholesterol (mg/dL) 37.5+21.1 16.0£9.4 0.016 Type C 25 (56) 12 (27)
Triglyceride (mg/dL) 132.4£33.1 114.6£60.6 0.403 TIMI flow (%) 0.008
CME: charge modification frequency, BMI: body mass index, LDL- TIMI O 7 (15) 21 (48)
C: low density lipoprotein-cholesterol, HDL-C: high density li-
poprotein-cholesterol, VLDL-C: very low density lipoprotein-cho- TIML 1 1) 3(6)
lesterol TIMI 2 14 (31) 10 (23)

TIMI 3 22 (50) 9 (20)

Table 5. Coronary angiographic finding according to the level of
charge modification frequency (CMF)

CMF= 10 CMF<10

(n=16) (n=71)
22.7+5.7 21.3£8.2 0.445
MLD (mm) 0.5+£0.4 0604 0.684
Diameter stenosis (%) 84.0+104 78.6+13.7 0.047
MLD after PCI (mm) 28+04 28104 0978

Lesion length (mm)

Diameter stenosis after PCI1 (%)  9.517.7 105+7.1 0.630
Ballooning, N (%) 0(0) 6(8)
Stenting, N (%) 0.137
Bare metal stent 3(19) 15 (71)
Drug eluting stent 13 (81) 50 (21)
Stent size (mm) 3.1%0.2 33404 0.043

261+44 246+62 0.269

MLD: minimal luminal diameter, PCI: percutaneous coronary in-
tervention

Stent length (mm)
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ACC/AHA: American College of Cardiology/American Heart As-
sociation, TIMI: Thrombolysis In Myocardial Infarction

Table 7. Coronary angiographic follow-up and the in-stent res-
tenosis

Diagnosis PCI e ISR
CAG CMF>10 CMFX10
AMI
BMS 9 3 2 0
DES 33 14 0 0
Balloon 1 0 0 0
Subtotal 43 17 2 0
AP
BMS 10 6 0 2
DES 31 14 1 2
Balloon 3 0 0 0
Subtotal 44 20 1 4
Total 87 (100%) 37 (42.5%) 3 4

AMI: acute myocardial infarction, AP: angina pectoris, PCI: per-
cutaneous coronary intervention, F/U: follow up, CMF: charge
modification frequency, CAG: coronary angiography, ISR: in-
stent restenosis, BMS: bare metal stent, DES: drug eluting stent
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Table 8. Coronary angiographic findings and six-month MACEs in
the patients with myocardial infarction according to the level of CMF

CMF =10 CMF<10
(n=7) (n=36) P

Involved vessel number (%) 0.665

1 vessel 4 (57) 18 (50)

2 vessel 2(29) 14 (39)

3 vessel 1(14) 4 (11)
Lesion length (mm) 23.8£4.0 21.4+£8.0 0.258
MLD (mm) 0.2%£0.2 0.4%+0.3 0.141
Diameter stenosis (%) 90.1£109 833+109 0.142
MLD after PCI (mm) 27102 27104 0.839
Dhamete) stenosi after 1194103 127473 0797
Ballooning (n) 0 1
Stenting 0.139

Bare metal stent (n) 1 8

Drug eluting stent (n) 6 27
Stent size (mm) 31£0.2 32+03 0.202
Stent length (mm) 25.5%+3.2 240£59 0.512

Six-month MACE (n, %) 2(28) 25 0.031
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Table 9. Coronary angiographic findings and the six-month MA-
CEs in patients with angina pectoris, according to the level of
CMF

CMF =10 CMF<10
(n=9) (n=35) P

Lesion length (mm) 21.8£6.9 21.4+8.9 0.676
MLD (mm) 0.7%£0.5 0.7%£0.4 0.834
Diameter stenosis (%) 793+75 73.2+149  0.287
MLD after PCI (mm) 2.8£0.6 2.8£0.6 0.899
D;g?e(f,/e; stenosis after 76146 79455 0122
Ballooning (n) 1 5
Stenting (n) 0.863

Bare metal stent (n) 2 7

Drug eluting stent (n) 6 23
Stent size (mm) 31%+03 34+05 0.110
Stent length (mm) 26.5%53 25.2%6.5 0.558

Six-month MACE (n, %) 1(11) 4 (11) 0.223

CMF: charge modification frequency, MLD: minimal luminal dia-
meter, PCI: percutaneous coronary intervention, MACE: major
adverse cardiac event
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CMF: charge modification frequency, MLD: minimal luminal dia-
meter, PCI: percutaneous coronary intervention, MACE: major
adverse cardiac event
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Fig. 2. Two examples of the charge modification frequency on the agarose gel electrophoresis. A: CMF=0. B: CMF=54. CH: cholesterol,
TG: triglyceride, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol, VLDL-C: very low density lipo-

protein-cholesterol, CHYLO: chylomicron.
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