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Summary
To investigate the mechanism of an apical mid-diastolic rumble in hypertrophic cardiomyopathy

(HCM), we recorded left ventricular (LV) inflow velocity patterns using pulsed Doppler echocardio-
graphy and apexcardiography for 10 HCM patients with rumble and 20 HCM patients without rum-
ble. Controls consist of 17 normal subjects, three patients with complete atrioventricular block and two
patients with artificial right ventricular pacemakers. The LV inflow velocity profiles were analyzed in
terms of acceleration time (AT) and deceleration time (DT) of the rapid filling wave, and the ratio of
peak velecity of the atrial contraction wave to that of the rapid filling wave (A/D ratio).

The results were as follows:

1. The apical mid-diastolic murmur in HCM had a crescendo-decrescendo character mainly of
medium frequency, and increased in intensity after the inhalation of amyl nitrite.

2. All patients with rumble had asymmetric septal hypertrophy and the five of these had LV
outflow obstruction. In six of the 10 patients with rumble, mild mitral regurgitation was detected.

3. In HCM with rumble, the AT tended to be shorter than that of HCM without rumble, but
it was significantly longer than the AT of normal subjects.

4. In HCM with rumble, the DT was significantly shorter than that of HCM without rumble, but
it was significantly longer than the DT of normal subjects.

5. There was no significant difference in the A/D ratio between the HCM with rumble and the
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normal subjects, but the A/H ratio of the apexcardiogram was significantly increased in HCM with
rumble as compared with those of HCM without rumble and of the normal subjects.
6. The LV dimension was significantly decreased in HCM with rumble as compared with those

of HCM without rumble and the normal subjects.

7. Peak negative VcF was significantly decreased in HCM with rumble as compared with that of
HCM without rumble. But there was no significant difference in this parameter between HCM with

rumble and the normal subjects.

8. In simultaneous recordings of apical mid-diastolic rumble and LV inflow velocity patterns,
the rumble appeared to start after the beginning of the diastolic rapid filling wave and to stop before

or at the end of the diastolic rapid filling wave.

9. In patients with complete atrioventricular block and with artificial right ventricular pacemakers,
the apical mid-diastolic rumble appeared when the P wave was during the rapid filling phase of the left
ventricle. The peak velocity of the diastolic rapid filling wave increased, and AT and DT were shortened.

These findings suggest that the important factors in the genesis of the apical mid-diastolic rumble
in HCM are the rapidly accelerating and decelerating LV inflow during rapid filling phase associated
with reduced LV compliance and small LV cavity size.
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Fig. 1. Parameters obtained from the left ventricular inflow velocity pattern (left panel) and
from the apexcardiogram (right panel).

Left panel: ECG =electrocardiogram; PCG =phonocardiogram; D =amplitude of a diastolic rapid
filling wave; A=amplitude of an atrial contraction wave; AT =acceleration time of a diastolic rapid
filling wave from baseline to the peak velocity; DT =deceleration time of a diastolic rapid filling wave
from the peak velocity to baseline.

Right panel: ACG =apexcardiogram; H=amplitude of a total reflection; A =amplitude of an atrial
contraction wave; RF =amplitude of a rapid filling wave; O-F =interval from the nadir “ O’ to the
peak of a rapid filling wave.
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Fig. 2. Phonocardiogram demonstrating a diastolic rumble in a patient with hypertrophic

cardiomyopathy.
DM =diastolic murmur.
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Fig. 3. Acceleration time (left panel) and deceleration time (right panel) in patients of hyper-
trophic cardiomyopathy with and without diastolic rumble and in normal subjects.
HOCM =hypertrophic obstructive cardiomyopathy; HCM =hypertrophic non-obstructive cardio-

myopathy.
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Fig. 4. Left ventricular inflow velocity patterns in patients of hypertrophic cardiomyo-
pathy with and without diastolic rumble.

Upper panel (HCM with rumble): Acceleration time and deceleration time are normal, but A/D
ratio is decreased.

Lower panel (HCM without rumble): Acceleration time and deceleration time are prolonged, and
A/D ratio is slightly increased.

SV =sample volume; ECG =electrocardiogram; MV =mitral valve; PCG = phonocardiogram.
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Fig. 5. A/D ratio (left panel) and A/H ratio (right panel) in patients having hypertrophic
cardiomyopathy with and without diastolic rumble and in normal subjects.
Abbreviations are the as in Fig. 3.
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cardiomyopathy with and without diastolic rumble and in normal subjects.
Abbreviations are the same as in Fig. 3.
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Fig. 7. Apexcardiograms in patients having hypertrophic cardiomyopathy with and without

diastolic rumble.

Upper panel (HCM with rumble): Rapid filling wave (RF) and atrial contraction wave (A) are
more prominent compared with those of HCM without rumble.

Lower panel (HCM without rumble): Rapid filling wave is diminished, although atrial contraction
waver is larger compared with that of normal subjects.

Abbreviations are the same as shown in Fig. 1.
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Fig. 8. Left ventricular dimension at end-diastole (left panel) and end-systole (right panel)
in patients having hypertrophic cardiomyopathy with and without diastolic rumble and in
normal subjects.

LVDd=left ventricular dimension at end-diastole; LVDs=left ventricular dimension at end-
systole. Other abbreviations are the same as shown in Fig. 3.
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Fig. 9. Diastolic descent rate haing mitral valve echogram (left panel) and negative peak
VcF (right panel) in patients having hypertrophic cardiomyopathy with and without diastolic
rumble and in normal subjects.

DDR =diastolic descent rate; Vcr=velocity of circumferential fiber shortening. Other abbreviations
are the same as shown in Fig. 3.
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Fig. 10. Simultaneous recordings of apical diastolic rumbles and left ventricular inflow

velocity patterns in patients with hypertrophic cardiomyopathy.

Diastolic rumbles appear to start after the beginning of the diastolic rapid filling wave and to ter-
minate at or before or the end of the diastolic rapid filling wave. The timing of the two phenomena is
variable.

DM =diastolic murmur. Other abbreviations are the same as shown in Fig. 4.
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Fig. 11.
and a left ventricular inflow velocity pattern in a patient with artificial right ventricular
pacemaker (lower panel).
Upper panel: The apical mid-diastolic rumble becomes intesified when the P waves occur during
the rapid filling phase of the left ventricle.
Lower panel: When the P waves occur during the rapid filling phase of the left ventricle, the peak

{
|

Phonocardiogram in a patient with complete atrioventricular block (upper panel),

velocity of the diastolic wave is increased, and the acceleration and deceleration times are shortened.
DM =diastolic murmur. Other abbreviations are the same as shown in Fig. 4.
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HETHDHLWERLTHBY, Shabetai 593l E
FRRIEEC X 5 A FRA R O B EIE fpi2ic
FLOIL - MfT8iEE 4L, ofER, HEHS v
TANEELZLBELTVWS. E, FHHY,
WA 103 AfEIc BT 5 ERERAEROBK L,
HIEFHHIC X 2 BEMBROWAKNEELHTF
ThdHELEHERLTWS.

AW TIE, LREBIBREPH 7 v TEeR+ S
HCM #lic 1) 5 2 A 0 £ (AT, DT,
O-F m:f5, RF/H, negative peak VcF) i3 Hisiy
BiFcdhy, WEHS e FLliw HCM
I, RRHOERNMERASSLT L HE
ExhTwhnwtExbhiz.

A S, JER%EME HCM ofifiErhiigs
AT 56T MiER%REE (DDR) 2%H I
BTL, IEEEETCL 2 EERABEENERT
bBEBRRTVSB. L2L, KASPNZ, FEHH
HLERREAE HCM filicisiy 5 DDR 44
FLLERIRBEL KM L 2wz Le®ELT
By, ATy Sy vo FEICX Y, DDR
CEBZELZ2Z Dol

—7%, BEFBAKOERILIESRE % T+ 558
L, fMIEHYH (MR) 2 Z2E+ 5 0ERH 5.
BqE Fo7AE2FTS HCM 1040 5 & 6 4
i MR %38, #icfAZEN HCM <ix2fiic
MR #fE->TwWize. LaL, Sv7Az2dET3
HCM o 5%, MR of#icxy DT cFEE
#3RHF, 72 MR %FELTL DT oZREA
EEETRTHEDBZ L, BXW® MR 24T
QHAEH T v TV BFEET S L, MR ofF
VXA ORI S o~ 70 & B & & 5 WAL
LirEXIIL Vv

EZRAMLTE % —> 0 AD B LoubRHE)
Ko A/H 3, EZHEREHIE (LVEDP) & X
EEWEK= L 54 7 2OBEFNiT 5
BEL ShTWs%D, KL CHESHS I
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¥H+5 HCM flizERL: A/H offEzrL
7, AID BEEH B WVHEETH o7, Zok
yic, A/H nERICHEE»> A/D »ME[EE2 TR
Blix 8 filrp 6 FlicFBe, fhod 2HiC 5 W T b,
AD 3E%¥<, AH gBRESEHE+*TRL k.
LVEDP RZHiz LR L B, ORI
ToTHLAEPREZERHLPE LAY, EERAL
Wiz —rn AD gficEExRTZ L %E
Et+al, HEH7 o TreFE+ %5 HCM <3,
EETEEKMa 754 7 ARERIIETLT
wWaLtBbhs.

AFEICBNT, HHRFMZ7 TV 2 F T 5
HCM o iEssss, £phiciEd#bozEdiE

B (ASH) #3®»7ztThY, LEBoTE
REROWD AL O FEIM L O REN
BTz LRSI 5.

Sutton 523 M & — Kz a—"h bR
HOCM nE=EFATMAEE L, LERBHREOTHE
kY, #BK EXBICETDO I 4 —v
BRTZLEREL, KAL® iz HCM ojEE
BRI IC & B EEFRAMTE S Z — v O R H» 5,
ASH # HCM o#ER - h#ino £EERAREE
FoOMAEORE Z KL +5 HCM iclk~xT
BETHBZ ENEL, ZORKEE L TEEKE
BEOEE2EX TS,

DREOEFR & EEFRAMBE S & — D FFRFEE
okt Tix, RS v IV EZERAMGE S
% — L OIGEREIE O ©— 7 & il BETRAM
CHIRL, ZoEBEEE - WRiEeRTZ &h
5, AL HPEERAROERTAM & Bk
BiRichsz LiZHATH S,

EEEET v v 7 BER—v VI HITHE,
DEES2ERARCEST 2T, £EER
NMLFEEBE D K & e ARERH 0 $EHE 23 ILiR 7
VILNDREICEELTWREEIZLNBD,
DZLiF, EBaVFIATVABETFLTWS
FREETCOIEMT v TV OREREE FE LT
w3 LtBEbhi.

L Eoksts s, HCM izi1F 5 .0 RERaE

RERELLHRE DILIRE 7 » 7' v

5T BERFE L LT, EBEREN M
{y, EEa v 7547 ABET LIcREEIZMX
T, MMM REZERAFEEOHR L, WAMIED
I - WHESHERL LR ENEELRFTH S E
Exibhiz.

L2 #

JEARRLLE (HCM) (2313 %0 R SR IETR 3
5 I N ORRAE RT3 BT, OREIBES
#5770 %8F+%5 HCM [rumble(+) #f] 10
#l, 57 rEH L HCM [rumble(—) ]
20 fl, IEFEEEH 17 H, FREZETw v 74603
i, BXOAREX—v 7 H 2 H BERE SV
2+ K75 =k Y Bl EERAMLTEEE S X
VLR HBIREZ AW TIRETL, UTO K & F
7z

1. HCM ek} 2 LREILRPH 7 v 710
R, PFIERS & PO L L - WBE o
METHY, BT INVAFICE YR

2. LREIE#T v IrefE s HCM o
EEERE, 2pFEdHRELEPRIEER
(ASH) ©h b, Z0WN 5 filix FAEHETH - 7.
FrINERT S 10 fif 6 FlIRE O IR FY
TR .

3. WGRBHIEL HB nE R (AT 43,
v I VEHT 5E (rtumble #) Tt rumble o
I VBRI R TERMEEI 2R L2 As, EEERICH
NTERERLI.

4. IERME LB ERE (DT) i,
rumble F£ i3 rumble i WEEICH X T & #E
L, EXBCH_THERERY L.

5. A/D Hix rumble B L ERBEORICEY
b leh o3, rumble #E> A/H Hiix rumble
DIRVWHBLIUVEEHLIY bEfEZFLE

6. Rumble gD AT R X rumble oW
FUOEFBICHRT/ITH o .

7. Rumble # o ZEs=FHAMEL 5 & E 13,
rumble D WBIZHRTIEEEZR LR, EF
HLoEZhkhot.
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Bk, KA, Kif, @2

8. LREBLER L EEFAMLFE S — DR
RFEOSRIC X 2 REEMBGR T, EERPHZ v T
BIRERHEO ©— 27 2RI SERASICHER
L.

9. ELEETuysflbsniEEER—V Y
7, PESSERABICESR LRI
REIEDR S T ABHBEL, 20, EEHK
AR5 — v b, IEREHIEO € — 7 EEOH
K&, MER X OBERHEOEREE R .

P ko R 5, HCM 2813 30 R EitiE+
5o TVoRRELT, EEa L TI5AT VR
DIET BLUEZERO WY LW REBIC iz
T, EZRFAMITEOME B IO s O 85
&, MAMTOIHHIIERPEELEFTHD L
EZxbhic.
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