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Summary

The ultrasonic Doppler method is advantageous to detect the timing of rapid move-
ments of heart valves, and it makes possible to measure the duration of phases in a
cardiac cycle.

In the present study, cardiac phases of the left side of the heart was analyzed with
this technique in cases of thyroid disorders and liver diseases.

In cases of hyperthyroidism, the isometric contraction time (0.023 sec)and the tension
period (0. 081 sec) were significantly shorter than those in normal subjects (0.040 and 0. 101
sec, respectively) (P<0.01, P<0.01). These shortenings might be considered to be mainly
resulted from increased cardiac contractility, and from neither rapid heart rate, nor
low diastolic blood pressure. The ejection time divided by the tension period, known
as the hemodynamic ratio, has so far been considered to be a parameter, closely
related to the stroke volume. The hemodynamic ratio was high in hyperthyroidism.

In cases of hypothyroidism, the isometric contraction time (0.058 sec) and the tension
period (0.128 sec) were significantly longer than those in normal subjects (P<0.01, P
<0.01), and the hemodynamic ratio was reduced. The isometric relaxation time in
hypothyroidism (0. 093 sec) was prolonged compared to that in normal subjects (0. 067 sec)
(P<0.01). The prolongation of this period was also reported previously in cases of
myocardial damage in hypertension. So, the prolongation of this period in hypothyroi-
dism may be a manifestation of the some cardiac involvements.

In cases of chronic hepatitis, the isometric contracion time (0.045 sec) the tension
period (0.112sec) and the isometric relaxation time (0.085 sec) were generally prolonged
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(0.01<P<0.05, P<0.01,

P<0.01), and the hemodynamic ratio was reduced. These

findindgs suggested that the cardiac function was disturbed under this condition.

In cases of cirrhosis of the liver, the isometric contraction time (0.032sec) and the
tension period (0.092 sec) were shortened (P<(0.01, P<0.01). and the hemodynamic ratio
was increased so that hyperdynamic circulatory state was suggested under thic

condition.

Key words
ultrasonic Doppler method
analysis of cardiac cycle
thyroid disorder
liver disease
hemodynamic ratio
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pler 1ah X b riticis 208255, FillE)
VLOIERE, TR & osEEE T T C &
nyEh s, Doppleriah o5 H X b A
o 2 39y, e X % Dop-
pler b hRDdOIDZEELDBND. »5HE
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shEi, BEAno A EAE W Ec G LT, SRl
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(Figure 1).

g P> DOppler signal (%, 37\~ LEE4
il A fe X b, FE T A S DR T
AT THEHORS. ﬁgmg—ﬁ« Doppler signal 135
84z & 5 Mc(mitral closure), Fpiiliic X %
Mo (mitral opening), 7c HONVCOHHIHE B E
L7c Mps & EFEZETA BT 2 MIEFOM
BN DFE L L - TET S Md 0 BELS.

—7Jj, KBRS Doppler signal (%, 5 3 [ifH
MaE ek & b NI T & [l S L RCERT
*x 7. Pz X %5 Ao (aortic opening) 1P
s X A Ac(aortic closure) X hic5h.

EOLOMHSPNEL, =i 55 Doppler signal
L, AR LICDER, OERICHE-SWTTg
-1z (Figure 2).
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Figure 1.

in frequency
Top : the Doppler signal due to the heart motion as a

signal recorded through a high-pass filter over 800 Hz and at a high gain. The

FURIR s X OTFFEERE OO RIS HT

Doppler beats of the heart obtained withithe ultrasound of 2.25MHz

whole. Bottom : the

signal presented here indicates the motion of mitral valve.

FRECER LTI, BEBCEE RIS L, i
FIERC THRER T\, Gekrh L R 7o
Doppler signal o5 %5 OFFHINL, F5
LicfE% & - CTHBARADRH & Lic.

iR

1) G

DEX QRS F 0. 11B%#z 5 L O & BRILL
fo, BERERAS2HI A EF R L Lic.

(2) HURERE B

FRR RS RE TUAESE 3341,
L bics.

(3) B

HRFT R, WO A LSRR e B, e v
F 277 A, AR S X b Bl & R B E
1661, MEMERFFL1000% & b BTk,

@). 5>k Efl

HUIR IR B RE(R T AE 6

AN DBIROFLE Licys, BIRBE LMoL
BRI & 5 5 ik HR4©, NYHA
OEREJE 3 DL o l10f 2 OB & Lic.

B &

1. HURAREB G

a. electromechanical latent time (Q-Mc)

DEXRQU X H Mc 0T & T4 electrome-
chanical latent time & U7z, BURIBEESAETTHERE
CRWTIE, ARHIEECC LEBEY R &
Bdigh, FREEER T ETREEOLER (P
<0.01) #iAd7- (Figure 3~5).

b. ZEEMEIAEN isometric contraction time
(Mc-Ao)

Mc o# 7 X b Ao OBl ¥ T & S EMEIE
ELfc. SHIBEBSENMENZ £ - o ELED
MR AR D 7RI & fERR L AoSz s X b oFHil©
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...............

Doppler signal---
{Mitral valve)

Doppler signal--
(Aortic valve )

1@

(1) Electromechanical latent time

(2) Isometric contraction time
(3) Tension period
(4) Ejection time
(5) Isometric relaxation time

Figure 2. Measurement of phases
of a cardiac cycle in left ventricle

An electromechanical latent time is
the Q-Mc interval, i. e. an interval
from the Dbeginning of the QRS
complex to the completion of mitral
closing Mc. An isometric contraction
time is the Mc-Ao interval, i. e. an
interval from the completion of
mitral closing Mc to the beginning
of aortic opening Ao. A tension peri-
od is the Q-Ao interval, i. e. the
sum of the above-mentioned electro
mechanical latent time and isometric
contraction time. An ejection time
is the Ao-Ac interval, i. e. an inter-
the beginning of aortic
opening to the completion of aortic
closing. An isometric relaxation
time is the Ac-Mo interval, i. e. an
interval from the completion of aor-
tic closing Ac to the beginning of
mitral opening Mo. As the completion
of the aortic closing coincides with
the beginning of the second heart
sound, the [[-Mo interval is wused
instead of the Ac-Mo interval.

val from

5. AR ARIEBAETUAERE TR 61 &
NCEMeEfE LR Lic (P<0.0D). s R
BABIE ME T It R » & Lic (P<0.0D)
(Figure 5). ARMeH] 13 O3 E & 2 FREE DB
AHETHEEZORD. BHEACKETL, &7
RR » oBifEx 4% L, RR BEVWRIERET 5
AR L, ZObEER

Y=0.012X+2.85, SD=0.53

X 2 BATRR, Y SEAEVEIED, Rl BT
1%1/100 sec)

Ligotc. Lo LHUIRIRBEGRILE CTOARMAHDZE
{bix, RR Z8bic X » FHIh 5L E OB #) %R

L7z (Figure 6).

FUIR R B RS TUMERE Bl ¢ D S R vk 58mmg X
» 80mmg DI CF¥ 68mmg) wh b, R
MFEAE & AR & ORIC A B OMHEIIRD bh
b 7.

c. iR
period (Q-Ao)

OEX QUL b KENRABIBGIG F T 3% X4
T5.

ARREHH b AR & RAR, BEE Sk LH
IRIRBERETUAERE CHEME, PRIFBEBIE TECER
iRL, WIhb o iiHiEnesE P

tension period, pre-ejection
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is prolonged

e
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e

prolonged up

ion time

sec.

0.08

time

isometric contraction

An example of hypothyroidism found in the case of a 38
was
The isometic relaxat

years old woman

The

about twice the normal value.
to 0.105 sec., while the normal value is about 0.07 sec.

Figure 4.
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Figure 6. The isometric contraction time Cycle length (RR)

in thyroid disorder in reference to cycle length
(Values on each axis are in seconds)

<0.01, P<0.01)T#Hh » 7= (Figure 5).

d. BERHEERS ejection period (Ao-Ac)
KRS BT OALE X D REIIRPASAE T % T2 EX
HEFfE & Lic.

FRR R B AETUMERE TS WS g, BRI e
S TFRE CTIIER 2R Lic. AR OMENC
X BEWaFRTH, Th TR fT

Figure 7. The ejection time in thyroid disorder
in reference to cycle length

VR B C D ZE B HEER

Y=0.086X+21.5, SD=7.83

X 1T RR, Y - BXHF[H, BiA21x1/100sec)
iz T % (Figure 7).

e. SZEgsiEaiiEiy isometric relaxation time
(I-Mo & %\ % Ac-Mo)

13 K B IR F0 DBtk Ac T L1z
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b o THAMMRENE L.

RIS SE U AE I s T (0. 01<P<L
0.05), K TRETIXEE MR (P<0.01) 23
R & hic(Figure 5).

f. mechanical systole (Q-Ac) & electrical
systole (QT)

i 52610Q-Ac, QT o417 RR & o 1EfR M
REkobE, Q-AcikoW Tk

Y=0.130X+27.0, SD=1.59

(X :RR, Y : Q-Ac, H{7 1/100 sec),

F7- QT 1%

Y=0.136X+26.1, SD=1.51

(X :RR, Y : QT, #ify 1/100sec)
Thotc. Thadkider UTHEd % & BRI
RETLAESE T QT 1z F R o 2 0 OHIPAICE
nah, Q-AcifEfia nT finis\(Figure8).
Q-Ac 1LLERFICIE Q-TA (IHKWIRF
B BEENCEE L. T7eb biOEX TS K%
HHEL 5 &, REIRFHAB R Z 5 T
5. TPHER L 0. 04FLL I KBRS 85
#<7 Hegglin fEfEft (538 2 Lok
FOIR IR B R TTAEAE 336FP 176 CTH - 7.

% 9k Hyperthyroidism
28;{: JHypothyroidism
100" 110" 120"

0 80 .90
Cycle length (RR)
Figure 8. The duration of electrical systole(QT)
and mechanical systole (Q-Ac) in thyroid disorder

FRER 3 X ORFEEE O OAIIA T

IR ERETE T, QT, Q-Ack LIEET
LI %\ (Figure 8).

g. hemodynamic ratio ([fi f7#AEFSED

Blumberger!®13> 3 B HHy ] A 8B U <% L7
ftia hemodynamic ratio FEer, 1 [ELO3H
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(Figure 9). [@lFERR%

Y=0.067X+0.95 SD=0.14

(X : BRI, Y @ hemodynamic ratio, Hi

{iz. 1/100 sec)
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FoofEiK T hypodynamic cir-
AEWRT L LwTieh.
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Ejection time (AoAc)
Figure 9. Relationship between the hemodynamic

ratio and the ejection time

The hemodynamic ratio is plotted against the
ejection time. An area above the regression line for
healthy subjects corresponds to a hyperdynamic
circulatory state, and that below the line
hypodynamic circulatory state.
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Ejection time (AoAc)
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(Figure 10).
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(0.01<<P<0.05),

TR ZE C U v 58 145 44 oD i
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BRI TR E DO DEN X BIHHE TH » 1.
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(P<0.01).

FAEMEMITRE L SERYE LI

(P<

mic

0.01, P<C0.01).
IR R e

ratio and

the

ejection time in chronic
hepatitis and cirrhosis of the liver

A large number of cirrhosis of the liver scatters
in the area of hyperdynamic circulatory state.

HIWET 5 & [f4E hemodynamic

ratio L BXHHREf & OBIRA B % & (Figure 11),
P84 HF 45 T3 hypodynamic circulatory state
DHIRT, F 7o FRiZE Tk hyperdynamic circu-
latory state DAIRIZ AT B b DA% <, FgE
BOMITHEOEIIRE X i,
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