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Summary

Two-dimensional echocardiographic studies were performed for 22 patients with asymmetric
septal hypertrophy and systolic anterior motion (SAM) of the mitral valve to clarify the mechanism of
SAM and left ventricular outflow obstruction.

The long-axis view of the left ventricle showed that a distal portion of the anterior mitral leaflet
became surplus when the mitral valve was closed in 15 of 16 patients with SAM-septal contact and in
four of six patients without it. In these patients, the mitral leaflet coaptation was displaced anteriorly,
and/ or the anterior leaflet was elongated, showing an anterior motion. In an unusual patient with
SAM-septal contact, a distal portion of the long posterior mitral leaflet was surplus. The remaining two
patients without SAM-septal contact had a rather widely coapted portion of the mitral leaflets. The
distal surplus portion and the coapted portion of the mitral valve were displaced anteriorly prior to
the onset of ejection, and moved forward and protruded into the outflow tract more rapidly and more
excessively than the papillary muscles during early to mid systole in all patients. Then, the distal mitral
valve and the chordae tendineae adopted the configuration of an inverted V(A) in mid systole. The tip
of the surplus leaflet contacted the interventricular septum in patients with SAM-septal contacts. In
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the short-axis view of the left ventricle, the central portion of the distal mitral valve moved forward
excessively and bent like an inverted U((1) during early to mid systole.

Therefore, SAM of the distal mitral valve is thought to be caused by the hydrodynamic force
generated by the ejection flow. This force is supposed to be not only due to the Venturi effect, but
is more properly understood as a ‘‘ pushing force ”’. Left ventricular outflow obstruction is considered
to be formed by the protruding distal mitral valve and the hypertrophied septum.
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Two-dimensional echocardiography
Systolic anterior motion (SAM)
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Fig. 1. Two-dimensional echocardiogram and the schema showing abnormal coaptation
and SAM of the mitral valve in Case 1 (81-year-old woman).

The anterior mitral leaflet bends like a “ V>’ and the posterior leaflet ““stands’’ away from the posterior
wall. The distal portion of the anterior leaflet is ““ surplus (residual) *’ and its length is about 6 mm.
The length of the coapted portion of both leaflets is about 5 mm.

IVS =interventricular septum; LV =left ventricle; PW =posterior left ventricular wall; LA =left
atrium.

Fig. 2. M-mode echocardiogram obtained with the ultrasonic beam setting (white line) in
the two-dimensional echocardiogram in Case 1.
Typical SAM with septal contact is shown.

BWT, figFFrR, HFRER X OHNIIFLEER O DERRIEE, 8 XO®%REDCHRT ~OEhAFED
IHEHIBIRE X LA T Z L ThH o 72, shiz.

A SR BB IE £ D BEHIBRAAR i (Fig. 3A), & W%m%mw L#ic (Fig. 3B,C), &FlZs
Tl e SR B & Fre AT, FLEA B X O R & IR A AN HES) (SAM) %175
FRLIFE—HEBRER LARB D, T TICAERIRICZE fﬁm%’%mb,m%%%%m@§¢@mgb
HyaHE Lol EZOBICEBLT, fHIF 7o. ZOFROFIFER L, FLEEMG LT, X
TR RO DERRF D ~OMWhL,  FLEEEX, DL, hoKREL, R EBRETPREMIISO

— 657 —



E/NL SOk, FIH, &

Fig. 3. Time sequential two-dimensional echocardiograms obtained in the medially
angled long-axis view of the left ventricle during systole in Case 1.

(A) Before the onset of ejection, the distal surplus portion of the anterior mitral leaflet and the
coapted portion of both leaflets become nearly straight with the chordae tendineae and the postero-
medial papillary muscle, and displaced anteriorly, protruding into the left ventricle.

(B) (33 msec after A), and (C) (33 msec after B). During early to mid-systole, the distal portions
of the mitral valve move forward more rapidly and more excessively than the papillary muscle. Then,
the distal mitral valve and the chordae tendineae adopt a configuration of an inverted V(A). With reversal
of medial angulation of the view, the distal mitral valve continues to keep the inverted V configuration
as shown in Fig. 1, and it is distinguished from the chordae tendineae which are not seen in Fig. 1.

(D) In late systole, the tip of the surplus distal anterior leaflet still contacts the hypertrophied
septum.

(E) (33 msec after D). The distal mitral valve moves backward rapidly, and becomes nearly straight
with the papillary muscle again at the end of ejection.

Abbreviations are the same as in Fig. 1.
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Fig. 5. Two-dimensional echocardiograms and the schema in Case 2.

(A) Long-axis view shows SAM of the distal mitral valve in mid-systole. Abnormal coaptation is
not clear in the stop-frame image, but a distal portion of the elongated anterior leaflet and abnormal
coaptation have been identified in the video images.

(B) In the medial long-axis view, the distal mitral valve is nearly straight with the posteromedial
papillary muscle and displaced anteriorly, protruding into the left ventricle at the onset of ejection.

(C) In the medial long-axis view, the distal mitral valve and the chordae tendineae adopt the con-
figuration of an inverted V(A) in mid-systole.

(D) Short-axis view shows a rather wide outflow tract between both the papillary muscles in mid-
systole.

(E) In the short-axis view, the central portion of the distal mitral valve (arrow: MV) moves
forward excessively and becomes like an inverted U([1) in mid-systole. The outflow tract between
the distal mitral valve and the hypertrophied septum is markedly narrow.

PM =papillary muscle. The other abbreviations are as in Fig. 1.
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Fig. 6. M-mode echocardiogram showing SAM without septal contact and two-dimen-
sional echocardiograms in mid-systole in Case 3 (40-year-old man without a significant resting

subaortic pressure gradient).

(A) In the central long-axis view, the distal mitral valve moves forward excessively and nearly
contacts the hypertrophied septum.

(B) In the medial long-axis view, the distal mitral valve and the medial chordae tendineae move
slightly forward.

(C) In the lateral long-axis view, the distal mitral valve is nearly straight with the lateral chordae
tendineae.

(D) In the short-axis view, the central portion of the distal mitral valve moves forward exces-
sively and forms an inverted U(N) configuration. However, the outflow tract between the distal mitral
valve and the hypertrophied septum is not so narrow.

Abbreviations are as in Fig. 1.
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Fig. 7. Schematic drawing of SAM in Case 3.

This schema viewed from the anterior side (inter-
ventricular septum side) shows the largest SAM (large
arrow) of the distal and central portions of the mitral
valve and small SAM (small arrow) of the chordae
tendineae.

PPM & APM =posteromedial & anterolateral papil-
lary muscles.
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Fig. 8. Time sequential two-dimensional echo-
cardiograms and M-mode echocardiogram
showing SAM with septal contact in Case 4 (42-
year-old man with a resting subaortic pressure gradient
of 72 mmHg).

(A) before mitral valve closure, (B) (67 msec after
A) at the onset of ejection, and (C) (67 msec after B)
show SAM of the distal portion of the elongated
posterior mitral leaflet in mid-systole.

Abbreviations are as in Fig. 1.
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Fig. 9. A schema of the long-axis view at the
onset of ejection in HOCM.

This schema shows five factors which contribute to
the anterior displacement of the distal mitral valve,
protruding into the left ventricle before ejection.

(1) hypertrophy of the interventricular septum; (2)
hypertrophy of the papillary muscle; (3) the elongated
mitral valve; (4) abnormal coaptation; (5) posterior
bending of the posterior wall.
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Fig. 10. A hypothetic schema of an ejection
flow and the hydrodynamic force.

(A) The ejection flow (black arrows) is supposed
to push the distal mitral valve forward and to be
« separated ’’ (separated flow in physics). The hydro-
dynamic force (white arrow) understood as a * push-
ing force’’ is thought to be caused not only by the
Venturi effect, but also by the * separation ’’ of the
ejection flow.

(B) The hydrodynamic force is supposed to be-
come larger along with SAM of the dital mitral valve.
When large pressure gradient is thought to be caused
by the protruding distal anterior leaflet in mid-systole
as shown in this figure, it is understandable that high
pressure is obtained with the transmitral catheter
(black arrow) at the inflow tract of the left ventricle.

BEE L.

4) ‘Ehifg o SAM L FEH %
EiRIzIB VT b, RROFIFERITIZEPR
THRLEL, »2oKEL, 2FL LTHEMIIRD
RT3 FRRPBE I,

PREIBIT L, FRPREHEHLEPRREIES
BUGERHIC, BiifgToRTR L 4T, W

— 663 —



E’/ﬁ\‘}”’ y,izky JIHE, &2

BHROEZEBIZH L, ZEHLHFRLBELE
DERRIZ X 2OWHHEREOM B E D &
hi-.

= 2

L [BEFEERBICONT

HOCM i3, fMigffRimmafRich s
IO RBEREEORE(XV) BB D b h 5.
Shah 5%¢x, HOCM <324, BidEMmmss
Flicie v, BIREDOEY 2/5 % 5 %% ORFL
PHIFEHE 75 L HELTWB. Maron 59
X, HOCM o#7 10% T3t naflic
RoTHIFEBZITI L), FRETL, £t
UGN B TRE 2 SRR ORI EE A R &
h, ERITIMZ TR &b 5 BAMOERE ORiHE
BABESh. COBEREAREOERL L
T, KRR, BER, FRED I HORFENE
Zbh3.

1) HRREORE: BiRAFEHICE, Lza—
KL, BIRBPRWVEMER AR, KREERNIC
{ Fix 5913 HOCM 8 il 0@k £i1xF# 39 mm
T, MBHOFEH 24mm X Y KTh o7 Lk
L, Corday 5% 3xtMBafm» 20+2mm zxfL,
JERBLLHRE (HCM) 24 fl¢ix 27+3 mm T
o2k w). ¥ Maron 53, L= a—[XE,
BRBEF R IFITE, FEEHIZLEL LD
middle segment 23D 19,21,24 mm &, F
HEHO 3mm LY RKThoTe b BELTWS.

RRBPRNWZ & EOFBIEX & o BEMEI R T
b5, FRVELKRETHIIET, FRo SAM
L EZERHEIRENECLRTWZ LIZE 5 ICHER
TRETH B.

2) BARORE: FiRAFEFITR OIS EIF
FEEE RO PRE Y ~DIRALIZ>WT, Shah 59
B REG EORBRRICILT, B - BROLED B
HAPEFRHTRIEEI:1 Thsniz, SAM %
FES IBRBLMIERTIIFEY 6:4 Thokln
5. ZOEAEDRAR, EELEW, LHEGIER
REDERLEZ ONB M, BT 3WHENEM

N E3HRROFIFERIC L > T, RIEES
NIZAEEEL 5.

3) RBHROEE: HOCM TiREREAL &
VEZREOP/MEITE> T, FRESAEK L V#H
INLTWBRIENERZLZ OGRS, Dxa—[ick
5RO RETH 5 2%, REHIC/IATRE
T3 B ERD T, MESREDOEIC XY Frlh
BEIEFHCELLT S Z EBHmORATWS. LR
2T, BICHWBBT INHEVEA FEHI LA
iz Lick 3 SAM o%fbiciz, FHELTILOHE
ERBEZRTV. B, RHESHE/ILTHRERN
RECRB LT 5L, MARBLIVEROHRS
SHIROFBRFICR VSTV EHREHhS.
7o, EEELFHL L L IP/METHE, Bl
LORBEERE T TRL, G LoRLoR
HbELRT B LEXZLNS.

2. [BIERBAMEROFREHIZONT

{HIEFRRASHIE % 0 A =BRHBAARTIC, REIRF
R & RREAEA T CIoERRICEH T3
BriaziizonTix, EWHET3 520
ERPERESNE. Thbb, 1) LEPRFREE,
2) IFEHEK, 3) FRBEVC &, 4) EIERE
BROPEHY ~ORML, BIV 5) ER%KED
BH~OE#D 5 KTHhHs (Fig. 9). HBE|Icix
FROEHHIRL, FEHEF T IIBENERHSR >
hied, Henry 5138, fper b @BEL higE <
ook, HOCM #Ti3FH 103 L ki
<, FAZERHEF I HCM #<i3F 0.87, 3k
22t HCM 813 F# 0.59, 4B i3 0.29
Tholclny.

3. mBHENEBER

R FRR P EBIBITZE L 7R HE TBRH 23HH
L+ % &, Fig. 10A o = L ¢, BRHMLFE® &£ 2
ErWoFRE, ARMDOL YT, Bil~HE
ha LRSS, Thbb, fLRLELEPFRIC
& > THEL 2 $EETI M A - TERHMLIE 2 i3
HEABRICE Y, FROBACHREFG~HF
EBRENELB LEX LIS, ZOkhOER
EI2 X 5tk 1589/ (hydrodynamic force) o

— 664 —



KRESF, FRCIZJEORS LERICHIE
BERIEL, SRS BT 30T E D KREL,
ERRMNHTERE T T HEVE 2B L,
Shicka<rnLExbhs (Fig. 10B, Ok
D)

HAEFETEA N T T, EAEDKH LK
ESIIMEEOFHERE S L—KL, BRENK
b, B RREREBELEERTIET ANV X—
BEBD 4L, BB F X — BE) OERITIE
F—HLTHEMNETL, Zhix Venturi R
(Bernoulli o) tEbhs. LiL, HOCM
TORRIT X BEREAE T, MEF T2,
hOKIEE (separation), =X ¥F—HKICXD
EERKEL, LrbEFRTEEL, R
B 0T, TOTMBOEREC X 3MEHFHS
% Venturi iBIck - THELBHETEYDEAR
+45T, BB LEXDRS. HiIEO T LS,
ZEH L 7ok & BRI H AR L LT B 1 e Ex e
FRLYZYENH D EBDbNS.

BB, EEFATLRREAMEAMS~HT/IS
RFEAFHOFEENEZ bH, L3 —KE,
fEAM K, —REFRFITR O S MIERFR
ey SRBL DD VEIF R E A HOMER
SAM 4, WHEHFHHICEE LD L LTEHET
&5.

4. [EIEHFFLRO SAM LR HPEHH

Wi o — [k, R SIS o IEH
BiHES) (SAM) H3g b <, »oKREL, INHE
dHlic Rk L BREPBUCLD T~y OFHHE
gz 2L, M £— FLza—FTh RO H#
;g SAM REEshiz b, SAM o=x
EIXEIERRLRT, ZORIGFESIHR M
S - THEL S LERSID. AEHLRE
Fix, EHI 3 OMEBTHREALEIIC, L
ARREBTH~ESNLANLHEIFESEZITO &
EZxbhs.

RV oHED X ST, HLFHIPEL, iR
¥ CIEKRL, FLEMSGH & FROB) X 2N TE R
OB N A REE & 72 B 2%, FLEAR A UHERIH

IEKELLREIC BT 52 SAM b AR HEkAE ORE

ICHBIRCHT S~ &, BRHANRERT LI
KYCEZBROBILICZ o THRF~AL LT
DIEXIRLAVWZIED LI ICEDRS. i, B
HLfEas &£ L 3 HEAFHHIC L > T SAM
AU B LEEZD L, HERMOEBRHMTE ORI
TLrbic SAM p%BT 5z L b BHic B
Eha. )

WEHER7 I VAR, 1Y e7 v/ — AR,
R VAT, DEESISEEE, HB VA
Ry VARICEZELD, AHEFBEAEL
CEBE+BXY b, ERENNSL, BRHIMmE
BHEL 2B L, BREPEINES W THREAFER
AR, b FHREEL LEE L T,
SAM L ESEN/EAL, i EEREN K&,
ERHMBEASEL 725 &, SAM LEBGERREET
BEVHEZFDIZIBEMLLTV. LEDRE
IR b 3 Wik HIRRIRIC X - T EEREL SAM
HELICEBLEVABRTE LWL, KED
BRI L O TR NS OREE, B LUOEEEE
fbickabnd LTEEShS.

HOCM Pt ofilc, HicfFlizgzo SAM
PHEENEDNIN S Z LB d 5. FRETRE,
HOCM £fiz3 T, T~ OFHORMA LY
o T —GoORRE, EICPHIMI~0EEEH
ESNWT, ThBRFRZETIRSARTHS
LT L7eds, T OERB XUOEER € OHE
PXETS. Hlic, REBRLRETD L, E
o ME B X OUE R 0 PR~ OBl O
EZxicl v B2z, EEEMEBGCELET S
EEEFICLY, HERFRLEZ LD KB
HRTERHFONMEFHHBE P ERCED L L
512, 3, REZMICLDERRRERS, @
IEFRRIR LA 2 EALICR O T, 4
i, 75— Ky 77—l a—R&E, BH
MFEFER & hREIC X 2 EREBE TH LR
AFLn?W. S5, EEEERFy 77—
Ck Y, BEOREERERIERERS ~R2->T
BHHNBZ LY LRROFIH~DORHERRT
3. Zhbix+ T, SAM oRHEICEiERHR

— 665 —



E”@'}”’ i)jj:v Sﬁ]ﬂﬂ: (EJ:

PEET B LEBMITFMRT b0 L VR 3.

5. EEREEEELRA

Ay 72 HOCM JEfI< i, I #io Bk
KOG £, Bi5E & 1T o IR
LIBELDERRRIC L 2RV EREENRR S
h, EENERETZORERONBICHS LE
ZAbh3.

KHE SO WBLT o —RGBETCELY T
— 7 NVIRE % Tv, HOCM o#EEick v,
EBZEFEERAFRIC X ZMEROHRICH S 2
LERER L TV 3. BRUBPRELIF—FN
T, EERALEROEZENT LIV EVENELHL
%z &1 (Fig. 10B) X, {4i8FHEBHHT©ERE
HETBZ LWL, ERESRRICKEFET S &
ERMT 5. 7z, SAM 0L hfE~0BliE L
JEBEE O HBE ORI —3®, B X0 SAM LE
BEORE L OMWHBELBEShTWVaLY,

AKH S DOHE I BT 3 oL T, SAM
DERIIBRED 5 VITHAFHT, EEETILEG
TR TR bR ShTWa R, LG
B L BRI X 33T IR I 0 Z 80 A Rk
HBREFZBLIZLL, 2hbofitix, BALEI
L, FIGESE 1T O MBI L SRR
TholkDdTREVWPrLEbIS. Eihifk
%2 (mid-ventricular obstruction) D420 4, 3 2
2, 20X ) FITix SAM pREKTF, R
R CHEMIC X 2 VIRENED bh, BOEF
RELH 7 —7 VT, MIEHRAT CERREL
DREBAL VEVERBELATEY, Z0k5k
FEFNIBISMG I E oo,

-3 #

SAM % #£ 5 IERELLFED 22 6] iz 8 v T,
SAM b EZFHEREDOREMFE L M5 iz,
WO~ = — G ORI 21T - 72

SAM H02 HG ICIE T 2 SR ER M R K R
DMFEE 16 s 15 i1 &, SAM AShfgicEL 2
FESEIF 6 filrh 4 Bl oA RlfRic VT, Bik
FeURERAS R B X 5 i MEREAORE (X

V)R bR, F0ERLE LT, HMIEHES
ROLEPEEF I ~ORAL, HIRBIEVEAR
H ol oHEF 1 FTi, BUygRosiis
MERRICTH o, BHDIEHEE 26T, BHL
DR A VIEED LY, FREARWSHEMAT
Holz.

2HITB VT, REIRFIREEE L RRESE
i, fEiEFRASKE % O BRHBRARTIC 4 T ic RS
CRHT 2HE LY, INMEDH2 W Lz ams
IREIES) & 1T > THMEE IR ML, BTl
Ty DFFIIEM, BRISTLENZFLE R -
T, BRBUGIC I RFIF RIS OEPRRICEL
e. ZORROFGFENIHAHEZFOZN LY B
WL, BoREL, IKEPHIC ISt & R
FDERREICHE > T "~ OFHEMGEE 2
Lic. #EEDO XV, RROFFHES, T~ oF
B, & bIcHRPREBTHL, LEESD
TRAMILE bICBRETH - . IR
ROGH LB HEH PRSI hiz

AEETL, FERRPRTELEL, 1ok
&<, 2L LTHRIMICE#RT 5 RROHTS
EFVBE SN, BFCRIER I, B
BTORR LT, MALEGROEZKICK L,
FREIEE L 2 LEFREIC X 53 H B A 53
BHBNT.

BkXb, SAM oxfkiz, #igHhL, ic
RERFRIEIBET, ZOHTHES (SAM) i3,
EERBIZEH UL & BRI AFT 5~ Lk
FoMENFEHNC L oTHEL B L BEREhS.
ZOWEHFEN S OREITIE, FRIC B EHI
TOKIHE (separation) DEENA X< , Venturi
PRICEBETHOLTCERFHEEBbh. £
EHEEAE T, HihES % 1T - CHHEIC®L
EHLRRE, BELZLERRICE VERS
h3LExBRh3%.
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