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Specificity of systolic anterior motion of anterior
mitral leaflet for hypertrophic cardiomyopathy
Prevalence in large population of patients with other
cardiac diseases
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suMMARY The value of systolic anterior motion of the anterior mitral leaflet as a diagnostic marker for
hypertrophic cardiomyopathy has been questioned because of its reported occurrence in other heart
diseases. To determine the true specificity of systolic anterior motion for hypertrophic cardiomyopathy,
721 echocardiograms from patients with a wide variety of cardiac diseases were reviewed for its presence
or absence under basal conditions. Systolic anterior motion of the anterior mitral leaflet was present in
only 22 (3.0%) of the 721 patients, giving a specificity of 97 per cent. It was most common in patients
with d-transposition of the great vessels (11 of 51, or 21%). With patients having transposition of the
great vessels excluded from the analysis, the prevalence of systolic anterior motion of the anterior mitral
leaflet was only 1 6 per cent (specificity 98%). Of note, eight of the 11 patients with systolic anterior
motion of the anterior mitral leaflet and diseases other than transposition of the great vessels had dis-
proportionate thickening of the ventricular septum, making it exceedingly rare in a patient population
with normal septal-free wall thickness ratios (prevalence 0 4%; specificity 99%). Hence, while systolic
anterior motion is not pathognomonic of hypertrophic cardiomyopathy, it was an uncommon finding
in a large population of patients with a variety of cardiac diseases; when present in such patients systolic
anterior motion of the anterior mitral leaflet is usually associated with disproportionate septal thickening.

Systolic anterior motion of the anterior mitral
leaflet (SAM) is a characteristic echocardiographic
feature of patients with hypertrophic cardiomyo-
pathy and obstruction to left ventricular outflow. 1-6
Recently SAM has also been identified by echo-
cardiography in a few patients with a variety of
cardiac diseases other than hypertrophic cardio-
myopathy.726
The finding of systolic anterior motion of the

anterior mitral leaflet in such diseases has caused
some investigators to suggest that it is a non-
specific finding and, hence, may not be a useful
echocardiographic marker for patients with hyper-
trophic cardiomyopathy.19 27 Therefore, to deter-
mine the true specificity of SAM, echocardiograms
from a large population of patients with congenital
or acquired heart disease were analysed.
Received for publication 13 June 1980

Selection and characterisation of patients

The study group consisted of (1) consecutive
patients with a wide variety of cardiac diseases
other than hypertrophic cardiomyopathy who
underwent echocardiographic studies at the
National Heart, Lung, and Blood Institute between
January 1975 and January 1978, and (2) all infants
with d-transposition of the great vessels studied by
echocardiography at the Children's Hospital
National Medical Center, Washington, DC, be-
tween May 1974 and January 1979. The latter
group of patients was included in the study group
because of the reported frequent association of
systolic anterior motion of the anterior mitral
leaflet and transposition of the great vessels.7'3
The overall study group initially consisted of 775

patients; 54 were excluded because the mitral
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valve was not imaged adequately, and the final
study group comprised 721 patients. Patients
ranged in age from 1 day to 76 years (mean 40
years); 416 were male and 305 were female. Most
patients had haemodynamically significant cardiac
lesions, as evidenced by the fact that 247 (66%)
of the 375 patients with cardiac diseases amenable
to surgical correction had undergone an operation
subsequent to echocardiographic study. The cardiac
diseases represented in the study population are
summarised in Table 1.

Subjects and methods

Echocardiograms were performed under basal
conditions with a 2-25 MHz, 1 2 cm diameter or a
3.5 MHz, 1-3 cm diameter transducer connected to
either a modified Ekoline-20A or a Hoffrel 201
ultrasound unit and recorded continuously on light
sensitive paper. Care was taken to orient the ultra-
sound transducer to enable both the anterior and
posterior leaflets of the mitral valve to be recorded
simultaneously.

In those patients with systolic anterior motion of
the anterior leaflet of the mitral valve the position
of the mitral valve in the left ventricular cavity was
quantified by measuring the distance from the
mitral valve (defined as the point of apposition of
the anterior and posterior mitral leaflets at the
onset of systole) to both the left ventricular endo-
cardium of the ventricular septum and the endo-
cardium of the left ventricular free wall. A mitral
valve position index was computed by dividing the
septal-mitral valve distance into the mitral valve-
posterior wall distance.28 The left ventricular
outflow gradient (in mmHg) was estimated from
the echocardiogram by a method described else-
where using a revised formula: gradient = (1 -8 x
obstruction index)-53.5

Thickress of the ventricular septum was mea-
sured below the tips of the mitral valve leaflets just
before atrial systole. Posterobasal left ventricular
wall thickness was measured at the level of the tips
of the mitral valve leaflets during the same phase
of the cardiac cycle. Systolic anterior motion of the
anterior leaflet of the mitral valve was defined as an
abrupt anterior motion of the anterior mitral leaflet
toward the ventricular septum beginning with the
onset of systole, reaching its peak in mid-systole,
and ending at or before the end of systole,15 14

and attaining a velocity exceeding that of the left
ventricular posterior wall; hence, the peak anterior
displacement of the anterior mitral leaflet occurred
before that of the posterior wall. Instances in which
the anterior mitral leaflet moved parallel to the

Table 1 Cardiac and systemic diseases in patients
with or without systolic anterior motion of the anterior
mitral leaflet (SAM)

Lesion No. of No. of
patients patients with

SAM

Acquired heart diseases
Coronary heart-disease 69 3
Mitral valve disease 82 1

Mitral stenosis 30 1
Mitral regurgitation 16 0
Mitral stenosis +regurgitation 36 0

Aortic valve disease 84 1
Aortic stenosis* 37 0
Aortic regurgitation 34 1
Aortic stenosis +regurgitation 13 0

Systemic hypertensiont 232 2
Congenital heart diseases

d-transposition of great vessels* 51 11
Mitral valve prolapse§ 49 0
Tetralogy of Fallot 24 0
Atrial septal defect¶ 18 0
Ventricular septal defect** 16 0
Pulmonary valve stenosistt 10 0
Discrete (membranous) subaortic

stenosistt 9 1
Eisenmenger syndrome§§ 7 0
Supravalvular aortic stenosis¶¶T, 4 0
Tunnel subaortic stenosis*** 4 2
Primary pulmonary hypertension 4 0
Coarctation of aorta 3 0

Systemic diseases with cardiac involvement 55 1
Friedreich's ataxia 19 0
Polymyositis 16 0
Scleroderma 14 0
Amyloidosis 3 1
Mucopolysaccharidosesttt 3 0

Totals 721 22
(30%)

*Peak systolic gradients between left ventricle and systemic artery
ranged from 40 to 135 mmHg (average 88 mmHg).
tlncludes 133 patients on antihypertensive therapy at time of
echocardiographic study and 99 patients who had such therapy
discontinued for at least 3 weeks before study. At time of echo-
cardiographic study systolic blood pressure ranged from 106 to
218 mmHg (average 147 mmHg); diastolic blood pressure ranged
from 68 to 150 mmHg (average 95 mmHg).
tIncludes six patients with ventricular septal defect, 13 patients with
pulmonary stenosis (valvular, subvalvular, or supravalvular), 13
patients with both ventricular septal defect and pulmonary stenosis,
and 19 patients with neither ventricular septal defect nor pulmonary
stenosis; of the 51 patients, 22 were studied by echocardiography
after undergoing Mustard's operation and the remaining 29 had not
undergone this operative procedure at time of echocardiographic
study.
§Includes eight patients with significant mitral regurgitation.
¶Pulmonary to systemic flow ratios ranged from 1-5 to 4-4 (average
26).
**Pulmonary to systemic flow ratios ranged from 1-3 to 5-4 (average
24).
ttPeak systolic gradients between right ventricle and pulmonary
artery ranged from 25 to 115 mmHg (average 64 mmHg).
#*Peak systolic left ventricular outflow tract gradientz ranged from
60 to 140 mmHg (average 96 mmHg).
S§Includes six patients with ventricular septal defect and one patient
with persistent ductus arteriosus.
¶¶lPeak systolic gradients ranged from 30 to 140 mmHg (average 70
mmHg).
***Peak systolic left ventricular outflow tract gradients ranged from
110 to 150 mmHg (average 128 mmHg).
tttIncludes one patient with type II (Hunter), one patient with type
III (San Fillipo), and one patient with type IV (Schies) muco-
polysaccharidoses.
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contour of the left ventricular free wall in systole
("pseudo-SAM"14) were not considered to be true

abnormalities of mitral valve motion. Mitral valve
prolapse was identified using the criteria of Popp
et al.29 and the technique of Weiss et al.30

Results

VENTRICULAR WALL THICKNESS

In 636 of the 721 echocardiograms, an accurate

assessment of ventricular wall thicknesses could be
made. Sixty-five (10%) of the 636 patients had an

abnormal ventricular septal to left ventricular free
wall thickness ratio (that is >1 3); ventricular wall
thicknesses were symmetrical in the remainder
(septal-free wall ratio <1 3).

ABNORMALITIES OF MITRAL VALVE

MOTION
Systolic anterior motion of the anterior mitral

leaflet was present in 22 (30%) of the 721 patients

(Table 2), yielding a specificity* of 97 per cent. In

12 of these 22 patients the magnitude of systolic

naterior motion of the anterior mitral leaflet was

mild, as evidenced by the fact that the gradient

estimated from the echocardiogram was zero.

Cardiac catheterisation was performed (not simul-

taneous with the echocardiographic studies) in nine

of these 12 patients; under basal conditions no or

small gradients of 2 to 20 mmHg were present in

eight of these patients and a gradient of 40 mmHg
was present in the other patient. In 10 other study

patients systolic anterior motion of the anterior

mitral leaflet was marked as evidenced by the fact

that a gradient of 5 to 100 mmHg was estimated

from the echocardiogram. Nine of these 10 patients
had cardiac catheterisation and each had a left

*Specificity is defined as the percentage of negative results in

subjects without hypertrophic cardiomyopathy:
True negative

x 100

True negative +false positive

Table 2 Clinical and echocardiographic findings in 22 patients with systolic anterior motion of the anterior
mitral leaflet (SAM)

Case no. Age/Sex Diagnosis Walt thickness (mm) MV position LVOT gradient
index* (mmHg)

VS PW VS/PW

1 1 d M TGV 5 5 10 0-4 0
2 1 mth M TGV 3 3 1-0 0 4 22
3 3 mth M TGV 7 5 1-4 0-3 16
4 7 mth F TGV 4 4 1-0 04 20
5 9 mth M TGV - - - 04 3
6 1 y M TGV 5 5 1-0 0 3 10
7 1 y M TGV 3 3 1-0 0 4 13
8 2y F TGV 5 4 1-2 07 0
9 3 y P TGV 6 4 1-5 0-6 25
10 8y F TGV 7 7 1-0 05 2
11 10 y M Discrete SAS 19 10 19t 1.1 60
12 10 y F Tunnel SAS 14 12 1-2 19 110
13 18 y F Amyloidosis 19 20 0 9 0 4 0**
14 19 y M Tunnel SAS 28 17 1-6i 1-3 110
15 22 y F TGV§ 14 14 1-0 0-3 -
16 41 y M AR 15 13 1-2 0-6 0
17 49 y F CAD 17 12 1-41T 0-8 0
18 56 y F Hypertension 16 11 1-4 0 5 0**
19 56 y M CAD 18 12 1-51T 0-9 40
20 62 y F CAD 18 12 1-5T 1-7 70
21 63 y F Hypertension 18 10 1-8 0-8 35**
22 68 y F MS 22 16 1-4 1-0 80

Abbreviations: AR, aortic regurgitation; AS, aortic stenosis; CAD, coronary artery disease; LVOT, left ventricular outflow tract; MS, mitral
stenosis; MV, mitral valve; PW, posterior left ventricular free wall; SAS, subaortic stenosis; TGV, d-transposition of the great vessels; VSD
ventricular septal defect; VS/PW, ventricular septal to posterior left ventricular free wall thickness ratio.
*Mitral valve position in left ventricular cavity assessed from echocardiogram by previously described method28 (normal = < 0 3).
tAbnormal septal-free wall ratio was manifestation of coexistent hypertrophic cardiomyopathy based on echocardiographic identification of
asymmetric septal hypertrophy in a first degree relative.
*Abnormal septal-free wall ratio was a manifestation of coexistent hypertrophic cardiomyopathy based on finding of severe disorganisation of
cardiac muscle cells (involving 98% of relevant parts of tissue section) in ventricular septum at necropsy.
§Associated with large ventricular septal defect; each other patient with transposition of great vessels had intact ventricular septum.
TScarring and thinning of posterior free wall was probably not responsible for abnormal ventricular septal to posterior free wall thickness
ratios in these three patients,2 "I that is, by echocardiography the posterior free wall was of normal thickness in diastole and also thickened
normally in systole. The moderate degree of absolute ventricular septal thickening (17 to 18 mm) present in these patients verified that the
abnormal septal-free wall ratios were a result of disproportionate thickening of ventricular septum.
**Cardiac catheterisation not performed; estimation of left ventricular outflow gradient was made from the echocardiogram by a previously
described method".
-, Data not available.
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ventricular outflow tract gradient measured under
basal conditions of 10 to 110 mmHg. In addition,
in seven of these 10 patients with pronounced
systolic anterior motion of the anterior mitral
leaflet, the mitral valve was positioned far anteriorly
in the left ventricular cavity (mitral valve position
index > 0 60); six of the 10 patients had dispropor-
tionate septal thickening (septal-free wall thickness
ratio > 1 3).

Systolic anterior motion of the anterior mitral
leaflet was particularly common in patients with
complete (d-) transposition of the great vessels,
that is in 11 (21%) of 51 such patients. Of the 11
patients with transposition of the great vessels who
also had systolic anterior motion of the anterior mi-
tral leaflet, eight were infants (2 years of age or
younger), two were children aged 3 and 8 years, and
one was a 22-year-old adult; six were found to have
systolic anterior motion of the anterior mitral leaflet
before undergoing Mustard's operation, and five had
SAM identified after operation. Ten of the 11
patients with transposition of the great vessels and
systolic anterior motion of the anterior mitral
leaflet had an intact ventricular septum, but one had
a large ventricular septal defect.

Hence, in this study group one-half of the patients
with systolic anterior motion of the anterior mitral
leaflet (11 of 22) had transposition of the great

vesseis. The remaining 11 patients had a variety of
other congenital or acquired cardiac lesions,
including three with coronary artery disease, two
with systemic hypertension, two with tunnel
subaortic stenosis, and one each with discrete sub-
aortic stenosis, mitral stenosis, aortic regurgitation,
and amyloidosis. If the patients with transposition
of the great vessels were excluded from the data
analysis, then the prevalence of systolic anterior
motion of the anterior mitral leaflet was only 1 6
per cent (11 of 670 patients), and the specificity
was 98 per cent.
Of note, eight of these 11 patients with systolic

anterior motion of the anterior mitral leaflet (and
without transposition of the great vessels) had
disproportionate septal thickening; two other
patients had borderline thickness ratios of 1 2.
Furthermore, of the six patients with pronounced
systolic anterior motion of the anterior mitral
leaflet (suggesting left ventricular outflow obstruc-
tion) but without transposition of the great vessels,
five had disproportionate septal thickening.

In two of the eight patients with systolic anterior
motion of the anterior mitral leaflet and septal-free
wall ratio > 1-3, the septal thickening was con-
sidered to be the result of coexistent hypertrophic
cardiomyopathy; one of these patients had genetic
transmission of asymmetric septal hypertrophy[in

Fig. Illustrative echocardiograms showing systolic anterior motion of the anterior mitral leaflet in cardiac diseases
other than hypertrophic cardiomyopathy. (a) Severe systolic anterior motion in a 68-year-old woman with mitral
valve stenosis (after aortic valve replacement); (b) Severe systolic anterior motion in a 3-year-old infant with
d-transposition of the great vessels; (c) Mild systolic anterior motion in an 18-year-old girl with cardiac amyloidosis
and severe concentric left ventricular hypertrophy. AC, (mitral) annular calcification; VS, ventricular septum;
PW, posterior left ventricular free wall; arrows indicate SAM in each of the three panels.
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first degree relatives demonstrated by echocardio-
graphy3l 32 and the other had severe disorganisation
of cardiac muscle cells in the ventricular septum at
necropsy.33-35 Because comprehensive familial echo-
cardiographic studies were not performed in rela-
tives of the other six patients with systolic anterior
motion of the anterior mitral leaflet and abnormal
septal-free wall ratio, it is not certain whether or
not these six patients had coexistent hypertrophic
cardiomyopathy. The presence, however, of a
substantial dynamic left ventricular outflow gradient
(35 to 80 mmHg) was suggestive of an obstructive
hypertrophic cardiomyopathy in four of these six
patients.

If those patients with systolic anterior motion
and an abnormal septal-free wall ratio are excluded
from the data analysis, the prevalence of SAM in a
large population of patients with a wide variety of
heart diseases producing symmetric wall thicknesses
(exclusive of transposition of the great vessels)
proved to be exceedingly small, that is 0 4 per
cent (specificity of 99%).

Mitral valve prolapse was present in 37 (5 5%)
of the 672 patients in this study who had a primary
cardiac diagnosis other than mitral valve prolapse;
one of these 37 patients with prolapse of the
posterior mitral leaflet had associated systolic
anterior motion of the anterior mitral leaflet.

Discussion

Systolic anterior motion of the anterior mitral
leaflet is recognised as a characteristic echocardio-
graphic finding in patients with hypertrophic
cardiomyopathy and outflow obstruction.1-6 Most
available data2-5 36 show that in its severe form SAM
is, in fact, responsible for the left ventricular
outflow tract narrowing and subaortic gradient
present in such patients; recently, however, it has
been suggested that the chordae tendineae and
even the papillary muscles also may contribute to
the dynamic obstruction present in patients with
hypertrophic cardiomyopathy.3740
The present study shows that systolic anterior

motion of the anterior mitral leaflet, while not
pathognomonic for hypertrophic cardiomyopathy,
is an uncommon finding (that is 3%) under basal
conditions in a large population of patients with a
variety of other cardiac diseases. The infrequency
with which systolic anterior motion of the anterior
mitral leaflet occurs in the absence of hypertrophic
cardiomyopathy makes SAM a highly specific (that
is 97%) and useful marker for patients with hyper-
trophic cardiomyopathy and obstruction to left
ventricular outflow. This is particularly true
regarding severe degrees of SAM which, while

common in patients with hypertrophic cardiomyo-
pathy and outflow obstruction, were exceedingly
uncommon in the present study group of patients
with other cardiac diseases (10 of 721 patients or
1-3%). On the other hand, systolic anterior motion
of the anterior mitral leaflet cannot be considered a
particularly sensitive marker for hypertrophic
cardiomyopathy. This is necessarily true because
while severe forms of SAM are almost invariably
present in patients with obstruction to left ven-
tricular outflow, SAM of this magnitude does not
occur in patients without outflow obstruction (who
represent a sizeable proportion of all patients within
the wide disease spectrum of hypertrophic cardio-
myopathy32).
Of note, in this study group systolic anterior

motion of the anterior mitral leaflet was particu-
larly common (21 %) in the subgroup of 51 patients
(primarily infants) with transposition of the great
vessels; its relatively common occurrence in trans-
position of the great vessels has been reported
previously by other investigators.7-9 11-13 In addi-
tion to transposition of the great vessels, systolic
anterior motion of the anterior mitral leaflet was
also identified in a diverse variety of other cardiac
diseases, including coronary heart disease, systemic
hypertension, tunnel subaortic stenosis, discrete
(membranous) subaortic stenosis, aortic regurgita-
tion, mitral stenosis, and amyloidosis. Though not
present in the present study group, systolic anterior
motion of the anterior mitral leaflet has also occa-
sionally been reported in patients with aortic valve
stenosis4' and after aortic valve replacement,42 in
coarctation of the aorta,26 ventricular aneurysm,43
hypovolaemic shock,'9 glycogen storage (Pompe's)
disease of the heart,2' Friedreich's ataxia,22 and in
infants of diabetic mothers.44- The patient
population in the present study was selected to
include a mixture of the more common as well as
rarer forms of cardiac disease. No attempt was
made, however, to include an analysis of every
condition that has been reported to be associated
with systolic anterior motion of the anterior mitral
leaflet. For example, though SAM has been de-
scribed in patients without cardiac hypertrophy14 we
limited our study to patients with heart disease and
did not analyse normal subjects.

Systolic anterior motion of the anterior mitral
leaflet was present in a substantial proportion (that
is 30%) of patients in this study with abnormal
septal-free wall ratios (the vast majority of which
had no apparent evidence of primary hypertrophic
cardiomyopathy and probably represented secon-
dary disproportionate ventricular septal thicken-
ing).47 Conversely, systolic anterior motion of
the anterior mitral leaflet was a particularly un-
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common finding in our patients with symmetric
(concentric) ventricular wall thicknesses (septal-free
wall ratio < 1-3), that is prevalence of 0 4 per cent
and specificity of 99 per cent. Therefore, systolic
anterior motion of the anterior mitral leaflet
appears to be a much less specific marker for
hypertrophic cardiomyopathy in the presence of
disproportionate septal thickening than in the
presence of concentric hypertrophy.
Our data also show that when severe systolic

anterior motion occurs in patients with diseases
other than hypertrophic cardiomyopathy, SAM is
usually responsible for left ventricular outflow tract
obstruction. Of the 10 patients with severe forms
of SAM (that is sufficient to produce an estimated
gradient by echocardiography) who underwent
cardiac catheterisation, nine had outflow gradients
of 10 to 110mmHg measured. In the majority of
these patients with severe systolic anterior motion of
the anterior mitral leaflet and documented outflow
obstruction the anterior mitral leaflet was displaced
anteriorly in the left ventricular cavity at the onset
of systole and asymmetric septal hypertrophy was
present. In hearts with such a geometric configura-
tion, the narrowed left ventricular outflow tract may
have created the necessary hydrodynamic forces
so that the velocity of blood passing between the
hypertrophied ventricular septum and anterior
mitral leaflet sucked the mitral leaflet forward by a
Venturi effect.28 48
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