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Summary

The relationship between the mutual position of the P and QRS waves and the mode of the splitting
of the second heart sound (IIS) was investigated in 22 patients with endocardial right ventricular pace-
makers. All patients produced an ECG pattern of complete left bundlebranch block. These cases
were classified into 5 groups by the mode of the splitting of the IIS.

Group 1: Both reversed splitting of IIS and single IIS were observed (8 cases).

Group 2: Solely reversed splitting was observed (5 cases).

Group 3: Only single IIS was observed (5 cases).

Group 4: All of the reversed splitting, single IIS and physiological splitting were observed (2
cases).

Group 5: Both single IIS and physiological splitting were observed (2 cases).

When the optimal P-pacemaker spike interval (P-spike interval) was existed, the time interval from
the pacemaker spike to the IIS (spike-IIS) was the longest. When the P wave fell into the QRS
interval, spike-IIS interval was the shortest. The changing rate of spike-IIP interval was more
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marked than that of spike-IIA interval.

The average pattern of the IIS in 22 patients with right ventricular endocardial pacemakers was
the reversed splitting of ITA-IIP interval of —30 msec in the cases in which the P wave fell into the
QRS interval (P-spike interval ranging from —50 to —250 msec) and the single IIS in the cases in which
the P wave preceded the QRS interval (P-spike interval ranging from 50 to 250 msec).

Thus, it was considered that the atrial contraction influenced the function of the right ventricle

much greater than that of the left ventricle.
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Fig. 1. Both of the single second heart sound and the reversed splitting in a case of
Group 1 (54-year-old female with TI).
‘When the P wave falls into the QRS interval, the second heart sound shows the reversed splitting
and the regurgitant murmur is increased in the second and the fourth beats. When the QRS
interval has the preceding P wave, the second heart sound is single in the first and the third beats.
TI: tricuspid insufficiency.
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Fig. 2. The relationship between P-spike interval and spike-IIS interval in 8 cases
with both of the single second heart sound and the reversed splitting (Fig. 2A shows

a case of Fig. 1).

All cases show the reversed splitting when the P wave falls into the QRS interval. When
P-spike interval is longer than 0 msec, the second heart sound is single except 2 cases. P-spike
interval: the time interval from the P wave to the pacemaker spike, spike-IIS interval: the time
interval from the pacemaker spike to the second heart sound.
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Fig. 3. Only the reversed splitting in a case of Group 2 (79-year-old male).
All beats show the reversed splitting but the splitting intervals are variable. The fourth beat
with the P wave into the QRS interval has apparently a longer splitting interval than those of

other beats.
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Fig. 4. The relationship between P-spike interval and spike-IIS interval in 5 cases
with only the reversed splitting (Fig. 4A shows a case of Fig. 3).

heart sound.

When the P wave falls into the QRS interval, all cases show the shortest spike-IIS interval
pacemaker spike, spike-IIS interval: the time interval from the pacemaker spike to the second

and the split interval increased. P-spike interval: the time interval from the P wave to the
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Fig. 5. Only the single second heart sound in a case of Group 3 (63-year-old male).
All beats, independent of the timing of P wave, show the single second heart sounds.
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Fig. 6. The relationship between P-spike interval and spike-IIS interval in 5 cases
with only the single second heart sound (Fig. 6A shows a case of Fig. 5).

Spike-1IS interval is variable by the timing of P wave except a case of Fig. 5. When the
P wave falls into the QRS interval, spike-IIS interval is the shortest. P-spike interval: the
time interval from the P wave to the pacemaker spike, spike-IIS interval: the time interval
from the pacemaker spike to the second heart sound.
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Fig. 7. All of the reversed splitting, the single second heart sound and the physi-
ological splitting in a case of Group 4 (48-year-old female with MI).

The first beat shows the single second heart sound. The second beat with the P wave into
the QRS interval shows the reversed splitting and the increased regurgitant murmur.
third beat with the preceding P wave shows the physiological splitting.

The
MI: mitral insufficiency.
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Fig. 8. The relationship between P-spike interval and spike-IIS interval in 2 cases
with all of the single second heart sound, the reversed and the physiological splitting
(Fig. 8A shows a case of Fig. 7).

When the P wave falls into the QRS interval, the second heart sound shows the reversed
splitting. When P-spike interval is optimal, the second heart sound shows the physiological
splitting. P-spike interval: the time interval from the P wave to the pacemaker spike, spike-1IS
interval: the time interval from the pacemaker spike to the second heart sound.
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Fig. 9. Both of the single second heart sound and the physiological splitting in a case
of Group 5 (68-year-old female).

The first and the second beats with the P wave into the QRS interval show the single second

heart sound. The third and fourth beats with the preceding P wave show the physiological
splitting.
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Fig. 11. Means of spike-IIS intervals.

When P-spike interval ranges from 50 to 250 msec,
the second heart sound is single. When P-spike in-
terval ranges from —50 to —250 msec, the second
heart sound shows the reversed splitting of —30 msec.
When the P wave falls into the QRS interval, both
spike-IIA and spike-IIP intervals are shortened.
P-spike interval: the time interval from the P wave
to the pacemaker spike, spike-IIA interval: the time
interval from the pacemaker spike to the aortic com-
ponent of the second heart sound, spike-IIP interval:
the time interval from the pacemaker spike to the
pulmonic component of the second heart sound.

24

DEBRMBELEM T vy /B ERTR—2A—%
—fExARBlO 11 Fix, FEHEERTEEXD
hTERL,

B4 iic AEEREDO BHRE ¥ =+ WPW
EEREO FHAE B R I Fr¥sssswL,
FEREOBHRE 27+ C B, II Fa4k
BHSHEETTZ L2 BEL, ARORYEET
LCEREDMICE Y, HEHBOEBENELLREL
B LEHLMITLEY.

AFFICBIT B, R— R A —h —HE %A 22
Bilp, HRERTLHEERT 560 15 4] (68%)
ThHaH, P ks QRS iz kfT+ 288 ic R
5L, BHRGIOHERE XS 6 (23%) LIETL, E
BHRrIZE— I FThbolz. LdoT, LEIR
HEICB &V THBELRE A EHRE T 5541
i3, BREMT w v s WPW JEGE FHRSHE
BRILiRAY, B— I Fr—KiGThsLE
xbhie.

R— 2} = —HHZIARFUZ BT, LEIHE
DELEREICRETEEBICOVTRM LG
BVt ELEREIC RIFT EBIZSVWTO R
FFEERY6m . i, TE5EERIC-
wTh PELOBEFRIRAOVTRALLATV
V12,10

AHFFE BT P 2 QRS HickiT+ 55
& o spike-lIS BROIER X, LEFRBHICHT 2
DED booster FHESLSID GBS L EX S
hs. LaLl, PEa QRS FHiCH3HAI
iz, Fig. 11 TR+ X 5 iz spike-1IA fiffir B E
ICEHE LT3, spike-IIP fifgiz & 5ic# o
EEOBRENE L. Zihid booster ZHE DL
Eh, BEEHUHEIEZ 541012 L5z LR
TEHFATERVLEZOLNS. FiERITTHA
i¥ QRS FEHIz P s Ao &Y, QPS ¥
& T Follic P EAA--84 b spike-IIS
BEERLEVETTH S5, EBIZ QRS EHIic
AoeBRIFESRERBHE L. BHEThHT
P #» QRS JrNIc Ao e b &, HMEREDHE
hrbbTBERPFRBEZ > Tns. LI
ErgiBic MI 28+ 5% Fig. 7 ofEH <tz MI
MENHERL TR Y, HMIBFERESEMLTY
3LExZONIZ. LMLZDEE, spike-lIA o
EREDIE D BERATH 5 039, EREIZ 1T spike-
IIP 0ERHEDIEI BE LI,

P E» QRS HRNIchs5A R, BRI
HRD x AT TR & T UEDIRS I A3 38 &
hTvs. x RoOREIICIE, ABEY, LHEIX
WL B3=ZRBHOTHELD, LEHEHIZL 3

— 764 —



BREDE T, ERBEXLATVSH, =K

RHBOTHELA—BHLEZOLNTVEEITHS.

Fihbt, P s QRS EHICA - B ITLE
BRI 3 1) B EE R O TR NE & h 7oiRiE
hdEELIONG. LIzho TEERRO TR
EEFALEBRHICRETREE, ALENEI N
ELZRINLELVLDLEEZX ORI,

E #

ODERE, BeEMT ey s B RTAER—
v rBE2HIzowT, P kL QRS EoiE
EoMERR L IELRER OV TRIL, -
EDSEIAELE.

1) #y# e d— 11 FomF xR~ 8 @ #).

2) #EOBETTEG F).

3y B—II Foirirt# G H).

4) ¥HH, BE— I F o4y I 4R
DFTRTETTEQH).

5) — II FL4mEm Il FHRO WELTRT
Q).

2H0 I FoEH iz, P E» QRS Hic
17+ 24 IcE— I &, P &» QRS kA
Kb aEESIIEH —30msec DHHRTH -7z,
P ¥ QRS ENich s L &ix, P E»EITT
BESITH~T, spike-TIA R A S ICEHET
553, spike-1IP [z & & i EREDRENE L
<5 DBEUEIZIEDBRELL EIC R UHREIC X 0 38
WEEBRRIETLEIDNTZ.

X
1) Haber E, Leatham A: Splitting of heart sounds
from ventricular asynchrony in bundle-branch
block, ventricular ectopic beats, and artificial pac-
ing. Brit Heart J 27: 691-696, 1965
2) Cheng TO, Ertem G, Vera Z: Heart sounds in

R—2 A —H —fEZRHHIOLEFR

patients with cardiac pacemakers. Chest 62: 66—
70, 1972

3) MRS, WATRAGE =FTE—, (KRB, M
¥, BOEE {CAKHT, & #E: WPWIER
BoOLEREHRT. BIGEKED L 11 A3
#&. J Cardiography 7: 225-232, 1977

4) Skinner NS, Mitchell JH, Wallace AG, Sarnoff
SJ: Hemodynamic effects of altering the timing
of atrial systole. Amer ] Physiol 205: 499-503,
1963

5) Benchimol A, Duenas A, Liggett MS, Dimond
EG: Contribution of atrial systole to the cardiac
function at a fixed and at a variable ventricular
rate. Amer J Cardiol 16: 11-21, 1965

6) Palmero HA: Complete heart block and the role
of atrial activity. Amer Heart J 70: 449-454, 1965

7) Samet P, Castillo C, Bernstein WH: Hemodyna-
mic consequences of atrial and ventricular pacing
in subjects with normal hearts. Amer J Cardiol
18: 522-525, 1966

8) Chaithiraphan S, Goldberg E: Systolic time in-
tervals. Relation to atrial contraction and leg eleva-
tion in patients with transvenous pacemakers and
fixed rate pacing. Chest 62: 720-727, 1972

9) Bashour TT, Naughton JP, Cheng TO: Systolic

time intervals in patients with artificial pace-

makers. Noninvasive technique for assessing atrial

contribution to stroke volume at various P-R in-

tervals. Amer J Cardiol 32: 287-290, 1973

Misra KP, Korn M, Gharamani AR, Samet P:

Auscultatory findings in patients with cardiac

pacemakers. Ann Intern Med 74: 245-250, 1971

11) Jochim K: The contribution of the auricles to
ventricular filling in complete heart block. Amer
J Physiol 122: 639-645, 1938

12) Little RC: Effect of atrial systole on ventricular
pressure and closure of the A-V valves. Amer J
Physiol 166: 289-295, 1951

13) MM, HERE, RATE: BROFRYE B
Wi, Ext, 1963, p 394-396

14) Colman AL: Clinical Examination of the Jugular
Venous Pulse. Charles C Thomas, Springfield,
1966, p 56

15) Luisada AA: The Heart Beat. PB Hoeber, New
York, 1953, p 101

10

=

— 765 —



