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Summary

In order to evaluate the clinical significance of the markedly protruding interventricular septum into
the left ventricular (LV) cavity (sigmoid septum), we performed non-invasive studies including amyl
nitrite (AN) inhalation in 21 patients (pts) with two-dimensional echocardiographic (2DE) documen-
tations. LV outflow tract (LVOT) obstruction was determined by the presence at least three of the fol-
lowing findings at rest or during AN inhalation: 1) a loud apical ejection systolic murmur (ESM), 2) a mid-
systolic dip in the carotid pulse, 3) systolic anterior motion (SAM) of the mitral valve (MV) or chordae
tendineae, and 4) systolic semiclosure of the aortic valve (AV). The 21 pts were subdivided into six pts
(group I) with resting (two pts) or provocative (four) obstruction, and 15 pts (group II) without obstruc-
tion. Their ages ranged from 40 to 85 years with an average of 65. No pt had evidence of hypertrophic
cardiomyopathy.

Results were as follows:

1. In five pts of group I a long ESM with a mid-systolic peak was recorded near the apex. After
AN inhalation, this murmur was markedly intensified. On the contrary, all pts of group IT had a short
and early systolic murmur, which was not markedly intensified by AN.

2. In contrast to group II, group I pts had a significantly smaller LV end-diastolic dimension, a
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smaller LVOT dimension, higher percent thickening of the LV posterior wall, higher fractional shorten-
ing and decreased aorto septal angle (the angle between the anterior aortic wall and the interventri-
cular septum by 2DE).

3. On 2DE, each pt of group I showed significant narrowing between the protruded septum
and the hypercontractile LV posterior wall with the papillary muscle. Anteriorly shifted chordae ten-
dineae noted as the SAM on the M-mode echocardiogram might also play an important role on the
genesis of obstruction.

4. Thesigns of LVOT obstruction at rest disappeared following oral administration of propranolol
in two pts of group I.

These observations suggested that LVOT obstruction might occur in some pts with sigmoid septum
and the hypercontractile state, and that asystolic murmur observed in this condition should be differentiated
from a functional murmur in the aged or a systolic murmur in hypertrophic obstructive cardiomyopathy.
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Table 1. Number, age and subclassification of
the subjects

No.of LvOTO  Age (ys)

cases signs Range (mean)
Group I 6 (+) 40-85 (64)
Group II 15 =) 55-82 (67)

Left ventricular outflow tract obstruction (LVOTO)
signs are composed of the following 3 or more findings
at rest or during amyl nitrite inhalation: 1. a loud apical
ejection systolic murmur, 2. a mid-systolic dip in the
carotid pulse, 3. systolic anterior motion (SAM) of
the mitral valve or chordae tendineae, 4. systolic semi-
closure of the aortic valve.

3\ SSH-11A % v, strip chart recorder %
TcdR e FhAFICTESELE HELT =
—X D FEsk it FERBEROWIEEE SSH-
HA 2w, BB oo R % .0 R
bOREMGIZEY, EERHEEL FEARICHIM
L3 HmTREsL .

153 &

1. BRTEB 6 BIOERKRATR

Table 2 | BeZERE 6 | O R HEEEFRRERT R &R
T BRECEHE 4 BB, £ 3flicdh
ZECRME Hic. LERGER 26, £EEX
24, fhoo 2 T xRNSR ES ST-T &bz
Aol LDERTEEHIC, LREBICEERES
T 5 BRI REIMET 2 3B 7. DT LT
BINFERSHET, BN O TH o7, fh
DS FITRIFEPHICE—2 2F L, HEORWV
HETH o7

BRI L, TFRRIC =TT R 2 R
L7z 25 (Case 2, 5) Tix spike and dome %%
RLlc. —F, RHRFICREFRRERD Ah ok
4 5irh 3 5i% anacrotic pulse #7xL, 14 (Case
1) ix jerky pulse 7R L 7.

Weissler 05z & 2008 CHE L £
EXH{ B (corrected left ventricular ejection time,

LVETc) # B 7 I VMBRARIETHARS &, £

S FIRFRIC X B AR R

Bl CHRET I VAL 10~36 msec DIEE
R

DRPBHRO A i3, 3H<REREENE
ERLEY, tho 3FTRIS% U Lo REEHEE
sRL7z. ¥RR THIEL 7 II,-O R (I1,-0/
vRR) 13 14 (Case 1) TIZIER L TWiAS, flo
SHIEHBHAOHEERL .

M - FLza—FFRATIE, E=EIT 3.5
~45cm, EEFHERL 1.7~24cm7, HF
ELP/MEDEE TR Lic. EEBEE (D FIF
B B XU ERBEE) 3, SIE 2 B35 24
(Case 2,6) THREE DR & 580 12 LS, 12 IEEH#
BOEER L. £EED % fractional shortening
X 043~0.63 <, £&piEEERLE. REiEHRO
SAM (3 &EmE 2 FlicE8Y, fho 4 flciTEmsER
TINMBEABICHELE. L2 —FE, K
Bk & O R 22 3 A EE (aortoseptal angle : A-
S angle) i3 60~96° LB/ ML &R L (FH b 25
L 7zfgEE 10 floFgEx 12846° TH 5),
iz Case2 Lt Case3 3B P/MEERL
1.

2. BERLIEPEHOLOE, OEK, LTa-F
IR OHE

Table 3 iz @gEicIs T 5,03, DHRFTROH
BERT. IV EOHEER IOLRBEEIRKD A ¥
Rix, MHBTEZRD R > 7. BRHMEREEDY

Fix, IREHELFEREIMETH > T-Dic
XUT, BERTE ] flEREEFSET, ¥
&b Levine2 EPEoflzERBdRk. Eik,
ALVETc 33EMZEFHTIT 31E RET b o 1225,
WEHTILH, FEOERE R L.

Table 4 izfEECOLT 2 —RFTROKETH
5. PRAERIIERAERICH T, ERIERDRE
BLUOEERHBERIVWTFhLERICHE, £
E=E#%BED percent thickening B XUEZED
fractional shortening X WFh L BELEGE T
Lic. EZEBERE (LEFRE L ERBEEOM) X
MMM TEL RO R o7, A-S angle |3 st
TIMAER LY bARCHNTH - 2.

447



wH, ®H, Bk E»

Table 2. Clinical data in 6 patients of sigmoid septum with obstruction signs on the left

PCG MCG
ESM CAP ACG
Case 2ge/ CTR ECG HT
Sex (%) JLVETe AjH A©
Grade Peak PMI Contour (msec) (%) +RR
(msec)

1 50 M 52 Mild T wave inversion (+) 1/6 Mid- Apex Jerky +33 12 232

in V4-6 syst
2 78F 54 WNL (+) 4/6 Mid- Apex Spikeand 433 22 147
syst dome
3 8 F 53 LVH (+) 3/6 Early Apex Anacrotic +14 9 149
syst
4 63 F 47 ST depression and T (+) 3/6 Mid- Apex Anacrotic +36 16 133
wave inversion in V3-6 ) sist
5 70M 48 WNL (=) 3/6 Mid- Apex Spikeand +10 15 169
syst dome
6 40 F 50 LVH (+) 1/6 Mid- Apex Anacrotic +14 8 167
syst

CTR = cardiothoracic ratio; ECG =electrocardiogram; HT =hypertension; PCG =phonocardiogram; ESM=
ejection systolic murmur; PMI=point of maximum intensity; MCG =mechanocardiogram; CAP =carotid arterial
pulse; ALVETc=change in the rate corrected left ventricular ejection time during amyl nitrite inhalation from rest-
ing values; ACG =apexcardiogram; A/H=A wave ratio of ACG; IIA-O/,/RR=interval from the aortic second
heart sound to the O point of ACG corrected for heart rate; Echo=echocardiogram; LVDd =left ventricular end-

Table 3. Phono- and mechanocardiographic data in two groups of sigmoid septum

ESM
ACG CAP

A/H (%) ALVETc (msec)

1Vs Intensity Peak

=Levine 2/6 Mid-syst Early syst

Group I 3/6 4/6 5/6 1/6 14.0+5.4 22.7+11.5
n=6 (50%) (67%) (83%) (17%)

Group II 8/15 3/15 0/15 15/15 13.2+6.0 —2.9+12.8
n=15 (53%) (20%) (0%) (100%)

p value NS NS <0.001 <0.001 NS <0.01

IVs=fourth heart sound; n=number of cases; NS=not significant. Other abbreviations are the same as in
Table 2.

Table 4. Echocardiographic data in two groups of sigmoid septum

LVDd LVOTD LVPW FS Aorto-septal LVWTh
(cm) (cm) % thick (%) angle (°) (cm)
Group I n=6 41+04 1.9+0.3 68.0+16.7 0.50+0.08 87.2+14.7 2.2+0.5
Group II n=15 4.7+0.5 2.3+04 42.1+5.3 0.35+0.05 99.9+8.8 1.9+0.2
p value <0.05 <0.05 <0.05 <0.01 <0.05 NS

LVPW 9% thick=percent thickening of the left ventricular posterior wall; LVWTh=end-diastolic thickness
of the left ventricular wall; n=number of cases; NS =not significant. Other abbreviations are the same as in Table 2.
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ventricular outflow tract
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Echo

- ' SAM o
WO OO W W s mm wio
4.0 2.3 2.2 1.0 1.2 043 =) (+) 94
4.3 2.3 1.8 1.4 1.2 0.46 (+) — 60
4.5 2.4 2.3 0.8 0.8 0.49 (£) (+) 78
3.8 2.0 1.7 0.8 0.8 0.47 (-) (+) 95
3.5 1.3 1.7 1.0 0.9 0.63 (+) — 96
4.4 2.2 2.4 1.2 1.1 0.50 =) +) 90

diastolic dimension; LVDs=left ventricular end-systolic dimension; LVOTD=left ventricular outflow tract
dimension; IVST =end-diastolic thickness of the ventricular septum; PWT =end-diastolic thickness of the left
ventricular posterior wall; FS=fractional shortening; SAM =systolic anterior motion of the mitral valve or chordae
tendineae; A-S angle=aorto-septal angle; M =male; F=female; WNL=within normal limits; LVH=left ventri-

cular hypertrophy.
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Fig. 1. Pharmacodynamic phono- and mechanocardiograms using amyl nitrite in patients
of sigmoid septum with LVOTO (A, 85-year-old female, Case 3) and without LVOTO (B, 65-
year-old male).

A: Control tracing shows an apical ejection systolic murmur (ESM) with an early systolic peak
intensity and an anacrotic carotid pulse. Following the test (30 sec after the beginning of inhalation),
the apical ESM shows a marked intensification with a mid-systolic peak intensity (large black
arrow). Concomitantly, a mid-systolic dip in the carotid pulse appears (small black arrow) and
LVETc is prolonged from 390 msec to 404 msec.

B: An apical ESM and carotid pulse contour in the control tracing are similar to those in panel
A. Following the test, the apical ESM is slightly accentuated without a change in the original contour.
A systolic dip is not provoked in the carotid pulse. LVETc is shortened from 410 msec to 393 msec.

LVOTO=left ventricular outflow tract obstruction; LVETc=corrected left ventricular ejection
time; AN =amyl nitrite.
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Fig. 2. Apical long-axis two-dimensional echocardiograms at rest (A) and pharmaco-
dynamic phonoechocardiograms using amyl nitrite (B) from the same patient as in Fig. 1A.

A: A marked protrusion of the upper portion of the ventricular septum (VS) is seen in the diastolic
frame (large white arrow). The systolic frame shows a significant narrowing of the left ventricular
outflow tract between the protruded VS and the hypercontractile posterior wall including the papillary
muscle (small white arrow).

B: 30 sec after the beginning of AN inhalation, systolic anterior motion of the mitral valve or
chordae tendineae significantly increases in amplitude with concomitant appearance of a mid-systolic
dip in the carotid pulse (black arrows).

AN =amyl nitrite.

.
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Fig. 3. Parasternal long-axis two-dimensional echocardiograms at rest (A) and pharmaco-
dynamic phonoechocardiograms using amyl nitrite (B) in a patient with sigmoid septum
(50-year-old man, Case 1).

A: A moderate sigmoid septum is observed in the diastolic frame. The systolic frame shows a signifi-
cant narrowing of the left ventricular outflow tract between the protruded ventricular septum and
the hypercontractile papillary muscle (white arrow). Anteriorly shifted chordae tendineae near the
ventricular septum may also play an important role in the outflow obstruction.

B: 40 sec after the beginning of AN inhalation, a systolic anterior motion of the mitral valve (MV)
or chordae tendineae and a systolic semiclosure of the aortic valve (AOV) newly develop (black
arrows). An apical ejection systolic murmur (SM) similar to the basal SM also markedly increases
with a mid-systolic peak intensity. A concomitant augmentation of the mid-systolic dip is seen in the
carotid pulse.

AN =amyl nitrite; LVETc=corrected left ventricular ejection time.
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Fig. 4. Parasternal long-axis two-dimensional echocardiograms at rest (A) and phono-
cardiographic effect of propranolol (B) in a patient with sigmoid septum (78-year-old woman,
Case 2).

A: A severe sigmoid change of the ventricular septum (VS) is observed in the diastolic frame.
The systolic frame shows obstruction of the left ventricular outflow tract by the protruded VS, the hy-
percontractile posterior wall including the papillary muscle and anteriorly shifted chordae tendineae
(arrow).

B: Control tracing shows an apical ejection systolic murmur (SM) with a mid-systolic peak intensity
and a ‘““‘spike and dome’’ contour of the carotid pulse. Two days after oral propranolol administration
of 60 mg, the carotid pulse returns to a sclerotic pattern with a concomitant decrease of the apical SM.

Abbreviations are the same as in Fig. 3.
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Table 5. Comparison of phono- and mechanocardiographic findings between sigmoid
septum with LVOTO and provocative HOCM

ESM

ACG CAP

IVs Intensity

A/H (%) IIA-O/,/RR  Jerky  Anacrotic

=Levine 2/6 Mid-syst.

Sigmoid septum with 3/6 4/6 14.0+-5.4 166+35 1/6 5/6
LVOTO (n=6) (50%) 67%) (17%) (83%)
Provocative HOCM 6/7 717 20.4+5.1 217+44 6/7 1/7

(n=7) (86%)  (100%) (86%)  (14%)
p value NS NS

<0.05 <0.05 <0.05 <0.05

LVOTO=left ventricular outflow tract obstruction; HOCM =hypertrophic obstructive cardiomyopathy; IVs=
fourth heart sound; n=number of cases; NS =not significant. Other abbreviations are the same as in Table 2.
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<, percussion wave 23 tidal wave X ¥ & & WE
R) BRI HINLWOICH L, A Tid anacrotic
pulse # RTFIBEH -7

F o RmEIE T, A ER, 11,-0 L b
iw HOCM #olrfRICEEEZRLE. Zh
b OFT RIZEZE OIHER X CHLEBIE S & TH
DMCRRDZLEREL, DHERKEZED RN
FAE L DAFIEK S ERK > HOCM L o@EER
EREICRB LEZ OGN, L L, BIRE{CHE
DEBRPEMEEIC X Y EEIEH= 7747
VADIETREHETTHIITE, Case ], 2, 50Xk
i, OEEFTR Y, HOCM L En R sl b
Y, TOXHRBARICIWBLTa—KIZX
D, EEEREOHE, 1LV A-Sangle DRREE
AT A LEN D B.

PAERED 5 b, REIRIZE W T AR
FiR %4 L7z 2/, propranolol nofEAi#ks
KEVREFRIBFHICHEELL. Thid
HOCM TiAERBIicHELRVWD EHABHT, &K
FEDHBHO—>THY, Xbic hyperkinetic 7
REER S FROFEICH T 3 ERHHBREOH
HIcKE<HEELTWB Z LEFRRTBFHRNO—
2LbE LR

BiB.Lr— = — Kk, aorto-septal angle (KBIIR
LDEFRFEO T AE) O FMEERD, BERE
DFENEESh S FRFKE (sigmoid sep-
tum) 21 {7i] (EI4EHR 65 %) ICHERHER 7 2 v (AN)
AWM EITV, REIC S EEFRHBEPAEOHB,
BLUZOBRERICSE, FHBMMSELR
WTHRRET L 2. RIS EZE R RBRZERT Ao F &
ICE VRO 2BEICHEEL . | B CBRAERE) 3K
B 2 f5l) & 5 iz AN AfTEE (4 4) iIcEEFRHE
AT B & 3B 7= 6 T, 11 8 G v
hoFEIc L, EERHBREFTREBD 2d-
7 15HTH 5.

EEFHEBREDHIEZ, OREOIRK A ERH

PUKERIME S, WBIIRHE O mid-systolic dip, f&
1B OUERIRT &R (SAM), ¥ X UOKBIRF
DIEEEAEO 4FIRO Y b, IFIRULEE
THGAICRAENFET S LHEL .

1. I BoBHMEHET I OREBMAITICRFE L, I
P CER AR, AN ATFIC X ) EH R
MEoR Lic. —7, 11 B BRH MRS 3 U 250
e AEL, ANARICX-TH THERED
WiRE RE e o7,

2. I 11 BhiclRT, EERBIVEE
FHEER AT, 2o DIFEN BRT H Y,
aorto-septal angle [ZFERPE/NERL 2.

3. I gcr, wWTFhoflbliELT =2 —KE,
EEFHBICZEH L 7z BIROE PR & @RI IHE
+ 5L, BIOEBBELR L ORICRELR
», [FEkc SAM 2T 5 &Rh R BIE
Ihie.

4. 1 Bon 2 FloRFRIRART R propran-
olol P#HEEIZL VBB ITHERL 2.

PEORE» S, S FIRHE Tt aorto-septal
angle o/ Mbiz hyperkinetic ZREEZ #2113
EEHHERES AL B h B LA
fo. AE L BEEOBIEEOEEE, H5VWIRIEXR
RIFAZEMEOMHIE & OBIIZ E b THEHET, #HL
WREHS L L TERT 2 LERDS.
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