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Endothelial Dysfunction is Associated with Future Stroke in Patients
Who Undergo Percutaneous Coronary Intervention
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ABSTRACT

Background and Objectives: Endothelial dysfunction plays a key role in atherogenesis and it can predict future car-
diovascular events in subjects with and without coronary artery disease. This study was designed to evaluate the ass-
ociation between endothelial dysfunction and major adverse cardiovascular events (MACEs), and especially future
stroke in patients who have undergone percutaneous coronary intervention (PCI). Subjects and Methods: The study
subjects consisted of 182 patients (mean age; 59 years, 120 males) who underwent PCI and flow-mediated brachial
arterial dilation (FMD) using high-resolution ultrasound. They were followed up for a mean of 28 months (maximum;
34 months). MACEs included cardiac death, non-cardiac death, acute myocardial infarction (AMI), stroke, coronary
artery bypass graft (CABG), target lesion revascularization (TLR) and PCI due to de novo lesion during follow-up.
Results: The study subjects were divided into two groups according to the median value of the FMD; one was a pat-
ient with a high FMD (3.61% and the other was a patients with a low FMD<3.61%. There were 74 MACEs in 66
patients; 3 AMIs, 7 strokes, 49 TLRs, 2 CABGs and 13 de novo PCls. FMD showed no significant differences be-
tween the patients with and without MACEs (3.9%2.3% vs. 4.1 2.1%, respectively, p>0.05). Univariate analysis
showed that the patients with a lower FMD had a higher incidence of stroke (7 vs. O, respectively, p=0.005) than those
patients with a higher FMD, while there was no significant difference between the two groups in terms of AMI (1 vs. 2,
respectively), TLR (28 vs. 21, respectively), de novo PCI (6 vs. 7, respectively), CABG (0 vs. 2, respectively) and cardiac
death (0 vs. 0, respectively). On the multivariate Cox regression analysis, FMD was the strongest predictor of stroke
(OR; 0.418, 95% CI; 0.185 to 0.940, p=0.035). Conclusion: Endothelial dysfunction is also associated with future
stroke in patients who have undergone PCI. (Korean Circulation J 2007;37:497—502)
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Table 1. Patients demographics according to the presence of MACE

Total With Without
MACE MACE
Number (n) 182 66 116
Age (yrs) 59+ 10 59+9 59+ 10
Male (%) 120 (66) 46 (70) 74 (64)
Hypertension (%) 91 (50) 29 (44) 62 (53)
Diabetes (%) 46 (25) 16 (24) 30 (26)
Smoking (%) 78 (43) 33 (50) 45 (39)
Hyperlipidemia (%) 49 (27) 17 (26) 32(28)
BMI (kg/m?) 244+38 244+2.8 244142
Fasting glucose 151%+70 162£78 145+65
(mg/dL)
Total cholesterol 18947 191+46 188+48
(mg/dL)
Triglycerides (mg/dL) 186125 195£105 181+135
HDL-cholesterol 40+ 10 38+9 41+10
(mg/dL)
LDL-cholesterol 110 =40 110£41 110£41
(mg/dL)
Hs-CRP (mg/L) 0.16£0.21 0.17£0.26 0.15%£0.18
Homocysteine 10.7£4.0 10.7£3.9 10.7£4.0
(umol/L)
LVEF (%) 61110 59+ 10 6210
FMD (%) 41£2.1 39+2.3 41+21
Diagnosis, n (%)
Stable angina 87 (48) 25(38) 62 (53)
Unstable angina 31 (17) 11 (17) 20 (17)
AMI 64 (35) 30 (46) 34 (29)
Previous MI (%) 19 (10) 10 (15) 9( 8)*
Extent of disease
(=50% DS), n (%)
1-vessel disease 84 (46) 23 (35) 61 (53)*
2-vessel disease 62 (34) 27 (41) 35(30)
3-vessel disease 36 (20) 16 (24) 20(17)

#p<0.05 compared with group of with MACE. MACE: major adverse
cardiovascular event, BMI: body mass index, HDL: high density li-
poprotein, LDL: low density lipoprotein, Hs-CRP: high sensitivity-
C reactive protein, LVEF: left ventricle ejection fraction, FMD: flow
mediated dilation, AMI: acute myocardial infarction, MI: myocardial
infarction, DS: diameter stenosis
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Table 2. Patients demographics according to the FMD
during 24 months follow-up period (n=182)

Lower Higher

FMD FMD
Number (n) 91 91
Age (yrs) 60+9 58+ 10
Male (%) 56 (62) 64 (70)
Hypertension (%) 52 (57) 39 (43)*
Diabetes (%) 26 (29) 20 (22)
Smoking (%) 38 (42) 40 (44)
Hyperlipidemia (%) 60 (66) 73 (80)*
BMI (kg/m?) 244138 243+3.7
Fasting glucose (mg/dL) 151 +68 151£73
Total cholesterol (mg/dL) 186+ 51 19£43
Triglycerides (mg/dL) 188+ 123 187+127
HDL-cholesterol (mg/dL) 40+ 10 40+9
LDL-cholesterol (mg/dL) 112+ 36 109 =44
LVEF (%) 60+ 10 61+9
FMD (%) 2.5%0.6 56+2.0
Brachial artery diameter (mm) 4.87+0.6 4.4+0.6*

See the text for the definition of lower and higher FMD. Median FMD
level: 3.61%. *p<0.05 compared with lower FMD. FMD: flow media-
ted dilation, BMI: body mass index, HDL: high density lipo-protein,
LDL: low density lipoprotein, LVEF: left ventricle ejection fraction
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Table 3. Major adverse cardiovascular events (MACE) according to the
flow-mediated dilation (FMD) during 24 months follow-up period
(n=182)

Lower FMD Higher FMD
(0=91) (%) (=91 (%) P

Cardiac death 0(0) 0(0) NS
Noncardiac death 0(0) 0(0) NS
Myocardial infarction 1(1) 2(2) 0.500
Stroke 7(8) 0(0 0.007
Instent restenosis 36 (40) 30(33) 0.220
Target lesion revascularization 28 (31) 21(23) 0.158
Coronary artery bypass graft 0(0) 2(1) 0.249
New lesion PCI 6(7) 7(8) 0500
MACE 42 (46) 32(35) 0.083

See the text for the definition of lower and higher FMD. NS: non-
significant, PCI: percutaneous coronary intervention
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Table 4. Patients demographics according to the development
of future stroke

With Without
stroke stroke p
(n=7) (%) (0n=175) (%)
Age (yrs) 6619 59+10 0.058
AMI at diagnosis (%) 6 ( 86) 58 (33) 0.016
Extent of disease (>50% DS), n (%) 0.045
1-vessel disease 1( 14) 83 (47)
2-vessel disease 3( 43) 59 (34)
3-vessel disease 3( 43) 33 (19)
LVEF (%) 54+10 61£10 0.077
Base BA diameter 48+0.7 4.6*0.6 0.666
Hyperemic BA diameter 49+£07 48%£06 0.771
FMD (%) 20108 41%+2.2 0.044
Aspirin, 7 (100) 169 (97)  0.788
Nitrate 6 ( 86) 120(69)  0.077
Calcium channel blocker 2(29) 65(37) 0.485
Beta blocker 2( 28) 55(31) 0.308
ACE inhibitor 6 ( 86) 107 (61) 0.182
Statin 4( 57) 114 (65) 0472

AMI: acute myocardial infarction, DS: diameter stenosis, LVEF: left
ventricular ejection fraction, BA! brachial artery, FMD: flow-mediated
dilation

Stroke
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O +
< T
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Fig. 1. Kaplan-Meier analysis of event-free survival curves according to the level of flow-mediated dilation (FMD). A: analysis for all major adverse

cardiovascular events (MACE). B: analysis for stroke.
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