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Introduction
Left ventricular (LV) out low tract (LVOT) obstruction 

(LVOTO) caused by systolic anterior motion (SAM) and septal 
contact of the mitral valve is an important cause of hypoten-
sion, syncope and exertional symptoms in hypertrophic car-
diomyopathy, but can also occur in non-HCM patients during 
either provocation testing (eg using Valsalva manoeuvre, glyc-
eryl trinitrate, dobutamine infusion or exercise stress).

We describe a case of a presumably exercise associated 
signi icant latent LVOT obstruction due to SAM that resulted 
in syncope, hypotension and type II myocardial infarction 
(ie ischaemic myocardial injury in the context of a mismatch 
between oxygen supply and demand) in a non HCM 
anatomically susceptible for LVOTO patient that was partially 
reproduced during dobutamine stress echo.

Case Report
A 42 year old athlete presented to our irst aid department 

after a syncopal episode following intense exercise.

On examination he had excessive sweating, and appeared 
dehydrated with lat neck veins while a mid-systolic III/VI 
murmur best heard over the aortic valve area was audible. 

His heart rate was 99/min and he was hypotensive with a 
blood pressure of 76/44mmHg. 

A normal saline infusion was immediately initiated, while 
an ECG was performed even though the patient strangely 
reported no chest pain whatsoever. The electrocardiogram 
demonstrated signi icant inferolateral ST segment depression 
(Figure 1) associated - as it was later evident - with an 
increase in serum troponin (3476 pg/ml). It is of notice that 
the troponin levels rose to 4476pg/ml the next day and began 
to decline 48-72 hours after the event, showing thus a typical 
rise and fall of cardiac biomarkers after an acute coronary 
event. It is also important to notice that the patient’s renal 
function was within normal levels (S Creatinine 0.86mg/dl).

Abstract 

Left ventricular outfl ow tract obstruction is a well-recognized feature in hypertrophic 
cardiomyopathy but can occur in other clinical scenarios when anatomically susceptible heart 
is subjected to permissive physiological conditions that provoke systolic anterior motion of the 
mitral valve (SAM): ie, reduced preload, increased inotropic state, and decreased afterload.

This report describes a case of hemodynamically signifi cant latent LVOTO that was 
associated with hypotension, syncope, acute myocardial ischemic ECG changes, and an increase 
in cardiac enzymes. (Type II myocardial infarction) in a non HCM patient with excessive anterior 
mitral valve tissue.

Figure 1: ECG at presentation showing signifi cant (>1mm) ischemia ST segment 
depression in inferolateral leads.
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As the patient received high volume rehydration, the pa-
tient’s blood pressure returned to normal, and after approxi-
mately 10 minutes, the ECG changes became alleviated (Fig-
ure 2) while no systolic murmur was heard. At this time a 
thransthoracic echocardiography study was performed which 
showed normal LV wall thickness and internal dimension with 
systolic anterior motion of the mitral valve (SAM) (Figure 3) in 
the absence of subaortic valve obstruction while the patient’s 
3rd ECG (Figure 4) showed complete resolution of the ST- seg-
ment changes. He was treated as an acute coronary syndrome 
with standard medication and was transferred for coronary 
angiography which demonstrated no coronary artery disease. 

On the basis of the history of the patient, the following days 
he underwent provocation testing with dobutamine using the 
standard protocol [1]. 

Beta-blocker was withheld on the morning of the stress 
test and the patient was fasted for >8 h prior to the test. The 
infusion was discontinued when the patient reached the 
target HR of 80% of the age-predicted maximum HR and at 
which point a severe LVOT obstruction was induced due 
to systolic anterior motion of the mitral valve with a peak 
systolic gradient of 100mmHg (Figures 5,6). This resulted in 
sudden hypotension, presyncope, diaphoresis and dyspnoea, 
symptoms similar to those experienced by the patient during 
the acute phase of his presentation. 

At the same time we observed mild ST segment changes 
in the inferolateral leads suggesting that the patient may 
potentially suffer from LVOT obstruction under certain 
conditions such as intensive exercise and/or dehydration, 
which at a higher degree can lead to severe hypotension and 
type II myocardial infarction (ie ischaemic myocardial injury 
in the context of a mismatch between oxygen supply and 
demand). 

After discontinuation of the dobutamine infusion and 

Figure 2: ECG showing alleviation of the ST segment depression in inferolateral 
leads 5 minutes after rehydration of the patient.

Figure 4: ECG showing complete resolution of the ischemic ST changes.

Figure 5: Severe latent LVOT obstruction due to SAM after dobutamine infusion.

Figure 6: Severe latent LVOT obstruction due to SAM after dobutamine infusion.

Figure 3: Systolic anterior motion of the mitral valve with no LVOT obstruction.
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prompt hydration of the patient the LVOT obstruction was 
resolved and no gradient was evident (normal LVOT gradients 
recorded – 8mmHg).

The patient was treated with beta-blockers and emphasize 
was given on the importance of proper hydration while he 
was instructed to avoid intensive exercise. There is up to date 
(1 year after the event), no recurrence of his symptoms. 

Discussion 
Systolic anterior motion (SAM) is de ined as displacement 

of the distal portion of the anterior lea let of the mitral valve 
toward the left ventricular out low area (LVOA) [2]. SAM can 
occur not only in patients with hypertrophic cardiomyopathy 
which is one of the hallmark echocardiographic indings, but 
also in patents without the disease [3] and is a well-recognized 
cause for unexplained sudden hypotension [4].

Systolic anterior motion of the mitral valve can be graded 
echocardiographically:

I. No mitral lea let-septal contact, minimum distance 
between the mitral valve and the ventricular septum 
during systole = 10 mm;

II. No mitral lea let-septal contact, minimum distance 
between the mitral valve and the ventricular septum 
during systole <10 mm;

III. Brief mitral lea let-septal contact (<30% of systole 
time);

IV. Prolonged mitral lea let-septal contact (>30% of 
systole time).

Predisposing factors that cause SAM are:

(1) excessive anterior or posterior lea let tissue; 

(2) any anatomical or surgical translocation of the mitral 
valve anteriorly; 

(3) aortomitral angle <120°; 

(4) pathological or post-surgical correction elongation of 
the anterior lea let; 

(5) annular undersizing in mitral valve repair; 

(6) chordal anomalies such as elongation; 

(7) surgical chordal interventions such as transection, 
translocation, and reimplantation; 

(8) anterior and medial displacement of the papillary 
muscles; 

(9) bulging subaortic septum; 

(10) absolute height of the posterior lea let (>1.5 cm); 

(11) anterior to posterior lea let height ratio (<1.4); and 

(12) minimum distance from the coaptation point to the 
septum (C-Sept, <2.5 cm)

Paradoxically, SAM is uncommon in post-AVR patients 
operated for aortic regurgitation due to dilated LV with 
increased distance between mitral valve and LVOT and 
compensatory hypervolemia seen in these patients [5].

Also, takotsubo cardiomyopathy can present with SAM 
and left ventricular out low tract obstructions because of mid 
and apical hypokinesia and compensatory basal hypercon-
tractility [6].

It is also reported that patients with diabetes mellitus and 
hypertension may manifest SAM in the context of LV hyper-
trophy due to hyperdynamic state by raised β-adrenoreceptor 
sensitivity [7]. 

Dobutamine stress echocardiography has also been 
reported to cause SAM by alteration of pathoanatomical 
features of mitral valve [8].

It is like unmasking of anatomical features eliciting systolic 
movement of anterior mitral lea let into LVOT [9].

The development of dynamic left ventricular out low tract 
obstruction (DLVOTO) in states of hypercontractility is not 
infrequently observed during DSE. Although several studies 
investigating DLVOTO during DSE have been conducted, 
the clinical signi icance of DSE-provoked DLVOTO remains 
controversial. Pellikka et al., suggested that the development 
of dynamic intraventricular obstruction leads to hypotension 
during DSE [10]. 

It is importand to note that the development of dynamic 
LVO gradient during DSE was not associated with dobutamine 
induced-chest pain or shortness of breath [11]. 

Barletta et al., showed that intraventricular obstruction 
during DSE was clinically signi icant in patients without CAD 
who have unexplained reduced effort tolerance [12].

Post–myocardial infarction (MI) change in LV geometry 
due to opposition of hyperkinetic and hypokinetic regions 
after acute MI can sometimes result in SAM [13].

This is clinically important because vasodilator and inotro-
pic agents used in cardiogenic shock can actually worsen he-
modynamics in such patients. Judicious use of β-blocker may 
bene it such patients [9]. 

General anaesthesia, by its effect of vasodilation and 
hypovolemia, can sometimes provoke SAM even in the 
absence of any cardiac abnormality [9,14].

In patients with hypertrophic cardiomyopathy (HCM), SAM 
is observed in mid systole, whereas in non-HCM hypertrophied 
ventricles, SAM peaks at the end of systole [15]. 
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Pathophysiology of SAM clearly indicates that anatomically 
susceptible heart when subjected to hypovolemia, tachycardia, 
and reduced afterload can easily cause LV out low obstruction 
with refractory hypotension and that correction of the 
hyperdynamic status, resolved LVOT obstruction in more 
than half of these patients without any further operative 
interventions [16]. It is important thus to avoid diuretic 
therapy in such patients.

He et al. [17], proposed that elongation of the anterior 
lea let could be a mechanism for SAM –as at our case - and 
this is supported by echocardiographic evidence, showing the 
anterior mitral lea let (AML) height is an important predictor 
of SAM [18]. Elongation of the MV lea lets can be pathological 
or may result from surgical correction. This evidence provides 
the rationale for the anterior valvuloplasty as a surgical 
technique to address moderate or severe SAM [19].

In patients with only mild SAM and MR, conservative 
medical therapy by volume administration, vasoconstriction, 
and β-blocker can be used to stabilize the patient.

After discussion of the treatment options with the patient, 
he decided to address the situation conservatively.
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