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(1) A2

5 #3F 79 #F4& FHg F Colin pulse waveform
analyzer Form/ABI, colin CO, Ltd. Komaki, Jappd ©]-&3}¢]
AsHor V|EHe A9 AdE ZAISte]l baPwWy,
ABI, Al = SAAY. A= o] FAga WA
FZA7)AL ARGl "tAZE Atk Axe 9y
A71E AT 4 & plethysmographic sensa?t &<
7FA|8}+= oscillometric pressure sensgg A AE o] a1,
AFAE e oscillometric W o® A Eo]  ABI 7}
A ow ALkdnh Ee LS o]&ste] ALk
gk EE o Ateole] ARt o AYE Sdek=T
A8 F= AIZre] SR HY 45 baPWV 7 AFEEHY T

AARAI TS 530] &8 = Sl th(Figure 1).
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Figure 1. Pulse wave analyzer and report of the result. Brachial-ankle pulse
wave velocity was measured with a volume-plethysalgic apparatus
(Form/ABI, colin CO, Ltd. Komaki, Japan). This insinent simultaneously
records the brachial-ankle pulse wave velocitychia ankle pressure index,
electrocardiogram and heart sounds.



(2) BaPWV ¢ 57

ML= wWuto]l olF7gl(ecm) W AEAIH(secp] HIE
EFIATh (Figure 2, @-@)%*. 1 baPWV & 4359 &
ol 3k gtoltt.

A (L) LD L®
baPWV = _ _
A AGA|ZE (T) Ta Tb

§_.'§ -.\\hg.-'s -.\\SF'E \\\L I_'. \|I
e o f} o o ® o
o o i
MI “‘«.} +\ ‘é'l \"\,_ )

Ta Tb

Figure 2. Pulse wave velocity. Pulse wave velocity is measured at two differéietss
of the body with a principle that beat (pulse w&wan) transmits faster as blood vessel
become stifferAbbreviations. baPWV: brachial-ankle pulse waveogiy. i: distance
between heart and right arm, ii: distance betweearhand right ankle, iii: distance
between heart and left ankle(l(ii-i): distance between right brachial and righnide,
L &Xiii-i): distance between right brachial and lefhkle.
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(3 MBI &) 37
=A% o Be ¥l g

S Uro] H7skAT (Figure 3).

Ankle systolic blood pressure

ABI =
Brachial systolic blood pressure
ABI<0.5 Severe PAOD
05<ABI<0.9 Mild to moderate PAOD
0.9<ABl<1.3 Normal
ABI>13 Non compressible (medial sclerosis, calcification)

Figure 3. Estimation of atheromatous peripheral artery stenosis by
measurement of ABI. Total iliac artery and both bifurcating iliac brdres
show no luminal narrowing but by the level of lkftee, there shows near 50%
luminal narrowing in left femoral artery and alsddstenosis in right femoral

artery.
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@AY 27

Tk Al (Augmentation Index)™= ™ $}(Pulse pressure)

et 571 FHAEP) AN 7571 AP

W gkS HlE = FAS kol th(Figure 4).
Augmentation P— P

Al (%) = x100 = x100
Pulse pressure Systolic BP-Diastolic BP

<P, S;: early systolic peak

Ag P S,: late systolic peak
1
e Incisura
PP s,

Tr

ED
Period

Figure 4. Augmentation Index (Al). Difference in pressure between first and
second peak/ P)of the central pressure waveform, expressed @emage of PP.
Value is usually negative in young healthy subje@tglection occurs during
diastole) but positive in older subjects (infleximecurs during systole) due to
increased arterial stiffening/wave reflection. Ald ratio of reflexed pulse pressure
to driving pulse pressure, which is calculated iy above formulaAbbreviations.
P,. first systolic peak, P second systolic peak, IP: inflection point, Ag:
augmentation, PP: pulse pressure, Tr: time to waegfection, EDQ: ejection
duration.
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=
Gensini scorgFigure 55 ©]-&3lo] FAISATH. #2938 3
A= A5 g3 il wefk 0-, 1-, 2-, 2 3-Vessel disease (VB
o, ol 2 =352 (Left main corornary artery, LM)

U 3-vD o] HWH A= g Z3H(Multivessel Disease,

Gensini score =sum of (stenosis score x
functional significance score)

Significance score
LM : 5 d-LCx : 1
p-LAD:25 OM :1
m-LAD : 1.5 p-RCA :1
d-LAD : 1 m-RCA : 1
1t Dx: 1 d-RCA 1
Dy : 0.5 PD:1
p-LCx: 2.5 PL:1

1:26% 2:50%

4:75% 8:90%
16:99%  32: 100%

Figure 5. Gensini scoring system. Abbreviations. LM: left main, LAD: left anterior
descending, Dx: Diagonal, OM: obtuse marginal, RG#&ght coronary artery, PD:
posterior descending, PL: posterolateral, Lcx: leifcumflex, p-: proximal, m-: mid, d-:
distal.
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EE SASA die dd 2 xFUAE ®ASIT
e "W o gded AT Apold A, AstEA
EAS vuslr] & unpaired t-tests A3 AL, baPWV,

ABI, Al ¢} ¥EH AT AWAES A A
Pearson </ F¥iEA S AT =3 s A gk
=HA1 fFEJAE Hrkstl flE eI AR
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Ttk ek AEAAEAY FeiES Tetk7] fl@l ROC
(Receiver operation characteristic) cufge ©]-8-3}o] o7l 2
Eol=g Faqlth. $AEH 412 SPSS for windows 11
(SPSS Inc., Chicago, IL, USA)S o]&3a p Fhkol

0.05m W] EASHoE folFt Aom et
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Table 1. Basdline clinical characteristics of the study cohort (n=443)

Non DM (n=262) DM (n=181) p
Age (yr) 58.8 +11.02 58.9+10.91 NS
Gender (M:F) 62:38 65:35 NS

Smoking (Y:N) (pys)
Stroke (Y:N) (%)

Lipid lowering agent (Y:N) (%)
Insulin sensitizer (Y:N) (%)

Hypertension (%)

Al (%)

Mean ABI

Mean baPWYV (cm/sec)
Gensini score

Weight (Kg)

Height (cm)

BMI (kg/m?)

Systolic BP (mmHg)
Diastolic BP (mmHg)
Pulse pressure (mmHg)
Pulse rate (bpm)

Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Mean LDL size (nm)
Homocysteine (umol/L)
BNP (pg/mL)

CRP (mg/L)

Fasting glucose (mg/dL)

9:11(29 + 17.8)
18:241 (6.8%)
178:81 (67.9%)
2:78 (0.7%)
153 (58.6%)
16.78 + 25.45
1.13 +0.09
1542 + 336
9.4 +19.23
67.9+12.79
163.5 + 8.36
25.0+2.8
126.9 + 19.13
76.0 + 12.27
66.5 + 11.55
70.8 +13
177.7+35.6
44.1 +77.52
106.6 + 33.75
26.43 +0.85
11.15 + 12.09
69.56 + 165.38
1.02 +8.41
100.3 + 22.61

9:11(26 + 19.6) NS
32:137 (17.6%)<005
82:055%)  <0.05
127:50 %P <0.0T
112 (61.9%) NS
16.0 + 24.87 NS
1.11+0.13 NS
1734 + 427 0.00
17.2 + 26.17 6.00
67.0 +10.75 NS
163.6 + 8.41 NS
24.8 +30.06 NS
130.8 +22.19 NS
75.1+12.66 NS
70.6 +14.22 0'0.0
749+ 12 d.00
1758+ ®.5 NS
41.7+1277 SN
107.7+32.91 NS
26.32 +0.84 NS
11.21 +6.05 NS
127.59 + 241.580.01
1.13 + 10.06 0.02
140.1 + 67.270.00

Data are expressed by mean + SD, except for freyudata.Abbreviations. Al: augmentation index, ABI:
ankle brachial pressure index, baPWV: brachial-anililse wave velocity, BMI: body mass index, B&odbl
pressure, HDL: high density lipoprotein, LDL: lowrtbity lipoprotein, BNP: B type natriuretic peptideRP:
c-reactive protein, CAOD: coronary artery occlusidisease, Y: yes, N: no, NS; not significant0.05,

"p<0.01.
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2. Gensini scored] 93 U= JAAE

Gensini score® ¥A|H A AH3lo] w5t A

—

o1AE E2lslry] 9ld| Pearson o ©EATEAS Aldc Ay

A%, baPWV, 3589, d% CRP ¥ BNP %o 9%
R 3t} (Table 2).

Table 2. Univariate analysisfor Gensini score

Gensini score
r p

Age (yr) 0.10 0.04
CRP (mg/L) 0.18 0.00
BNP (pg/mL) 0.27 0.00
Fasting plasma glucose (mg/dL) 0.21 d.00
mean baPWV (cm/sec) 0.21 0'00

kp<0.05,Tp<O.Ol.Abbreviations. r: correlation coefficient, CRP: eactive protein, BNP:B type
natriuretic peptide, baPWV: brachial-ankle pulsewsavelocity, yr: year.
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3.

baPWV ¢} #AA5H F22A3 #A

baPWV ¢ s JA2Fel  dA¥dE rHskrl fIEl
<=3 3] ) F-4 (Simple linear regression analysss) A &3k 2 3}
baPWV ¢} Gensini score= &9 APFAAE HStH(Table 3). =
Hat baPWV7} 5 7Fste] wel Gensini scorés <715 2L thH(Figure 6).
g Fog dze Bl s i SUhskel whet

baPWV e Htx %= &4 Z7}8 tH(Figure 7).

R?2=0.045, p<0.00

| o o
50 o® 5

109S 1UISUS)
o

0 1000 2000 3000 4000
I Mean baPWV (Cm/ Sec)
Figure 6. Relationship between baPWV and Gensini score for non DM

patient group (e) and DM patient group (o). As baPWYV increases, Gensini
score also increased showing positive linear catigad.
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Table 3. Smpleregression analysis of baPWYV for Gensini score
] Gensini score
R B 95% C.I. p
mean baPWV 0.0458 0.212 0.007-0.019  0.00

Abbreviations. R multiple coeffiicient of determinatiopf; standard regression coefficient,
C.l.: confidence interval, baPWV: brachial-anklelgriwave velocity.

*p <0.05

1,768—
1,800,

1,750
1,700
1,650

1,600
& baPWV
(cm/sec) 1,550

1,500

1,450

d

MINIMAL  1VD 2VD 3vD (VD: Vessel Disease)

Figure 7. baPWV and CAOD. As the number of significant stenotic coronary rte
increases, value of mean baPWV also increased.ckdlye CAOD 3VD showed
marked difference in baPWV compared with that afimal CAOD disease (p <0.05).
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4, baPWV ¢ ##EdH 895

baPWV ¢} fo]g dto] gl WFES 31st7] 93] Pearson
AR S Alglst A3 o1E, Al ABI, Gensini score d=, A%,
, gk, wdl Wl &% BNP, CRP, @849 &9

dEAe B, AT, A, ALdH AeE A9 RE HeeES

hs

Table 4. Univariate analysisfor baPWV

baPWV
Variables r p
Age (yr) 0.4 0.00
Al (%) 0.318 0.00
Right ABI 0.145 0.02
Left ABI 0.139 0.04
Gensini Score 0.212 0.bo
Height (cm) -0.193 0.01
Weight (kg) -0.163 0.01
BMI (kg/m?) -0.101 0.03
Systolic BP (mmHg) 0.607 0.60
Diastolic BP (mmHg) 0.433 0.00
Pulse rate (bpm) 0.106 0.02
Pulse pressure 0.545 0'00
CRP (mg/L) 0.218 0.00
BNP (pg/mL) 0.253 0.00
Fasting blood sugar (mg/dL) 0.110 0.02

Abbreviations. baPWV: brachial-ankle pulse waveow®y, r: correlation coeffiecient, yr: year, Al:
augmentation index, ABI: ankle brachial pressurdex, BMI: body mass index, BP: blood pressure, BBIP:
type natriuretic peptide, CRP: c-reactive protéjn<0.05, 'p<0.01.
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Gensini score 9] E@3F <2 YA

Gensini score?} o] A#A#AA7E A= 82AELS A CRP, BNP,

TEET, baPWV ©]al, o5& HATYE HF baPWV &
Gensini scoreg oS3k = H 291 9@ A TH(Table 5).

Table 5. Stepwise multipleregression analysisfor Gensini score

Variables r R? B p
BNP 0.271 0.07 0.27 0.00
BNP 0.384 0.14 0.27 0.00
Fasting glucose 0.27 0.00
BNP 0.428 0.18 0.23 0.00
Fasting glucose 0.26 0.00
CRP 0.19. 0.00
BNP 0.453 0.20 0.20 0.00
Fasting glucose 0.25 0.00
CRP 0.19 0.00
mean baPWV 0.15 0.01

Abbreviations. BNP: B type natriuretic peptide, CRReactive protein, baPWV: brachial-ankle pulse
wave velocityR%: multiple coeffiicient of determinations: standard regression coefficient, C.I.:
confidence intervalp<0.05,'p<0.01.
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AR 2 YA tHbaPWV(ecm/sec):1 #-91(940-1400),2 91 (1400-1750),
3 1+ 91(1750-3260);BNP(pg/mL): £ 91 (5-10),2 %1 (10-44),3 91 (45-1420);
CRP(mg/L): 13-91(0-1),2%91(1-2),3%91(2-50), 58 (mg/dL); 1% $:
474(<100), 29 &5 7ol (100-125), 3E-91: T (>126)].
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Table 6. Logigtic regression analysisfor MVD
Multivessel disease

O.R. 95% C.I. p

M ean baPWV

Tertile (1)

Tertile (2) 0.89 0.50-2.71

Tertile (3) 3.06 1.03-5.60 0.01
Fasting glucose

Tertile (1)

Tertile (2) 1.17 0.59-2.71

Tertile (3) 2.41 0.80-4.77 0.04
BNP

Tertile (1)

Tertile (2) 1.48 0.44-2.25

Tertile (3) 1.95 0.42-2.34 0.50
CRP

Tertile (1)

Tertile (2) 1.06 0.33-2.36

Tertile (3) 0.99 1.29-7.26 0.89

Abbreviations. O.R.: odds ratio, C.I.: confidenogetrval, MVD: multivessel disease, BNP: B type
natriuretic peptide, CRP: c-reactive protein, baPWachial-ankle pulse wave velocityaPWV
tertile(1): 942-1400cm/sec, baPWV tertile(2): 140060cm/sec, baPWV tertile(3):
1750-3260cm/sec; fasting glucose tertile(1): <10@gfasting glucose tertile(2): 100-125mg/dL,
fasting glucose tertile(3): >125mg/dL; BNP tertll(4-10pg/mL, BNP tertile(2): 10-44pg/mL,
BNP tertile(3): 45-1420pg/mL; CRP tertile(1): 0-UingCRP tertile(2): 1-2mg/L, CRP tertile(3):
2-50 mg/L.p<0.05,"p<0.01.
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i
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‘

gdd A3 7V 2 @ ecle]l HeE W
13 s o] 98 2A2Y IAEAS Adg 2
baPWVv + td# A3S dorj=d E Z 7]
21 ¥ % (attributable riskg .1 31(Table 5), 53] i baPWVi 4]
AHESlel HlE) skel AHESE ddd s de7 OR &
3.06°] A TH95% C.I. 1.03-5.6, p = 0.01) (Table 6).
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7. OHE# AF o] g baPwV o EIH

td e AAge] Ags 98 baPWVe HEdS 3] 918 ROCE
A 8s A3k (Figure 8). baPWV 1,635cm/seé] 2] 7 (cutoff value)s
T3lth(Table 7). 53] ol&d e vdny AT (dRE
55%, S°l%= 67%, AUC 0.63y] Hl&l D= $xkate] ¢

=2

iy
rlo

AW =S HYH WL 67%, Eo]% 55%, AUC 0.65p<0.00)(Table 7).
e 9w ARks iR tAl RS FEtelE baPWV
1635cm/secl| A 714 =& duinEe}l A dFEE H S tHTable 8).

(A) (B)
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Figure 8. ROC of baPWYV to detect MVD. Receiver operating characteristic curve to
determine the best cutoff value of baPWV for cardgrular disease. ROC curve of
total cohort(A) and DM patient group(B) with AUCB®. and 0.69 respectively.
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Table 7. Cutoff value of baPWYV to screen MVD

Multiple vessel disease (MVD)

sensitivity specificity AUC p 95% C.I.
DM 0.69 0.55 0.69 0.00 0.54-0.75
Non DM 0.55 0.665 0.63 0.01 0.54-0.72
Total 0.64 0.63 0.65 0.00 0.57-0.71

Abbreviations. DM: diabetes mellitus, AUC: area anthe curve, C.I.: confidence interval.

Table 8. Cutoff value of baPWV to screen MVD in DM patient group

baPWV (cm/sec) sengitivity specificity or ediIZt(i)\?etl\\//:Iue AUC
1599 0.73 0.50 35.4%
1635 0.69 0.55 36.7% 0.69
1659 0.66 0.56 13.3%

Abbreviations. baPWV: brachial-ankle pulse waveeigy, AUC: area under the curve.
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FIHE 7oz UE F #3719

Jm

3

baPWV 1,635cm/seg 7|02 tAaS F o= YRS

=

A%, Al, Gensini score,d%F, &% BNP, CRPY tad¥ A3
THES T 1Y F9% AolE HSltK(Table 9). 53] vhd
Aol 184S baPWV 1,635cm/seco] el 7d9-ol A 65%°]
RaL, Loolskql Aol el vdy deke] A9 = (odds

ratio)’} 3.089 %7} 3191 H95% C.1.1.06 - 5.54, p<0.01) (Figure 9)

—|—4£

Table 9. Baseline char acteristics of two groups devided by cutoff value

baPWV

<1,635 (n=248) >1,635 (n=196) p
Age (yr) 56.04 + 1.5 65.38 + 9.36 0.03
Al (%) 9.79 + 25.55 24.72 +22.87 0.01
Right ABI 1.12+0.12 1.13+0.12 NS
Left ABI 1.11+0.12 1.13+0.12 NS
Right baPWV (cm/sec) 1,323 +182 1,915 +3 01 .00
Left baPWV (cm/sec) 1,382 + 198 2,024 + 329 .00
Gensini Score 8.25 + 15.66 17.31£27.9 6.00
BMI (kg/m?) 25.0+2.8 24.86 + 3.06 NS
Systolic BP (mmHg) 119.34 + 15.26 140.1 + 20.07 00.0
Diastolic BP (mmHg) 72.18 +10.49 79.95+ 13 0.01
Pulse Pressure (mmHg) 46.83 +9.47 59.77 +12.89 00'0.
CRP (mg/L) 3.6+7.53 5.69 + 10.89 0'00
BNP (pg/mL) 52.31+117.2 151.34 +269.9 d.00
MVD (%) 281 (35%) 51 (65%) 0.01

Data are expressed as mean * SD, except for fregudata. Abbreviations. Al: Augmentation index,
ABI: ankle brachial pressure index, baPWV: bractaakle pulse wave velocity, BMI: body mass index,
BP: blood pressure, HDL: high density lipoproteibDL: low density lipoprotein, BNP: B type
natriuretic peptide, CRP: c-reactive protein, MVBultivessel diseas@<0.05, 'p<0.01.
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O.R. 3.08, p <0.01, 95% C.1.1.06-5.54

70%

60%
65%
50%

40%

30% 35%

20%

10%|
baPWYV >1635

baPWV<1635
0%_ iy

Figure 9. Odds ratio of MVD. The two groups devided by the cutoff value, baPWV
1635cm/sec showed significant difference in thevalence of multivessel disease.
Especially those with baPWV>1635cm/sec had 3.0&dimigher risk of developing
MVD than that below (p <0.01).
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Astract

Utility of brachial-ankle pulse wave velocity, ABI, Al asindependent
predictor of cardiovascular diseasein Korean type 2 DM patients

Hai Jin Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professazhul Woo Ahn)

Objective: Though cardiovascular disease is the major causteath in type 2
DM patients resulting in poor prognosis, they asaally diagnosed in advanced
stage because of their blunted nociception causeddmplicated diabetic
neuropathy. For this reason early predictor in ioaabcular disease in type 2
DM patients would be very useful in early detectaond preventive therapy. In
this study, we measured baPWV, ABI, Al, early irsdars of atherosclerosis, and
evaluated their role in predicting the severity adrdiovascular disease, a
macrovascular complication of DM type 2 patients.

Methods: Total 443 patients of 181 DM and 261 non DM pasemére enrolled
in the study with informed consent. They all wenedergone percutaneous
coronary angiography and measured baPWV, ABI anldyAd noninvasive pulse
wave analyzer. Atherosclerotic anthropometric amlsgic markers were also
measured. The extent of coronary artery occlusigeade was expressed by
Gensini scoring system.

Results: Between DM and non DM patient group, there was iaamt
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difference in baPWV, Gensini score, pulse ratesgpgressure, serum c-reactive
protein (CRP), B type natriuretic peptide (BNP)ddasting plasma glucose, all
higher in DM patient group. Gensini score was padiy related to baPWV,
fasting plasma sugar, serum CRP, BNP level and gritese, baPWV was the
only significant independent predictor of multivelsdisease in both groups. In
addition, with ROC curve, we could set the cut wdffue of baPWV at 1,635
cm/sec to screen multivessel coronary artery deseath 64.6% sensitivity and
63.5% specificity. Moreover odds ratio to developltmessel coronary artery
disease was 3.08 in those with higher than 1,63Semcompared to the group
below and especially DM patient group showed higsersitivity to this cutoff
value.

Conclusion: We suggest baPWV to be routinely examined in all pafients in
order to detect coronary artery occlusive diseaseaily stage, for those who
belong to the range above 1,635cm/sec who are giit hek of developing
multiple coronary artery occlusive disease, profntiation of interventional
measures could be helpful.

Key Words: baPWV, DM, Multivessel disease, CAOD, Atherosclesos
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