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Abstract Arterial stiffness is well known to be an
important risk factor for cardiovascular events.
Although brachial-ankle pulse wave velocity (baPWV)
and bilateral blood pressure (BP) in the arms are
measured routinely, it is uncertain whether baPWV and
the difference in BP between the arms could predict
major adverse cardiovascular events (MACE) after
elective percutaneous coronary intervention (PCI). We
retrospectively examined 398 stable angina patients who
underwent successful bare metal stent (BMS) or drug-
eluting stent (DES) implantation and in whom we could
measure It. and rt. baPWV and BP in both arms. We
also calculated the absolute (]rt. BP-It. BP|) and relative
(rt. BP-It. BP) differences in systolic BP (SBP) and
diastolic BP between the arms. During the follow-up
period (9+3 months), 13 % of the total patients had
MACE [all-cause death, myocardial infarction, target
lesion revascularization (PCI or coronary artery bypass
grafting)]. In a multivariate analysis, stent size, left
ventricular ejection fraction, type of stent and insulin
use were significantly associated with MACE in all
patients. In the BMS group, stent size was significantly
associated with MACE. Interestingly, in patients with
DES implantation, the relative difference in SBP between
arms, It. baPWV and insulin use were independent
predictors of MACE. The cut-off levels of It. baPWV
and relative SBP between the arms for predicting MACE
were 1854 cm/sec and 0 mmHg, respectively. In

conclusion, both the relative difference in SBP between
the arms and baPWV in addition to insulin use
predicted MACE after DES implantation, but not BMS
implantation.
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1. Introduction

Arterial stiffness is an important predictive factor for
cardiovascular (CV) events [1, 2] and is associated with
arterosclerosis [3]. Measurements of arterial stiffness
are increasingly being used in clinical studies.
Brachial ankle pulse wave velocity (baPWV) is currently
a conventional measurement for arterial stiffness in a
clinical setting [4]. It is important to determine this
parameter with noninvasive automatic devices. The
use of pressure cuffs wrapped on the upper arm and
ankle is very simple, reproducible and inexpensive [5].
Thus, this is an easier method for screening the general
population than other methods for measuring arterial
stiffness. Many studies have demonstrated that
baPWV predicts cardiovascular events in a general
population or in patients with either hypertension
(HTN), diabetes mellitus (DM), end-stage renal failure
(ESRD) or acute coronary syndrome (ACS) [6-10].



Moreover, the method used to measure baPWV reflects
the stiffness of both the aorta and peripheral artery in an
arm and a leg and can be used to obtain bilateral
brachial blood pressure (BP) measurements.
Although the need to check BP in both arms has been
recognized, most general practitioners do not follow this
advice. Recently, Clark et al. showed that a difference
in systolic BP (SBP) of more than 10 mmHg between
arms was associated with vascular disease and mortality
[11]. In addition, a difference in SBP between arms
could be a novel risk marker for diabetic nephropathy in
patients with Type 2 diabetes [12]. Thus, we should
measure BP in both arms.

Howvever, very little information is available on the
association between CV events and either baPWV or a
difference in BP between the arms in patients with
coronary artery disease (CAD) after percutaneous
coronary intervention (PCI). To the best our
knowledge, there is no clear and significant marker of
revascularization in  current clinical  practice.
Consequently, we hypothesized that baPWV and/or a
difference in BP between the arms could be a better
predictor of CV events than conventional coronary risk
factors in patients with CAD after PCI. Since the rate
of in-stent restenosis after bare metal stent (BMS)
implantation was shown to be much higher than that
after drug-eluting stent (DES) implantation [13-15], we
evaluated the associations between these parameters
and MACE in all patients and in patients with BMS or
DES implantation.

2. Methods
2.1 Study population

From March 2003 to December 2012, we retrospectively
enrolled 539 patients who underwent successful PCI
and in whom we could measure baPWV and BP in both
arms at Fukuoka University Hospital. The patients
had at least 1 significant stenotic lesion with >50%
diameter stenosis (DS). Patients who underwent plain
old balloon angioplasty (POBA), who were diagnosed as
ACS or who had ESRD or were on hemodialysis were
excluded. Finally, we selected 398 stable angina
patients (297 males, 101 females; 68+11 years) who
underwent successful BMS or DES implantation. All
patients were diagnosed with stable angina by a history
of chest pain, coronary angiography (CAG),
electrocardiogram and multi-detector-row computed
tomography. Our protocol was approved by the ethics
committee of Fukuoka University Hospital. We
retrospectively collected and analyzed all data using the
database of Fukuoka University Hospital.

2.2 Cardiovascular risk factors and biochemical

parameters in blood

We collected information regarding the patient’s
coronary risk factors including HTN, DM, dyslipidemia
(DL) and current smoking in addition to prior
myocardial infarction (Ml), prior PCI, prior CABG and
current medications. Height and weight were
measured for all patients, and body mass index [BMI,
weight (kg)/height (m)?] was calculated. Data on
biochemical parameters in blood including low-density
lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), triglyceride (TG),
estimated glomerular filtration rate (eGFR) and glycated
hemoglobin Alc (HbAlc) were also collected.

2.3 Measurements of baPWV, bilateral BP, ankle-
brachial Index (ABI) and left ventricular ejection
fraction (LVEF)

Bilateral baPWV, bilateral BP and ABI were measured
during hospitalization or within one month before and
after PCI. After the patient had rested in a supine
position for at least 5 minutes, baPWV was measured
using a volume plethysmographic device (Omron
Healthcare, Kyoto, Japan), which uses a method based
on BP cuffs wrapped on the arm near the brachial artery
and near the tibial artery of the ankle [16]. We
recorded BP in both arms, ABI and bilateral baPWV.
Mean baPWV was calculated as (It. baPWV + rt.
baPWV)/2.  We also calculated the absolute (|rt. BP - It.
BP]) and relative (rt. BP - It. BP) differences in SBP and
diastolic BP (DBP) between the arms. LVEF was
measured by ultrasound cardiography before PCI.

2.4 CAG

CAG and PCI were performed according to the Judkins
technique by the patients’ interventional cardiologists
[17]. Coronary angiograms were analyzed with respect
to the 15-segment coding system of the American Heart
Association [18], and significant stenosis or restenosis
was considered to be >50% DS. PCI was performed
either ad-hoc or after loading antiplatelets. Patients
received either BMS or DES based on the judgment of
their cardiologists.

2.5 Major adverse cardiovascular events (MACE)

During the follow-up period (93 months), MACE [all-
cause death, myocardial infarction (MI), target lesion
revascularization (TLR-PCI and TLR-coronary artery
bypass grafting (CABG)] were analyzed. The
definition of Ml included ST-T and non ST-T elevation.
For a diagnosis of MlI, the patient had to have satisfied
the following criteria: evidence of ischemic



electrocardiogram changes and elevation of cardiac
enzymes. Stent thrombosis was defined according to
the Academic Research Consortium criteria [19]. TLR
was performed if the lesion had significant luminal
stenosis (>50% DS) in the presence of angina symptoms
and/or proven myocardial ischemia in the target vessel,
or in follow-up CAG. All-cause death was identified
throughout the follow-up period.

2.6 Statistical analysis

Statistical analysis was performed using SAS software,
version 9.3 (SAS Institute, Cary, NC, USA) at Fukuoka
University. A one-way analysis of variance and a
contingency table analysis were used for intergroup
comparisons of categorical variables. For intergroup
comparisons of continuous variables, we used Student’s
t-test and a contingency table analysis. We also used a
multiple logistic regression analysis for the multivariate
analysis to evaluate independent predictors of MACE.
A receiver-operating characteristic (ROC) curve analysis
was used to determine the cut-off of the It. baPWV and
the relative SBP between arms to distinguish between
with and without MACE at the highest possible
sensitivity and specificity levels. Values are expressed
as mean * standard deviation (SD). Statistical
significance was defined as a p-value less than 0.05.

3. Results
3.1 Patient characteristics at baseline in all patients

The patient characteristics at baseline in all patients are
shown in Table 1. Fifty-two of the overall patients
(13 %) had MACE. The mean age of all patients and
patients with and without MACE was 68110, 69+9 and
67+11 years, respectively. Patients with MACE showed
significantly lower percentages of DL and DES
implantation, lower levels of LVEF and TG and smaller
stent size than patients without MACE. In addition,
patients with MACE showed a significantly higher
percentage of insulin use. There were no significant
differences in conventional coronary risk factors (BMI
and percentages of DL, HTN, DM and smoking) except
for DL between patients with and without MACE.

3.2 Patient characteristics at baseline in patients with
BMS and DES implantation

Next, all patients were divided into two groups (BMS
and DES implantation), since the rate of in-stent
restenosis after BMS implantation was shown to be
much higher than that after DES implantation [13-15]

and since the type of stent and stent size may affect the
presence of MACE. Patient characteristics at baseline
in patients with BMS and DES implantation are shown
in Tables 2 and 3, respectively. The percentage of
MACE in patients with DES implantation (10 %) was
significantly lower than that in patients with BMS
implantation (18 %). In patients with BMS
implantation, patients with MACE showed significantly
lower levels of LVEF, rt. DBP, TG, and HDL-C and
smaller stent size than patients without MACE (Table 2).
In addition, patients with MACE showed a significantly
higher percentage of B-blocker use. On the other hand,
among patients with DES implantation, patients with
MACE showed significantly higher levels of It. baPWV
and mean PWV and higher percentages of right
coronary artery (RCA) as the target lesion and insulin
use (Table 3). Patients with MACE showed a
significantly lower level of relative SBP between the
arms.

3.3 Predictors of MACE in all patients and in patients
with BMS and DES implantation

Predictors of MACE as assessed by a multiple logistic
regression analysis in all patients and in patients with
BMS and DES implantation are shown in Figs. 1, 2 and 3,
respectively. In all patients, we selected factors that
were significantly different (percentage of DL, LVEF,
type of stent, stent size, insulin use and TG) between
those with and without MACE, as shown in Table 1, in
addition to age, gender, BMI and conventional coronary
risk factors (HTN, DL, DM and smoking) as
independent variables. MACE in all patients was
independently associated with LVEF (p=0.005), stent size
(p=0.018), type of stent (p=0.016) and insulin use
(p=0.002) (Fig. 1). Next, we analyzed predictors of
MACE in patients with BMS implantation. We selected
factors that were significantly different (LVEF, rt. DBP,
stent size, B-blocker, TG and HDL-C) between patients
with and without MACE as shown in Table 2, in
addition to age, gender, BMI and conventional coronary
risk factors as independent variables. MACE in
patients with BMS implantation was independently
associated with stent size (p=0.008) (Fig. 2). Finally, we
also analyzed predictors of MACE in patients with DES
implantation. We selected factors that were
significantly different (It. baPWYV, relative SBP between
arms, percentages of RCA as the target lesion and
insulin use) between patients with and without MACE
as shown in Table 3, in addition to age, gender, BMI and
conventional coronary risk factors as independent
variables. We excluded mean baPWV and selected It.
baPWV as an independent variable because mean



Table 1. Patients characteristics, baPWV, BP, ABI, target lesion characteristics, medications, biochemical parameters
in blood and MACE in patients without and with MACE in all patients.

P value
All (n=398) MACE (-) (n=346) MACE (+) (n=52) MACE (-) vs. MACE (+)
Age, years 68+10 67+11 69+9 0.167
Male, n (%) 297 (75) 258 (75) 39 (75) 1.000
BMI, kg/m? 24.0£13.3 24.0£3.3 235+3.1 0.291
HTN, n (%) 321 (81) 282 (82) 39 (75) 0.263
DL, n (%) 324 (81) 288 (83) 36 (69) 0.021
DM, n (%) 182 (46) 157 (45) 25 (48) 0.766
Smoking, n (%) 164 (41) 144 (42) 20 (39) 0.763
Prior MI, n (%) 93 (23) 83 (24) 10 (19) 0.598
Prior PCI, n (%) 102 (26) 92 (27) 10 (19) 0.309
Prior CABG, n (%) 12 (3) 10 (3) 2(3.9) 0.662
UCG-LVEF, % 63+13 6312 58+15 0.003
baPWV, BP and ABI
rt. baPWV, cm/sec 1801+404 1805+409 18424375 0.534
It. baPWV, cm/sec 1811+405 1803+407 1866+394 0.294
Mean baPWV, cm/sec 1806406 1799+410 1854+381 0.358
rt. SBP, mmHg 131+20 132420 130+23 0.603
It. SBP, mmHg 13121 131421 131423 0.896
Mean SBP, mmHg 131+20 131420 130+23 0.744
Relative SBP, mmHg 0.54+9.54 0.69+5.97 -0.48+5.67 0.186
Absolute SBP, mmHg 3.92+4.49 3.92+4.56 3.94+4.06 0.972
rt. DBP, mmHg 7611 76x11 73+12 0.081
It. DBP, mmHg 7611 7611 74+11 0.250
Mean DBP, mmHg 7611 7611 7411 0.139
Relative DBP, mmHg -0.37+4.57 -0.24+4.34 -1.27+5.86 0.228
Absolute DBP, mmHg 2.91+3.54 2.79+3.33 3.69+4.70 0.189
rt. ABI 1.1+0.1 1.1+0.1 1.1+0.1 0.386
It. ABI 1.1+0.1 1.1+0.1 1.1+0.1 0.962
Mean ABI 1.1+0.1 1.1+0.1 1.1+0.1 0.327
Target lesion characteristics
RCA, n (%) 104 (26) 87 (25) 17 (33) 0.242
LMT, n (%) 8(2) 7(2) 1(2) 1.000
LAD, n (%) 213 (54) 187 (54) 26 (50) 0.654
LCX, n (%) 73 (18) 65 (19) 8 (15) 0.701
DES/BMS, n (%) 259/139 (65/35) 232/114 (67/33) 27125 (52/48) 0.042
Stent size, mm 3.1x04 3.1+0.4 2.9+0.4 0.019
Stent length mm 21.146.0 21.146.0 21.4459 0.699
Medications
ACE-I or ARB, n (%) 292 (73) 256 (74) 36 (69) 0.502
CCB, n (%) 205 (52) 180 (52) 25 (48) 0.656
B-blocker, n (%) 60 (15) 48 (14) 12 (23) 0.096
Diuretics, n (%) 69 (17) 59 (17) 10 (19) 0.696
Statins, n (%) 306 (77) 266 (77) 40 (77) 1.000
Nitrate, n (%) 94 (24) 85 (25) 9(17) 0.296
Nicorandil, n (%) 108 (27) 94 (27) 14 (27) 1.000
SU, n (%) 52 (13) 45 (13) 7(14) 1.000
a-Gl, n (%) 51 (13) 42 (12) 9(17) 0.275
DPP-41, n (%) 10 (3) 10 (3) 0(0) 0.372
Insulin, n (%) 48 (12) 35 (10) 13 (25) 0.005
Biochemical parameters in blood
eGFR 64.0£19.3 64.4+19.1 61.1+20.2 0.253
TG, mg/dL 140+83 144186 11857 0.005
HDL-C, mg/dL 48+16 49+16 48+12 0.643
LDL-C, mg/dL 108+33 108+33 107+30 0.742
HbAlc, % 6.4+1.4 6.3+t1.4 6.6+1.7 0.330
MACE
MI, n (%) 11 (3) 0(0) 11 (21) N.D.
TLR-PCI, n (%) 37(9) 0(0) 37 (71) N.D.
TLR-CABG, n (%) 8(2) 0(0) 8 (15) N.D.
Death, n (%) 4(1) 0(0) 4 (8) N.D.
ISR, n (%) 64 (16) 17 (5) 47 (90) <0.0001

Continuous variables are expressed as mean + SD. BMI, body mass index; HTN, hypertension; DL dyslipidemia; DM, diabetes mellitus; M1,
myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; UCG-LVEF, ultrasound cardiography-left
ventricular ejection fraction; baPWV, brachial-ankle pulse wave velocity; BP, blood pressure; rt., right; It., left; SBP, systolic BP; DBP, diastolic BP;
ABI, ankle-brachial index; RCA, right coronary artery; LMT, left main trunk; LAD, left anterior descending coronary artery; LCX, left circumflex
coronary artery; DES, drug-eluting stent; BMS, bare-metal stent; ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor
blocker; CCB, calcium channel blocker; SU, sulfonylurea; a-Gl, a-glucosidase inhibitor; DPP-41, dipeptidyl peptidase-4 inhibitor; eGFR, estimated
glomerular filtration rate; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbAlc, glycated
hemoglobin Alc; TLR, target lesion revascularization; ISR, in-stent restenosis. N.D., not determined.



Table 2. Patients characteristics, baPWV, BP, ABI, target lesion characteristics, medications, biochemical parameters in
blood and MACE in patients without and with MACE in BMS implantation.

P value
BMS (n=139) MACE (-) (n=114) MACE (+) (n=25) MACE (3 vs. MACE (+)
Age, years 67+12 66+12 709 0.139
Male, n (%) 106 (76) 86 (75) 20 (80) 0.797
BMI, kg/m? 24.4+3.6 24.4+3.7 24.1+3.1 0.667
HTN, n (%) 103 (74) 87 (76) 16 (64) 0.215
DL, n (%) 110 (79) 93 (82) 17 (68) 0.172
DM, n (%) 56 (40) 48 (42) 8 (32) 0.379
Smoking, n (%) 58 (42) 47 (41) 11 (44) 0.826
Prior MI, n (%) 31(22) 26 (23) 5 (20) 1.000
Prior PCI, n (%) 27 (19) 24 (21) 3(12) 0.408
Prior CABG, n (%) 6 (4) 5(4) 1(4) 1.000
UCG-LVEF, % 62+13 64+12 54+16 0.001
baPWV, BP and ABI
rt. baPWV, cm/sec 1819+430 18364450 1742+317 0.222
It. baPWV, cm/sec 1829+435 18444453 1759+336 0.376
Mean baPWV, cm/sec 1824+429 1840+449 1750+323 0.346
rt. SBP, mmHg 13020 131£19 126422 0.217
It. SBP, mmHg 13020 131£20 125423 0.166
Mean SBP, mmHg 13020 131£19 125422 0.186
Relative SBP, mmHg 0.25+5.20 0.10+5.24 0.96+5.04 0.454
Absolute SBP, mmHg 3.85+3.49 3.78+3.61 4.16+2.88 0.624
rt. DBP, mmHg 76212 77£11 71+12 0.032
It. DBP, mmHg 76212 77£12 7311 0.153
Mean DBP, mmHg 76211 77£11 72411 0.068
Relative DBP, mmHg -0.71+4.64 -0.38+3.81 -2.20+7.24 0.232
Absolute DBP, mmHg 2.96+3.62 2.64+2.76 4.44+6.08 0.159
rt. ABI 1.1+0.1 11#0.1 1.1+0.1 0.552
It. ABI 1.1+0.1 11#0.1 1.1+0.1 0.902
Mean ABI 1.1+0.1 11#0.1 1.1+0.2 0.824
Target lesion characteristics
RCA, n (%) 47 (34) 41 (36) 6 (24) 0.351
LMT, n (%) 2 (1) 1(1) 1(4) 0.328
LAD, n (%) 69 (50) 57 (50) 12 (48) 1.000
LCX, n (%) 21 (15) 15 (13) 6 (24) 0.215
Stent size, mm 3.240.5 3.320.5 3.0+£0.4 0.001
Stent length mm 19.045.6 18.845.3 19.9+6.5 0.400
Medications
ACE-I or ARB, n (%) 99 (71) 81 (71) 18 (72) 1.000
CCB, n (%) 65 (47) 54 (47) 11 (44) 0.827
B-blocker, n (%) 22 (16) 14 (12) 8(32) 0.029
Diuretics, n (%) 24 (17) 19 (17) 5 (20) 0.770
Statins, n (%) 98 (71) 80 (70) 18 (72) 1.000
Nitrate, n (%) 33 (24) 28 (25) 5 (20) 0.797
Nicorandil, n (%) 42 (30) 36 (32) 6 (24) 0.631
SU, n (%) 14 (10) 11 (10) 3(12) 0.717
a-Gl, n (%) 14 (10) 11 (10) 3(12) 0.717
DPP-41, n (%) 302) 3(3) 0(0) 1.000
Insulin, n (%) 13 (9) 9(8) 4 (16) 0.251
Biochemical parameters in blood
eGFR 65.9+19.8 66.1+20.4 62.6+16.8 0.431
TG, mg/dL 147498 153+104 116452 0.010
HDL-C, mg/dL 48+17 49+19 43+10 0.034
LDL-C, mg/dL 118+34 119434 113432 0.458
HbAlc, % 6.3+1.5 6.3+1.5 6.2+1.3 0.772
MACE
ML, n (%) 4(3) 0(0) 4 (16) N.D.
TLR-PCI, n (%) 18 (13) 0(0) 18 (72) N.D.
TLR-CABG, n (%) 4(3) 0(0) 4 (16) N.D.
Death, n (%) 1(1) 0(0) 1(4) N.D.
ISR, n (%) 32 (12) 9(4) 23 (85) <0.0001

Abbrevaitions as shown in Table 1.



Table 3. Patients characteristics, baPWV, BP, ABI, target lesion characteristics, medications, biochemical parameters
in blood and MACE in patients without and with MACE in DES implantation.

P value
DES (n=259) MACE (-) (n=232) MACE (+) (n=27) MACE () vs. MACE (+)
Age, years 68+10 68+10 69+9 0.618
Male, n (%) 191 (74) 172 (74) 19 (70) 0.650
BMI, kg/m? 23.7+3.1 23.8+3.1 23.0£3.1 0.175
HTN, n (%) 218 (84) 195 (84) 23 (85) 1.000
DL, n (%) 214 (83) 195 (84) 19 (70) 0.103
DM, n (%) 126 (49) 109 (47) 17 (63) 0.154
Smoking, n (%) 106 (41) 97 (42) 9(33) 0.536
Prior MI, n (%) 62 (24) 57 (25) 5(19) 0.636
Prior PCI, n (%) 75 (29) 68 (29) 7 (26) 0.825
Prior CABG, n (%) 6(2) 5(2) 1(4) 0.487
UCG-LVEF, % 63+13 63+13 61+13 0.363
baPWV, BP and ABI
rt. baPWV, cm/sec 1805+390 1790+386 1936+406 0.066
It. baPWV, cm/sec 1802+389 1783+381 1966+424 0.020
Mean baPWV, cm/sec 1796+394 1778+389 1951+410 0.031
rt. SBP, mmHg 132421 132+21 134+23 0.599
It. SBP, mmHg 132421 131+21 136+22 0.245
Mean SBP, mmHg 132421 13121 135422 0.391
Relative SBP, mmHg 0.69+6.31 0.98+6.29 -1.81+5.97 0.029
Absolute SBP, mmHg 3.96+4.95 3.99+4.96 3.74+4.96 0.807
rt. DBP, mmHg 76+11 7611 75£12 0.705
It. DBP, mmHg 7611 76+11 75+11 0.778
Mean DBP, mmHg 7611 7611 75+11 0.735
Relative DBP, mmHg -0.20+4.54 -0.17+4.59 -0.41+4.17 0.800
Absolute DBP, mmHg 2.88+3.50 2.87+3.57 3.00+2.87 0.856
rt. ABI 1.1+0.1 1.1+0.1 1.1+1.1 0.460
It. ABI 1.1+0.1 1.1+0.1 1.1+0.1 0.654
Mean ABI 1.1+0.1 1.1+0.1 1.1+0.1 0.146
Target lesion characteristics
RCA, n (%) 57 (22) 46 (20) 11 (41) 0.024
LMT, n (%) 6(2) 6 (3) 0(0) 1.000
LAD, n (%) 144 (56) 130 (56) 14 (52) 0.541
LCX, n (%) 52 (20) 50 (22) 2(7) 0.124
Stent size, mm 3.0£0.4 3.0+0.4 2.9+0.4 0.382
Stent length mm 22.3+5.9 22.246.0 22.9+4.9 0.547
Medications
ACE-I or ARB, n (%) 193 (75) 175 (75) 18 (67) 0.352
CCB, n (%) 140 (54) 126 (54) 14 (52) 0.841
B-blocker, n (%) 38 (15) 34 (15) 4 (15) 1.000
Diuretics, n (%) 45 (17) 40 (17) 5 (19) 0.793
Statins, n (%) 208 (80) 186 (80) 22 (82) 1.000
Nitrate, n (%) 61 (24) 57 (25) 4 (15) 0.341
Nicorandil, n (%) 66 (26) 58 (25) 8 (30) 0.642
SU, n (%) 38 (15) 34 (15) 4 (15) 1.000
a-Gl, n (%) 37 (14) 31 (13) 6 (22) 0.242
DPP-41, n (%) 703 7(3) 0(0) 1.000
Insulin, n (%) 35 (14) 26 (11) 9(33) 0.004
Biochemical parameters in blood
eGFR 63.2£19.0 63.6+18.4 59.8+23.2 0.320
TG, mg/dL 137+73 139+74 119+95 0.190
HDL-C, mg/dL 49+14 48+15 52+14 0.268
LDL-C, mg/dL 103+31 103+32 101+28 0.684
HbAlc, % 6.4+1.4 6.4+1.3 6.9+1.9 0.150
MACE
MI, n (%) 7@3) 0(0) 7 (26) N.D.
TLR-PCI, n (%) 19 (7) 0(0) 19 (70) N.D.
TLR-CABG, n (%) 4(2) 0(0) 4 (15) N.D.
Death, n (%) 3(1) 0(0) 3(11) N.D.
ISR, n (%) 32 (23) 8(7) 24 (96) <0.0001

Abbrevaitions as shown in Table 1.

baPWV was significantly associated with It. baPWV and
the p value of It. baPWV (p=0.020) was lower than that
of mean PWYV (p=0.031) as shown in Table 3. MACE in
patients with DES implantation was independently
associated with It. baPWV (p=0.041), relative SBP

between the arms (p=0.026) and insulin use (p=0.004)
(Fig. 3). Thus, conventional coronary risk factors in
addition to age, gender and BMI were not associated
with MACE in all patients or in patients with BMS or
DES implantation.



OR (95% CT) P value

Age 1022 (0987 -1059) 0218 .
Gender 1.102 (0.515-2.359) 0.802 =
BMI 1.021(0.922-1.130) 0.693 —ra—
HT 0.733 (0.343—1.567) 0423 =
DL 0.519(0.243 - 1.111) 0.091
DM 0.730 (0.341 —1.562) 0417 =
Smoking 0967 (0473 -1.974) 0926 =
LVEF 0.968 (0.946 —0.990) 0.005 -
Stent size 0.374 (0.165 —0.846) 0018
Stent 0.445(0.230—0.859) 0016
TG 0.998 (0.993 —1.003) 0386
Insulin 4518 (1.740— 11.732) 0.002 ﬁ =
Dl.l 1 IID
Figure 1. Logistic regression analysis for MACE in all patients using independent variables.
OR (95% CI) Pvalue
Age 1038(0.983-1.095) 0.177 -
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Figure 2. Logistic regression analysis for MACE in patients with BMS implantation using independent variables.

OR (95% CI)  Pwvalue

Age 0.965 (0,908 —1.026) 0.251 —J-

Gender 0.709 (0.253 - 1.987) 0513 =

BMI 0936 (0.798 —1.099) 0421 —a—

HT 1.255(0373 -4226) 0713 =

DL 0448 (0.154-1.306) 0.141

DM 0.967 (0344 -2.717) 0.950 L

Smoking 0.855(0.298 -2453) 0771 =

It. PWV 1.001 (1.000-1.002) 0.037 ]
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RCA 2319(0.905-5938) 0.080 =

Insulin 3.547(1.091 -11.53) 0.035 Tl
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Figure 3. Logistic regression analysis for MACE in patients with DES implantation using independent variables.

3.4 Sensitivity and specificity of the level of It. baPWV
and relative SBP between the arms for predicting
MACE in patients with DES implantation

For patients with DES implantation, the sensitivity and
specificity of It. baPWV and relative SBP between the
arms for predicting MACE were examined by an ROC
analysis. The cut-off level of It. baPWV that gave the

greatest sensitivity and specificity for MACE was 1854
cm/sec [area under the curve (AUC) = 0.613, sensitivity =
0.634 and specificity = 0.593]. As shown in Fig. 4, the
cut-off level of relative SBP between the arms that gave
the greatest sensitivity and specificity for MACE was 0
mmHg (AUC = 0.623, sensitivity = 0.621 and specificity =
0.556).
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Figure 4. Receiver-operating characteristic (ROC) curve for the
relative SBP between arms for MACE in patients with DES
implantation.

4. Discussion

In the present study, we hypothesized that baPWV and
a relative and/or an absolute difference in BP between
arms may be better predictors of CV events than
conventional coronary risk factors in patients with CAD
after PCI. Unexpectedly, neither baPWV nor a
difference in BP between the arms was a predictor of
MACE in patients with stable angina after stent
implantation in all patients. In addition, conventional
coronary risk factors in addition to age, gender and BMI
were not associated with MACE in all patients or in
patients with BMS or DES implantation. Interestingly,
MACE in patients with DES implantation was
independently associated with It. baPWV and a relative
SBP between the arms.

Since the type of stent and stent size were predictors
of MACE overall (Fig. 1), all of the patients were divided
into patients with BMS implantation and DES
implantation to analyze the predictors of MACE after
stent implantation (Figs. 2 and 3). Interestingly, the
predictors of MACE in patients with DES implantation
(It. PWV, a relative difference in SBP between arms and
insulin use) were much different from those in patients
with BMS implantation (stent size).  The percentage of
TLR-PCI plus TLR-CABG in MACE in patients with
BMS and DES implantation was 88 % and 85 %,
respectively. Since most MACE was TLR-PCI plus
TLR-CABG due to in-stent restenosis (ISR), and since
the rate of restenosis in patients with DES implantation
(12 %) was much lower than that in patients with BMS
implantation (23 %), this may affect the differences in
predictors of MACE after stent implantation between
patients with BMS and DES implantation. In addition,
there was no difference in TLR in larger vessels for PCI
in either BMS or DES [20]. However, a small vessel
size for PCI was associated with an increase in TLR in
patients implanted with BMS [21]. Implantation of a

smaller BMS was more significantly related to target
vessel revascularization than DES implantation [22].
In this study, stent size with MACE was significantly
smaller than that without MACE in patients with BMS
implantation, whereas there was no difference in stent
size between patients with and without MACE among
those with DES implantation. A smaller stent strongly
affected the predictors of MACE in patients with BMS
implantation, and other predictors of MACE may be
canceled by this strong predictor in this study.

A relative difference in SBP between arms was a
predictor of MACE in patients with DES implantation in
this study, although a relative BP difference between
arms is unrelated to age, gender, ethnicity, arm
circumference and handedness [23]. BP in the rt. arm is
generally higher than that in the It. arm in healthy
subjects [24-26], perhaps because the rt. subclavian
artery is closer to the heart than the It. subclavian artery
[27]. Among patients with MACE and DES
implantation, BP in the It. arm was higher than that in
the rt. arm. Interestingly, the cut-off level of relative
SBP between arms that gave the greatest sensitivity and
specificity for MACE was 0 mmHg in patients with DES
implantation. They did not show a general difference
in BP between arms probably due to the progression of
atherosclerosis in the subclavian artery. Further
studies will be needed to clarify this issue.

An absolute BP difference was shown to be a novel
risk marker for diabetic nephropathy in patients with
DM and was associated with coronary risk factors in a
general population in Japan [12, 28, 29]. An absolute
difference in SBP of more than 10 mmHg between arms
has been associated with vascular disease and mortality
[11]. These reports indicated that an absolute
difference in BP is more important than a relative
difference in BP. In this study, the absolute differences
in SBP and DBP were only about 4 mmHg and 3 mmHg
in both patients with BMS and DES implantation.
Among all of the patients, only 26 had an absolute BP
difference of more than 10 mmHg. This may be why
the absolute difference in BP was not important for
predicting MACE in this study.

baPWV was also a predictor of MACE in patients
with DES implantation. Increased baPWV is
associated with the development of endothelial
dysfunction [30, 31] and atherosclerosis [3], and higher
levels of baPWV were associated with the risk and
severity of CAD [32]. Munk et al. indicated that
endothelial dysfunction led to stent revascularization in
patients with CAD [33]. Recent studies have also
shown that baPWV was a significant predictor of CV
events in patients with chronic CAD [30], and baPWV
can be a risk stratification index for the short-term
prognosis in clinical practice [34]. Ando et al. indicated
that more lipid tissue was present in the neointima of



sirolimus-eluting stent (SES) than in BMS [35]. A focal
angiographic pattern of restenosis was predominantly
observed in the DES group. Neoatherosclerosis was
responsible for ISR after DES implantation. Therefore,
higher baPWYV could be a predictor of TLR as the result
of endothelial dysfunction and the progression of
atherosclerosis in patients with CAD. Since DES
implantation strongly prevented reendothelialization
compared with BMS implantation, baPWV was only a
predictor of MACE in patients with DES implantation,
but not BMS implantation.

Furthermore, in patients with DES implantation, the
use of insulin was a predictor of MACE, although there
were no significant differences in the percentages of DM
and oral hypoglycemic agents and HbAlc between
patients with and without MACE. The progression of
insulin resistance to diabetes parallels the progression of
endothelial dysfunction to atherosclerosis [36]. Huang
et al. demonstrated that high levels of insulin are potent
at stimulating the proliferation of vascular smooth
muscle [37]. On the other hand, some studies have
suggested that insulin has opposite effects [38, 39].
Although the effects of insulin on atherosclerosis are
controversial, the disadvantage of insulin may affect
MACE in patients with DES implantation probably
because DM patients with insulin generally have severe
atherosclerosis in addition to endothelial dysfunction.

Overall, LVEF was significantly different between
patients with and without MACE. lijima et al. showed
that lower LVEF was a predictor of restenosis in small
vessels [40]. In fact, patients with MACE showed a
smaller stent size than patients without MACE.
Therefore, a lower LVEF was the result of severe
ischemic heart disease, and consequently LVEF may be
significantly associated with MACE in all patients.

Study limitations

This study has several limitations. First, the study was
retrospective and included a relatively small number of
patients. Second, non-invasive measurements were
performed after various treatments. Many of the
patients were taking anti-hypertensive, anti-
dyslipidemic and/or anti-diabetic medications that may
have influenced the measurements of the differences in
BP between arms and baPWV.  Third, we used 3 kinds
of DES (SES, paclitaxel-eluting and biolimus-eluting
stents). Fourth, we did not include some variables in a
logistic regression analysis (chronic kidney disease,
metabolic syndrome, and family history are known to
be important factors in CV events). Longer, larger and
prospective studies are needed to clarify these
limitations.

Conclusion
Both relative difference in SBP between arms and

baPWV were predictors of MACE after DES
implantation, but not BMS implantation.
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