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Mechanism of the sys-
tolic anterior motion of
the mitral valve and site

IZ2onT of the intraventricular

pressure gradient in hy-
pertrophic  obstructive
cardiomyopathy
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Summary
The mechanism of the systolic anterior motion (SAM) of the mitral valve and the relationship

between SAM and the intraventricular pressure gradient in hypertrophic cardiomyopathy were ana-
lyzed.

The subjects were 15 cases, in which SAM was observed on the M-mode echocardiograms.
Real-time two-dimensional echocardiography was performed at the time of cardiac catheterization
and the measurement of left ventricular pressure was made with observing the spatial relationship
between the tip of the catheter and the surrounding intracardiac structures.

There were two modes of the systolic anterior motion of the mitral valve in cases with SAM as
follows:

(1) The hypertrophied papillary muscle protruded into the left ventricular cavity in systole and it
caused the displacement of the chordae tendineae toward the ventricular septum, which was noted as
the SAM in the M-mode echocardiogram (type I). (2) Not only the chordae tendineae, but also the
tips of both anterior and posterior mitral leaflets were anterosuperiorly pulled up by the enlarged papil-
lary muscles and the leaflets seemed apparently to intersect the left ventricular outflow tract (type II).
These two types seem to make a continuous spectrum.

Seven of the 15 cases examined exhibited type I and 8 cases exhibited type II or the intermediate
condition. In the cases of type I, the pressure gradient was noted at the level of the tip of the papillary
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muscles. The inflow tract and the suprapapillary part of the outflow tract exhibited a low pressure, while
the apical cavity exhibited a high pressure. It is suggested that the enlarged papillary muscles make
the ventricular cavity much more narrowly, resulting in the development of pressure gradient at their
level.

In the cases of type II, the pressure gradient was noted across the anterior and posterior mitral
leaflets perpendicular to the outflow tract (subaortic area). The inflow tract exhibited a high pressure
in contrast to that in the cases of type I. It is suggested that the anterosuperiorly pulled anterior and
posterior leaflets dam up the ventricular cavity, resulting in the development of pressure gradient
across them. Here, it should be emphasized that not only the anterior mitral leaflet, but also the
posterior leaflet participates to yieled the SAM and the intraventricular pressure gradient.
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Table 1. Echocardiographic and hemodynamic data
Pressure
Echo G(':g}ifgr;t

. POST. i
Patients Age Sex IvS (25T vs/pw sam  Papllary - leaflet
) T.K. 39 m 24 12 20 I 20 o
2) T.N. 48 m 28 16 1.8 I 50 [¢)
3) H Y. 44 m 28 10 28 I 50 (o]
4 NNH 50 m 34 20 1.7 I 30 o)
5) M.K. 41 £ 22 9 24 I ? 0
6) KT. 49 m 26 12 22 I ? 19*
7) T.1. 3 m 20 10 2.0 I ? 15%
8) T.T. 38 m 40 12 3.3 I ? 28
9) T.Y. 48 f 32 11 29 i ? 11
10) T.K. 583 f 36 22 1.6 I ? 14
1) HY. 33 { 18 12 1.5 I ? o
12) K.K. 28 f 19 17 1.1 i ? 108
13) Y.T. 43 m 36 15 24 I ? 86
14) K.T. 3 m 20 10 20 bi§ ? 0
15 MM. 35 m 25 10 25 I ? o
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Fig. 1. Mechanism of occurrence of systolic anterior motion of the mitral valve.

The hypertrophied papillary muscle sticks out into the left ventricular cavity toward the ventricu-
lar septum. Then, the chordae tendineae (white arrow) are displaced near the ventricular septum
(type 1) (Fig. 1A) or not only the chordae tendineae but also the anterior and posterior leaflets (white
arrow) are displaced simultaneously (type II) (Fig. 1B).

The posterior leaflet pushes the anterior one toward the ventricular septum when the valve is closed
independently on the movement of the papillary muscle. The chordae tendineae are displaced to-
ward the ventricular septum and these are shown as systolic anterior motion of the mitral valve on

M-mode echocardiograms (type III) (Fig. 1C).

— 1079 —



JkH, fIE, B, &2

‘[oa9] soposnw Arefjrded ayy je st juarpeid arnssaid Jo 931s ay3 ‘@sed siyl Uy ‘($ ‘ON ‘¢ ‘ON) SHwuw (g jo doip
uappns e s3Iqryxa aanssaxd ay3 ‘[pad syosnuw Axe[idederdns oy3 03 dn paynd sI 1939Y3ed 9yl Uaym pue ‘(g ‘oN ‘T 'ON)
soposnu Are[ided ay3 y3noayz xade ay3 1eou poauonisod s1 1eonpsueil ainssaid I1939Yy3ed
dn-orotwr IB[[IJAl @Y} USUAA -2injoid 9y} jo JIourod 339] roddn oy3 ur poake[dsip sr ainssard IB[NOLIJUdABIIUL YT,

‘(g 9se)) 1 2dKy
JO JAVS Yiim 9sed ' ul sojosnuwr Aze[jided oY} Jo [9A9] 9y} je Judipesd ainssaid re[nornjuosenuy ‘g "Sig

s1eadde ainssaxd Y31y e ‘[oas]

9[03sAs ur safew]

1080 —



EENEEY &7 — 7 VONERREBIEL
T RO = =2 — (X D Wi ARG 1f) & il 1) &
Th5.

& =

1. SAM #H&UBH#IEICDONT

SAM (ZJEK U7 LB A IiE R 2R 2 L,
I D E R 2 9 X BT 3 Z ki
X VAC. ok S R LB E R I
FAE & LCHISELEER 20 o 2 &b, F 72 ILEER
DT Lb, EpT - BTG L ITEL R
WhEEERTIEbbo. ZTORHIT, @
THFIH CELN TOERRICEMN S, Z OER
Ta—» SAM %kl (I %) (Fig. 1A).
@ Z O, RIS T JEIgFRRTR, B
ELIZEDEROT 16 EERBKICOE HITH
n, bl b EEL X BB ERLE. 2
DEWFRPL LR L 0BT RET 2 — O L TENL
FLLHAM TR ARWD, WFRICE XY &R
4, SAM %Rk L7 (I1 %Y) (Fig. 1B).  pA3H
BU~0EHT o BREIEL, LEOME O

Diastole

NERT PAZEME L I

BT bW 2 2EFGEFEELL. © IAFHHO
& L BfRe <, HBRAFHESEICOEPREM
W& T EZXHCHE, ZolwIChHikEPiE
fifick L, R LFEBChFESmIcEH s, #
Ll SAM %Rk L7= (111 %) (Fig. 1C).
2. Chio SAM OREKREFLOENEEERELR
RLE DBFRICDONT

SElotgEporic HI B Lo g Tn
R,

1) T B ToEENERERAERIICH
W

OB TE L0 THHY, 20 5L 64
TlEA—F v DB 7 —F VERETLEN LRSS )
Bobh. 954 TIRERZENE D STk
T H T —F VO ILEER & D DRERIC B -
7z (Fig. 2). L2 L35 24 (Cases 6,7) Tix#
F—=F VEESBRAKCH>TBY, »o>Z0E
AN T — T MFEIRHDFNIC entrap SHUTH
B1DIC—RERENDHE PO LAY
DTHDZ EMBHIELT a2k > THEREN
7o (Fig. 3). 3 (Cases 5,6,7) Tit, #5—

Systole

Fig. 3. Catheter entrapped in the trabecula of the left ventricular inflow tract near the

base (Case 6).

The Millar micro-tip catheter pressure transducer (white arrow) is in the trabecula of the left ven-
tricular inflow tract near the base. The catheter in the left ventricular cavity moves freely when the
heart beats, but the entrapped catheter moves only in synchronization with the left ventricular wall.
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Fig. 5. Intraventricular pressure gradient observed at the site of the leaflets.

When the catheter (white arrow) in the left ventricular cavity is pulled back across the leaflets per-
pendicular to the distal outflow tract, the pressure shows a sudden drop. The intraventricular pres-
sure gradient of this case is observed across the leaflets. The pressure is displayed in the upper left

of the picture.

Fk AHEHL Y b ORIMEFEYETIEHA L
3, BF—F MEHBEH LY %):L\JL;,[Sﬁlljmzézjf
AR L FEHIEE LIS EE L2, EEENERE
b holz. ft-oT I B, HEBLY
DI 71 7 —F DR A S N RFIC 2 AL
fzE R S A, FLEER X v OIS oS iRA
B LR & LIRE T, Ol ORIC b
i35 13580 b o T,

2) 11 BIodER T o EEPNERGE A
SNT

I AR+ 2 8l TH 5. SHlRFlIcTL
T & 0 DI O EETRAKIC 7 —F V0N
WERAL X 7cA, FLEER & 0 ORIICE s 7 —
FAMFFAL 2 ahotc. B, Zhi 8flnH
% 2 4] (Cases 8,9) 3 Il L o[y A bh 3
SE] T o 7. SWWS%T,M$$EKW0T
BlE FFohiRile L £-T, T XV KEIKR
M@ﬁm%a,@%ﬁmmmm%mawumxﬁ
L oficEiEERHy b i (Figs. 4,5). [H#o
A, MAKBSEETH-TcowextL, 11 #c
BRABRLEE T 2. E5 3IfICIEREL

o Tz, RN Z OFp 04 < 86 mmHg
D IEEE Ik &R LTciE] (Case 13) 12
¢ myotomy, myectomy ZJiii{T L7223, fiifRiC
LigpEE o SAM 3EETE Lic. iFRICERE P LA
L7 —7 &, KRR & O TEEANEK
SEFAEIRAL B IRETT 5 &, DIEER 2 AR
< 30 mmHg DS NEEZE DT L T2,
é SICRERE ) oNE T 90 mmHg o F#g

DE» LN, &b, WiEb=a—KIick Y
%mmHgDIM%EEDkﬂméﬁﬁbfﬂé
&, BT —F A OSEELER & Y Lo
boz LR an (Fig. 6). +722bb, =0
FEFI TR FOLRLTOERERAEL Lbig, 1
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BT CLENERER RO b,

z ES

SAM MMl 6 H3ET % ORI LRI S &
D, FpichskeT 3> &, BRICHET HE R
BHolt®, SEoE» s SAM E2IER T 54
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Fig. 6. Intraventricular pressure gradients observed at two sites mcludmg the papillary

muscle level and leaflets level.

Intraventricular pressure gradients exist between the left ventricular pressure measured by the

catheter inserted from the left atrium and the aortic pressure at two sites, i.e., leaflets and papillary

muscle levels.

There is a pressure gradient of 30 mmHg between the left ventricular inflow tract near the base

and the aortic pressure. A pressure gradient of 90 mmHg is recorded when the tip of catheter was

in the subpapillary region near the apex. The position of the tip of the catheter (black arrow) is noted

in the short-axis view.

It is evident that there are intraventricular pressure gradients in two sites including the papillary

muscle level and the leaflets level.
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Fig. 7. A case of partial obstruction of the left ventricular outflow tract by the mitral leaf-

lets.

The displacement of the chordae tendineae and leaflets due to the protrusion of the anterior
papillary muscle toward the ventricular septum is shown clearly in the long-axis view (upper-panel).
In a short-aixs view obtained 56 msec thereafter by rotating the transducer 90 degrees around with
the middle white center line, the lateral parts of the anterior and posterior leaflets are displaced
toward the ventricular septum (), so that they are in contact with the septum. However, the
medial parts are in the ordinary closed position (), remaining a cavity against septum.
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