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Summary

A 67-year-old man with a sigmoid septum causing the left ventricular outflow obstruction by
inotropic stimulation was reported. This patient was admitted to the Hospital of the University of
Tsukuba because of chest pain. Phonocardiography revealed a systolic ejection murmur which was in-
tensified by amyl nitrite inhalation. A carotid pulse tracing showed a mid-systolic dip and a secondary slow
wave during amyl nitrite inhalation. M-mode echocardiography demonstrated neither systolic anterior
motion of the mitral valve (SAM) nor mid-systolic closure of the aortic valve at rest. Two-dimensional
echocardiography revealed a basal interventricular septum markedly protruding into the left ventricle
(sigmoid septum). The remainder of the septum and the left ventricular free wall were not hypertro-
phied, and no enlargement of the left ventricular cavity was observed. During exercise tests, blood
pressure dropped significantly. Cardiac catheterization showed a pressure gradient within the left ven-
tricle with isoproterenol infusion and post-extrasystolic potentiation.

These findings suggest that left ventricular outflow tract obstruction could occur in a patient with
sigmoid septum by inotropic stimulation, producing a fall of blood pressure during exercise.
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Introduction

A marked protrusion of the interventricular
septum into the left ventricular cavity (*“ sigmoid
septum ’’) was reported to be an exaggeration
of the physiologic bending of the interventricular
septum and to be brought about by physiologic
decrease in cardiac output associated with aging
and shrinking of the left ventricular cavity".
Though its pathophysiological significance has
not been completely studied, it is generally
thought that sigmoid septum does not cause the
outflow tract obstruction of the left ventricle!.
However, recent noninvasive study demonstrated
that left ventricular outflow tract obstruction
might occur in some patients with sigmoid sep-
tum?. The present report describes a patient
with sigmoid septum showing a fall of blood
pressure during exercise, in whom left heart
catheterization study demonstrated a provoked
pressure gradient across the left ventricular out-
flow tract.

CASE REPORT

History of Present Illness:

A 67-year-old man was admitted to the hos-
pital for evaluation of an abnormal electrocardio-
gram and uncomfortable feeling of the chest in
April, 1984. He had been under medical care
elsewhere since 1980 for systemic hypertension;
his blood pressure before treament was 190/90
mmHg. He had been suffering from general
fatigue, easy fatigability and uncomfortable pre-
cordial feeling on exercise. He was diagnosed as
ischemic heart disease and treated medically at
another hospital, but there was no improvement
in his complaints. Therefore, he was referred to
our clinic for cardiac evaluation.

Past History:

Appendectomy at the age of 24.
Family History:

His mother and father died of heart disease,
but the details were unknown.

On examination, the patient’s height -was
158 cm, and weight 49 kg. Blood pressure was
130/90 mmHg, and heart rate 60/min with re-
gular rhythm. A grade 2/6 systolic ejection mur-

mur was heard loudest at the apex. The abdomen
was soft and flat, and no hepatomegaly was
noticed. There was no peripheral edema in the
extremities. Neurological examination revealed
no significant abnormalities. Chest radiography
showed no abnormalities. Cardiothoracic ratio
was 439, (Fig. 1). Electrocardiogram showed
regular sinus rhythm (heart rate=58), complete
right bundle branch block and deep q waves in
11, 111, aVF, V5 and V, (Fig. 2). These q waves
were rgarded as insignificant, because the width
was less than 0.04 sec. Two-dimensional echo-
cardiograms showed marked thickening of the
basal interventricular septum and its protrusion
into the left ventricular cavity (sigmoid septum)
(Fig .3). The angle formed by the aorta and the
interventricular septum (aorto-septal angle) was
about 90 degrees. No other portion of the left
ventricular wall showed thickening, and the M-
mode echocardiographic measurement disclosed
that the thickness of the interventricular septum
was 12 mm. Posterior wall thickness of the left
ventricle was 12 mm, left ventricular end-dias-
tolic dimension (EDD) was 54 mm, and end-

Fig. 1. Posteroanterior chest radiograph on
admission.
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Fig. 2. Electrocardiogram on admission.

The electrocardiogram shows regular sinus rhythm
(heart rate=58), complete right bundle branch block
and deep q waves in II, ITI, aVF, V; and V.

systolic dimension (ESD) was 30 mm. Fraction-
al shortening [(EDD—ESD)/EDD x100] was
449,. These echocardiographic parameters
were nearly within normal limits. Systolic
anterior motion of the mitral valve (SAM) was
not demonstrated by echocardiography (Fig.
4 A). Late systolic semi-closure of the aortic

Sigmoid septum causing LV obstruction

Fig. 3. Two-dimensional echocardiogram (long
axis) and schema.

A marked protrusion of the upper portion of the
interventricular septum (sigmoid septum: SS) (black
arrow) is seen in the diastolic frame.

IVS =interventricular septum; SS=sigmoid sep-
tum; LV =left ventricle; PW =posterior wall of the
left ventricle; Ao=aorta; LA =left atrium.

valve was revealed, though mid-systolic semi-
closure was not (Fig. 4 B). Phonocardiograms
demonstrated a systolic ejection murmur at the
apex. After amyl nitrite inhalation, the systolic
murmur was intensified and the carotid pulse re-
cording showed a mid-systolic dip and a slow
secondary wave (Fig. 5). Heart rate and blood
pressure responses during Master’s two-step,
treadmill and ergometer exercise tests are shown
in Table 1. Blood pressure fall was seen on
exercise, especially during Master two-step
test from 196/108 mmHg to 100/70 mmHg,
though heart rate was increased by exercise.
Cardiac catheterization performed while the
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Fig. 4. M-mode echocardiograms.

A Systolic anterior motion of the mitral valve is not clear at rest (black arrow).

B: Late systolic semi-closure of the aortic valve is shown, though mid-systolic semi-closure is not

(black arrow).

patient was taking no cardioactive medication
demonstrated no significant abnormal finding
at rest (Table 2). However, with post-extrasys-
tolic potentiation, pulse pressure (50 mmHg)
was smaller than in the control beat (60 mmHg)
and a pressure gradient (more than 60 mmHg)

was found between the left ventricle (more than
160 mmHg) and the aorta (100 mmHg) (Fig. 6).
After intravenous infusion of isoproterenol a
pressure gradient was provoked between the
left ventricular outflow tract (100 mmHg) and
the left ventricular apex (130 mmHg) (Fig. 7).
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Fig. 5. Phonocardiograms and carotid pulse recordings before and after amyl nitrite in-
halation.

Before amyl nitrite inhalation, the tracing shows a systolic ejection murmur at the apex and nearly
normal carotid pulse. Following the inhalation, the systolic murmur is intensified and the carotid
pulse tracing shows a mid-systolic dip and a slow secondary wave (spike and dome).
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Table 1. Catheterization data

(mmHg)

PCW a 5 v

x 3 y 3 “4)
mPA 17/5 (€))
RV 20/2
RA a 2 v 1

x 0 y O 1)
LV 135/7
Ao 128/76 (102)

PCW =pulmonary capillary wedge; mPA=main
pulmonary artery; RV=right ventricle; RA=right
atrium; LV=left ventricle; Ao=aorta. ( )=mean
pressures,

Table 2. Results of exercise tests

HR (bpm) BP (mmHg)

Rest Exercise Rest Exercise

Master (double) 55 65 196/108 100/70
Treadmill 80 97 180/98 140/84
Ergometer 62 100 172/98 156/96

HR =heart rate; BP=blood pressure.

Left ventriculography showed a nondilated and
nonhypertrophied ventricle, and left ventricular
end-diastolic volume was 140 ml, end-systolic
volume 45 ml and ejection fraction 689, (Fig.
8). Left ventriculography could not reveal sig-
moid septum clearly, but digital subtraction
angiography clearly demonstrated it (Fig. 9).
Selective coronary angiography according to the
Judkins technique revealed 759, stenosis in the
distal portion of the left anterior descending
coronary artery (LAD) and the mid-portion of
the right coronary artery (Fig. 10). On radio-
nuclide angiograms, ejection fraction was 789,
at rest which increased to 929, with exercise.

DISCUSSION

Sigmoid septum has been reported to be an
exaggeration of the physiologic process of
aging, and sclerotic and fibrous changes in the
aorta and the interventricular septum were sug-

gested as its causes’®. The sigmoid septum has
been believed not to cause obstruction to the
left ventricular outflow tract?, though its patho-
physiological and clinical significance remains to
be clarified. However, the patient described in
this paper showed left ventricular outflow
tract obstruction and a fall of blood pressure
provoked during exercise. Phonocardiographic
and carotid pulse findings after amyl nitrite
and the provoked left ventricular pressure
pattern were similar to those of hypertrophic
obstructive cardiomyopathy (HOCM)%® and
suggested left ventricular outflow tract ob-
struction. According to the findings of coronary
angiography, the fall of blood pressure during
exercise might be ascribed to left ventricular hy-
pofunction caused by exercise-induced ischemia.
However, the patient did not complain of chest
pain and the electrocardiogram showed no abnor-
mal ST depression during exercise. Moreover,
ejection fraction was increased by exercise on
the radionuclide angiogram. These results sug-
gested that the fall of blood pressure was caused
by left ventricular outflow tract obstruction due
to the protrusion of sigmoid septum.

The pathogenesis of left ventricular outflow
tract obstruction in this patient has not been
clarified. Edwards suggested that sigmoid septum
could be the cause of functional systolic mur-
mur, but could not result in left ventricular
outflow obstruction. Recent noninvasive study,
however, revealed that left ventricular outflow
obstruction might occur in some patients with
sigmoid septum?. In that study the obstruction
was reported to be ascribed to sigmoid septum,
narrowed left ventricle and left ventricular hy-
perkinetic motion associated with systolic an-
terior motion of the mitral valve (SAM)?. In
our patient, SAM was not recorded on the
echocardiogram and left ventriculography did not
show the narrowed left ventricle and hyperkinesis
at rest. Unfortunately, the echocardiogram and
left ventriculogram on provocation (isoproterenol
infusion and post extrasystolic potentiation)
were not obtained. However, left ventricular hy-
perkinesis and SAM might be induced by pro-
vocation, because radionuclide angiography
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Fig. 6. Aortic and left ventricular pressure tracings.

With a post-extrasystolic potentiation, pulse pressure is decreased and a pressure gradient between
the aorta and the left ventricle is noted.
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Fig. 7. Left ventricular pressure showing a developed pressure gradient.
After isoproterenol infusion, a pressure gradient (more than 60 mmHg) is provoked.
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Fig. 8. Left ventriculograms in the right anterior oblique projection.
A: End-diastole. Left ventricular end-diastolic volume is 140 m/. B: End-systole. Left ventricular

end-systolic volume is 45 m/. Ejection fraction is 68%,.

showed left ventricular hyperkinesis (ejection
fraction=929,) on exercise.

It is important to differentiate sigmoid se-
tum from HOCM, because of similar character
of the systolic murmur. Actually, our patient
has been misdiagnosed as having HOCM at

another hospital. Maron classified hypertrophic
cardiomypathy into four groups by two-dimen-
sionl echocardiographic study according to dis-
tribution of left ventricular hypertrophy® : long-
axis echocardiogram of patients of group I
showed ventricular septal hypertrophy confined
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Fig. 9. Digital subtraction angiogram of the left ventricle in the left anterior oblique pro-

jection.

Sigmoid septum is clearly demonstrated (white arrow).

to the most cranial portion of the anterior septum
producing the appearance of a prominent and
localized bump, which resembled sigmoid sep-
tum, but the aorto-septal angle was not so acute
as sigmoid septum. Outflow obstruction was re-
vealed in two of 12 patients of group I. There-
fore, there remained question about differentia-
tion of the two diseases. Aorto-septal angle was
reported to be decreased in patients with sigmoid
septum compared with those with hypertrophic
cardiomyopathy®. The angle of our patient was
acute, which corresponded with the previous
study?. Thus, aorto-septal angle may be ex-
pected to play a certain role to differentiate the
two diseases.

Sudden death often occurs during exercise in
patients with HOCM?. Sudden development of
a pressure gradient is thought the cause of
sudden death?. As our patient showed a similar
pathophysiological phenomenon, sigmoid sep-
tum could play some causal roles in sudden
death of the aged. Thus, sigmoid septum should

not be thought of as physiologic phenomenon
associated with aging and its clinical significance
should be investigated as a new clinical entity.
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Fig. 10. Selective coronary angiograms.
A: Left coronary artery (LCA). B: Right coronary artery (RCA). Significant stenosis is seen in
the distal portion of the LCA (white arrow) and the mid-portion of the RCA (white arrow).

2 7024 (S FRIRTRR) EFRo 7zs, D FEEBLL brough B4 % 3B 7.

SO E 20 b ONT EEE B BKE FE PLEX Y S sikrplgTix, Bl
F, ERIEL e o T, SEBIM U 3 2P eI ZE 3 E U, SRR U AME T #5
TL Ll h 7 —F MEEICTA Y e T L/ — EFINFEET S 2 LB P L - k.

THITR T % AENERE, ¥ X Brocken-

246 —



1)

2

~

3

References

Goor D, Lillehei CW, Edwards JE: The * sigmoid
septum ’’. Variation in the contour of the left
ventricular outlet. Am J Roentgenol 107: 366, 1969
Fukuda N, Asai M, Tominaga T, Irahara K,
Mikawa T, Yamamoto M, Ohshima C, Kusaka Y,
Oki T, Niki T, Mori H: Noninvasive studies of
dynamic left ventricular outflow obstruction in
patients with sigmoid septum. J Cardiography 14:
445, 1984 (in Japanese)

Nishida K, Saito T, Kamijima G, Honda M,
Yanagisawa N, Higuchi Y, Wada T': Echocardio-

— 247 —

Sigmoid septum causing LV obstruction

graphic findings of the ‘‘ sigmoid septum ’’ and its
clinical implication. J Cardiography 10: 873, 1980
(in Japanese)

4) Goodwin JF, Roberts WC, Wenger NK: Cardio-
myopathy. in The Heart (ed by Hurst JW),
McGraw-Hill Book Co, New York, 1982, p 1299

5) Braunwald E, Wynne J: The cardiomyopathies
and myocarditis. in Heart Disease (ed by Braun-
wald E), WB Saunders, Philadelphia, 1984, p 1399

G) Maron BJ, Gottdiener JS, Epstein SE: Patterns
and significance of distribution of left ventricular
hypertrophy in hypertrophic cardiomyopathy. Am
J Cardiol 48: 418, 1981



