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Summary

To evaluate cardiac function, ventricular power during ejection (power) and the rate of change
of power (dPower/dt) were assessed noninvasively. Power was determined from the product of aortic
flow (Fa(t)) and brachial arterial pressure (Pa(t)). Fa(t) was measured at the suprasternal notch using an
ultrasonic pulsed Doppler flowmeter with a 2 MHz carrier frequency and 10 KHz repetition frequency.
The maximum detectable blood velocity was 380 cm/sec. Pa(t) was measured using a newly-developed
method based on indirect unloading techniques and an air pressure system. There were 21 normal sub-
jects and seven patients with coronary artery disease in this study. The following results were obtained.

1. There was no significant difference between power patterns calculated by Pa(t) and Pao(t)
(aortic pressure measured by catheter).

2. The average peak dPower/dt was 160.2 J/sec? in normal subjects, 145.2 L/sec? in patients
with ejection fractions greater than 509,, and 93.5 J/sec? in patients with ejection fraction less than
50%,. Peak dPower/dt was significantly decreased in patients with the lower ejection fraction (p<
0.005). The results indicated that this index is clinically useful in evaluating cardiac contractility.
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Fig. 2. Distribution of incident angle indicating the max Q(t) in nine normal subjects.
The maximum Q(t) was obtained at an angle of 60 degrees in the experiment using the abdominal

aorta.
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Fig. 3. Diagram of the noninvasive instantan-
eous blood pressure measurement system.

Brachial arterial pressure is measured by a
newly-developed method based on indirect unloading
techniques and an air pressure system.
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Fig. 4. Two-dimensional echogram of the aortic arch of a normal subject (upper) and
velocity pattern of ascending aortic flow simultaneously recorded E.C.G., and brachial
arterial blood pressure pattern by a newly-developed method in a normal subject (lower).
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Fig. 5. Aortic flow pattern (Fa(t)), brachial arterial blood pressure pattern (Pa(t)), Power,

and dPower/dt in a normal subject.

Fa(t) is calculated by a computer from Vm(t). Power is obtained from the product of Fa(t) and Pa(t).
Then, the rate of change of the power (dPower/dt) is obtained.
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Fig. 6. Comparison of the Power and dPower/dt of a 33-year-old normal subject and a 46-
year-old patient with coronary artery disease (CAD).

In the normal subject, the peak power occurs during early systole. In the patient with CAD, the

power pattern is a plateau.
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There is no significant difference between them.
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There is no significant difference between them.

IHEME DFEMASLE L Sh 525, £0 & ) it
EED L, WERBRTCRERHEE-THA
V.

B, —ERK T OMBEME L LTHVwoh
TWa i, fiilsd ik, New York Heart
Association (NYHA) o.LEESE O, DA
SEROFECHET 35, L, HERU2ED
HEFRICX VHET 25 & IS -Mick
ZREEE, FEEORES, FRMmEkEMm, SHRI
LA OIET 72 £ o A bE 7 — & TRl
T35k, BieFasy, =50, TYFIV
FRWEBRER OWE, B2 b xBE, KRBk
IREBIE 72 ¥ OffiH ARy FH A FIRREXD 5.

FICIER A I M X BREEICR T 508
BofLk, MKIE MKkoFEE, BRI ST
RN OWR, EEERKOFE, LREHHRIc
BiF5 a s, C i@hL, CE R, RF ¥
REAWEL R EOFROFERD 5. L= a2 —Ek
TIHEIEFIRIE R LR IRIBEE KT, B-B’

£/min
[
10 co
B [
o
o
]
o
)
o
° o
T )
o )
o o [
- o
s & o °
) ° °
[ o
[
°
n=10 n=7 n=3 n=4 n=3

134y 41-54y 60-67y _ CAD __ CAD
213y Y Y SEF50% <EF50%

Fig. 9. Comparison of cardiac outputs of normal
subjects and patients.
There is no significant difference between them.

step, £RBIEK, LEAKOFE A L DOFTRDIED,
ERMICIEEERE, OHHE, BHE EEN
REMR, L£BMEF MG RHEERERE (Vo)
10 EDSUHSEEFFIOIBIE L 742 5. RI 2 vickk
HTYH, fx ot TEAOE ESHCEAA
WC X 2FHEHFIRETH B, LarL, ThbnE
AashTw 3Bl EkIc L3 °7 2 — % —
i, BIAR, BRAROMELZ ) FIOIED %
FbTHEE LI 2-> TR

—%, BmseEEE LT, Swan-Ganz 7
— 7 VTR I MBIIREAE & O3 & TH
b&h 5, Forrester nMiTHFRINEN D 5.
T AMOFEE, DAL B LHEERSHIE,

— 166 —



peak dF/dt
2 /sec?
20 F
P<0.05
r 1
° n.s.
o
° o P<0.02
15F © (
o o °
8 o
o
] T o
o oo o °
10 | 0o
o ° o
o
o%
o
5 -
n=10 n=7 n=4 n=4 n=3

21-34y  41-54y 60-67y CAD CAD
>EF50% <EF50%

Fig. 10. Comparison of dF/dt of normal sub-
jects and patients.

There is a significant difference between values of
normal subjects and patients with ejection fractions
less than 509%, at 59, level.
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Fig. 11. Comparison of dPower/dt of normal
subjects and patients.

There is a significant difference between values of
normal subjects and patients with ejection fractions
less than 509, at 0.5%, level.

5. HEHCHTAT Cd 2 EETIRKRHIATME, Htdh
1 EEl RS E £ 5 L, ZTofifiaEc 0AR
I X 3 EBERMEEOEIT ETIBEIT 528, #
REAME T LT W 2008 <k —EHAH AR % AR
WRICE VYT 50T, Z oh#id b OIHEME
RIMET A5 DIRHNEETH S, £ CHRATICELR
DENKEIIRILIE % & A 72 1 B HSE 2 At i
LEEREIYVEWEEZOLNRE. ZOFEKT, £
FIVHEFREC (contractility index: AR/ AL
FIIRARER) IATATR, BRAWORELZY
W, FCheDEEDRIELE b h T W
%. Kimata 554%, contractility index #.[:M

— 167 —



Eﬁ, E-Fy -lé]—l-“, IE4:N

HF—FAEIZL VRS, OFEEEOILKL L
Hicz @ index PMEFT+3 & LT, Z0oFANK
FRELTWS. LrLlEdnkz s, ZhikE
MAgiz Ko7z BT <, ERARIE->TWA
AN

b) HRIEHOIEE: BATWOKEN DN
BERINHEOTEEC b 5 £EBERAEE OB KE
(peak dP/dt), zhicHIERXEHWTHIAT, %
BHOEEE Vi< Lich o, DNEEROER
B (Vi) B EMRDHSB. ZhHITERICHT 3
Bz E, EHNREAZDIZHELTWSR,
BEMOLERBHBOERICS 5 LEbATY
56). .

c) EHHIoEE: BELHAVWL ATV SIS
iz, 1EHHE* ESEERYATH TR LR
H=R (ejection fraction) 3% %28, Z MIZHBATRF
DEERKT, MFnERNEEERDT LRE
Z V.

Zofh, EERKMEAERERE peak Vo, HK
JEHEED Vo, mean Voo 2H 32, RiF D #E
FOBER K&, HEY) BWEELR Sx2h
AN

—%, BARMFERMEE (peak dF/dt) i1, B
WERTOIEE &b+ L LT, Noble 5758
@WELTW3. dF/dt i3, Stein 5V k3 &,
HIAR, BAWNOEBYrZIAVLEA TV S
#, Vanden Bos ¥z k3 L, ®jARTOLEIL
ZFeny, HARERIC XY dF/dt 3 Ed+
2rEhTY, Chung 92 X 3 &, HiARH
K< dF/dt 338, %AREAT dF/dt 38
FrLashTWV3.

o dF/dt #xm3 2 5L LT, BRHWIH
1/3 ERHiE 4385 5. Johnson &9k, fsEysiv
kY, EFECREHESHBICEF L, EHRE
BlTRPHINKRE Bz LERELTRY, BH
IR R, DIEEERDbT b O LiESh
5. EELMI, WMARE—EL LR, o
EXRLVEAROREEZ T o b BELT
Wwa.

REBOAR (L 588 1 fLFE & 5% U 72 08 MEEER (pow-
er) N5 E dPower/dt X, HIAR, BRAKOD
R & X FIC A BN 2 S 3 5 F5 iR
LLT, FAERLEDLIS.

DHRE%E P, XBRMEEEZ F £35&, f
EFRZ PXF o{bRiz, KA THKbIh 5.

dPower/dt=P.dF/dt+F.dP/dt
i o dP/dt i3/h&vwo e, P-dF/dt ozo
EloeBrhiF k<, RgEFUERT P agm,
dF/dt 3V T 50T, MEOEL XHEFE L,
dPower/dt OFRMEHUKFHELZ/NEL T W B

LEZBh B,

Stein V4%, BEMK % F vy, angiotensin T
AfiEK, Dextran T 40% DORIAMEREZIT2
57tz 5, dPower/dt ZZ5{b+¥¥, isoprote-
renol (3.8 pg/min) T.OUHEME % #58, propra-
nolol (4~5mg) HETHMH & w7z & = 5,
dPower/dt i%, (10+2)x 108 dynes—cm/sec? 25,
isoproterenol © (1543)x 108 dynes—cm/sec? (p
<0.01), propranolol ¢ (6+1)x108dynes—cm/
sec? ~ & (p<0.001), Hifgiic BlLLic& MEL
Tw5. #EELME, BMHOTHARE—EL L
7B, %AGTELT dPower/dt XH ¥ WV EILL
ol E-oTW5.

FJz, Stein 524%, k& +T% dPower/dt #
FFEMPIC Rl HELTWES, §0Lz
%, IR dPower/dt %k - Bz 4
.

d) IUHEREIOIERE . EECEE A, ftahic
EZANEL LY, LEAHOE-AEEGFRE EbT
L, Vv—73HIAR, BAROEEICL VBT
B0, RSO A EEREREY, 0l
BOBEZIX, 7 F vV AR O % 5
MEws LA Bz LS, Suga 519, Saga-
wa LYWOBIMERTHLMZEATRY, ZD
EROME (Emx) &, ATAT, RAWCHES
hignwEn e EENMEERERE L Sh T s,

L L, Emee ZIEBMAYIC KD 5 0k FHgET
HY,50Lz5Z0HET RV, Grossman 519

— 168 —



X, Emax ORI L LT, Bl ICIGERSIOL
RIE/ LA (PSP/ESV ratio) #skw, 7%
IHEEDIRE L LT oFRAMEBLITWS. Fic
Osbakken 513, RI #fw<T ESV %, Fig
h 7EIicT PSP #skw, JEBMAYIC PSP/ESV
ratio RELR L LBELTWS. 5%, Enpe @
fifi{#gk £ LT PSP/ESV ratio 3L s hivid,
R WERBNEEEZEL 2V 95 TH5 ).
EXY, RiAT, BAROKELZ G FiTd
WHURETE 2 S K+ 3 FREE13 0 720 <, SCBRAY
121X, Emax, contractility index, dPower/dt »
3FEDRTH-Te. 4DLz 5, Ene Offiffik
L LT PSP/ESV ratio #8 RI 2Tk dh
TWBDART, HB2EFIZ-oWTIX, FEBMmAYIzR
DR ET L, BEREAIRIIEE> TR
T4 ix, peak dPower/dt #IEEMAICKD 5
TLUENTE, BT LAHE, BERSERIITR
FEEN2L, BEHLKEER (EF 50% UTF)
ETREHAHEEE (p<0.005) »BEbHH, L
WEEFEMliIC Xt+ 5 peak dPower/dt oEEHA
A R T &z

7B, 5%, LVVoZ3REPOEREED d
Power/dt #% ewizix, BRREEE O Mgl
Woricitx 2 EHEFT RO LN BLERH Y, X
D@ SN e, XY BV AR o
MFEEHHZD LT, &bRFEROKENSLE
LB bh 3.

= -

. BFK Az - K75 — ke & IEBimeY
MEEHBHEER Y, HMEFER (power),
RO z oo (dPower/dt) & JEBLimkY i HiE
L 7.

2. Peak dPower/dt X, fB4EE L /£ =ERH
R 50% AT OHEBEE L O CEHLHEE (p<
0.005) & R L, LoMAEFFMIEIE & L sk LA A
LEZLRT.

d Power/dt 2 X % 42 BEYC B RE T4

B ¥

DBSRERFMEIEE & LT, OFMEFFR (power) &
Z DWHMEZIEBMA Tk 2. ODIMEFERIZK
BIRMLTER & EBBHARMLE & D TRD 2. KBl
MRiLER T BERK VR - 75 —MifE (kv
Y 7 sk 2MHz, <A z#0iEL A ik %% 10
KHz, IEF R E##E 380 cm/sec) # vy, Hy
BEEL VAT L. LEaiRmER, Rk &
FENRBBRICESW TR aheltkic X v ko
oo SHHITEEFE 21 ) L FREG) (BRIBMEO AR ZE
EH) 7TBITHB. UTORREE-

L HBohisMEERERZ, KEIIRME R
(O H 7 —F MBIZ X 3) # v 284 2 ik
L, REARHRBRE b ok

2. DAMEEROMMEOKEER, BEED
BERBTHEEE R, T 160.2 J/sec?, ERH
R 50 % L EDKBETIEY 145.2 J/sec?, 50%
UToRTEY 93.5]/sec Thy, @EHick
L, BRHES50% LT ORBHETHEENET (p<
0.005) 2338® &, AHEOLHEBEIEIC & 1) 5 B
REE R TR SR,
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