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A STUDY ON THE PRESSURE PULSE WAVE IN
NEUROGENIC HYPERTENSION
2. ANALYSIS OF THE PRESSURE PULSE CONTOUR
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Central Clinical Laboratories, Shinshu University Hospital
(Director : Prof. M. KANAI

ABSTRACT

The mechanism of arterial pulse wave formation in neurogenic hypertension was investigated
from the lumped parameter model, based on the extension of Windkessel theory. The neurogenic
hypertension was elicited by artificially controlling the blood supply to the brain in rabbits. The
.central and the peripheral pressure pulse, measured at aortic arch and iliac artery respectively,
were analyzed by using the contour synthesis and frequency analysis of the pressure pulse wave.

The following typical changes of pulse wave were observed with elevation of mean aortic
pressure (M. A.P.). (1) The tidal wave of the central pulse increases mérkedly and the dicrotic
wave in the diastolic portion increases and ‘has access to its primary wave. (2) In the peripheral
pulse, the amplitude of the percussion wave augments markedly with sharpening of its shape, and
the tidal wave is slightly recognized. The dicrotic wave enlarges and gives access to the
primary wave and in the extremely high M. A.P. (above 190mmHg), the Znd and the 3rd dicrotic
waves appear at the diastolic portion of pulse wave curve. (3) The peaking and steepening
phenomena of arterial pulse become more remarkable with the elevation of M. A.P. These changes
of the pulse shapes can he interpreted based on the Windkessel theory, involving the reflection
effect and the change of the pulse wave velocity.

Secondly, the frequency analysis of pulse wave disclosed the following results. (1) Both the
central and the peripheral pulse are constructed from the 5th—6th harmonic components of
sinusoidal wave. (2) The peripheral pulse involves much higher frequency components than the
central pulse, and the tendency becomes more remarkable with the elevation of M.A.P.. (3) In
high M. A.P. level, there appears standing wave and resonant phenomenon, dependent on the
increase of wave reflection in the aorta. The effect of reflection wave contributed largely to the

pulse wave transmission along the aorta, compared with the wave attenuation by the viscosity of
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fluid and vessel.
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From the above observations in hypertension state, it can be concluded that the formation of

pulse wave is mainly concerned with wave reflection and resonant effect which is caused by

marked increase of the the peripheral input impedance in arterial system. Finally, these findings

regarding the mechanism of pulse wave formation in arteries could be clarified only by using the

experimental neurogenic hypertension, as described in this report.
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TK %, ¥7- DW (L Pa 2373 %, Pa © DN (FHD
LW BINTHED B,

FKEIRE (liac artery) : RHIIASHAAV
3 Pa bxebuls 20 BIERE L 7ol & et sLiE R ©
High, RHHEOFTSHREEAEMNT %225 peaking
HE L%, Peaking 28 = % Lo L THOAE
K& h, steepening #VHIZEXh 3, Kifjo DW
R URIE D DW OBEOEEL#E £ 5 &, HEIE
BLAHDEEMIZETP 5L h & Lic dip # B+
Bo MIEMHE L-E41L, steepening ik ¥33%7
FEW LT, SfAIC Pa i RSHELTL B, XHIC
PWV DA T DW it L Pa 12883045 = Licik
bo TOXDIWHORBICL Y, FRERTREh
RERFAC &b Ie 5 WA ORI B LR
bo

—75, peaking BEDOHOBM & LT, IREDOIE
BAHE foot (G2 E2Sh D X b IREEZFATEN S
WOT, THED PWV X foot ®FR & H L HHET
HEEZBN ZRAKEBO peaking BE LT
DECHIHEL D BN, L LHOCTEELLLS
2, BB TARBh o EFIRTs 2 Link
o TR 7RI A BB T & 7o,

20X 5 IR OWIBERICES T a5 —IRTF L L
TR EEEZ D, WERCTITMIRERTN S
AFETHZ i s,

McDonald (1974)@0%, o 2% B ShT, Kl
WREEH A D24 S0em MAIC R S FET2 2 &

ol4

5

/

~

PRELTC B, La Lz OSSO
IZOWTOEEMIBEDL K- Ty, Wetterers?,
HE® b1y, HR-E 7 AL B CEIRERE O
BRI OWTHEEL T S, BUuioe 7l MR
B, MEELEBLCMEE AT, WHORED
Bh 24, IREMFNCEE L cF 25 THRET
bo TN HLOMETII, X1 XOBECELR D
Blo, Binoichfems 2k, 34k, BTo%
* 5% T HBREOLNRE & X BT AN EL
o X5 kb :BELTO5, BT BEHALH
Fokickh, REAIML, SRS OBE
HEBLeTALD, Lo Tk h EEOME
RCFE DR THR LD N T E DD THS
5,

2. FREREIED b Ao B R

sDRDE,  RMIRE & T O FER AR 2 PATIRB
= KIENRIE O F W SRR S %L, Z o
FUEMED LR & b ey, 338 LS (B
6 WREICE T, FEIRE O LTHAEOS
B E LA THAT2Z 2 00Y, KBTS E
FBRS OB LD SBEHNTcES (3, 40

DA X » TRE) S R BRI, KE0E
KO A CRAT LR I ~AEE SR L, %
TeRIRFCRET D EVE & ERIEL < bET &
WiEZEESL L BIRRTIREHKNK (stational
wave, standing wave) RPMEROFEIC X - TH:
FEEINBMED £ (resonant phenomenon) AMEHE
THAHEM A E X b B, BRIt A IR OEIE
B L OBEBFHEH S hBE L BTy 7289,
Alexander (1953)®0%, KBk COEHEOHEEY
T EEL, THEOH (node) HEFRIEA T
BFARETDHZ EABEL TR, T2 THEIZE 2
T, B3 L OBl 2 BB AENEE
OWEFER AETHE, (1) BFOFRENHE T T 58
& GEREHNEC 5TV %), L=2/4, 32/4, 52/4
------ OREFENELT % & &, ForhoEROREE
FHICKRE L Ted PABOHE) . (1) : HoRMH B
TwBEE, L=21/2, 2, 31/2--OBEIHRTT
i, PR b GIEOIE) ERRIRLA
E B, H—EOTHE LI X 52, MEERT
IR ESBHIE (Co) B EAT B2 5, IREOHE

c=Co/f (RIED) B Is B AR AUE SITK

B (LB L, ENRED AN EH 2 b s,
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FHEOWES (BT IIRG R (5, AEBHE
EFEBCBEGTIAILED BHI3IE 22~28. 5em 1SS
LT e REOOIEL LIRS B 5Hz (F
AROEWEED TH Y, EERERIAD IS
tos F O THIMEY ST, EAN B S &
H (25Hz) 1220 T (1), (1) Cili7-Big s &
Vg o ARk, ToOWBEORE X LUK
A & ATRBINE RO & A telr Lie (1D,
Trebh B RBOMBEIL—FT 5K (22~28.5cm
CABHWREDOKE ) %, FENER I CmEY -~
TR®DLHZET, L LIED 1/ ok 3 LE
A GIED BB L E L D) OfEN—FTB &
EITUX, L ONRME N o BB 7o S TRIR LA 3
KTBHokitled, cOF2E, MWFEEE2 5 L1
X o TIWEMZ BB - 5 WA 8. Mrb,
Ak (5Hz fiftg, 1hm) i28u-Tid, &iilE L <
L RMOMES L h BOMRIEE S —FK gl
LD EE, E OB B O R R DA TE
LML, MESITEIC /4o EETAETLM
WTE BB, 2w (2hm) T EEIMER
H0~160mmHg BT 2/4 & (2F—8T Bo 3 &
#% (3hm) Tk, 120~150mmHg T 4/2 &, 190~200
mmHg T /4 &% L, 4 &M Ghmy T,
110~130mmHg € 33/4 » 150~180mmHg T /2 &
~B A, 5 BTN (5hm) UL, 100~120mmHg
T2 & 130~150mmHg T 32/4, 170~200mmHg T

200 o]
x
180 x x
— x x
%o 160 © x
=, > b3 L]
- 140 p o = e
D: > [ e
<
= 1201 x - °® £
e O
100 |
<L
1 2 3 4 5
Harmonics (hm)
(O:»-}L--,z,oz%z, x:%], m:z)
K11 #FEEERSOWE (2) LiffEED

BAfR
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BT 2 WINRIENR S DPF7E

GED

22 EFNTER—F L (FLD, ZOELBLITH
WENEL D GE2 B~ 5 @i x0E%
BAMEALZ DT Z L RRLTV B, M8 IZHSH
AEBIRME O 2SI RS Chm) DR - mE L
OBIRT, 140~150mmHg T & — 7 L KLLIE
A 2hm #5 140~160mmHg CHEE L C v b 50—
W IERRCEBRI R TH D, MC Z ORI TR

I OFFEYIGET 5 L 0T Bbh s, &
BIZEI2 B, ERIIRIGIC B0 5 8 R s OB
HxiBDBC &4 T & %, MacDonald?® BHILKEIR
DFRIULTHE LIFERM OB A2 Pk T e
v I Licilig Lo (node) )& tloop) 2+ E2EN
BERFHELCL B,

RIS AT & URIRIE S T -8 %, DM
ZEAET U8R A black box (ZER) T3 &
AJ3 &N OB T DEER O THE S M 5,
b Lo SISHRRAFE L, R 0RO B B R
Bk m = OEEROEERBEH L —B LSS, B
IR ENLBCRIBIRE =S B b 2 2 b, KR
OPWTHFSIRPONRIE DT E B D, Z OERFERD
Ftko—o%, R0 AN LHHORERIGE (B
B 2 bman 2 L TE D, —RRICHBLY T 58
FORMEBISERFI2ZIC R T X 5, SHERNH
(fa : resonant frequency) EMFEZHR (F1oirfllh
¥, 7 :damping factor) TPEETE %,

Warner (19570205, JEIRMEEG L HELY H4 57
RSB TR TE B 1A S LE/RL, e b
BLOM 2 OKEMRS 26, E, LB, KEREIIR~

g k.o t |
: i P{ ~
A
§ 2.0 //\
e
P 0.5
© 1.0 = ) X
E N z.o\
~—t
o
2.0 0
5 0 1.0 . 3
tn
1
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DR ERE o0 4 BT (RLC) = F A&
7 Lico HEREEH D RLC Dfifi Pl LT R
BRHAEIEDZ L2, RO RE %
fbit, =@ RLC 7 4 A4~ % BRI E-HIIL &b
BTIL =BT HZ E®F LI, TORKE, Mixs)
IR 15em KRV it 5RO MR BB fo=4~5Hz
T WEERL r=0.28 i TH B - LEABREL T
Bq

Spencer B84 EEIZ 200 RLC WA B L 7=
BEYEFATRERAELL, ASHEERCORE M
HEEYHACTHEI LT3, + L TABRS Lk
BEBIR GBI 3G SN ENI & = F Dl IFENR
WA EESEB DI LER LI, bR -
FHRE OO EY, Bko= v 7547 v=A
(C), MmEOMEME (L), FHISH (R) ©3cx
LI ERFTOW, BHEReTANTMNIETH
BLEERLTWS, T Tizifi~f: Windkessel
B (L) 2#BMIcARS E, YR LCIZL%
JIRB RS ABRD 2 Lizle B, Stacy & Giles 5
v, A OWIEEIE, koM kLB ESE, W
BEOMMHRAEHRL T, AJELHHELXEGEST
Twd, ZHHDBRL, HBE 1 OISR
BRTHRbIh, FHEOFE—ROOERDEHEDIE
TRzt O & [f—Cdh B, Stacy bit, FEOTF
r PEFIHFEE G, BEET VY e A — 2 RHEE
LT OABROfEL kD, ANELBHEL 2
IRL S ERAT,

ARG B oAU DRSS & RASIRM D B L
{EABB OIRITIZ 2\ TSR, HEho His i
%, ORI & KBIRDE © 4% harmonics (hm) 8
12F &SRR E R

MEDE G, RISSEHMEC/R 50 TE LT
RLTH B, 7o & 2 ¥ 170mmHg LA EC 2 4hm~5
hm Z R A HIE I F2 8 b Fz, 100~130mmHg
<2 140~160mmHg T{ZH Shm ¥ -Cic ik, Wt
BATED Bty

S OEMEE VS A s B R UG A B L, 85
hm BL @GR IR ST Db o i
ERLATOIRGD 2y, H BV Thm~ 5hm O
IHR ST DB FE TR E Sk L
fob W HR A B bR T e Dbk, BRI 4
MTERVESILEbhS, LaL, FBXUio
IR & 2 8 RS O R DBz %2 Warner
OEBFERT L L 4 2 RKIIROSYRE Y 2 4~5Hz
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3 ll/\

s 170 mmHg

ratio

I /

d

140 169

100 - 130

Amplification
./1@

0 1 1 ) !
] 2 3 4

Harmonics { hm}

F13 &ML = Az st IR O Bk
iy

3,1

THHZ L% %% B &, # bhin (25Hz) P E-oIR

SEOREFHE 2L L, EME ST A IHEOR R

i HIBEEOMANRETH S LBbhb, $i
BIMETICA B 2 RS OHFED B, KRR
AL PEE T peaking & steepening (3, 4)
RRWHE AL 2 b A A BB E RIS ORI
(B8, 9), ZoRH&CE aHEHRELTHS

HATEBLDOTH B,

BlED X5, KEIIRIC 350 BEEIRME OISR
v, BB BB DML - TR BT B Z ki
HrrEbhb, TIT, ZOHBEHOKIMZL D
HROFRARES NS L LT, * OFAEY Stacy
DEFANSHEEL TR, 0% FAOEBHES
AT bl X 5, ABE GhOIRED * Pi,
W - GEMIIREE) % Po &-F3ud,

_%/[_4 dzpoq.[_z._ -1.~6~]..(1%9_J_P0 Pieeeee- (1 )‘
Lied™, 22T, M EHHEE, R EHBETROK
ROREER, Z R4 ve—H v A (Z 2Tk
FABNER & © TSRO A v & — & v Ao fior 50k
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RN AR T 30 B EREEIRBOTR (BT

+5), ¢ EEFOABNEKTSH B, ZoeFL
DEERLL,

:—‘I%"[*I\ZL_I“%“]=—£T . J\ZL __1%[._......(2)

Th Bo (2)ROF—~THD §/M (=0f) 13RI
HTHh, AERORF S UTHHRAMEELME v
ALTEUWEEERERLTWLIVO T, oo 1idiF—
BEELTICTHS 5, #H2WAIL R/M=8u/pA

(o ¥hbk, o 58, A EOMERE) € MEDQL
RTADHMATFHMEN L, EEOKDIROEON
EWC, HEOMMBERRTL2ERETHLMD
R/MBETDEL LT BETE RV, L2 TY
DU (2) ROE—IEDO M/Z 12 Lo T D &L
bib, FROHE(MINBEROW A X 206
(€12), (2)FX X r oFPLEHO v Ee— & A
(2) OWRIZL T B Z LiZ i b, Tindb bl
FENERT 5 & 2R bR IHEE S, Ko v
—H&vA (2) OBKTRE o T3, EEEED
Witk 4 v & — ¥ Ak Zo T, BHERE K=
(Z=Z)/(Z+Zo) TH % i & 7 OEIHA (2>
Zo) T k1.0 7o h, REOEELEMNTLC &
il TihebbENERATS L, KiO1 vE -
FYANWAL, Thiz X o CHBERDE {ieh
HIRDODFIIHIRT 2 & & LT RFOHRL TS
=z EIT e b,

BLED X 5 BEBHR bA & &, IRIEOERE
Y B2 TG B0, RS vE— &Y
ADTLTH B LEERTE D, 2D X5, REHEW
DRV CEI R DS XU D8
StcBmIERIE T O BIREIRE QT L L b R L, B4
oMY PSR TY o, ¥io, KPP TOHER
W, IEE MERIE T b B 3R L RSO &
BRNTTH 5N E RET B LD TH B,

z 08

Windkessel Bifa L UrctEh e 7 0% 2
IS, B UERDE Db BIRBEHETE O B>
WTUBE U b MNTRROIREE CRBMRS WIRED &
AAEIRDE CRIEBTIIRIRED o T, BT b o
ERABESHD 2 A b ot

ME% EF Swichy, ENREEIE © A 81 i 2k
RO X5 TH B, (1) FUDIREITE LR T tidal
wave |ZEIIZHRL, BERIIC & b h B dicrotic
wave (3O BEAY EHILA D primary wave 125
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ELTL B, EHUIES EF LT AECED bt

(2) MR Ti%, percussion wave (L&
Wi LRBHEL, 30 tidal wave 2SR bh S
I 5zt B, Dicrotic wave iXik LN bREL,
primary wave iCH#E T 5, WESBMIZE 1ad
& (190mmHg BB, KN 2, #3 0 di-
crotic wave MFEICHEL T %, - OBRZID
DR S b TFhici@sbhiie, (3) peaking Bl%,
sm@mmgﬁﬁm,mEkﬂk&%bi?iTﬁé
Eigo f\..o

ZhbOREE MO, Rt EE L wind-
kessel A AV T, IRIGEIE OB LD HIZIFHRHA
TE,

—F, WRik o FEE AT OFEE, (1) Bl KR
wa%%XWmB&ﬁ%5tmL%6mm&mﬁif
ZEETIE IV (2) POIREICEA K REIRIE 5
05 hCE F‘Mxﬁkﬁ‘ﬂ B\, FlomERRCED
IR Utes SR /2 5 & L D RFE)
WML, REIRRICIIERY (standing wave) i
IR 4% (resonant phenomenon) 2\FEF &7

BAEAs 6, TRIEIETGOMEIC T RS D BR L B
W DHLET X - TE 5 MER ORI, B S L

T BEELbRD, Lhvh o OMERSITEEA v~

v — & v ADKI L h BB Z & BT R
Mo EmERE T CHBIC SR TE . ZhabiHE
BRI ERMEOSET b KA OMENNEL T
BAREMER R Lo & L TIEEMAERED SR
TBONRM TSR 3683 % Bl i DETE O BRI oW T
Ut

i
s kB hicn, AP L O HIBLAR
&mm%#btthtl¢&ﬁﬂﬁ#wiﬁkk
Rt fe UF e BRI S R
io&$y~ﬁTbﬂmM&ﬁﬁ&mhﬁ%Li
oo o A T S I I H O — 4
e e X L #ﬂdx&m“&i
L&,
it.%mmkmﬁﬁ&btkvtﬁ~ém$
SHEEEREL, EB L ToEERE L A2
Tt T AR S S A i B ONC AR B
BRI BB LET,
ARFAR 197648 8 A 11EIERE HETFEET
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