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Norepinephrine and Dobutamine-Induced Dynamic Left
Ventricular Outflow Tract Obstruction Caused
by Systolic Anterior Motion

Tran Duc Hung?, Pham Vu Thu Ha?, Do Van Chien® ¢

Abstract

This study presents a case of norepinephrine and dobutamine-induced
dynamic left ventricular outflow tract obstruction (LVOTO) caused by
systolic anterior motion (SAM) in a patient experiencing acute anterior
myocardial infarction (MI). In a 76-year-old patient presenting with
acute MI, intensive use of norepinephrine and dobutamine may lead to
the development of dynamic LVOTO and SAM. The presence of hy-
potension and a new cardiac murmur may suggest a mechanical com-
plication such as acute mitral regurgitation (MR) or ventricular septal
rupture (VSR). The assessment of the left ventricular outflow tract
(LVOT) using echocardiography plays a critical role in the diagnosis
of SAM and its associated MR and dynamic LVOTO. The patient’s
condition was stabilized through the cessation of inotropes and the im-
plementation of aggressive fluid resuscitation, resulting in improved
hemodynamics. In conclusion, prompt identification of the underlying
pathophysiological mechanisms is imperative for effectively manag-
ing this condition and preventing hemodynamic exacerbation.

Keywords: Left ventricular outflow tract obstruction; Systolic an-
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Introduction

Systolic anterior motion (SAM) of the mitral valve is a rec-
ognized phenomenon in which the mitral valve leaflet moves
in an anterior direction and comes into contact with the left
ventricular outflow tract (LVOT) during systole [1], which may
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occur after LVOT obstruction (LVOTO). Both phenomena are
associated with increased mortality [2]. SAM has four grades:
grade 0 (non-existing), grade 1 (deviation > 5 mm (M-mode),
grade 2 (non-holosystolic contact to ventricular septum) and
grade 3 (holosystolic contact to ventricular septum) [3]. SAM
may also arise in post-myocardial infarction (MI) patients and
patients undergoing mitral valve repair or with adverse risk fac-
tors such as hypovolemia or catecholamine overexposure [2].
In cardiogenic shock secondary to acute coronary syn-
drome, inotropes and vasopressors are used to maintain hemo-
dynamics. Inotropes and vasopressors are also known to induce
LVOTO and SAM in various contexts [4-6], along with other
factors (e.g., epinephrine [7]). Inotropes can lead to or worsen
dynamic LVOTO due to its inotropic and chronotropic effects
[8]. Meanwhile, vasopressors stimulate alphal and betal adr-
energic receptors [9], which can result in elevating heart rate,
increasing force of contraction in the heart muscles, and narrow-
ing of the arteries and veins, leading to increased preload and
afterload [10]. Therefore, norepinephrine is claimed to be less
likely to cause or exacerbate LVOTO [11]. This study presents a
case of norepinephrine and dobutamine-induced dynamic LVO-
TO caused by SAM in a patient experiencing acute anterior MI.

Case Report
Investigations

A 76-year-old man with hypertension, diabetes, and smoking
(20 cigarettes per day for 20 years) was admitted to the hospital
with a complaint of less likely cardiac chest pain at home. How-
ever, on admission, he denied any chest pain and shortness of
breath. Blood pressure was 140/100 mm Hg, and oxygen satura-
tion was normal (98%). There were no heart murmurs during
auscultation. Electrocardiography (ECG) showed a sinus heart
rate of 66 without ST changes. Transthoracic echocardiogra-
phy (TTE) indicated normal left ventricular (LV) dimensions
(LV end-diastolic dimension index (LVEDDI) = 36 mL/m? and
LV end-systolic dimension index (LVESDI) = 26 mL/m?), 53%
left ventricular ejection fraction (LVEF), and normal LV wall
motion. There was no evidence of mitral regurgitation (MR)
on Doppler imaging. Other echocardiogram findings included
concentric LV hypertrophy (septal thickness was 10 and 14 mm,
and posterior wall thickness was 11 and 15 mm at diastole and
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Figure 1. Doppler imaging showing severe MR (MR area 10.4 cm2; vena contracta: 7 mm). MR: mitral regurgitation.

systole, respectively. The estimated LV mass index was 152 g/
m?). The patient initially remained hemodynamically stable, and
underwent clinical investigation for chest pain.

After 12 h of hospitalization, the patient had chest pain
and became unstable with low blood pressure (80/40 mm Hg)
and tachycardia (heart rate 120 bpm). Initially, the patient was
resuscitated with fluid infusion and a norepinephrine dose of
0.1 pg/kg/min and waited for cathlab activation. During the
waiting time, his blood pressure continued to reduce, thus,
an additional dobutamine dose of 5 pg/kg/min was used. A
new 3/6 holosystolic murmur was heard at the apex, radiat-
ing to the axilla and the left sternal border. Results of ECG
showed ST elevation in V2-V4 leads that might suspect an
acute coronary syndrome. Bedside ECG revealed hyperkine-
sis with preserved global contractility (LVEF 75.1%). Con-
centric LV hypertrophy was more pronounced with septal
thicknesses of 17.4 and 21.1 mm and posterior wall thickness-
es of 16.9 and 17.4 mm in diastole and systole, respectively.
Doppler ECG showed the systolic anterior movement of the
mitral leaflet with turbulence in the LVEF and severe MR. A
“dagger-shaped” continuous wave Doppler pattern character-
istic of dynamic LVOT obstruction was observed with a peak
velocity of 4.34 m/s and a peak gradient of 75 mm Hg. No
mechanical complications of MI were observed during ECG.
An apical four-chamber view showed a sigmoid-shaped sep-
tum with apical hypokinesia and compensatory hyperkinesia
of the basal segments. Aortic, pulmonary and tricuspid valves
were normal (Figs. 1, 2).
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Diagnosis

The patient was transferred to the catheterization laboratory,
and coronary angiography and percutaneous coronary inter-
vention (PCI) were performed. Coronary angiography showed
partial occlusion of the left anterior descending (LAD) artery.
A mid-LAD lesion was treated with PCI and drug-eluting
stent implantation. However, the patient’s condition did not
improve. Considering adequate myocardial contraction with
LVEF of 75%, poor hemodynamics could be related to SAM-
derived dynamic LVOTO and MR.

Treatment

A decision was made to stabilize the patient by eliminating
causes of SAM, e.g., discontinuation of inotropes and aggres-
sive fluid resuscitation, which resulted in hemodynamic im-
provement. As the causes of SAM were effectively addressed,
the systolic murmur disappeared and repeated ECG confirmed
normal motion of the anterior mitral leaflet, competent mitral
valve and absence of LVOTO.

Follow-up and outcomes

After 3 days, the symptoms of heart failure subsided, and
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Figure 2. Doppler echocardiography revealed a late peaking high velocity (4.34 m/s) signal in the left ventricular outflow tract.

the cardiac murmur disappeared. Hemodynamics returned to
normal with blood pressure of 120/80 mm Hg, heart rate of
70 bpm, and SpO, of 98%. The 24-h urine output was 3,000
mL without diuresis, and central venous pressure (CVP) was
12 mm Hg. ECG results showed that the LVEF was normal
(52%), and MR was graded as mild without any evidence of
LVOTO. The thickness of the interventricular septum returned
to normal, and the regional walls did not show any signs of
damage. There was no murmur audible over the heart. The pa-
tient was discharged, in a stable condition, to return home. At
the 4-week follow-up, the patient had a good recovery, and
TTE reexamination confirmed that the patient had excellent
LV function and mild MR with no LVOTO.

Discussion

SAM was first observed in individuals with asymmetric hy-
pertrophic cardiomyopathy (HCM) in the 1960s and was
considered one of the classic symptoms of the disease. HCM
is the leading cause of sudden cardiac death, and the implan-
tation of an implantable cardioverter-defibrillator (ICD) is
seen as appropriate when patients exhibit any of the follow-
ing risk factors: a history of sudden death in immediate fam-
ily members, a maximal LV wall thickness of > 30 mm, or
a recent unexplained syncopal event [3, 12]. However, SAM
and LVOTO are not only associated with HCM but also occur
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in many diseases such as elongated MV leaflets [13] and can
even be found in individuals with structurally normal hearts
[2]. SAM and LVOTO can both develop independently under
different clinical conditions, including LV hypertrophy (hy-
pertrophy or sigmoid septum), reduced LV chamber size (due
to dehydration, haemorrhage, or diuresis) and mitral valve de-
fects (redundant, long anterior leaflets) and hypercontraction
(stress, using inotropes, angiotensin-converting enzyme in-
hibitor (ACE-I), digitalis or effects of catecholamines) [3, 4].
Acute MI with symptoms of SAM and dynamic LVOTO has
also been documented recently [4-6]. Although occasionally
discovered during an MI, until now, the MI guidelines have
not addressed this phenomenon and its management [14]. The
mechanism of dynamic LVOTO appears to be compensatory
hyperkinesis of normally perfused residual myocardium just
proximal to the coronary occlusion. This hyperkinesis reduces
the systolic LVOT cross-sectional area and creates a Venturi
effect, which “suctions” the anterior mitral valve leaflet into
contact with the septum, causing SAM [6]. LV hypertrophy
and a “bulging” subaortic septum are also significant risk fac-
tors for SAM [14].

In our case, ECG showed that the LV was concentrically
hypertrophic, the septum had a sigmoidal shape, and there was
compensatory hyperkinesia with basal segments. A well-estab-
lished phenomenon is hyperactive contractility of myocardial
segments close to an acutely ischemic zone. This mechanism
is most likely to occur in patients with single-vessel disease of
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the LAD artery, while multivessel disease may prevent basal
hyperkinesis [6, 14]. The pathogenesis of LVOTO in patients
with severe coronary artery stenosis leading to myocardial
ischemia has been related to the anterior apical motion ab-
normality and increased hyperkinesis seen at LV basal areas.
LVOTO may also be connected to a hyperdynamic state in-
duced by inotropes. Inotrope agents are often used to maintain
systemic blood pressure but may cause positive chronotropy
in cardiac shock. However, dobutamine aggravates dynamic
LVOTO in this group of patients [15].

The diagnosis of dynamic LVOTO is critical because the
treatment of cardiac shock without an understanding of the
underlying pathophysiology of this condition may worsen
the patient’s hemodynamics, i.e., inotropic agents may in-
crease the LV chamber-aorta pressure gradient, which worsen
SAM and lead to more severe LVOTO and MR [16]. Using
inotropes in a volume-depleted and small LV may provoke
transient SAM [17]. In contrast, sufficient volume loading
increases the LV size and the LVOT diameter [18]. In our
patient, he might have less likely cardiac chest pain, caus-
ing doctors to be subjective and not pay attention to the di-
agnosis of MI. Only after 12 h of hospitalization, when the
patient complained chest pain and hypotension (raised with
noradrenalin and dobutamine), the murmur was heard. After
that, the ECG results showed ST elevation, and the echocar-
diography results (due to the murmur) diagnosed LVOTO
and SAM. There was no murmur during norepinephrine in-
fusion. We supposed that the cause of hypotension was low
volume state and started intravenous (IV) fluid infusion.
Systolic murmur occurred only after adding an IV infusion
of dobutamine. A new murmur and hypotension might fre-
quently be misdiagnosed with mechanical complications of
MI, i.e., acute MR due to ruptured chordae or ventricular
septal rupture (VSR). Bedside ECG is an efficient tool to dif-
ferentiate these conditions. Our bedside ECG showed severe
MR and LVOTO due to SAM, which may be triggered by
hypovolemia and excessive inotropes in this patient, as both
increase transaortic flow velocity [18] and are responsible
for severe LVOTO in this case. Determination of dynamic
LVOTO allowed treatment to be optimized on a case-by-
case basis. Martinez-Useros et al reported a case of severe
LAD stenosis resulting in dynamic LVOTO, which was sub-
sequently resolved by coronary angioplasty to reduce initial
hypercontractility [4]. However, in the patient described in
the present report, hypovolemia and an inotropy-related hy-
perdynamic state may be important mechanisms causing se-
vere LVOTO, as discontinuation of dobutamine along with
echocardiography-guided parenteral fluid and CVP resulted
in the rapid improvement of hemodynamics within hours. In
the case of reanimation in HCM patients, phenylephrine is
the best option [19].

Patients with acute MI might develop a dynamic pressure
gradient in the LVOT. This is an interesting new finding that
carries therapeutic implications. If the pathophysiological
mechanism is recognized early, it may help doctors prevent
heart attacks from occurring in the first place. LVOTO was
reported to cause cardiac rupture in patients with acute coro-
nary syndrome [5]. The clinical consequences of asynchro-
nous LVOTO may result from insufficient cardiac output.
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Furthermore, it leads to increased end-systolic wall stress
in infarcted segments and thereby plays a part in the patho-
genesis of myocardial rupture [5]. It is essential to make a
precise initial diagnosis of these patients. This helps uncover
potentially curable underlying illnesses such as acute heart
failure, acute MR, dynamic LVOTO and myocardial rupture.
This case report demonstrates that hypovolemia combined
with an inotrope-associated hyperdynamic state can cause
dynamic LVOTO in acute MI even with normal cardiac func-
tion. Early diagnosis and timely management of these major
risk factors for SAM are critical to managing this condition.

In conclusion, in a patient with acute MI, intensive use of
norepinephrine and dobutamine may cause dynamic LVOTO
and SAM. The presence of hypotension and a new cardiac
murmur may suggest the development of a mechanical com-
plication, i.e. acute MR or VSR. However, it may be simply
due to SAM associated with acute anterior MI and inappropri-
ate management. Echocardiographic evaluation of the LVOT
is essential to diagnose SAM and its hemodynamic conse-
quences of MR and dynamic LVOTO. Early recognition of the
underlying pathophysiological mechanisms is necessary for
the effective management of this condition and for the avoid-
ance of hemodynamic exacerbation.

Learning points

Norepinephrine and dobutamine in acute MI patients may lead
to dynamic LVOTO with SAM, worsening hemodynamics.

Auscultation and bedside echocardiography can help iden-
tify the cause of hemodynamic compromise and new murmur
in acute MI.

Echocardiography is essential for diagnosing SAM and
its hemodynamic consequences, including MR and dynamic
LVOTO.

Mechanisms of the shock should be carefully considered
when starting treatment.
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