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Fik ¢ Rt —EAMEACRER (45°C k) Fo—EA B R (TCK)- 60 HitELHRE (F&
25 + 45520 8% FH03l £4F%) FmAFE - Bk REBHFULEFRIBCKRTEHF 2
SAEtE FEERA 0 KR8 30 AR 0 AFBIEAR TCHyKES 2 msuth T80 o BT IRMPEN
LY A S RERE LRI BB P BT R ZAELEFANEHRERNE BB E - BRI
AR AT RAR B SR R BB A -

BRI ARBT AFHEERERBEENEF (353 £ 165348 £ 1.8 p<0.05) > #M
FobMBRAELFEAMS EFHRFEESCBRTHBAELRE (PO01) SELRAS
1838~ B A 50 BB SIE T % @A R84 B B F #R4% #1-2(normothermic control-2)
F032 T A KIE 2z tbdx > HF% % $eA B8+ #((0.51+0.23 to 0.55+0.21, P<0.05) - # 3k ik Y 1 &)
Bk 38 VB 0 45 TR B8 K $147 3 & 3% X (radial late systolic and the diastolic augmentation(%- %] &
53.05+14.08 % to 50.31+14.4% (p <0.05), 41.94+10.65 to 39.37+8.85 (p <0.05)) > MARREIET
1 1 W 5 1 W 4 JE 3 K 14T SRR 38 K (551 B 53.87£14.27% to 58.88+15.77(p<0.001),
43.07+8.92 t0 46.33+12.52 (p<0.05) ) ; S ARty SAEAE EAMKIAR (O - I0Hz) B BaF £ & » (28
RERAMRIL S T & 9A#4& 10-50Hz 3884 & (%A 7.51E-12£5.91 to 11.01E-12+7.58 (p <0.01)
LA B OR 85 R SR A5 2 b1 (SER(10)) (%1 A 484.89+382.64 to 330.49+253.84 (p <0.01) - %A
RERE 2R (5% 24 10.40E-12+8.10 to 7.28E-12+7.16 (p<0.001), 375.37+250.93 to
532.94+426.64 (p<0.01)) °
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& 3 A ]I S SRR A 38 K (radial arterial pressure augmentation) * & A ok S E &
oo S Ak fu SR 3P K SLSE AR B 4 10-50 h2kSAF A A B o M BHARSA L AE B 42 10-50 kSR
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MeEsd - BB S g BEM (HRV) > SR04 » BB SGRSR A Ao B8R -



CCMP98-RD-030-2
A standardization study of pulse diagnosis in tempurture variation:
Effects of Heat and Cool-stress on radial pulse

Fun-jou Chen
China Medical University

ABSTRACT

Introduction: The radial pressure pulse (RPP) provides a great amount of physiological information
about the human body. This study aims to explore the effects of heat and cooling stress on the RPP,
and heart rate variability (HRV).

Methods: Heat stress test (45°C water) and cold pressor test (7°C water) were designed. Sixty
healthy subjects (age 25 + 4 yr; 29 men and 31 women) were enrolled in this study. First, the subject
immersed its left hand into 45°C water for a period of 2 minutes, followed by resting for 30 minutes
and then the subject immersed its left hand into 7°C water again for a period of 2 minutes. All
subjects underwent supine temperature measurements of the bilateral forearms, brachial arterial
blood pressure, HRV and RPP with a pulse analyzer during normothermic control and thermal stress
periods.

Results: In the baseline condition, the skin temperature of the right hand is significantly higher than
that of the left hand (35.3+1.6 versus 34.8+1.8, p<0.05). Heat and cooling stimulation was carried
out only on the left hand, the skin temperature changes of both hands showed significant difference
(P<0.01). For both the low-frequency and high-frequency components. The power spectrum of
HRYV revealed a decrease during the heat test, and an increase during the cooling test. There were
significant increases in the HF% of normothermic control-2, compared with those under 7°C
immersion (0.51+0.23 to 0.55+0.21, P<0.05). The heat test significantly reduced late systolic and
diastolic augmentation of the RPP(53.05£14.08 % to 50.31£14.4% (p <0.05), 41.94+£10.65 to
39.37+£8.85 (p <0.05) respectively), but the cooling test significantly increased late systolic and
diastolic augmentation of the radial pressure pulse (53.87+£14.27% to 58.88+15.77(p<0.001),
43.07+8.92 to 46.33+12.52 (p<0.05) respectively), The spectral energy of RPP did not show any
statistical difference in 0-10Hz under all conditions, but showed a significant increase in 10-50Hz
(7.51E-12+£5.91 to 11.01E-12+7.58 (p <0.01)and a significant decrease in the spectral energy ratio
(SER(10)) (484.89+£382.64 to 330.49+253.84 (p <0.01) during the heat test. These responses were
significantly reversed in the cooling test (10.40E-12+8.10 to 7.28E-12+£7.16 (p<0.001),
375.37+250.93 to 532.94+426.64 (p<0.01) respectively).

Discussion: Although the heat and cool were stimulated only on the left hand, the RPP of right
hand showed significant difference while normothermic control comparing with the heat or the
cooling test. Heat reduces RPP augmentation, indicating the decrease of left ventricular load, and
cold increases RPP augmentation, indicating the increase of left ventricular load. The radial Al are
significant correlation with spectral energy of 10-50Hz. The spectral energy of the radial pulse in
10-50 Hz bands only possesses a small percentage in total pulse energy; it can be significantly
altered by local skin temperature stimulation, thereby revealing important physiological
characteristics in humans exposed to heat, and cool stresses.

Keywords : radial pressure pulse; heart rate variability (HRV); spectral analysis, heat stress test, cold

pressor test.
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AEH KR ARIB R R B CEREEER  KOMBEIBRERRN &R
BAPREE AL B ARIBE IR E  ARHIKE N IRFEFEAR
EHAEMBLLOEN > TEABAMRIEFEARG T XERF - ARE
B MEIKE A FH R EAKRER  4FTRE PR B AETRRC ISR
.64 P RA[1] 48 8 AR AR 3G B T LA 3745 38 K 14 i (augmentation index) ~ BhAk
BRI LR EE o AR CRA B EAKIE K 1% B (augmentation index)
TRERAECE 8 fr(load)[2] - M ERBANILET  dos M -H-F%F >
FROARE S R BRBE Bk Bk e 3] A EMERNA > REMNLRR FRE
MEIIE Y o AR P ) X A% M F 3E B (vasomotion) » A o BB ELIER A B
X RATLEE A S [4] o KB 85 FE /1 (metabolic stress) T 3] 5 & & fo B &
& (2R EBFRB DV E AT ESH[S]) - BEMBIKEI AR E LT WYE
ERY o FESH[6]c B AAHEERRER  ABFRBARNBAIRE
S E B s eI AAREE T R GET] AR EBR KL
BRAE RS 0 B EBAAREIRE KB IE MBI - fFldo > KBF
B ara| ke B Bl f B L EE 0 325 R Bk 69 R 4 42 £ (wave reflection levels): B
SbAE 43 & S 0k 45 R 3% K (augmentation of the central systolic pressure)’ 4 3% %
% & #M(cardiovascular accident)#) =T g1+ £ FH(8) - HF R LA AT R & 35 4R
&) ik 49 objective vasodilatation [9] ° :

A ha B R ER(CPT) A % &M FEANASK-T CO)—K&BFR(1-6 748)1A
EASRRE 635 AR 0B BP) < F£(HR)LA[L0, 1] w# % E(HRV)
IR AR T EHAAERGAE LT & FTRRFEER T o

4875 8 0 1&38(0.04-0.15 Hz) | % o Bk A Fo T BT 238 % [14] - B sbARSR S
B SE 6 L R AR 4R B SRR R -2k A AT R T ey B B E(15] - BSALS SA
SAAEE 49 Atk (HF%)THE A 3| R ARE S 6945 47[16] o Ll S 8T A UA3F
HBEREHARE B BESMRGIRE ARG Ao EE RO Y
RTRAARBAT  BREWHETHHBRAELZOVYE -
Bk Ao SRR AT R RAE T A RO AR IKRE ARGk &) ik - AR
B 0 EE MRS PER L HIRERBT] - HEF AL SR
i {g (peaks) AL B S o M A L F A EFRETH RS BB AL S
(18] = # BASRE 547 A 104k 2 (H2) 89 A K > #6538 3 10HZz 0L L 694 B Ak
BAGBEREEALF AL S LEARTRE 25 MHERK EH48i810HzA]
B RAA L o 4] A 518 R B 48 % 0948 3 A8 F LA (SER) R 47 e 80 Ak >
SER(f)&y & & HE(D/Ey(f) » E\£fHzA FHAE A Z 4840 » Bl R HzA EAg
& 4o » 23 SER(10) = 10013 1845 & 69 Ml > TR A A2B100% R E » K
AR B R ER[19] - R ABREKE K AEBR EE T L — 55k
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# #&(METHODS)

FHA | RRBA 60 MR LKA S 5(29 B FHE 31 £4H)
BRI EE A 25 1240 & 0 KHRIA 24 7243 K - AHEREHRLF
EZRTBBEREMBABERARKREETRTHAE - RARXRTAA
RREHBRLOIER L OB BREAHRBRR  BEANTRAT
BELREREE o RBRAT 24 /2 LN ER Sk BN - |

3 5% 3 B (Testing protocol)

H-LHREHLIRRAB —REEFEANBR A B —RBER
ANTEAKT - FEiBEwE | AT TRETH EREFHHMK26E
27T Bz o 2 REHRMPALLIRE 20 545 0 BT TR P B » &R 2
phEdA  cBREBHGHTAERANETILE 0B -SR-S ERARE
B 2R Ak 0 st IR R A FIBIEH]-1 ¥ #(normothermic control-1 variables) °
SREBEBLEFENA BEHRAY 2 5481 FEMABKIERZAEER
o MRBLE RSB RE30SERBB IS EHKERATEALK L E
HATH S EK o BN T BEAKAT& R EHE A F B H-2 % #(normothermic
control-2 variables) °

#] & (Measurements)

& J& 8 F& 3 2 (SKkin temperature measurements)

AEERE  FHT 3 24 WA 4 948 K 31 (Omni-Nure TE-HBI,
Constant healthcare technology Co., Ltd., Taiwan) #&$8i&A5 R & -

fn.i% & /7 % 8] & (Hemodynamic measurements)

aB (KEREAERE) Aok E ERRARERFTFAT T BN
Panasonic Diagnostec Upper Arm Blood Pressure Monitor (Matsushita electric
Works, Ltd. Osaka Japan) » #§ H B % a0 & £ E5 B4F -

Bk i 3] & L 45 #7 (Pulse measurements and analysis)

HEFHRERB N EARBHREE  TREZEAE)ME  REHEK
BREABRBEHR - B— LRFUPEALEE8] > &0 2A /77 » BRBR
BB AR B RE N B ZRARKARIKRBTAREKE » 4o
2B B JE B 4% 4 SR L AROE IR S B AL 3 BN B 0 AR AE o ¥ #3145 Fast
Fourier transformation 4¥%] 0 ~ 10 Hz~ 10 ~ 50 Hz &3 L Ffo R
SER(10) * SER(10)% # 10Hz A F A3 At E 48 F0/10Hz A L AE E 4850 - /&
2 0~10Hz-10~50 Hz 383 @ R B 2C & 2D - # 5k BRI KX
(radial late systolic augmentation) (Alr,) & & 2 (GEE 5B — 477k /R) (late



systolic pressure —diastolic pressure)/ (445 /& — 4F 3k B )(systolic pressure-
diastolic pressure)*100% » 1% & Bk 47 7& & 3¢ A (radial diastolic augmentation)
(DAD R & (F #1475k B — 47 5%k &) (early diastolic pressure — diastolic
pressure)/ ( & 4 B — 4F 5k B )(systolic blood pressure- diastolic
pressure)*100% > R, 3 -

S8 R R F R 54 (HRV measurement and analysis)

A UG L LS E M Z(HRV analyzer )(£ % 0 ¢ B 8 & X £)20.4%
REsEEEZY4 o T EMFEAPALNE > AT RAL TR S
R-R Fj2E - F S EEMK AR EF LR RTRERNIR 4 - EF o
RRFEESHEEIENEFHNCHEGERRNSLH - AL AERHE
HHAE 2% F E(PSD)4Fu 1% 0.04~0.15 Hz 2 PSD & A& 4fF0 3% 0.15~
0.5 Hz 2 PSD £ A %548 - KL E £ 5415 SIRIBEAE T 49 B o tb (HF%) =
100 x HF/(LF+HF) #o LF/HF -

#.31 & 7k (Statistical methods) _

BRBRGIT FH iR LA + 22 £3HE - sPaired t-test4h 3 F &F & 3%
5 AT 49 A i 8 & (baseline condition)#y £ £ » L& ¥ 8 4% #]-1( normothermic
control-1) ¥ 243X 55 1% 49 % 1L Lb 82 LA R % /8 #% #]-2( normothermic control-2)
HALRARB R - 128 Ik 0 B 3% K $L47 3L 45 B B 1% F Pearson’s48 i 4
3t (Pearson’s correlation analysis) ##F « B 7T 90#7 45 24 372, 10Hz A 35 %
EHLEARTFEEROUE - RMEREEWHERE— FEANH10Hz
UE SQETEBRENAETR?HSGHEERAFER? UETARL
B MBI THAA SRR SN SR EA S AL - BRTOS
ITHREERAFPHE—F 5 - 3t ERSAS 9134342 % (SAS
Institute Inc., Cary, NC, USA.) - pf& -/ #0.05 (p<0.05) ;A& F L £ & -
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iR ZRE S ARRBARB LEREOIF AT CEEE -1
SRR N BBk L sk 1o A4 F ARKRAT M A %8 (baseline
temperatures) A # % % & (p<0.05) -
4 32 4/t R f&(Responses of physiological changes) :
RKEsita o RE 4 AP FHOBRE - WERRFRETRE
ek EE2E2@E005 - AFBEELBBESHN TR A
-1(normothermic control-1) » % F % & 88 % F F(p<0.01) - £ A4 R ¥ » F
Bouoph s WER - SFREBELEA RFEETHE AMARESREBEELEER
(p<0.01)

& & % 2 (HRV) K FE(Responses of heart rate variability) :

SEGRGIE BB S MARBRBIEY SEZASREA - SHARS
B EHFHANAS ERAKZETHE MFEANTEAKZ LA Lot ®
FEBELE - RIAAZALELF/HF)RA &8 E £ B 12 K BIEH
-2(normothermic control-2) #Fvi& 7 KA KE 2 tb# > HF% % #9A 8 L+
(p<0.05) -

Ak % R F& (Responses of radial pressure pulse) :

He By Bk 69 Y AR Fo A B Bk 28 B YO 45 B 38 R SL4F TR B 38 K (radial late systolic
and diastolic augmentation)#) 43114 > B 6 o #3X% pl ~ p2 ~ p3 kMg
HiXE p2 p3 AR it £ R AR pl 4 LT (p<0.05) o #3K
B 45 M B IR 2E B Y 48 R 3% K $24F 7R B 3% K (radial late systolic and the
diastolic augmentation) 88 88 T [ (p<0.05) » 12 4 3K 5 38 22 8 f 48 R 3% K
(radial late systolic augmentation) (p<0.001)#Fv ¥t &) Ak 47 7k /& 3¥ K (radial
diastolic augmentation) (p<0.05)# % L # - 3834 4E £ & SER(10)#:t{E © &
7 0-10Hz $EAEAEEAARBKBRE R AL £ F - #38 F » 10-50Hz
$AE A BB LA - M SER(10)EREE T - &4 5 ¥ A48 R(p<0.01) »
Pearson’s 48 ff] 4531 5 #7 3 B4R 2k B S 04 R 858 AR 69 12 B IR A R 38 K 2
10-50 #k 2k 38 £% &4 48 3% 55 & 48 B (Pearson’s correlation coefficients; r=-0.287,
p=0.026; r=-0.315, p=0.014, respectively) > 1241 0-10 #F 2. 4B Fk &9 JA3EAE E R
AAaR e BATO SRR I0Hz A LIARAER - ARRTAEROUE -
H#ICREBHERE—FREALSN I0Hz A L ZETRBRNAFER?
PSR MARER Y UBETARALR - AORBETHREMIARLES
MR PHEERABRNAR BRICHIRGEREAFHE-— S o4 -



2~

BPEBBRHRACEEENFEIMTUIEF AT LABTHIL
RRIBEBR G B EFEBHTE - EARARTY  REZHERARBSK
IR ETUR Z RGO AP RAG R MMM Y MELEEIL
% P A SAK0-50 #2k) 0 @R X AKIALQ - 10Hz) -

LERBZABRNBAOEST AFREOTHIERBEINLETF - &
PEERERBELF MARNKR TR (B4) - BRRAZEFHELTHMNHK
FoloR|B o ERBAFEBESTABELE (P<00]) 2 FHZHMBEFSE
EFHRBEBRELI MAFHBREHNABRTHE (P<0.01) - £AFARX Tk
B AAIKRBOETENTHEAR S (20) Bk RPHFETERE
M KROLEFZOETHK WEBTRAFEEREFIEKNLE FZ ot
o RBREFEEHHR (21 ) BEMTHT EFREHLRAERR
HiEe (22) BhBMNEFAMNEORELER TREALER G MG
(23)-

EEAALRA REABHZHRIZAIEEAGREHEEZFER
BE(13) - R ET (BS5) SHEEEL2HM T HFR AT RHR-2 #
R0 T°C AKIGARLE BE LA RSB S AAARAY  RBRER
b FEYE B 6 S BOR JE SLAAT 6 B AR SR (13 0 24) o Bp A i AR AR
B(LF)foe S 38(HF)& 8 v » mE ARPKTRARY > AARELAET
BRBETARSGCH TR L ok £ QES - BEGARTELER Rk
BB SR RAEHCER RN RT3 A ERGLY Lo B AH
CRATE R JER B R RABAR KA R (135 24) -

LEFRBESHT  RTAIGREZR DA% - EABRMBTET
BLREOREHLESGHEAAGTRS (22) - RERGAOA N KFE LR
BBk gEfom ) o & (25°26) - AR BABFA LA G LEHR
TREIE Ao b B &G (27) IR E LN BARGY UL HE €38 ho SN PR BRI &
kB A% 3% R & B b FH R Ho 3% R 4t % (reflection wave) (28,8) o £ sb B 8 (
4,6) » BRI BAE S HORIZ ~ 4B B A EFIRB BR (P>0.05) 0 {28 BER D
B Ak 2E VB L 45 B 3% K BL4T 3R R 3% K (radial late systolic and the diastolic
augmentation(p <0.05)) o /4 & #0R] 3R 4E Bk Aot (P<0.01) » da 45 B FudF3k
R 88 % ¥ he (P<0.01) > & 94 88 303 545 8 Ak 28 8 YL 45 B 32 K (radial late
systolic augmentation(P<0.001) otk &) Ak 4F 7& & 3% K (radial diastolic
augmentation(p <0.05) o 48 g i 2L 4E R » B B E1RAR B9 IR 38 K 1% $(radial
augmentation index) > & & KD £ F B4 1 WA R Y TR IE G A K14
B RAWpAECEEN (2)- |

] gcko 4 ) 4RI (B 7)00- 10HZ SA R 69 SR AL B B 3 L 1L -
fe RS 0 BIRA(10 - 50 #2)BE R & @ SER (10) 8% P48 - 4%k
HBRAR > FBAKRKBRTBARBHEFMAEELP<00) v F
AEEHE 6T IRILA A EM Y X B R RE MR E A (recurrent



oscillated stimuli)&y fli4c » Bt » LB FH XL ETHATE KRS HIE
HEHHKER2EOML AEMEBATEMMWED 50 #ik (29)  F3h
8-10 ML ey R BRAY B K THRERUSLH EF RAAFEHHME (30) £F &
71 (stress) B & F > RBAFVCHBERTEETHKRE 10-20 #FZE Gk
FRARIAZERA (10°29) - BB L RE » S0 E A6 T RPN
LB RAEGEA RSO BRERERE (31) Bk £EFRBAKE
W R e TAARH BB HEF ks (10~50 #F2k) - sboh > SIREFRE
BEHOTHMIEARE SN 10Hz (32) - a4 Lk g » BE Sbey e
Wah e RO SEEAE B oY b2 H4A K (10~50 #h2k) > @R ZRIE&K (0~
10 #525 ) o A A R B ETUEERSEENNLAG TR LTS
(33:34) BAKTURFE L FLRAD RO ETNRRRE LT ES
Bsb TR BAER BARBBIAEGFE SHIERMEIR - AR AREH
25N 8 Bk 69 Y 45 (vasocontrition)Fe dp bl ;L B iEE > B ERBEHBERE R
Bk o B UBEAMNEFEAIEE IR IRE - BB R A1 IKE N IR HF
AR B] 0 RT 0 LAIEE A G R B AR K JE AR BIAE B ARR ) ARk A
KT UAMRBI 1 8 > GLIEEEIRB IS - R T IS8R aFTESH0X
RAVEHEN - Bk LR RIIIEBTSASAEEA 10~50 #ieh %1t
T S e IR IS A M BEAR T ik E EEHf I RAFLE
BEMAM  EBEAET  ASHCHELELERARBERE  EHY
Mkt T Be o SRR SR AR E A ARAYE - Bk E R R BARMNKEA
Bl X R AR EL B E--TRATEAH -

B RPGARETER LT ) AFHRERERBESNETF -
BUAEFRBEORELSRKERBEAERILED M - 2) BRPBER
&) Ik £ JB 3¢ K (radial arterial pressure augmentation) 18 @ & ARV £SO F &
o A RR S 8RR /1 3% K (radial arterial pressure augmentation) © & 8A
WhklSFE A 3)LEHIRE B IER B k& 32 &M B (acute stress)
Wb TUEM ISR T Y > MBI RE AL HIAL(0-50 #F
3%) . AR RARSAER(0 - 10 #k2k) - 4) 128k o B 3 K B4R AE E 4 10-50
MULSE AN c BATOME RHR I0Hz X LR AR - ARBTHE
AOyE g BMEREZEHZRE—FRALSH I0Hz A L > HEMTHESR
ERMAEER?PSEEEHAAER D UBTARAER - AHERT #Hiz
I SN B AERA S RAMER BRI I EGELA PR
—FaH e



BARAMBRTUE AR SHIREA S AEF LS WA HRREM T
ESIREHER - agEhE > BLRRELoHeEE BEHkaB
¥ K (radial arterial pressure augmentation) @ 442 &) Ak &9 2& 8 W &8 B 38 K
(radial late systolic augmentation) (Alr,) £ 4% & Ak 4F 5k /B 3% K (radial
diastolic augmentation) (DAI) #EAFH ER - UAL X EHBREI SR A
52 &4 B S (acute stress) ¥4t T B B IRIALAE Bk S > MaTub LR
B ZIEL(10-50 #525) > MR ZAKIERZ(0 - 10 #722) - Bb AR AER
B FHRREETBSHAERE QAR TROMKEG T EEHR
FEHETEERASTH » RERBAEHELE - REMHBMREG ST E -

CO~CI0 ke En AT a9 B ~ KB ~ Mk THEANE2E
WX HAE

10



s

AHAHEARAARHEZTFRELZA G (st T HR -
CCMP-RD-030) R4t & %8 AN EF VORI A - 4735 -

11



B~ 55 Uk

1.Suzanne Oparil, and Joseph L. Izzo, Jr. Evaluation (CAFE) study
pulsology rediscovered: commentary on the conduit artery function.
Circulation 113: 1162-1163, 2006.

2.Munir S, Jiang B, Guilcher A, Brett S, Redwood S, Marber M,
Chowienczyk P. Exercise reduces arterial pressure augmentation through
vasodilation of muscular arteries in humans. Am J Physiol Heart Circ
Physiol 294: H1645-H1650, 2008.

3.Michel E. Safar and P. Lacolley. Disturbance of macro- and
microcirculation: relations with pulse pressure and cardiac organ damage.
Am J Physiol Heart Circ Physiol 293: H1-H7, 2007.

4.Steven S. Segal. Regulation of blood flow in the microcirculation.
Microcirculation 12: 3345, 2005.

5.Holger Nilsson and Christian Aalkjzer. Vasomotion: mechanisms and
physiological importance. Molecular Interventions 3:79-89, 2003.

6.Hideki Kinugasa, and Kaname Hirayanagi. Effects of skin surface cooling
and heating on autonomic nervous activity and baroreflex sensitivity in
humans. Experimental Physiology 84: 369-377, 1999.

7.Thad E. Wilson, Charity L. Sauder, Matthew L. Kearney, Nathan T.
Kuipers, Urs A. Leuenberger, Kevin D. Monahan, and Chester A. Ray.
Skin-surface cooling elicits peripheral and visceral vasoconstriction in
humans. J Appl Physiol 103: 1257-1262, 2007

8.David G. Edwards, Matthew S. Roy, and Raju Y. Prasad. Wave reflection
augments central systolic and pulse pressures during facial cooling. Articles
in Press Am J Physiol Heart Circ Physiol, 2008.

9.Boutouyrie, Pierre, Robert Corvisier, Michel Azizi, Dominique Lemoine,
Brigitte Laloux, Marie-Charlotte Hallouin, and Ste’phane Laurent.
Effects of acupuncture on radial artery hemodynamics: controlled trials in
sensitized and naive subjects. Am J Physiol Heart Circ Physiol 280:
H628-H633, 2001.

10.Victor RG, Leimbach W, Jr., Seals DR, Wallin BG, and Mark AL.
Effects of the cold pressor test on muscle sympathetic nerve activity in
humans. Hypertension 9:429-436, 1987.

11.Laura A. Mitchell, Raymond A. R. MacDonald, and Eric E. Brodie.
Temperature and the cold pressor test. The Journal of Pain 5: pp 233-238,
2004.

12.Akselrod S., Gordon D., Ubel F. A., Shannon D. C., Barger A. C., and
Cohen R. J. Power spectrum analysis of heart rate fluctuation: a quantitative
probe of beat-to-beat cardiovascular control. Science 213: 220-222, 1981.

13.Yamazaki, Fumio, and Ryoko Sone. Modulation of arterial baroreflex
control of heart rate by skin cooling and heating in humans. J Appl Physiol
88:393-400, 2000.

12



14.Berger R. D., Saul J. P., and Cohen R. J. Transfer function analysis of
autonomic regulation. I. Canine atrial rate response. American Journal of
Physiology 256: H142-152, 1982.

15.Malfatto, S Dell'Orto and E Piccaluga, M Pagani, F Lombardi, S
Guzzetti, O Rimoldi, R Furlan, P Pizzinelli, G Sandrone, G. Power
spectral analysis of heart rate and arterial pressure variabilities as a marker
of sympatho-vagal interaction in man and conscious dog. Circ Res 59:
178-193, 1986.

16.Yamamoto Y , and Hughson RL. Coarse- graining spectral analysis: new
method for studying heart rate variability. J Appl Physiol 71: 1143-1150,
1991.

17.YY Wang, SL Chang, YE Wu, TL Hsu, and WK Wang. Resonance. The
missing phenomenon in hemodynamics. Circ Res 69: 246-249, 1991.

18.Ching-Chuan Wei, Chin-Ming Huang,and Yin-Tzu Liao. The
exponential decay characteristic of the spectral distribution of blood pressure
wave in radial artery. Computers in Biology and Medicine. Volume 39, Issue
5, Pages 453-459 (May 2009)

19.L.Y. Wei, C.T. Lee, P. Chow. A new scientific method of pulse diagnosis.
Am J Acupunct 12: 205-218, 1984.

20.Irwin M. Braverman. The Cutaneous Microcirculation. Cutaneous
Microcirculation 5 (NO 1), 2000.

21.Schechner JS, Braverman IM. Synchronous vasomotion in the human
cutaneous microvasculature provides evidence for central modulation.
Microvasc Res 44: 27-32, 1992.

22.D. L. Kellogg, Jr. In vivo mechanisms of cutaneous vasodilation and
vasoconstriction in humans during thermoregulatory challenges. J Appl
Physiol 100: 1709-1718, 2006.

23.Bozdemir H, Sarica Y, and Demirkiran M. The effects of cold stress test
on vasomotor tonus in normal controls. Neurol India 50:531-4, 2002.

24 Kamijo, Yoshi-Ichiro, Kichang Lee, and Gary W. Mack. Active cutaneous
vasodilation in resting humans during mild heat stress. J App! Physiol 98:
829-837, 2005.

25.Sakurai, Terumi, and Naohito Terui. Effects of sympathetically induced
vasomotion on tissue-capillary fluid exchange. Am J Physiol Heart Circ
Physiol 291: H1761-H1767, 2006.

26.Jian Cui, Sylvain Durand, Benjamin D. Levine, and Craig G. Crandall.
Effect of skin surface cooling on central venous pressure during orthostatic
challenge. Am J Physiol Heart Circ Physiol 289: H2429-H2433, 2005.

27.David T. Kurjiaka, and Steven S. Segal. Interaction between conducted
vasodilation and sympathetic nerve activation in arterioles of hamster
striated muscle. Circulation Research 76: 885-891, 1995.

28.Ernesto L. Schiffrin. Remodeling of resistance arteries in essential
hypertension and effects of antihypertensive treatment. 4/H 17:1192-1200,

2004.



29.Kenney, Michael J. Frequency characteristics of sympathetic nerve
discharge in anesthetized rats. Am J PhysioZ 267 (Regulatory Integrative
Comp. PhysioZ. 36): R830-R840, 1994,

30.Levick JR. An introduction to cardiovascular physiology, 4th Ed. London
Arnold Publications pp. 211 and 217-250, 2003.

31.Yoshio KINEFUCHI, Haruo FUKUYAMA, Toshiyasu SUZUKI, Masahiro
KANAZAWA and Mamoru TAKIGUCHI. Development of a New
Catheter-tip Pressure Transducer. Tokai J Exp Clin Med. 24:85-92, 1999. 4.

32.Emerson, Geoffrey G., and Steven S. Segal. Electrical activation of
endothelium evokes vasodilation and hyperpolarization along hamster feed
arteries. Am J Physiol Heart Circ Physiol 280: H160-H167, 2001.

33.Satoshi Iwase, Jian Cui, B. Gunnar Wallin, Atsunori Kamiya, and
Tadaaki Mano. Effects of increased ambient temperature on skin
sympathetic nerve activity and core temperature in humans. Neuroscience
Letters 327: 3740, 2002.

34.Cui, Jian, Mithra Sathishkumar, Thad E. Wilson, Manabu Shibasaki,
Scott L. Davis, and Craig G. Crandall. Spectral characteristics of skin
sympathetic nerve activity in heat-stressed humans. Am J Physiol Heart Circ
Physiol 290: H1601-H1609, 2006.

14



®-B-%

A1 SRELBERBOFELERI - E SR B HHIKE /ARG K F - Values are means+

SD (n=60). LF: low frequency. HF: high frequency. HF%: HF/(LF+HF) . *: 45 °C vs.

control-1 or 7 °C vs. control-2 and p < 0.05; }: left-hand temperature vs. right-hand

temperature in baseline control and p < 0.05.

heating experiment

cooling experiment

control-1 45°C control-2 7°C
Heart beate, beats/min 70.3210.5 69.519.8 65.919.8 66.6£10.2**
Systolic pressure, mmHg 111.6%6.9 110.747.7 110.029.2 113.819.4%*
Diastolic pressure, mmHg 69.816.7 68.817.0 69.846.5 73.615.9%*
Left hand temperature, 'C 34.8+] 8% 36.0%1.4%* 34.9%1.7 31.6%]1.3**
right hand temperature, "C 35.3+1.6% 34.8+] 7%+ 34.9%1.8 34,2£2.0%*
Heart rate variability, LF 791.46%1117.96 684.59+599.50 785.04%793.48 883.8411003.82
Heart rate variability, HF 1190.56+2490.21 1056.77+1519.63 1081.99£1394.05 1383.35%2329.98
Heart rate variability, LE/HF 1.6412.16 1.70£2.02 1.79%2.27 1.42%1.94
Heart rate variability, HF% 0.5120.20 0.51%0.23 0.51%0.23 0.55%0.21*
Spectral energy, 0-10Hz 2.50E-09£1.07 2.56E-09%1.19 2.69E-09%1.22 2.36E-0911.61
Spectral energy, 10-50Hz 7.51E-12%5.91 11.01E-127.58** 10.40E-1248.10  7.28E-1247.16%*
Spectral Energy Ratio, SER(10)  484.89+382.64 330.49+253.84** 375.37£250.93 532.941426.64**
P1, mmHg 35.98%7.67 36.9218.75 37.6319.51 34.4311.55*
P2, mmHg 18.9+5.82 18.3746.33 19.8215.66 19.72%7.58
P3, mmHg 14.984.74 14.6135.2 16.11£4.92 15.81%6.81
Al radial, % 53.05£14.08 50.31£14.4* 53.87+14.27 58.88%15.77**
DAL % 41.94+10.65 30.3748.85* 43.07+8.92 46.33+12.52%
1 BEidfe
Llying | Lying Llying Lying Lying Llying
position | Sit | position Sit l position position | Sit| position Sit | position
Control1] 45T Control2 7°C
Rest time | Record A|'™mer! Record 2 |[====| Rest time | Record 1|™*| Record 2]
A sion et i . SIon .
e J
| ) I
18 min i2md  8min [2min| Smin | 10MiN 18 min mid 8min l2minl 8min
1.Temperature 1.Temperature 1.Temperature 1.Temperature
2BP, and HR 2BP, and HR 2BP, and HR 2BP, and HR
3.Pulse 3.Pulsel 3.Pulse 3.Pulsel
4 ECGlLead !t 4.ECGlead Il 4.ECG Lead 1l 4. ECGlead Il
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heating experiment cooling experiment

control-1 45°C control-2 7C
Co 7.26E-613.06E-6  8.06E-614.62E-6 7.9E-613.55E-6  8.62E-615.7E-6
Cl 3.19E-6£2.21E-6  3.27E-6%1.76E-6 3.01E-6x1.69E-6 2.76E-61.75E-6
C2 1.67E-6+1.29E-6  1.86E-6t1.13E-6 2.02E-6t1.56E-6 1.68E-611.24E-6
C3 6.06E-7£5.99E-7  7.29E-7+5.57E-7 7.61E-7¥6.55E-7 6.1E-74.98E-7
C4 3.22E-7T2.11E-7  4.86E-712.55E-7** 4.81E-7T£3.08E-7 5.03E-7+3.33E-7
CS 2.02E-7£2.3E-7  2.96E-7+2.72E-7+* 3.05E-742.53E-7 2.7E-7+2.95E-7
Cé 9.08E-8+1.45E-7 1.49E-7+2.18E-7+* 1.66E-7+2.06E-7 1.11E-7+1.57E-7*
C7 391E-8+7.14E-8  6.35E-8t8.48E-8* 6.67E-8£7.71E-8  5.03E-8+4.66E-8
C8 2.14E-8%343E-8  3.62E-813.95E-8%* 4.34E-8473E-8 2.83E-8+3.18E-8*
C9 1.65E-812.82E-8  2.22E-8+3.06E-8** 3.14E-843.59E-8  2.54E-814.75E-8
Cl10 9.62E-9+1.63E-8  2.80E-8+8 01E-8 1.91E-8+2.08E-8  1.31E-8+1.74E-8*
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