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Summary
The changes in left and right ventricular systolic time intervals (LV- and RVSTIs) and split

interval of the second heart sound (IIA-IIP interval) associated with post-extrasystolic potentiation
were studied in 48 patients including 37 without a significant intracardiac shunt or valvular regur-
gitation or pulmonary hypertension, 7 with aortic stenosis (AS) and 4 with hypertrophic obstruc-
tive cardiomyopathy (HOCM). In 19 out of 37 patients mentioned above, LV- and RVSTIs were
measured from carotid pulse and pulmonary arterial pulse waves, and IIA-IIP interval of post-
extrasystolic beat with a compensatory pause was compared to that of the preceding sinus beat. In
the other 29 patients including AS and HOCM, LVSTI, total electromechanical systole of the
right ventricle (Q-IIP) and IIA-IIP interval were compared. There was no significant difference
in the coupling index [(compensatory pause—coupling interval) / preceding RR interval x 100(%)]
among three groups.

The following results were obtained:

1. In all patients without HOCM, post-extrasystolic beats showed wider IIA-IIP interval
than the control beats independent upon the diseased entity and severity of cardiac function. In pts
with HOCM, a IIA-IIP interval was shortened in post-extrasystolic beats.
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2. A IIA-IIP interval at post-extrasystolic beats was prolonged in proportion to the aug-
mentation of coupling index. However, this finding was no longer observed in cases with the coupling
index of more than 809.

3. LVSTI: In patients without HOCM, almost no change or prolongation of left ventricular
ejection time (LVET) and shortening of left ventricular preejection period (LPEP) were observed in
post-extrasystolic beats. The degree of changes in LVET and LPEP was greater in patients with the
abnormal left-sided PEP/ET than in patients with the normal PEP/ET. The degree of changes in
LPEP was always greater than that in LVET, therefore, total electromechanical systole of the left
ventricle (Q-ITA) was shortened in all patients.

In HOCM, a marked prolongation of LVET and a shortening of LPEP were observed. The
degree of changes in LVET was greater than that in LPEP, therefore, Q-IIA was prolonged in all
patients.

4. RVSTI: Prolongation of right ventricular ejection time (RVET) and shortening o right
ventricular preejection period (RPEP) were observed in all patients in post-extrasystolic beats.
The degree of changes in RVET and RPEP was increased in patients with the increased right-sided
PEP/ET. The degree of changes in RVET was greater than or equal to that in LPEP, therefore, Q-
IIP showed slight prolongation or no change.

In conclusion, an increased IIA-IIP interval at post-extrasystolic beats with a compensatory
pause was recognized in patients with heart disease without a significant intracardiac shunt or valvular
regurgitation and pulmonary hypertension, except HOCM. The mechanism of this phenomenon might
be due to the variable responses of the left and right ventricles to post-extrasystolic potentiation,
which result from the differences in contractile properties and vascular impedances between the
systemic and pulmonary circulatory systems.
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Fig. 1. Methods of two projects.

Panel A: Phonocardiogram (PCG) in the pulmonary area, lead II electrocardiogram (ECG), pul-
monary arterial pressure pulse tracing (PA) and carotid pulse tracing (Car) are simultaneously
recorded. Either ventricular or atrial premature beat (Ex) is induced with varying coupling intervals
(CI) by an electrode catheter in the right ventricle or the right atrium. Measurements of right and
left ventricular systolic time intervals and split intervals of the second heart sound (IIA-IIP)
are obtained before and during periods of post-extrasystolic potentiation. The changes in the
systolic time intervals and ITA-IIP between the pre- and postectopic beats are calculated and ex-
pressed as 4 values. Coupling index=(CP-CI)/RR X 100(%).

Panel B: Phonocardiogram, lead II electrocardiogram (ECG) and carotid pulse tracing (Car) are
simultaneously recorded. Q-IIP intervals, left ventricular systolic time intervals and IIA-IIP are
measured before and after periods of naturally occurred Ex. The changes in these intervals between
the pre- and postectopic beats are calculated and expressed as 4 values.

A =aortic component of the second heart sound; P=pulmonic component of the second heart
sound; QITA=total electromechanical systole of the left ventricle; LVET =left ventricular ejection
time; LPEP=left ventricular preejection period; QIIP=total electromechanical systole of the right
ventricle; RVET =right ventricular ejection time; RPEP=right ventricular preejection period;
RR=R-R interval of the sinus rhythm preceding an ectopic beat; CP=compensatory pause; St
=premature stimulation by an electrode catheter.
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Table 1. Subjects of projects A (panel A) and B
(panel B)

Coronary artery disease (CAD)

Sick sinus syndrome (SSS)

Mild mitral stenosis (MS)

Minimal aortic regurgitation (AR)
Hypertrophic cardiomyopathy (HCM)
Dilated cardiomyopathy (DCM)

—_— e N S~

Straight back syndrome

Total 19

Patients with normal LVPEP / ET (£0.42) 18
Isolated VPC 10
CAD 3
Hypertension (HT) 2
HCM 2
Mitral valve prolapse 1

Patients with abnormal LVPEP / ET (>0.42) 6
DCM 3
CAD 2
HT 1

Aortic stenosis (AS) 7

Hypertrophic obstructive cardiomyopathy (HOCM) 4

Total 35

LVPEP/ET=left ventricular preejection period /
left ventricular ejection time; VPC=ventricular pre-
mature contraction.
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Fig. 2 X Group I w4 flickswv T, & 50 @
DOSMNEE v TEBIL 72 coupling index &
ATIA-TIP : oB{%#57%+. Coupling index 2%
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Table 2. Criteria for the classification of ma-
terials and resting values of PEP/ET
ratio in patients of project A

Group Criteria No. of Resting value ( M+ SD )
LVPEP /ET RVPEP/ET cases LVPEP /ET RVPEP/ET
| <0.50 <0.50 9 0.39+0.07 0.33+0.08

I <0.50 20.50 2 0.43+0.02 0.58+0.04
" 20.50 €0.50 4 0.55+0.04 0.35+0.08
1% 20.50 20.50 4 0.66+0.09 0.61+0.09

A total of 19 cases belonged to the project A are
divided into four groups according to the grade of
abnormality of the Weissler index.

LVPEP/ET=left ventricular preejection period [
left ventricular ejection time; RVPEP/ET =right
ventricular preejection period / right ventricular ejec-
tion time; M=mean; SD=standard deviation; No.
=number.
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Fig. 2. Change in the split interval of the
second heart sound (4IIA-IIP) between pre-
and the postectopic beats related to the dif-
ference in the coupling index in 4 patients of
group I using 50 extrasystoles.

A gradual increase in JIIA-IIP is noted in pro-
portion to the augmentation of the coupling index.
However, it is no longer observed in beats where the
coupling index exceeds 80%.

n=number of ectopic beats; SEM =standard error
of the mean.
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Fig. 3. Changes in the split interval of the
second heart sound (4IIA-IIP) (upper panel) and
total electromechanical systole of the left and
right ventricles (4Q-IIA and 4Q-IIP) (lower panel)
obtained from beats in which the coupling index
exceeded 40% between pre- and postec- topic
beats in four groups.

Mean values and standard deviations are indicated.

Upper panel: Prolongation of IIA-IIP is noted in
all four groups with little change of the mean values
among groups.

Lower panel: Shortening of Q-IIA and either no
change or slight prolongation of Q-IIP are noted in
all four groups.

n=number of ectopic beats.
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Fig. 4. Changes in ejection time (4ET) and preejection period (4PEP) of the left and right
ventricles obtained from beats in which the coupling index exceeded 409% between pre-

and postectopic beats in four groups.

Mean values and standard deviations are indicated. Either no change or prolongation of left
ventricular ejection time (LVET) and shortening of left ventricular preejection period (LPEP)
are noted in all four groups. The degree of changes in LPEP is always greater than that in LVET

in all groups.

Prolongation of right ventricular ejection time (RVET) and shortening of right ventricular preejec-
tion period (RPEP) are noted in all four groups. The degree of changes in RVET in groups I and
II is greater than that of RPEP. The degree of changes in RVET in groups III and IV is almost

equal to that in RPEP.
n=number of ectopic beats; p=p value.
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Fig. 5. Comparison of changes in Q-IIP, Q-IIA,
LVET, LPEP and IIA-IIP between pre- and
postectopic beats in two different left ventri-
cular function groups classified by the Weissler
index (LVPEP/ET).

Upper limit of normal LVPEP/ET is determined
as 0.42 according to Weissler. Either no change or
slight prolongation of Q-IIP, shortening of Q-IIA
and prolongation of IIA-IIP are noted in both groups.
Slight shortening of LVET and more marked short-
ening of LPEP than that of LVET are noted in patients
with normal LVPEP/ET (<£0.42).

In patients with abnormal LVPEP/ET (>0.42),
prolongation of LVET and shortening of LPEP are
noted, and the shortening of LPEP is greater than the
prolongation of LVET.

The degree of changes in LVET and LPEP is
greater in patients with normal LVPEP/ET than that
in patients with abnormal LVPEP/ET.

Q-IIP=total electromechanical systole of the right
ventricle; Q-IIA=total electromechanical systole of
the left ventricle; LVET =left ventricular ejection
time; LPEP=left ventricular preejection period;
ITA-IIP =splitting interval of the second heart sound;
p=p value; NS=not significant, n=number of
ectopic beats.
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terval in patients with normal (panel A) and abnormal (panel B) LVPEP/ET ratios.

At the first sinus beats following ventricular premature beats (Ex), split intervals of the second
heart sounds (IIA-IIP) are greater by 40 msec (panel A) and 60 msec (panel B) compared to those
of the sinus (control) beats immediately preceding them.

LVPEP/ET ratios of the control beats are 0.38 (panel A) and 0.50 (panel B), respectively.

LVPEP/ET =left ventricular preejection period / left ventricular ejection time; Car=carotid
pulse tracing; A=aortic component of the second heart sound; P=pulmonic component of the second

heart sound.
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Fig. 7. Comparison of postextrasystolic

changes in Q-IIP, Q-IIA, LVET, LPEP and IIA-
IIP between patients with aortic stenosis (AS)
and hypertrophic obstructive cardiomyopathy
(HOCM).

Q-IIP shows either no change or slight prolonga-
tion without significant difference between two
groups. In patients with AS, either no change or slight
shortening of LVET, significant shortening of LPEP
and consequently significant shortening of Q-IIA are
noted. Therefore, ITA-IIP is prolonged.

On the other hand, in patients with HOCM,
marked prolongation of LVET and shortening of
LPEP are noted. The prolongation of LVET is
greater than the shortening of LPEP, therefore Q-IIA
is prolonged and IIA-IIP is shortened.

Abbreviations are the same as in Fig. 5.

WICEL, B nit LT, EETILMEH
IEERBFICIE L, L bBIRROERBE W2
iz, BEHE ABICELT BB LERTY
359, rokwic, —&ic ET 3EEnERL
WE<, #ic PEP REENAEL Y EW? (Fig.
11B).

Dk ) RERHAFEOMERICE D, HISMER
WCEALETFBEED PESP BELTYH, A%
338 b I INHES DR (S HILERHEEE o 1
xX), Az FEHEMOERICE > T KT
3LEZLIRS. Zokwic, EETI ET o
WEREX YL PEP oEHEDIE I BKEL, A
<k PEP ofGfEE XY b ET oEREDIZ

IBKRELS Y, zofER Q-1IA &fE L Q-1IP
EEERL, Il FLHMBBRIEETs L E£20
h 3z (Fig. 11A, C).

R oS BER X 77—tk AvwickER STI
okgticisvwt, RVET i LVET rvEL,
DOLHBRV RN ETEOENKLE 2B L
RIEWL, 2oREL LT, OHESES LT—
EIfAHESETHA, AE T EERHERE B
EBIZRBI3 @LicmLiarne 2ELTH
5. ZORMHE, BAORBEBELZNTS L
DTH5.

AS ¢ HOCM olt#kTix, RU EZHFHE
DWAETH Y 22235, AS o II FHHMMRITH
SMfEk R, HOCM cidtic@msd L, 4R
SNEOFEERD N, ZOMHEIROLSIC
EEEIhB. AS CTRBEFPEEETHE D
12, BISMRER DT W T ESINE K I
XN EERAORERE, ET 3@ v LA
%, IRERLTLDTHTHY, MxT PEP
NIz -7 Q-IIA o EHE % K+ —F,
HOCM -tz #istnfEskic PESP 1z k - T kg
BHER+ 39 wic, ET omEEER PEP o4
WwErEEL, Q-IIA DIEE#KY. WEL L
iw Q-IIP oz »ivwoc, Q-TIA ok
prniE Il FHHRERCKBEABLEEXD
na.

White 5193 HOCM & AS iz THISMR
WA oldao LVET # sk, AS TiEs
B LARZESD, 20msec LTOERICEE30IC
LT, HOCM Tz KEB4> o< 20 msec LA
LoERE* B s0T, ZopfRiz HOCM o
DEICER Th 5 T 5. HIF IR L
iz 5 IIA-TIP FEFE o #Riciz 4Q-1IA &
4Q-1IP offH »HEF 5729, = OWEBOE
RZlaEZH I White 50 R IV L L3 LE
xbhs. Larl, #SRE#ROHICET3 11
ENBIEEO EiEi: HOCM W Tonk I
Dhiehd, FEMLLIEPORIBEERLTR
LEZLNS.
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Fig. 8. Typical phonocardiogram demonstrating post-extrasystolic change in

terval in a patient with aortic stenosis.

Prolongation of 20 msec in IIA-IIP is noted at the first sinus beat following an atrial premature
beat (Ex) with coupling index of 67% compared to that of the sinus beat immediately preceding it.

Abbreviations are the same as in Fig. 6.
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At the first sinus beat following a ventricular premature beat (Ex)
IIA-IIP interval with a reversed type is shortened by 20 msec compared to that of the sinus beat

terval in a patient w:
immediately preceding it.

with coupling index of 929%,

Abbreviations are the same as in Fig. 6.
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Fig. 10. Comparison of post-extrasystolic aug-
mentation in (peak dp/dt) / IP of both ventricles
between pre- and post-extrasystolic beats in the
experimental studies using 13 anesthetized open
chest dogs.

Left and right panels show that post-extrasystolic
augmentation of (peak dp/dt) / IP in the right ven-
tricle is either almost equal to or slightly smaller
than that in the left ventricle.

IP=instantaneous pressure; LV=left ventricle;
RV =right ventricle; Ex=extrasystole; NS=not sig-
nificant; n=number of cases.

Bt RR L By, $Htks & OEkK
HLRBTIE, BEFAE BRE PEEDED filT
1Z, BN oD I 3 EALHHEDE
DBEHLE LB D, BRI FHEERNLER
3T THS SEHIEIHE»D Zh b OfEBRI}
LDz Ths.

i fLEE Tk, AEOBHEMHIEED L
CERILI A% — o L 259, Zhid il EEh
BEL, HEXPBER b+ 2dThsreE
bhTna. e ofgEci, EHALMELEE
TRAEZEOEH A% — U BEEDEFRICIES
B, #sEER OO 11 FAEMBER LT
mad, ELTH Z<bTFh Thd e ZxTn
5. 5%, ToORCHTIRIAPLETHS.

E #

MATEIRER IS B A fEhk, Wit & Ui iE
ERo e nEREOKEE 37 Fl, KBRS 5 E
(AS) 74, X UEARAZEMELGE (HOCM)
tplicenT, REKREREE T 5 B IETE

A flawer[] < [Tateer || = [saiiat]
V

A

[loRVET]] 2> [|aReer| | mp [aQiiPa~~

B. Differences in ejection patterns between the right and left ventricles

a) Contractile properties between the LV and RV

b) Vascular impedances between the systemic and pulmonary

circulation

\ 4

Right ventricular ejection against a small load is slower than
left ventricular ejection in the face of a large load

9

LVET < RVET
LPEP > RPEP

C. Main responses in both ventricles and the changes in ST!at postectopic

beats

D LV: augmentation of contractility = |aLVET| < |a LPEP |

2) RV: prolongation of ejection

== |aRVET| > |a RPEP|

Fig. 11. Diagram showing the mechanism of post-extrasystolic prolongation producing
an increased split interval of the second heart sound.
LV=left ventricle; RV=right ventricle; Other abbreviations are the same as in Fig. 1.
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OEALNHFERF (LVSTI ¢ RVSTI), st
II F52dmkE (IIA-11P) o {bEfREtL, UTF
DFEE G, 37 5 19 il EHBIRE & B
WRER: & v skw 724 STI 2Bk L7228, %Y
» 18 5 & AS, HOCM <ixBBIRE & v ko7
LVSTI & Q-IIP izcowTHERatLiz. &8
3 BEM T WSMIAE o B A (prematurity) 1213z
M, L7 o T coupling index [C.I.= (£
R L — EREH)/ 5647 RR [EIRE X 100 (%)] i
Eixshol.

1. IIA-IIP i3 HOCM %[ 24| TEE L,
FRBIVOBECIZZRR D 20 o 1.
HOCM —ix IIA-IIP 3486 L 7.

2. Coupling index 23Kk&v g ¥, +4bbH
ARG DS Bl 2L 31z y, IIA-IIP 3ER
BRLIER, ZofgEn 0% #itx 5L, IIA-
IIP 3 Z2zh U EDIER &R S o 7z,

3. LVSTI: HOCM pist o flciz LVET i
12E AL v LIEE, LPEP 34g#EL, oo
PEP/ET »&ff#% ;r+ #liz¥, LVET, LPEP
OEiIZATd - 7. LPEP o%{kiz LVET o
PIEVEICKT, LikdoT Q-IIA g2f<c
i E R Lz, HOCM <3 LVET o8] 4 4E
£t LPEP ofiE * &%, LVET oiEEE
LPEP nE#HEE LY KThY, LT Q-
IIA 3&plcEEE2RLE. _

4. RVSTI: #filicisv T RVET oiEE &
RPEP n&EiE# By, *o%{uid Ao PEP/
ET »&EE0HIzE KTh 7. RVET nitf
B RPEP oMEHEE X v Hickpr 2E%LL,
LieiioT Q-IIP BARE 3 RREREZRL
7=.

5. Libopm#Exy, REKIEMEET 515
IWE%OBIC BT 5 11 FHRMREE, 8%, Wik
PR B I 3 EIIE 28 7213 hid, HOCM %

MRS AO 1T Fo2E

Br&EBEZIER ERTA, ZoRER, EALE
DULERR &, flif B X0 FIEEROEIC XY,
post-extrasystolic potentiation 2%+ 2 EA L
EORGHERRLBZ LIk B EEXI BRI,
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