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ABSTRACT

Background and Objectives : Endothelial dysfunction is an early change in the process of atherosclerosis. To
evaluate endothelial function, expensive and specialized medical devices like high-resolution vascular
ultrasound are necessary. Therefore, we sought to compare this atherosclerotic parameter of endothelial function
using the inexpensive and simple method of peripheral pulse arrival time (PPAT) measurement. Subjects
and Methods : Before and after meals, we measured PPAT and flow-mediated vasodilation (FMD). Resting
PPAT in both arms was measured with a PPAT device that was designed by the authors. Hyperemic effect was
tested in both arms after raising the blood pressure to 250 mmHg for 5 minutes by using a blood pressure cuff,
after which the cuff was released to 0 mmHg. PPAT was measured within the first 1 minute to observe the
hyperemic response. FMD was measured in the same process by 7 MHz high-resolution ultrasound in the left
brachial artery. The percent change was calculated from the baseline value and that of the hyperemic response.
Results : In low-fat diet, PPAT change was not different (3.8% vs. 4.7%, p>0.05) . In high-fat diet, PPAT tended
to be shorter, but without statistical significance (4.8% vs. 2.7%, p>0.05). In low-fat diet, the change of FMD
was not different (11.7% vs. 11.4%, p>0.05). In high-fat diet, there was a significant difference in FMD
(11.4% vs. 6.5%, p<0.05) . Conclusion : The PPAT measurement could be a method for evaluating endothelial
function, but is less sensitive than flow-mediated vasodilation. (Korean Circulation J 2004:34(2):178-185)
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Fig. 1. Diagram of the study design. PPAT: peripheral
pulse arrival time, FMD: flow-mediated vasodilation.
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Fig. 2. A: method of peripheral pulse arrival time (PPAT) measurement from electrocardiogram (ECG). and pho-

toplethysmography (PPG). B: device of PPAT measurement.

180

Korean Circulation J 2004;34(2):178-185



FARedste] 1670] AEAlolE 3kl
a1 159o] Aol E SiGitk 2t oA it AP
27M0)3L Ft Al XixlﬂWOHLoﬂH 170 cm, 1A
w2lo)ollA] 171 cmol™ it A5 71 ke 69 kg
o7 7F 7 Zell= o)t xhel 7k il

PPATEZS| T&ldoll Chst A3t
MBS B7] 9180 303 0% S oAl @
[ PPATSAA gk d3ite] #fos daa

AE BT r=0.80 vs 0.86, p<0.05) (Fig. 3).
OFH AR THHF 29| PPATRF FMD2| ARHEEA|

QA W {30 PPATE AdA7) gisiont
r=0.2, p>0.05), FMD+= #-2J3t Ada#aA7T Atk
(r=0.61, p<0.05) (Fig. 4).

250.00
1=0.80, p=0.002
__240.00
é 230.00 M
E . *
& 220,00 A s 4 s
° LI .
$ 210.00 * LI J
5 o‘ hd
g 200.00 Ly *
2 190.00 te
o . .
& 180.00
170.00 | | | | | | |
170.00 180.00 190.00 200.00 210.00 220.00 230.00 240.00 250.00
@ 1st measurement of PPAT (ms)

OFYAl U TIEEAIQ PPATEL U ARISHE RO Hst
(Table 1)

AAE2 o] ol A él%ioyéﬂ PPATHA& 216+
17 mseco]i IEFF 225+19 msec? LRI
GAte] FJ5PA F71A0Hp<0.05). Al

250.00

r=0.87, p=0.002

240.00 te
> o
£ 23000 LI
= LS
2 220,00 *

S -
S 210.00 ? 4
% *
£ 200.00
o) *
2 19000 *
©°
& 180.00
]7000 L L L L L L L
170.00 180.00 190.00 200.00 210.00 220.00 230.00 240.00 250.00
1st measurement of PPAT (ms)

Fig. 3. Reproducibility of the PPAT measurement. Two different measurements with 30 minutes apart in the same
volunteer showed significant correlation in baseline (A) and after hyperemia (B). PPAT: peripheral pulse arrival time.
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Fig. 4. Relatfionships between pre- and post- meal change of hyperemia induced response. A: no correlation
between low fat and high fat diet in PPAT measurements. B: significant correlation between low fat and high fat diet
in FMD measurements. PPAT: peripheral pulse arrival time, FMD: flow-mediated vasodilation.

181



oM 217 SPYA] PPATSX]E= 222+ 24 msec®]al I}
YFF 232422 msecE WERUuLA|7o] Fo5}
Al F7FITHP<0.05). 215 Wak= Ax]Alo]rolA
QYA 20511 msecollX FEFF 21418 msec
2 FsA 718 AL (p<0.05), Aol A =
QFgA] 218 +£22 msecollA 224 +24 msecZ F23F
A S7VREHp<0.05). s Hd Rl Waks B
| AXA ol A1 ¢HgA] 3.92+0.63 mmol
A FAFF 4.38+0.65 mm=E oA T8I
(p<0.05), AAMIAolFolk= 3.8920.59 mmel 4.32+
0.61 mm= FelapAl S7FsISATH(p<0.05). IAEA]0]
T8 217 QFA] 3.89+0.59 mmolr] FEFZ 4.32+
0.61 mm= Fo3HAl 57kl (p<0.05), 215 Hd
Al 3.88+0.55 mmelA] FHEFF 413+0.58 mm=
o3 i SRS BHATHRL0.05).

Alo|Zxfo|0f| 2 %PPAT & %FMD2| #5H(Table 1)
Aol @ iAo e HelA] 9% 2o
Ae] A g AS R e e] WekegAz 74
7ES] HBEEAIZES] X AR o] e A= 3.8+
3.8%8} 4.7E7.9%E FAXLE {28t AJolE Ho|
2] 43ke ™ (p>0.05) TAFAolTelx = 4.8+14.4%2
2.7+35%%2 HEFT WupLgr|Tte] dEEHE 4
S Holot FAFCE FolEkAlE etthp>0.05)
(Fig. 5). W= 229 &3t FMD2] WglE7tel
A A 9 AT AR e gk A7 7
A ZgEfe] AFekem 270 wighr Aol A=
11.74+3.1%8} 11.4+3.1%% 523t 212 Ho|A] 29k
T(p>0.05) Aol TFelM= 11.443.2%8} 6.5+

25%%2 ZAHOE fFogt
(Fig. 6).

zfolE HTHp<0.05)

i

a2l dae] Visddle 8] 53 olgale]
o] #el ol e dvhlivls 9] I
= frAlshetl Slo] Tad 9ES Siv dae] vl
o] o5 glele Fawte] F-a 4 S oA

Table 1. Data of various parameters in study popula-
tions

Low-fat diet  High-fat diet
(n=16) (n=15)
PPAT measurements
Baseline PPAT 216417 299494
pre (msec)
Hyperemia PPAT 225419 232422
pre (msec)
Baseline PPAT 20511 21822
post (msec)
Hyperemia PPAT 214+18 224424
post (msec)
PPAT change pre (%) 3.8+38 48+44
PPAT change post (%) 47+79 27+3.5
FMD measurements
Baseline @ pre (mm) 3.92+0.63 3.89+0.59
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artery diameter, PPAT: peripheral pulse arrival time, FMD:
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Fig. 5. PPAT changes before and after meal. A: low fat diet group. B: high fat diet group.
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