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Summary

Instantaneous changes in the left ventricular volume was detected noninvasively by echocardio-
graphy in patients with atrial fibrillation, who showed beat-to-beat changes in the left ventricular
end-diastolic volume and stroke volume, from which the left ventricular function curve was determined.

A total of six patients including mirtal stenosis (MS) (Case 4), congestive cardiomyopathy (CCM)
(Case 5, 6) and lone atrial fibrillation (Case 1, 2, 3) were studied. The echocardiogram and direct
brachial artery pressure (BAP) were recorded simultaneously in all patients. The left ventricular end-
systolic volume (LVESV), end-diastolic volume (LVEDYV) and stroke volume (LVSV) were measured
by echocardiography using Teichholz’s formula, and the left ventricular stroke work (LVSW) was
derived from LVSV and mean BAP. Ejection fraction was 60~70% in Case 1~3, 40% in Case 4, 27%
and 30% in Case 5 and 6, respectively. Patients with lone atrial fibrillation were used as controls.

Ventricular function curve (VFC) was constructed by analyzing the relations between LVEDV
and LVSV (VFC(V)), LVEDV and LVSW (VFC(W)), respectively, in each of 80~100 consecutive
beats in atrial fibrillation. Left ventricular end-systolic pressure-volume ratio was derived approxi-
mately from brachial artery pressure at dicrotic notch (BAP(DN)) and LVESYV in order to know the
effect of the potentiation on the LVEDV-LVSV (or LVSW) relation in atrial fibrillation.

VFC(W)s in two patients with CCM (Case 5, 6) were shifted downward and to the right of nor-
mal control curve, which might represent seriously impaired left ventricular function. VFC(W) in
a patient with MS and mild LV myocardial dysfunction (Case 4) showed only a slight shift to the right
and downward from normal control curve. VFC(V)s in Case 5 and 6 were also shifted to the right of
control curve and VFC(V) in Case 4 showed only a slight shift to the right of control curve, just like
VFC(W) in each case.

There was a significant correlation between BAP(DN)/LVESV and preceding R-R(CLI)/pre-
preceding R-R(CLII) in 80~100 consecutive beats in atrial fibrillation. Therefore, it is possible that
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the relation between LVEDV and LVSV (or LVSW) in atrial fibrillation will be influenced by so-
called potentiation. However, the intensity of the potentiation was different from each other and
significantly decreased in two patients with CCM.

Although VFC obtained by this method might be influenced not only by afterload but also by
potentiation, this reflects the left ventricular function of each case very well as shown in this study

and is useful for assessing cardiac function.
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Fig. 1. Simultaneous recording of the echocardiogram and brachial artery pressure.
ACW =anterior chest wall; IVS=interventricular septum; PW=left ventricular posterior wall;

BAP=brachial artery pressure; ECG=electrocardiogram; PCG=phonocardiogram; CLI=pre-

ceding R-R interval; CLII=pre-preceding R-R interval; Dd=end-diastolic dimension; Ds=end-

systolic dimension.

Left ventricular volume was measured by using Teichholz’s formula.
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Fig. 2. Relationship between LVEDV and

LVSW, so-called LV function curve (VFC(W)),
in Case 1 with lone atrial fibrillation.
r=0.92 (p<0.001), y=1.99x—71.
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Fig. 3. Relationship between LVEDV and LVSV,
so-called LV function curve (VFC(V)), in Case 1
with lone atrial fibrillation.

r=0.91 (p<0.001), y=1.10x—43.40.
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Fig. 4. Relationship between LVEDV and LVSW
in Case 2 with lone atrial fibrillation.
r=0.88 (p<0.001), y=1.52x—32.
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Fig. 5. Relationship between LVEDV and LVSV
in Case 2 with lone atrial fibrillation.
r=0.90 (p<0.001), y=0.94x—21.37.

462



-7z

FEFI6 X 655 BFC, I ->MmMECHIED 14
THd. DLrza—FEEicxs LVEDV 3 264 ml
(P#) Lk, EF 3 27% (F1), @RAEREC
I3 LHAMER 2.1 fmin LveFhbESL, Z
LUWESEBERELZEL TV ..

LvVsw

1504 °

C
(eM) ase 6 o

o o
L)
o

° offece P pAEPeee agee
e
.

100

oo oo
© 00 ope 30 ¢ oo

50+

wooPe

_— LVEDV

T
200 250 300  (mh

Fig. 6. Relationship between LVEDV and LVSW
in Case 6 with CCM and atrial fibrillation.
r=0.75 (p<0.001), y=1.12x—229.
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Fig. 7. Relationship between LVEDV and LVSV
in Case 6 with CCM and atrial fibrillation.
r=0.79 (p<0.001), y=0.67x—131.
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Fig. 8. LV function curves (VFC(W)) in Case 1~6.

Case 1~3: lone atrial fibrillation, Case 4: MS with mild LV myocardial dysfunction, Case 5, 6:
CCM.

Case 1~3 with lone atrial fibrillation were used as controls.

VFC(W)s in Case 5 and 6 are shifted downward and to the right of normal control curve, which
might represent impaired LV function. VFC(W) in Case 4 with MS and mild LV dysfunction
is situated slightly downward and to the right of normal control curve.
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Fig. 9. LV function curves (VFC(V)) in Case 1~6.
VFC(V)s in Case 5 and 6 are shifted to the right of normal control curve, and VFC(V) in Case
4 is situated slightly downward and to the right of normal control curve.
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Fig. 10. Relationship between CLI/CLII and
BAP(DN)/LVESYV in each of 80~100 consecutive
beats in Case 1 with atrial fibrillation.
r=0.48 (p<0.01), y=0.49x+3.57.
BAP(DN)=brachial artery pressure at dicrotic
notch; CLI=preceding R-R interval; CLII=pre-
preceding R-R interval.
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Fig. 11. Relationship between CLI/CLII and
BAP(DN)/LVESYV in Case 2 with atrial fibrillation.
r=0.65 (p<0.01), y=1.54x+3.15.
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Fig. 12. Relationship between CLI/CLII and
BAP(DN)/LVESYV in Case 6 with atrial fibrillation.
r=0.80 (p<0.001), y=0.21x+0.21.
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Fig. 13. Relationship between CLI/CLII and
BAP(DN)/LVESYV in Case 1~6 with atrial fibril-
lation.

A correlation coefficient (r) and regression equa-
tion as follows:

Case 1: r=0.48 (p<0.01), y=0.49x+43.57; Case 2:
r=0.65 (p<0.001), y=1.54x+3.15; Case 3: r=0.68
(p<0.001), y=1.12x+2.27; Case 4: r=0.41 (p<
0.05), y=0.19x+1.43; Case 5: r=0.76 (p<0.001),
y=0.16x+0.26; Case 6: r=0.80 (p<0.001), y=0.21x
+0.21.

R-R flic b zh 2 h Rk MBI b h i

% ES

Frank, Starling iz k 0 .0MEOINFEEE2FR
THLOL LT ERMIZ RE i Frank-Starling
DEANL, ZOB%OHFEICL Y, AOLEIZL H
TREHHEATH3 Z LH¥mbN, bl Sar-
noff 5ic X YV ZDBELWAREIC S TLSE, Vb

— 465 —



g#» {Eiﬂ: A{?’%*» [E3:8

W 5 DEERE AR DIUEE 2 R T L ViR L LT
HAuebh T s,

A3k, Sarnoff L MREMMR L LHERERE, £
ENIREHIE, EREOHHRMERR £ L EZE—RT
HRELOBRICE > TRLE. LTRSS
—E D BEREMBIZ - T, #:x 3 heterometric
autoregulation %17\, FCELHEMR 028 REAHREH
Wiz X 9 DEIHES R K & & 5 LRt T
LFEBEE, EUHIEIETRICEETHSB
Br ez LeRLi. DSk, ASEIEKEA
&, EEREHE, FHEERER L #HRkoK
RLLT, Thb L EE—RAER, EEFHE,
ERIGEHE, KBIRER £ & ORFR» & OHEE
AR IR b hFIH Eh T&E .

T T4 DEMB E BT 5 FRELEET,
D o —RERIC & 9 FHIL 72 80~100.0:p o> LV-
EDV & SV oBfgs b AR el s, O
REpl TR OBREEE Bl U T 2 oigEhii s
ETHCMBEY Sz L, I digitalis izk 3
BRCTENOPELEFICBEIT5 2 & &RLRED.

Sarnoff2~4 HMHEME L 72435k o LEEREfh#R <1,
EEFEHEONRD v icERLER 2/ L > T
VB o THIREDPEE L X VIR RT B L
hB. T THEOZ L <, 6T VEC(V) &
VEC(W) %Lt U THhieds, £EHH A BIRED
HHENT, SEIO%SR 6 Flic I\ Tl o0
BEIZIS Uiz VEC(V) #E oML BRfR I VFC(W)
HEOMEREFRL FAETH-z. &5ic, Son-
nenblick 57 {3 /=5 f95& A3 preload, inotropism
—E T afterload kDL L WV EFHT 30
2wt LT, BRHIE EBAPEEAN o afterload
DEBNC L o TRRERFEEBEZT Y, £ LT
preload, inotropism {Z{KfE+ 5 LHELTE Y,
% OFKR TREEMRKYIAE L BB OBIR X
DR I EERERR VFC(V) 012923, HH
B oL 9B shk VFCW) kv 4.0
HRE LTIV ERAMNTHIAREELEX NS,

DEHEBNC B35 £ 0 IWHEEIC 1 Liko
preload, afterload Li4hic, b3 R-R [fE

2Bz 35 < potentiation AEEY 5 L\vbh T
BY, ThETRT BV OLOBRENHRASH
8-, 5 Karliner &2 3855, [OEMS
IR B F L OUIESIEIZE L LT preload i
EWETHLRELTHY, LTFLLERO—F%
AT\ A .

KIS INHE R INKE S 38948 (post-extrasystolic po-
tentiation) | 18854z Langendorff iz X v )%
TR & h®, Hoffman 513 iz X v 7 OFEEHN
BAREIC &7z 3, coupling interval A4V g Y,
B < RIEHIDR R EFRLH L v bh T 310,
% Z T preload, afterload o B#88 % 5% 13+ UG
MrEkT L T 5 Emax5® o5T{LfE % BAP-
(DN)/LVESV & LT&LTRY, %fT R-R/
SExfTR-RIb L DfRERILLZ 5, 6 HF 5 4
THEZ THBZED &5 1, » 5 EE potentiation
BREELTV3 b0 EEXbRE. LL, EF
BoOAEX 0.21~1.54 L&~ T, potentiation [
BoBEMEMICL YRI5 LBmbhli. %
DEBEORE L LT, 9 - MMEMGEED 2§l <E
TRROBESFE LB LT lez &6, B8V
I E D 72 TP B A3 potentiation %= L
2l holed, B\ id potentiation (23563 3 T
EBARTRTholcdTEH vk HllEh 5.
L 2> LIDSRE D IE# 72 il TH AR B Tk w /o poten-
tiation DTEELAHER 1 HlB3H 0, ZOJEE I
B O T,

DERBE THF S h .0 #R T preload o
EEhcES CBRHE, HEEOELS M after-
load ABHERL, &S ICAHEOHRENI S poten-
tiation ZAMLk L7cb D e EXHNn 52, BEKE
ROBH A E, DRHER & ofE»mbh 55
BOBEE#ISRMLTEY, Wb dEEH
REHI# L LT, BBKE, +ocERTEs oL
2 bk

® e
1) DEMso K LAIcBsiT 5 LVEDV L SV
BLU SW L oBE» 586 i EEEEEdR

— 466 —

— 466 —



VFC(V) X vt VFC(W) i, $h o EF, CO,
LVEDV, EgpkiEiR%: & 26 5l S hiz KRB D
BEEZ I CRBL Tz

2) DEMBNC BT 5 AL © IHE M 2,
preload, afterload Lif}ic potentiation 233 3%
EFELTw3b0LEXLLNELY, FOBRER
EFc X VR Y, 2 LLHEEORCLER
BB 5 - MEEDFIED 2 FlTid & b TRE T
» oz

X M

1) deE—, B0 B 0 48, Ef=: UCG
2k BEEBERBRICOVT. L 6: 1543, 1974

2) Sarnoff SJ, Berglund E: Ventricular funcion: I.
Starling’s law of the heart studied by means of
simultaneous right and left ventricular function
curves in the dog. Circulation 9: 706, 1954

3) Sarnoff S]: Myocardial contractility as described
by ventricular function curves. Physiol Rev 30:
400, 1955

4) Sarnoff SJ, Mitchell J: The regulation of the
performance of the heart. Amer J] Med 30: 747,
1961

5) Suga H, Sagawa K, Shoukas AA: Load inde-
pendence of the instantaneous pressure-volume
ratio of the canine left ventricle and effects of
epinephrine and heart rate on the ratio. Circulat

L EME) D LSRR

Res 32: 314, 1973

6) Suga H, Sagawa K: Instantaneous pressure-vol-
ume relationships and their ratio in the excised
supported canine left ventricle. Circulat Res 35:
117, 1974

7) Sonnenblick EH, Dowing SE: Afterload as a
primary determinant of ventricular performance.
Amer ] Physiol 204: 604, 1963

8) Greenfield JC, Harley A, Thompson HK, Wal-
lace AG: Pressure-flow studies in man during
atrial fibrillation. J Clin Invest 47: 2411, 1968

9) Rogel S, Mahler Y: Myocardial tension in atrial
fibrillation. J Appl Physiol 27: 822, 1969

10) Edmands RE, Greenspan K, Fisch C: The role

of inotropic variation in ventricular function dur-

ing atrial fibrillation. J Clin Invest 49: 738, 1970

Gibson DG, Broder G, Sowton E: Effect of vary-

ing pulse interval in atrial fibrillation on left ven-

tricular function in man. Brit Heart J 33: 388,

1971

Karliner JS, Gault JH, Bouchard R]J, Holzer J:

Factors influencing the ejection fraction and the

mean rate of circumferential fibre shortening dur-

ing atrial fibrillation in man. Cardiovasc Res 8:

18, 1974

13) Hoffman BF, Binder E, Suckling E: Post-extra-
systolic potentiation of contraction in cardiac
muscle. Amer ] Physiol 185: 95, 1956

14) mgEfm=, &1 8 FEELE Eo H: RE
RO mfTEHEE. MOk L 7E8R 22: 307, 1974

11

~

12

~

— 467 —

— 467 —





