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Influence of the atrial
contraction on the left
ventricular systolic time
intervals (LVSTI) and
the modes of the split-
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Relationship between the atrial contraction and both the left ventricular systolic time intervals
(LVSTI) and the modes of the splitting of the second heart sound (IIS) were investigated in 29 patients

with right ventricular pacemakers.

In all 5 patients of the control group, which showed atrial fibrillation or persistent retrograde
P wave, LVSTI and the modes of the splitting of the IIS were constant.
In 24 patients with variable P-spike intervals, the prolonged left ventricular ejection time (LVET),
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shortened pre-ejection period (PEP) and decreased PEP/ET were observed in the optimal P-spike
intervals. When the P wave fell during the QRS interval, the shortened LVET, prolonged PEP and
increased PEP/ET were observed.

Corrected LVET (ETc) did not differ significantly among 5 groups (Table 1) classified by the modes
of the splitting of the IIS as shown in Fig. 10.

When the P wave fell during the systole, spike-IIP interval changed markedly by the position
of the P wave, although LVET did not change remarkably. LVET, spike-IIA and spike-IIP intervals
were prolonged on the optimal P-spike interval, and the grade of the prolongation of the spike-IIP
interval was longer than that of the spike-IIA interval.

It was considered that the atrial contraction influenced the function of the right ventricle much
more deeply than that of the left ventricle.

Key words
Artificial pacemaker
heart sound

Atrial contraction Left ventricular systolic time intervals (LVSTI) Second

Right ventricular function
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A—H—0LERE, Pie QRS EoirBEF L.

kY, #HE, B— I Fiewv LidERNLH
DR o0 11 FHEEXERL, 2hbo

I EFDREEHMS 5 groups 25 sh 5 (Table 1. s

L IDY. zoxss 11 FH8ERoMmE R 1T SERFEET uw v 7 254, sick sinus FEFEEE 4 4]

il

BtEFHE

ERBARAS (1TA) X v b, I 5 8 IR 6L 4
(IIP) oIz X B L ZABKE L, LERFER
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Table 1. Classification of the subjects

Cases
I. Atrial fibrillation or Retrograde conduction P wave ----------- 5
1. Sinus P wave
group |. Both of the reversed splitting
and the single Ils =----------ccommmcmemmo 9
group 2. Only the reversed splitting ---------------------- 5
group 3. Only the single 11§ --=--==---cccomomememooo 5
group 4. All of the reversed splitting, the single Iis
and the physiological splitting --------------- 2
group 5. Both of the single Ils
and the physiological splitting --------------- 3
Total 29
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BIEL, fK6 0HEE(ETc=14x.0#%%+ET)
rRAVTOEKICE s B E (ETe) &4T - .
Spike-IIA FEf@ it pacemaker spike 25 IIA %
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Fig. 1. Method of measurement.

Is=the first heart sound; IIA=the aortic component of the second heart sound; IIP=the pul-
monic component of the second heart sound; sp=the pacemaker spike; Car=the carotid pulse trac-
ing; DN =dicrotic notch; P-spike=the time interval between the P wave and the pacemaker spike;
spike-IIA =the time interval between the pacemaker spike and the IIA; spike-1IP=the time interval
between the pacemaker spike and the IIP; LVET =left ventricular ejection time; PEP=pre-ejection
period; derived by subtracting the left ventricular ejection time from the spike-IIA interval.
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Fig. 2. Simultaneous record of the phonocardiogram, the lead 2 electrocardiogram, the

carotid pulse tracing and its first derivative in a case with retrograde P wave (53 year-old
male).

LVSTI and the mode of the splitting of the IIS are constant as a result of the constant P-spike
interval in all beats.

LVSTI=left ventricular systolic time intervals. Other abbreviations : see Fig. 1.
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Fig. 3. Simultaneous record of the phonocardiogram, the lead 2 electrocardiogram, the
carotid pulse tracing and its first derivative in a case of Group 1 (74 year-old male).

The first and the second beats show the single IIS and the remains show the reversed splitting.
The shortened LVET is observed when the IIS show the reversed splitting in the third, fourth and
fifth beats. Abbreviations: see Fig. 1.
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Fig. 4. Relationship between P-spike interval
(abscissa) and both LVSTI and the modes of the
IIS (ordinate) in a case of Fig. 3.

Abbreviations: see Fig. 1 and Fig. 2.
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Fig. 5. Relationship between P-spike interval
and both LVSTI and the modes of the IIS in a case
of Group 2 (69 year-old male).

When the P wave falls during the QRS interval, the
splitting interval of the reversed splitting is prolonged
and the shortened LVET is observed. Abbreviations:
see Fig. 1.
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Fig. 6. Relationship between P-spike interval
and both the modes of the IIS in a case of Group
3 (75 year-old male).

All beats show the single IIS. When the P wave
falls during the QRS interval, the shortened spike-
1IS interval and LVET are observed. Abbreviations:
see Fig. 1 and Fig. 2.
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Fig. 7. Simultaneous record of the phonocardiogram, the lead 2 electrocardiogram, the
carotid pulse tracing and its first derivative in a case of Group 4 (48 year-old female with
mitral insufficiency).

The modes of the IIS show the physiological splitting of 30 msec in the first beat, the single I1S
in the second beat, the reversed splitting with the P wave during the QRS interval in the third beat
and the wide splitting in the fourth beat.

The prolonged LVET and the increased amplitude of the carotid pulse tracing are observed in

the fourth beat. Increased regurgitant murmur is recognized in the third beat. (Reproduced from
reference 1). Abbreviations: see Fig. 1.
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Fig. 8. Relationship between P-spike interval

and both LVSTI and the modes of the IIS in a
case of Fig. 7

Abbreviations: see Fig. 1 and Fig. 2.
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Fig. 9. Relationship between P-spike interval
and both LVSTI and the modes of the IIS in a
case of Group 5 (63 year-old female).

When the P wave falls during the QRS interval,
the IIS is single and the shortened LVET is observed.
Abbreviations: see Fig. 1 and Fig. 2.
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Fig. 10. LVSTI in each group in P-spike interval of 50 to 250 msec and —50 to —250 msec.
There are little differences in the values of corrected LVET (ETc) in each group. Abbreviations:

see Fig. 1 and Fig. 2.

—250 msec 1233175 ETc o4fi &R+, #lEK
WP iz, HRHERERITDR 2T, &
group [BIZBH S 2 Z 2T,

Fig. 11 iz 11 #£pFlic>vT P-spike fHfEH
50~250 msec 3 X U8 —50~—250 msec il
iz 5 LVSTI 0 F#5fH & 7 O FEaHH BT
¥RLE. ##Ficks T spike-1TIA [ FE & #
(p<0.01), ETc 4&#4s (p<0.001) ¥k v PEP/ET
#A (p<0.01) 237,

E 2

DEMESLERHICRET B, b
% pacing #i3®, mRERE®E Fwy s RSW,
A-V sequential pacing {i'® % 7= (3RS FTE D
DESRETRIB p Vi o W THIE & h, DB IUHE
Iz X % booster iz L v DIEHESENT 3
L &b TV 5. Benchimol 513 i3 ESAIERHT
Bh#gic, cardiac index it 6%, stroke index (%
229% #EMLIc BTV 5.

AMFFecik control & LTHV-IRAE P K%
ALV GENE PG OEMES TR, O
iz o LVSTI % II F458X o BLeRh
Bigh ol ik, A P EFI<E PEOME
iwky, LVSTI, II FHZEASBELL, LB
INKE D RN M B bhTe.

Pacemaker iz AH B0 LER QRS pkEats
AL QICEEBERTIEFE LEE <, pacemaker
spike X 0 JlE Licicw, ABFZETH 7 spike-
ITA, PEP 3k ¢ PEP/ET 7% ¥ g3, &
# o QIIA, PEP &k vt PEP/ET » 3£/ Ek
¥Rz 2N, AWk s ET ofilEiki
—MxH R FEER—Th 5.

At P plep o FE5E &R Lk Fig. 11 12
8T, P-spike fEf@EA 50~250 msec DAz
X, —50~—250 msec DPEIZ LTS H AR
ETc iR % @Bwz. zoEAEL LT, Weis-
sler 5193 ET i3 stroke volume (ZIEAHRE 3 %
Lik_TR Y, Eif P-spike Ffgo L &, LE®

— 371 —



y)_i#’ *ﬁ”\r ﬁﬂi» 1EH

LvsTi
msec

5004

460+ Spike-11A
P<0.01
4201
380+ ETc }\

P<0. UDI\I

310{ PEPIET
1.00-

300
J_o. 801
[ P<0.0!
2204 0. 60 PEP/ET
1804 0. 40- PEP }’___ NS /‘{
50

oy L

Fig. 11. Means of LVSTI in P-spike interval of
50 to 250 msec and —50 to —250 msec.
Abbreviations: see Fig. 1 and Fig. 2.
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Fig. 12. Simultaneous record of the lead V, electrocardiogram, the phonocardiogram and
the carotid pulse tracing in a case of sick sinus syndrome (69 year-old male).

This case has a P wave only in the third beat.

The second heart sound is single in the first and

the second beats and shows the reversed splitting in the third beat. But the values of spike-IIA
interval and LVET have little differences in each beat. Abbreviations: see Fig. 1.
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