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Dynamic Left Ventricular Outflow Tract Obstruction
in Acute Coronary Syndromes
To the Editor: In the September 1999 issue of Mayo Clinic
Proceedings, Haley and colleagues' described 3 patients who had
echocardiographically confirmed left ventricular outflow tract
(LVOT) obstruction in the absence of baseline hypertrophic
cardiomyopathy. All 3 patients had acute myocardial infarction,
as well as echocardiographic evidence of regional myocardial
akinesia and dyskinesia that caused the LVOT obstruction. In all
patients, the obstruction resulted in cardiogenic shock that later
responded to therapy appropriate for LVOT obstruction; however, the therapy was not typical for the treatment of isolated
myocardial infarction.
Transient ischemia-like infarction-can produce cardiac
wall motion abnormalities.' Hence, ischemia, independent of
infarction, may be sufficient to produce LVOT obstruction and
associated hemodynamic anomalies. We believe that the patient
we report may represent such a phenomenon.
Report of a Case.-A 55-year-old diabetic woman was scheduled for an interventional neuroradiology-facilitated angioplasty
and stenting to treat a symptomatic carotid artery stenosis. Her
admission electrocardiogram (ECG) showed normal sinus rhythm
at a rate of 64 beats/min with a nonspecific T-wave abnormality in
the lateral leads. An adenosine thallium scan revealed a small area
of decreased perfusion inferiorly, suggestive of prior infarction,
with partial redistribution on the delayed images, consistent with
partial viability of the affected myocardium.
During the neuroradiologic procedure, blood pressure was
continuously monitored, and the pressure waveform was displayed, using a pressure transducer and oscilloscope system attached to a 5F femoral artery catheter. During placement of the
angiographic catheters, the patient's blood pressure was stable at
approximately 160/65 to 170/75 mm Hg, but heart rate gradually
increased from a baseline of 68 beats/min. Once the heart rate
reached 85 beats/min, suddenly, in a single heartbeat, the patient's
blood pressure decreased from 160/65 to 63/40 mm Hg. The
patient immediately became nauseated and felt presyncopal. The
ECG during the period of light-headedness demonstrated sinus
rhythm. Ephedrine, 15 mg, was administered intravenously, and
blood pressure promptly increased to 130/80 mm Hg. The tip of
the angiographic catheter had not yet been advanced beyond the
level of the fifth cervical vertebra; thus, a hemodynamic change in
response to stimulation of the carotid baroreceptors was unlikely.
When the patient later complained of severe discomfort from
lying on the x-ray table, general anesthesia was induced. Ninety
seconds after the patient lost consciousness, blood pressure
abruptly decreased from 130/80 to 90/65 mm Hg. Within seconds
and without intervention, blood pressure returned to 130/80 mm
Hg. Laryngoscopy was performed, the trachea was intubated, and
mechanical ventilation was initiated. Blood pressure remained
stable at 150/90 mm Hg for the ensuing 2 to 3 minutes but
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thereafter steadily increased to 200/100 mm Hg, even in the
presence of 2% to 3% inspired isoflurane anesthesia. Then, without warning, the blood pressure decreased from 200/100 to 60/40
mm Hg in a single heart beat and remained there for approximately 12 beats before suddenly returning to 180/90 mm Hg.
Twenty beats later, blood pressure again decreased precipitously
to 60/40 mm Hg for approximately 20 beats, then abruptly returned to 180/90 mm Hg.
Based on these dramatic, rhythm-independent changes in
blood pressure, all of which evolved over a time span of no more
than a few heart beats, a tentative diagnosis of hypertrophic
cardiomyopathy with LVOT obstruction was made. The patient
was treated with a 500-mL bolus of lactated Ringer solution and
intravenous propranolol, 2 mg. A phenylephrine infusion (approximately 40 ug/min) was begun. With this treatment, heart rate
was reduced to less than 60 beats/min, and blood pressure remained stable at 130/80 mm Hg.
With the patient still anesthetized, a transthoracic echocardiogram was obtained. It revealed a mildly enlarged left ventricular cavity with moderately decreased systolic function. The
estimated ejection fraction was 35%. There was akinesis of the
anterior and entire septal walls from base to apex. The inferior
wall was sluggish but not clearly hypokinetic. At this time, there
was no evidence of basal ventricular septal hypertrophy, systolic
anterior motion of the mitral valve, or flow acceleration in the
LVOT. The left atrium and right heart chambers were grossly
normal. These echocardiographic findings were not accompanied
by new changes on the patient's electrocardiogram.
Given the patient's history of ischemic heart disease and concurrent echocardiographic evidence of anterior akinesis and a reduced ejection fraction, we felt there was indirect evidence for the
syndrome of transient left ventricular ischemia with distal (mid to
apex) akinesis and proximal (basal) compensatory hyperdynamic
function resulting in dynamic LVOT obstruction and mitral regurgitation. We also concluded that such a pattern of LVOT obstruction had subsequently resolved (between the time of hypotension
and echocardiography) in response to medical treatment.
The radiologic procedure was terminated, and the patient was
awakened and transferred to the coronary care unit. Serial ECGs
and cardiac enzyme determinations at 2, 8, 16, 24, and 48 hours
after the procedure did not show evidence of a myocardial
infarction. Two days later, coronary angiography revealed that the
left ventricular ejection fraction had improved to 74%, and there
were no regional areas of hypokinesis. The patient had diffuse
coronary artery disease within the left main, left anterior descending, circumflex, obtuse marginal, and right coronary arteries.
Percutaneous transluminal coronary angioplasty (PTCA) was
performed on the right coronary artery lesions, the only lesions
that were amenable to therapy.
The next day, the patient underwent carotid artery angioplasty
and stenting under general anesthesia. A phenylephrine infusion
was used to maintain systolic blood pressure at 130 to 170 mm Hg,
and intermittent boluses of esmolol were administered to maintain a
heart rate of between 55 and 75 beats/min. The carotid angioplasty
and stenting procedure was accomplished without incident.
Comment.-We believe that the dramatic, instantaneous
changes in blood pressure in our patient, independent of concomi-
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tant changes in cardiac rate and rhythm, were the result of LVOT
obstruction resulting from a transient episode of myocardial
ischemia. However, unlike the patients described by Haley and
colleagues, our patient had no evidence of myocardial
infarction. The major obstacle to validating such a diagnosis is
that we did not have echocardiographic evidence of obstruction
during the period of hemodynamic compromise. Given the potential for stroke in this patient, it was not feasible to allow the
hemodynamic aberrations to persist in order to facilitate a definitive diagnosis.
The treatment used in our patient resulted in heart rate reduction, negative cardiac inotropy, and an increase in cardiac
preload and afterload. Collectively, these factors should have
reversed the pattern of dynamic LVOT obstruction between the
time of onset of the hemodynamic changes and that of obtaining
echocardiographic imaging. Hence, a negative echocardiogram
after treatment in our patient does not exclude the presence of
LVOT obstruction prior to treatment.
Consistent with the report of Haley et al, the suspicion of
ischemia-associated LVOT obstruction was critical to the management of hypotension in our patient. Specifically, episodes of
hypotension, presumably resulting from LVOT obstruction, required interventions that differed from the treatment of ischemiarelated hypotension in the absence of LVOT obstruction.
If our assumptions are correct, it is possible that LVOT
obstruction may be a more common cause of hypotension in
patients with acute coronary syndromes than estimated in the
report of Haley et al, simply because myocardial infarction is
not a prerequisite for LVOT obstruction.
Mark T. Keegan, MB, MRCPI
Lawrence J. Sinak, MD
Douglas A. Nichols, MD
William L. Lanier, MD
Mayo Clinic Rochester
Rochester, Minn
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In reply: Keegan and colleagues describe a patient who experienced repeated transient episodes of severe hypotension during an
attempted angioplasty and stent placement to treat a symptomatic
carotid artery stenosis. The authors propose that this patient's
hypotension was due to the development of a dynamic LVOT
obstruction during the procedure. Although echocardiography
was not performed at the time of the patient's symptoms to verify
the presence of an LVOT obstruction, some aspects of the
patient's presentation are consistent with the presentation of those
patients previously described. First, the initial episode of
hypotension seemed to resolve after administration of an a-agonist, and hypotension did not recur after the administration of
intravenous fluid and ~-blocker. In the repeat procedure the pa-

tient was treated with a phenylephrine infusion and intermittent
esmolol with no recurrence of hypotension. As correctly pointed
out by the authors, these measures act to reduce the degree of
LVOT obstruction and alleviate hypotension. Second, a transthoracic echocardiogram performed after the patient stabilized
showed decreased systolic function with an ejection fraction of
35% with akinesis of the anterior and septal walls from base to
apex and no evidence of a dynamic LVOT obstruction. Two days
later, the patient underwent coronary angiography during which
left ventriculography demonstrated a normal ejection fraction
(74%) with no evidence of regional hypokinesis. The patient was
shown to have diffuse coronary artery disease and underwent
PTCA of the right coronary artery. That the patient's myocardial
function recovered within 2 days suggests ischemia as the cause
of the LV dysfunction. However, what is not clear is whether the
ischemia was a cause of apical akinesis and subsequent basal
hyperdynamic function resulting in a dynamic LVOT obstruction,
or whether an ischemic threshold was achieved during the procedure resulting in a deterioration of global LV function. The second procedure was performed after the patient had undergone
PTCA of the right coronary artery as well as with concomitant use
of a ~-blocker and a-agonist. Thus, it is not clear whether the
prevention of a dynamic LVOT obstruction or treatment of the
underlying coronary artery disease was responsible for preventing
hypotension in the second procedure.
While the above factors are consistent with the development of
a dynamic LVOT obstruction as a cause of the patient's symptoms,
some are different from the patient we described. The patient
presented had very transient episodes of hypotension which in
some instances resolved without intervention. In all the patients
presented in our series, the hypotension persisted until measures
such as administration of ~-blockers or cc-agonists and
discontinuationof afterload reduction were instituted. Additionally,
the echocardiogram performed after the procedure describes
akinesis of the septum and anterior wall from apex to base, which
raises the question of whether this patient would have been able to
develop the basal hyperdynamic function necessary to create an
LVOT obstruction.
Thus, while it can only be speculated that this patient developed a transient dynamic LVOT obstruction as a cause of her
symptoms, Keegan and colleagues make some important points.
First, the development of a dynamic LVOT obstruction is known
to occur in conditions other than acute coronary syndromes and
probably occurs more often than is currently appreciated. Studies
addressing the frequency with which this phenomenon occurs are
currently lacking and should be pursued. Second, when a patient
develops sudden hypotension that cannot be readily explained,
this phenomenon should be considered as a cause of the patient's
symptoms. Finally, this case demonstrates the value of pursuing
emergent transthoracic or transesophageal echocardiography in
this setting if at all possible, as the diagnosis, with its therapeutic
ramifications, can be quickly confirmed or dismissed.
John H. Haley, MD
JaeK. Oh, MD
Mayo Clinic Rochester
Rochester, Minn
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