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Summary

It has previously been noted that residual left ventricular function can be detected in patients with
coronary artery disease by their response on postextrasystolic potentiation (PESP) using the ventriculo-
graphic technique. In the present study impedance plethysmography, a non-invasive method recently
developed, was employed in 13 patients in order to obtain the relationship between PVC coupling
ratio and PESP. Minimum value of the derivative of the impedance change (dz/dt min), substituted for
impedance plethysmographic stroke volume, bore good relation (augmentation) to PVC coupling ratio
in 11 patients. There was no augmentation of the value of dz/dt min in 2 patients with old myo-
cardial infarction.

Additionally, to ascertain the usefulness of impedance plethysmography, comparative study of im-
pedance plethysmography and ultrasound cardiography in regard to stroke volume was done in 30
patients of non-shunt disease or of no mitral regurgitation. Conclusively, the impedance plethysmography
was verified a fine non-invasive method for measuring PESP and stroke volume.
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Postextrasystolic potentiation (PESP)ix, 1885
#£iz Langendorff 5V |z & - THEFIICHE S,
DEOR Y 7HEL LToREB#ED L 2L &h
T35,

T, Bt LREE~OINERTEERE o L
LTtk asynergy DYEERD R WHIHER &
+, residual left ventricular function gz,
Sonnenblick &2~ %, PESP 2R THLZTH
B LBAALTNVS.

—fxiz, PESP ofgpRAotRatiz, BRIz
T » cine-angiography (2 X > T\ 5.

Fitix, BOEEB ShTwWaEEmEN 1>
% % impedance plethysmography®® (. &'—
# o zgk) #HWT, PESP L premature ventri-
cular contraction (PVC) o coupling ratio & »B§{%
LRERFIC TR L. &b, 1 vE—F v
2L Y BH & h B stroke volume L ultrasound
cardiography (UCG) X vEH&h 3
volume % HlgkREt Lz,

stroke

FiEB LUHER

(1) PESP ofaat

YANFHZ TOHET OB L OLEB DD,
DD 7 — 7 VREERIT LS 135 205 L L
7= (Table 1),

Fix, 25 50 KHz, 1.5 mA ¢ Pulmo-
cardiography #fiv», 4Bk TLER, KH)
IRE (Ao press.) %jzixZE£ZEMNE (LV press.) #
I RALIERAFIE T CRIRFES L 7. AEORER
IZBNWEIUBEERS 57— 7 VX 9 2msec.,2-3mA
DHERHI 24 OORARICIZ T PVC 2584
&4, PESP o##t 17 -7z (Figure 1).

2z Kubicek $® (2§¢ - 7=. stroke volume
A ReTkvohs.

4V= p(L|Zo)? (dz/dt) min. T ........ (A)

AV =ventricular stroke volume (cc)

p=the electrical resistivity of blood (average

value 135 ohm-cm)

Table 1. Clinical data of thirteen subjects for
postextrasystolic potentiation
Case no. Age Sex Clinical Diagnosis

1 20 M PAT

2 22 M PAT

3 23 M PAT

4 32 M pericarditis

5 20 M ASD

6 43 M ASD

7 19 M left superiol vena cava+PDA

8 41 F Stokes—Adams syndrome

9 66 M Stokes—Adams syndrome
10 68 M angina pectoris
11 34 M old myocardial infarction
12 52 M old myocardial infarction
13 53 M old myocardial infarction

L=the mean distance between the two inner
electrodes (cm)
Zo=the mean body impedance between two
inner electrodes in ohms
(dz/dt) min.=the minimum value of dz/dt
occurring during the cardiac cycle in ohms
per second
T=the ventricular ejection time in seconds as
obtained from the dz/dt wave form
(dz/dt) A=the value of dz/dt occurring by
atrial contraction in ohm per second
PESP o#aticiz, ko7 2 —% v,
PVC coupling ratio=PVC coupling time/con-
trol RR interval
4(dz/dt) min. 9,
_ (dz/dt)min. post PVC —(dz/dt)min. control
- (dz/dt) min. control
x 100

4Ao diast. press.=Ao diast. press. post PVC—

Ao diast. press. control

ALVEDP=LVEDP post PVC—LVEDP

control R—(dz/dt) min. time (from R of
ECG to peak (dz/dt) min.)

A v E—# v 2kl k B stroke volume %, (A)
RicTEx b 58, o(L/Zo) iz, F—EA
TE—EEERToT, T 0EB2ERT NI,
stroke volume DG & LT (dz/dt) min. % fiv
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Figure 1. Recording of electrocardiogram, phonocardiogram, aortic pressure (Ao press.), and

first derivative of the impedance change (dz/dt).

In lower trace left ventricular pressure (LV press.) was recorded instead of aortic pressure. PVC was

introduced at various coupling interval.

ThIwneExbohs.

Figure 2 i3, PVC o coupling ratio ® k/~a3
4 DIERICEX 2R BER L bDOTHD. LB
{% coupling ratio 0.79 v, TEkix 0.45. PESP »
H L LT o (dz/dt) min. OBINRIE, %4 +35
%> +78% T& 5. Ao diast. press. {, 441 —13
mmHg, —24 mmHg <, R—(dz/dt) min. time
3, 105 msec., 95 msec. L ->TW5.

Figure 3 i3, case 3 opii<dh 5. preload
o index L Lo LVEDP o%{kit, ETH3
PRy KERELERES VA, afterload & LT
@ Ao diast. press. DT, BAS i (dz/dt)
min. OEIMR L —EPEFZEZRFL TS, dp/dt

LHERDH B L vvbitd R—(dz/dt)min. time. §,,
PCV coupling ratio o&EREICEVVNEL £ 5.

Figure 4 (Jcase 13 0l H 5. PESP 3%
» bz (4 (dz/dt) min. Y% —39% %5FT).

Figure 5 |3 case 13 opi#E <, PVC coupling
ratio DEFEICEV afterload I3 B 23,
4 (dz/dt) min. {ZiF & A EEEML 72V

Figure 6 (%, 135l PVC coupling ratio &
A(dz/dt) min. % DOEIRERERLELLDTHS.
DFHEZE 3 fih 2 pilic PESP 238w 0.

(2) (dz/dt) A oikdE

Figure 7 LE:cHALH /L Sic, PVC %o
ABiELm->TWwWa. TBiZ, case 3 DREET,
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Figure 2. Recording of electrocardiogram, impedance change (4Z), aortic pressure, phono-

cardiogram, and dz/dt from patients 3.

Following a postextrasystolic pause, the fourth cycle shows an augmentation of dz/dt min.; 4+35% in

upper trace, +789%, in lower trace.
PP

FEE ERIVTE~AFRICE > Th 5.
PVC coupling ratio 234&EfE+ % iIcffvy (dz/dt) A
TEBRAICHEALTWS., 2E20CFiEDRE
5.

(3) 4 vEe—#rzkt UCG iz k % stroke
volume o Mk

SRIZ, v v MRS, EIERASETREE 2R
< 30pThHsd. FEEIT, Aloka SSD-90 24 L
ECG, PCG, 1 v & —# vz 4Z,dz[dt %024
PR 1ETF CRIBE DS L 7z (Figure 8).

UCG z81F 5 stroke volume D#EIzix, 14
ER 2RI Z 28 & )V ETHICEMT 258

&%, BESHET 35T Dd, Ds oft#l 2=
M ol > TiT- 7. Dd®—Ds?iz Tstroke
volume & L7z,

#=HfE: Table 2 (TR U7, Wi OMHEG
¥ux 0.804 %7E7-. BH L stroke volume o
stit # Figure 9 IZ[R L 7.

g

B, A v ©— & v 2K X BBRISHIC
X, ER6YY X BHER, MREEL LN
Kubicek 5499 |z k 3 £ EREDFEMAE R %
LOThHSD.
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Figure 3. Same patient as figure 2.

ALVEDP, 4Ao diastolic pressure, R-dz/dt min.
time, and 4dz/dt min. percentage were plotted against
PVC coupling ratio.

A e—F v Rkiz X 3PESP o#at

ELRICELT, A v E—F v 2BB X v 5%
EBOERILIZ SOV THROFEDOD 335 5 23,
Kubicek iz & 5 BN —ZIcHVW LA T WS,

#Itx, BEC.OEMENS o RR BEL ejec-
tion time, stroke volume DEE> 3§ L 1t Valsalva
&, TRELER EOEBHEICHT S v —
¥y ABEOREY 217w, 1EHHECEH
BRICHRT SR HB. SRR SIS,
FEHShTWS PESP wonthkkzAVE
RIRES 217 - 1.

PESP icf84 2 &Y 3523, BERIIC
1% stroke volume D1 % % v it cineangiography
T asynergy DWEOHJETH Y, REMEGS
BNz 13, BEERL <o fibrosis & myocardial cell
DEHRICEZY LEXBRATWS.

4, PESP 2EH 2R UT &0, Eilntt
DEBROHAEHITER D FEFEIZ X Y coronary revas-
cularization |2 X - T ¥, asynergy OES RS /v
Wl H Y, ok D iflicrisk OB VN & i
o, FINESERD D oREEREL LTHRK
BolehrbTHS.

Sonnenblick 5% iz X X, itk D asynergy B
=5 L IEtkEF o LVEDP, cardiac index,
ejection fraction, NYHA SE0EETIIAEES
iZ72<, PESP K TXBIR[EETH B LBEL TR

», latent function, residual function HFEiz

-3 %

ST VAR VA AVY

Figure 4. Recording of electrocardiogram, aortic pressure, and dz/dt from patients 13.
Note no augmentation of dz/dt min. following a post extrasystolic pause.
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Figure 5. Same patient as figure 4.
4Ao diast. press., and 4dz/dt min. percentage
were plotted against PVC coupling ratio.

2%, Hamby & 303 L 4 LV end diastolic
volume DD 72V D § % <, Frank-Starling
MROBEICEENTHS.

FIORFETHL L X 51, PVC coupling
ratio A3/NZ 7 B I vy afterload & LT o aortic
diastolic pressure (I E &M L, PESP 2k
E<HELTVWB LEDRS.

—%, PESP %33 & £ W DIFEED 2 #T b A
BEiz, aortic diastolic pressure (XA & R4I2 D
#5¥ (dz/dt) min. DEMERLBH TR
DD & v 7 g Iz & - T afterload 234 L,
WK PESP #4105 L Ebh 525, PESP 241
BWZ LOFHAIBHTE LY. ziZ, PESP o
BEAHCBEL, INMERE O 2 T ( DEIIRICEE
BhhiE, PESP 24Uzt b EX GR35,
afterload WD & v~ > FAAHIC b, BEICRS &l
WELRETE, R ERARBALAVWESE
ZBDFEMLIC S, BRELTEOFRRBIIAR
HATHs.

¥, Ak & —fxi2fThbh T 3 cineangiogra-
phy & Z b+ % L ¥ TR ERAIC X 5 EIEA
X Y 3Bl L 21T T & 7\ 23, asynergy DR,
BELzoWERBEIHARICE 5. #iEFTRAD
HF—FNRTTOLRITCE, MARERETATAE
TH DA, asynergy DEBEHIRERIT TV,

A [Elix, cineangiography L ZiEm kit %
fFoTwizds, PESP o screening ##r & L T

4 (dz/dt) ;, Percentage
+1509 % — old M. L.
) 10 —.~ angina pectoris
g 3 &L T others Figure 6. Relationship be-
tween PVC coupling ratio and
+100 1 4dz/dt min. percentage in all
patients.
Note no augmentation in 2 pa-
tients with old myocardial infarc-
+501 tion. Number coincides with case
number shown in Table 1.
coupling
0 ratio
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~-0.87-4— L ng fatio

0.4 05 0.6 07 08 09

coupling ratio and (dz/dt) A in
patient 3 (bottom panel).

{5 8 EE

Figure 8. Recording of UCG, 4Z, dz/dt, phonocardiogram, and electrocardiogram.

BRESHRFETHY, SBREALEDNhS.

L = 5T, (dz/dt) A Iz oW T A EIDORFEIZED
THEENL D L BEbh 3. (dz/dt) A fEix K iz
V2SR LT TCRBELLOEBY, ¥
MEZHAVEZ L TERW, LEMBICTH
KTdzZL, BIUEREE v vy 7 TP §o
BEHICEDDIZLICX), LERECL M52
DIITHROBERBEL TVWEZ LRFEETD
%95, & Eo PVC coupling ratio & (dz/dt) A o
Mg 2E 2z 3, OFED Frank-Starling 3181z &
% atrial kick mechanism % KBtLTW3% & D3
BANTRETH 5. FhkobEH < PVC gitgTo

apexcardiogram DOEcix, PVC # 0 A&
BEAERET, ABRRILLABMILTNS.
oz tizteL 5, Rushmeroiicft-> T, #
BHIAE W ®IZ ventricular filling 23443 T,
atrial contraction DR DOV KELL T3 &
bEZLND.

WwWFhizk &, 4E o (dz/dt) A 2B+ 3 piE
2o, RRERITESEVY, LDEOMITERE
ERET I AICASBARTHELEXLND.

BBIZ, 4 v E—F v RE LB ENIER
] o radioisotope dilution method, dye dilution
method & D, 3 X UK T electromagnetic
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Table 2. Obtained basic values from thirty subjects

case no. age sex Zo L dz/dt T Dd Ds
1 12 F 31.0 26.0 2.38 0.30 4.7 3.0
2 15 M 27.2 27.5 2.58 0.26 4.8 3.1
3 18 M 27.6 28.0 1.50 0.28 42 2.8
4 20 M 26.6 29.0 1.92 0.28 4.7 3.3
5 20 F 31.2 25.5 1.78 0.28 3.8 21
6 20 M 25.2 25.5 2.30 0.29 5.0 3.0
7 20 M 31.5 30.0 1.70 0.30 4.7 3.0
8 21 F 26.0 26.0 1.53 0.30 3.5 1.7
9 22 M 30.0 29.5 1.37 0.22 4.3 3.0
10 22 M 29.0 33.0 1.40 0.26 4.7 3.0
1 23 M 26.0 30.0 2.45 0.29 5.2 3.2
12 23 M 27.0 27.5 1.94 0.26 4.7 31
13 24 M 25.4 29.5 1.50 0.30 5.3 3.7
14 24 M 27.5 26.6 2.32 0.30 4.6 2.7
15 24 M 25.0 27.5 1.54 0.26 4.8 31
16 24 M 24.0 28.5 2.13 0.29 4.7 3.0
17 27 F 29.4 26.5 2.83 0.27 5.0 2.8
18 28 M 29.0 30.0 2.27 0.27 4.4 2.5
19 29 M 26.6 27.5 2.53 0.30 4.6 2.4
20 30 M 29.0 28.0 2.18 0.31 5.0 3.0
21 30 M 29.7 33.0 2.07 0.27 5.1 3.6
22 35 F 30.6 27.0 3.00 0.27 4.1 1.8
23 36 F 30.6 32.0 2.20 0.27 4.2 2.4
24 39 F 30.8 28.0 2.10 0.26 4.3 2.5
25 45 M 23.5 28.0 0.85 0.31 5.2 31
26 58 F 30.6 27.0 3.64 0.33 5.6 39
27 60 F 34.8 27.5 2.73 0.30 4.6 2.8
28 62 M 25.4 26.5 1.35 0.29 4.7 3.3
29 67 M 25.0 26.0 1.25 0.27 4.6 31
30 69 F 29.5 26.5 1.39 0.36 3.8 2.2

flowmeter <D H#EZ2IZATBWHHENED bh
Tw3. —%, UCG il L ol#E™ g T
LEWHEEAE LA TWS. BE, A vE—F
2kt UCG o lt#id in v 23, SEOFIEDRK
B, YRoOZLaNLRWHEBEERLTWS.

EXL))

faBEq v € — & v RBEERAV, BIBHEOHEE
&0 13 Eflic, BRIk PVC 24
& PESP o#gtafro7-.

DFHEE 3 Hl% 2 filic PESP 0B 8w iz
Motz. —F, BEOFEENREFEL 5 5 11 fijtiz,

PESP %38, PVC coupling ratio 23/h&< 23
it PESP BRI M E R L.

B, fEEcs vEe—Fr2 A g PVC
coupling ratio BAMZEWEET 5 & W HBEED
R EEK.

&5iz, UCG B UA ve—F v BT X
% stroke volume {§ otk st & BEEE B 30 #ilic
7V, BV RS (r=0.804) #487=. X > T PESP
DOEcA v E—F U 2EDIEAIERLEEZXD
ha., 5%Ebict v E—F v 2RO MM iR
Bk Shhid, mTSEOSHICRISLOL
Bbhs.
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Figure 9. Comparison of impedance plethysmo-
graphic stroke volume versus UCG stroke volume.
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