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Cardiogenic Shock Due to Dynamic Left Ventricular
Outflow Tract Obstruction as a Mechanical Complication

of Acute Myocardial Infarction
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We report the clinical case of a 77-years-old woman
with cardiogenic shock caused by dynamic left ventricular
outflow tract (LVOT) obstruction that appeared after ante-
rior acute myocardial infarction. Dynamic LVOT obstruc-
tion has been reported in various circumstances aside
from hypertrophic obstructive cardiomyopathy, such as
acute myocardial infarction. In a patient with cardiogenic
shock and a heart murmur after acute myocardial infarc-
tion, an acute mechanical complication, ventricular septal
defect, and acute mitral regurgitation must be ruled out
because the treatment of these conditions differs comple-
tely. We describe the diagnostic and therapeutic measu-
res used in the diagnosis and treatment of this complica-
tion.
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Shock cardiogénico secundario a obstruccién
dinamica del tracto de salida del ventriculo
izquierdo como complicacion mecanica

del infarto agudo de miocardio

Presentamos el caso clinico de una mujer de 77 afios
con shock cardiogénico secundario a la obstruccion di-
namica del tracto de salida del ventriculo izquierdo (TSVI)
tras un infarto de miocardio anterior. La obstruccion di-
namica del TSVI se ha descrito en diversas circuns-
tancias al margen de su presentacion clasica en el con-
texto de la miocardiopatia hipertréfica obstructiva, siendo
una de ellas el infarto agudo de miocardio. Ante un pa-
ciente con shock cardiogénico tras un infarto de miocar-
dio y soplo cardiaco es preciso descartar una complica-
cidon mecanica del mismo, comunicacion interventricular o
insuficiencia mitral aguda, porque el tratamiento de éstas
es totalmente distinto. Describimos las medidas diagnos-
ticas y terapéuticas necesarias para diagnosticar y tratar
esta complicacion.

Palabras clave: Infarto de miocardio. Shock. Estenosis
subadrtica. Ecocardiografia.

INTRODUCTION

We report the case of a patient who was hospitali-
zed for chest pain in the context of acute coronary
syndrome with elevation of cardiac enzymes and
electrocardiographic changes compatible with acute
anterior myocardial infarction. The condition was
complicated by hypotension and cardiogenic shock
due to the presence of a dynamic obstructive gradient
in the left ventricular outflow tract (LVOT), accom-
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panied by moderate mitral insufficiency (MI) and left
ventricular (LV) dysfunction due to anterior septo-
apical akinesia.

Dynamic LVOT obstruction has traditionally been
described in the context of obstructive hypertrophic
cardiomyopathy (OHCM),! as due to asymmetrical
septal hypertrophy accompanied by an anterior dis-
placement of the mitral valve during the systole.
Nevertheless, LVOT obstruction can appear in other
situations, so if ventricular systolic function becomes
hyperdynamic in a patient with basal septal hyper-
trophy, LVOT obstruction can occur much as in
OHCM.23 In the case of myocardial infarction, a
compensatory hyperkinesia of the preserved seg-
ments takes place, which is how the hyperkinetic ba-
sal septum causes LVOT obstruction. The treatment
usually used in cardiogenic shock, such as inotropic
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ABBREVIATIONS

TEE: transesophageal echocardiogram.

TTE: transthoracic echocardiogram.

EF: ejection fraction.

VSD: ventricular septal defect.

MI: mitral insufficiency.

OHCM: obstructive hypertrophic cardiomyopathy.
LVOT: left ventricular outflow tract.

LV: left ventricle.

drugs (dopamine, epinephrine, dobutamine) or intra-
aortic balloon counterpulsation, is contraindicated.
Consequently, treatment is based on the use of drugs
that reduce the gradient, like beta-blockers, pure alp-
ha agonists, methoxamine, or phenylephrine, while
volume depletion and the use of vasodilators is avoi-
ded.*

Fig. 1. Images of transesophageal echocardiography, diastole (upper
image) and systole (lower image), in which hypertrophy of the basal
septum and displacement of anterior leaflet of the mitral valve obstruc-
ting the LVOT (arrow) can be appreciated.
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CLINICAL CASE

A 77-year-old woman with a history of arterial hy-
pertension, under treatment with diuretics, was seen in
the emergency room for chest pain at rest. The electro-
cardiogram showed a 1 mm elevation of the ST seg-
ment in V1-3, V6, and aVL, ST-segment depression in
IL, III, and aVF, and negative T waves in I, aVL, and
V2. She had elevation of the cardiac enzymes, creatine
kinase (CK) 275 U/L, and troponin I 14.67 ng/mL.
While she remained in the emergency room, she pre-
sented hypotension, which was managed by volume
expansion with colloids and dopamine infusion. The
patient remained hypotensive and tachycardic, develo-
ping acute lung edema. Auscultation disclosed a 3/6
systolic murmur in the apex that radiated to the armpit,
and bilateral crepitations of the bases, up to the middle
fields. Her condition resolved after dopamine was dis-
continued and she was treated with furosemide, but
she again presented hypotension and exacerbation of
heart failure. An echocardiogram was performed with
the patient seated, because she could not tolerate the
supine position. Severe LV dysfunction was observed,
with anterior septo-apical akinesia and an ejection
fraction (EF) of approximately 30%, preserved con-
tractility of the basal segments, and signs of moderate-
to-severe MI. The patient's condition deteriorated and
orotracheal intubation and mechanical ventilation was
necessary. Suspecting a mechanical complication with
severe LV dysfunction, an intra-aortic counterpulsa-
tion balloon was inserted and catecholamines were
administered. Still, the patient's condition did not im-
prove. Transesophageal echocardiography was perfor-
med to exclude a mechanical complication, which con-
firmed a moderate MI and no evidence of a ventricular
septal defect (VSD). A thickened (approximately 17
mm), hyperdynamic basal septum with anterior septal
displacement of the mitral valve was appreciated
(Figure 1). Since the gradient of the outflow tract can-
not be recorded by transesophageal echocardiography
(TEE), a transthoracic echocardiogram was made
(TTE). A peak gradient of approximately 90 mm Hg
was recorded. With the Swan-Ganz catheter, no oxi-
metric jump was observed and pulmonary wedge pres-
sure was 18 mm Hg, central venous pressure was 17
mm Hg, and the cardiac index was 1.4 L/min/m>
Cardiac catheterization revealed coronary arteries free
of lesions and severe LV dysfunction, with an EF of
31%, a hypertrophic septum, LVOT gradient of 12.5
mm Hg, and LV end-diastolic pressure of 35 mm Hg.
Given the presence of a dynamic LVOT gradient, cate-
cholamines were discontinued, the counterpulsation
balloon was removed, norepinephrine and methoxami-
ne were given, 1-5 mg hourly, and intravascular volu-
me expansion was carried out. Previously, treatment
with esmolol was tried without observing any benefit.
Another echocardiogram made after administering
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methoxamine showed a significant reduction in the
gradient, as well as an increase in the post-extrasysto-
lic gradient (Figure 2 B and C). Likewise, the patient
presented atrial fibrillation with hemodynamic deterio-
ration, which required external electrical cardioversion
and amiodarone, 300 mg, and continuous infusion of
900 mg/24 h. The patient persisted with heart failure
and a systolic murmur, beginning treatment with ate-
nolol, 12.5 mg/12 h, and increasing the dose up to 50
mg/12 h. The clinical manifestations of heart failure
and the murmur disappeared. In an echocardiogram
made 15 days later, left ventricular function had reco-
vered, without zones of hypokinesia, with an EF of
55% by acoustic quantification, and no hypertrophy
except in the basal septum. Likewise, the elevated
LVOT gradient was not apparent and was not induci-
ble with the Valsalva maneuver, even with beta-bloc-
ker treatment.

DISCUSSION

In the absence of OHCM, the diagnosis of dynamic
LVOT obstruction has two requisites: a) the existence
of hypertrophy of the basal septum, and b) a hyperdy-
namic left ventricular situation. This tends to occur
most frequently in older patients with a history of hy-
pertension and left ventricular hypertrophy, although
hypertension is not an indispensable requirement.
Another clinical group is constituted by patients with
volume depletion in the postoperative period who
have been treated with inotropic agents. Patients with
aortic stenosis after valve replacement surgery are es-
pecially vulnerable to this form of LVOT obstruc-
tion,>® which is associated with a greater morbidity
and mortality,”® as are patients in which mitral valve
reconstruction surgery has been performed.” Cases
have been reported in patients with cardiac amyloido-
sis,? pheochromocytoma, balloon counterpulsation, or
after anteroapical myocardial infarction in the presen-
ce of previous basal septum hypertrophy, and even
myocardial ischemia alone.!®!" In the case of myocar-
dial infarction, a compensatory hyperkinesia of the
preserved segments takes place, which is how the hy-
perkinetic basal septum causes LVOT obstruction.'?
The fact that cases have been reported of patients with
lesion-free coronary arteries*!* has lead some authors
to propose dynamic LVOT obstruction as the trigger of
myocardial damage, although the existence of a th-
rombus that lyses before coronariography, or vasos-
pasm, cannot be excluded. Compensatory hyperkine-
sia of non-infarcted segments in the context of acute
myocardial infarction is a frequently observed pheno-
menon, which tends to disappear as the function of the
ischemic myocardium recovers. The follow-up of
some of these patients shows the resolution of the mo-
tility anomalies of the wall, as well as disappearance
of the LVOT gradient, which could not be induced la-
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ter.'* The pathophysiological mechanism proposed to
explain the appearance of secondary ischemia would
be the presence of a thickened basal septum and cer-
tain circumstances (hypovolemia, hypercontractility,
tachycardia, etc.) that cause dynamic LVOT obstruc-
tion and, consequently, an increase in intraventricular
pressure, with reduction of the myocardial oxygen
supply/demand that gives rise to ischemia. As a com-
pensatory response to ischemia, hypercontractility of
the basal segments is generated, which produces more
LVOT obstruction and maintains this situation.
Patients with a sigmoid interventricular septum, small
LVOT, and reduced left ventricular volumes, mainly
women, as well as an abnormal orientation of a flaccid
mitral valve structure, have a geometric predisposition
to dynamic LVOT obstruction, which can be manifes-
ted in the context of intense adrenergic stimulation or
hypovolemia.'® Recently, a syndrome has been descri-
bed that clinically and electrocardiographically simu-
lates acute myocardial infarction, with minimal eleva-
tion of cardiac enzymes. It is characterized by
ischemia of the apical
region, which acquires a blown-up shape (apical ba-
llooning) in the absence of coronary disease. It produ-
ces an increase in the mid-ventricular gradient, not in
the LVOT, without appearing to have hemodynamic
consequences,'® and is attributed fundamentally to va-
sospasm.

Transthoracic echocardiography should be consi-
dered the technique of choice for excluding the exis-
tence of an obstructive dynamic LVOT gradient, also
confirming the presence of MI and anterior systolic
displacement of the mitral valve. The morphology of
the Doppler curve shows delayed acceleration, which
is characteristic of subaortic dynamic obstruction
(Figure 2A and B). The echocardiogram makes it
possible to exclude other mechanical complications
of infarction, like VSD or acute MI. Estimation of
the gradient in the hemodynamics laboratory is ca-
rried out with a catheter with a distal orifice to aid in
locating it.

Treatment differs from the usual treatment for car-
diogenic shock. The use of vasodilators, reduction of
postload, and inotropic agents must be avoided.
Therapeutic measures in this case include the adminis-
tration of beta-blockers that act to reduce the hyperki-
nesia of the basal segment, helping to reduce the
LVOT gradient; pure alpha-agonists like methoxami-
ne, a drug that acts preferentially on alpha 1 receptors,
producing intense vasoconstriction and an increase in
blood pressure, with reflex bradycardia, giving rise to
a greater functional LVOT and decrease in the gra-
dient. The decrease in the gradient with methoxamine
administration was confirmed by echocardiography
(Figure 2D). Tachyarrhythmias must be treated aggres-
sively, fundamentally atrial fibrillation, electrical car-
dioversion should be used to restore sinus rhythm and
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Fig. 2. Continuous Doppler tracings th-
rough the LVOT. A: the characteristic
morphology of delayed acceleration of
the dynamic LVOT obstruction is evi-
dent. B: gradient before methoxamine
administration (peak gradient 72 mm
Hg). C: an increased post-extrasystolic
gradient is appreciated after a supra-
ventricular extrasystole, which was ex-
pressed clinically as a decrease in pulse
pressure  (Brockenbrough-Braunwald
phenomenon). D: decrease in the gra-
dient 10 minutes after administration of
1 mg IV of methoxamine (peak gradient
16.5 mm Hg).

amiodarone should be given.

In a patient with acute myocardial infarction, the
presence of hypotension and a murmur of new appea-
rance suggests the development of a mechanical com-
plication, acute MI, or VSD. Nevertheless, dynamic
LVOT obstruction can appear as a complication of in-
farction and show  similar = manifestations.
Transthoracic echocardiography, and transesophageal
echocardiography if an optimal image is not obtained,
is the diagnostic technique of choice. Predictors of ac-
quired dynamic LVOT obstruction are acute infarction
of the anterior myocardium that originates apical hy-
pokinesia, compensatory basal hyperkinesia, mild con-
centric LV hypertrophy and, possibly, single-vessel co-
ronary artery disease, since multivessel disease could
prevent the development of baseline hyperkinesia.
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