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Takotsubo cardiomyopathy often presents to the cardiac catheterization laboratory masquerading as acute ST-
elevation myocardial infarction (STEMI). Some of these patients present in shock secondary to dynamic left
ventricular outflow tract (LVOT) obstruction. The typical patient is an elderly, hypertensive female with sigmoid
deformity of the intraventricular septum. The management of hemodynamic instability in these patients is different
[from patients with STEMI. While hemodynamic instability in the setting of STEMI is usually treated with inotropic
agents and intraaortic balloon counterpulsation, these therapies can increase LVOT pressure gradients in patients
with takotsubo cardiomyopathy and lead to deepening of shock and worse outcomes. Thus accurate diagnosis
and correct management are essential to prevent mortality in these patients, who will usually go on to have good
long-term outcomes. This case report and literature review addresses the clinical characteristics, outcome, and
management of these patients. (J Interven Cardiol 2009;22:444-452)

Case Presentation

An 82-year-old female without known history of
coronary artery disease was admitted to hospital with a
small bowel obstruction. She underwent laparotomy
for lysis of adhesions and appeared to be recover-
ing well. On the 7th postoperative day, she was noted
to have a relative tachycardia (100 beats/minute) and
hypotension (100 mmHg systolic) that were higher
and lower respectively than over the previous sev-
eral days. The patient was asymptomatic but an elec-
trocardiogram (ECG) (Fig. 1) demonstrated marked
ST-segment elevation in the anterior leads. She was
transferred for emergency cardiac catheterization that
showed minor irregularities of the left anterior de-
scending artery but no evidence of obstructive coronary
disease. Epicardial coronary blood flow was angio-
graphically normal (TIMI grade 3). Her systemic blood
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pressure during the procedure was only 75 mmHg
systolic. The intraarterial pressure tracing showed a
“spike and dome” pattern (Fig. 2). A pigtail catheter
introduced retrograde into the left ventricle showed
an intraventricular systolic pressure of approximately
135-145 mmHg. Pullback of the catheter across
the left ventricular outflow tract (LVOT) and aortic
valve demonstrated a gradient approaching 70 mmHg
(Fig. 2). Contrast ventriculogram showed apical bal-
looning (Fig. 3) with hyperdynamic function of the
basal constrictors. There was also dramatic and angio-
graphically evident systolic obstruction of the LVOT.
Left ventricular (LV) end diastolic pressure was 25—
30 mmHg. Intravenous administration of 5 mg meto-
prolol resulted in arise in systolic blood pressure to ap-
proximately 100 mgHg and reduced the outflow tract
gradient to around 50 mmHg. An echocardiogram per-
formed in the cath lab showed a sigmoid septum with
basal septal hypertrophy and obvious systolic anterior
motion (SAM) of the mitral valve with outflow tract ob-
struction (Fig. 4). The echo-derived outflow tract gra-
dient (obtained after metoprolol administration) was
approximately 40 mmHg. The patient’s subsequent
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Figure 1. Twelve-lead electrocardiogram (ECG) at presentation. Note marked ST-elevation in anterior precordial leads.

course was uneventful. Oral metoprolol was initi-
ated. A repeat echocardiogram 3 days later showed
apical hypokinesis but essentially no outflow tract
gradient.
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Discussion

Takotsubo cardiomyopathy, also called ampullary
cardiomyopathy and apical ballooning syndrome, is

Figure 2. Hemodynamic tracing-pullback of pigtail catheter from the left ventricle to aorta. Note gradient of around 70 mmHg
on pullback from left ventricle to aorta. Arrow shows bifid aortic waveform (“spike and dome”) characteristic of dynamic

LVOT obstruction.
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Figure 3. Contrast left ventriculogram. Left panel in diastole; right panel in systole. Note prominent apical ballooning and hyperdynamic

contraction of basal segments.

observed in 0.7-2.5% of patients with suspected acute
coronary syndrome (ACS)."? The following clinical
characteristics were summarized in a recent system-
atic review of 28 published case series:* A major-
ity of cases were described in women (91%) with a
mean age ranging from 62 to 76 years. It most com-
monly presents with chest pain (84%) and dyspnea
(20%) following an emotionally or physically stress-
ful event in about two-thirds of patients. ECG on ad-
mission shows ST-segment elevation in 71% and is
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accompanied by usually mild elevations of cardiac-
specific troponin in 85%. Despite dramatic clinical
presentation and substantial risk of heart failure, car-
diogenic shock, and arrhythmias, the long-term prog-
nosis is usually good. Most patients have resolution
of LV dysfunction. The in-hospital mortality rate is
said to be approximately 2%, and over 95% of patients
experience full recovery. The underlying etiology is
thought to be based on an exaggerated sympathetic
stimulation.

T80T Miis "

Figure 4. Two-dimensional echo (left panel) and M-mode echo (right panel) at presentation. Note apical ballooning on two-dimensional echo
with almost complete apposition of basal segments. M-mode shows severe systolic anterior motion (SAM) of the anterior mitral leaflet (arrow).
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LVOT Obstruction in Takotsubo
Cardiomyopathy

Prevalence. A transient, dynamic intraventricular
pressure gradient due to obstruction in the LV cav-
ity can develop as a result of dyskinetic apical and
midventricular segments with hyperdynamic function
of the basal segments. A two-center retrospective sur-
vey found evidence of significant dynamic LVOT ob-
struction in 8/32 (25%) consecutive patients diag-
nosed with takotsubo cardiomyopathy over a 6-year
period.* Two systematic reviews of takotsubo patients
found this complication in 20/180 (11%)> and 21/133
(15.8%).

Etiology. Villareal et al.® observed LVOT obstruc-
tion in three patients with a stress-induced cardiomy-
opathy. They hypothesized that patients with a sigmoid
interventricular septum, small LVOT, and reduced LV
volumes (primarily elderly women) and an abnormal
orientation of a slack mitral apparatus have a geo-
metrical predisposition to dynamic LVOT obstruction,
which may manifest in the setting of intense adrener-
gic stimulation or hypovolaemia. Indeed, Merli et al.”
studied four patients with the clinical features typical
of takotsubo cardiomyopathy. In all four cases they
documented: (1) a physical stress trigger, (2) the pres-
ence of abnormal mid-LV septal hypertrophy (mean
1.3 cm in end-diastole), (3) the presence of an impor-
tant dynamic intracavity LV obstruction at the onset
of symptoms, (4) a low-dose strain/strain rate dobu-
tamine stress echo confirming that the distal ischemic
substrate was myocardial stunning, and (5) a finding
that an important intracavity LV dynamic obstruction
could still be induced during a low-dose dobutamine
challenge at follow-up when the functional features of
the syndrome had resolved, thus indicating that these
ventricles had the predisposition to develop midcavity
obstruction if appropriately challenged. In fact, Vil-
lareal et al.® and Merli et al.” proposed that LVOT
obstruction could be a major factor in the development
of takotsubo cardiomyopathy. The hypothesis is that
intense catecholaminergic stimulation leads to hyper-
contractile basal segment that increases the intraven-
tricular pressure gradient leading to LVOT obstruction.
This in turn would increases wall stress and cause hy-
poperfusion of the apex causing a state of oxygen mis-
match and subendocardial ischemia resulting in apical
ballooning. Moreover, it is also worth noting that the
LV apex consists of only two (instead of three) layers

Vol. 22, No. 5, 2009

of myofibers and, therefore, when severe hypoperfu-
sion occurs, can more readily lose its elasticity after an
abnormal expansion. This hypothesis may explain the
female preponderance in the patients presenting with
this syndrome. However, given that a majority of pa-
tients presenting with this syndrome are not reported
to have significant LVOT obstruction, this mechanism
is probably not a prerequisite in most patients but may
rather play a contributory part in some.!

Clinical Characteristics. In the only series of
takotsubo patients that studied specifically LVOT ob-
struction,* patients presenting with takotsubo car-
diomyopathy and LVOT obstruction were older (n =
8, mean age 81 =+ 4 years) than patients without LVOT
obstruction (n = 24, mean age 68 £ 13). No patient
had a familial history of hypertrophic cardiomyopa-
thy. At admission, mean New York Heart Association
functional class was significantly higher in the case of
LVOT obstruction (1.8 0.9 vs. 1.1 £0.1). Among pa-
tients with LVOT obstruction, mean dynamic intraven-
tricular pressure gradient detected by echocardiogra-
phy was 34 + 16 mmHg (range 21-60 mm Hg). All pa-
tients with a gradient had SAM of the mitral valve asso-
ciated with septal bulge and mitral regurgitation (mean
degree of mitral regurgitation was 2.1 £ 0.7 vs. 0.9 &
0.7 in patients without LVOT). At day 7, echocardiog-
raphy did not reveal any residual dynamic intraventric-
ular pressure gradient. Similarly, mean degree of mi-
tral regurgitation significantly decreased at day 7, com-
pared to baseline (1 £ 0.8).

By and large, the clinical characteristics described
in El Mahmoud’s* series is reflected in the collec-
tion of cases collected from the published literature
(Table 1). The age range of patients presenting with
LVOT obstruction is 61-89 years. Almost all cases
reported in the literature were female. Only one pa-
tient had a history of hypertrophic cardiomyopathy
(Table 1). While not all cases reported on the pres-
ence of SAM and mitral regurgitation, a significant
number of cases presented with SAM and at least
moderate mitral regurgitation. LVOT gradients ranged
from 20 mmHg to 100 mmHg and LV ejection fraction
ranged from 25% to 41%. In conclusion, based on the
available data on patients presenting with this com-
plication, the typical patient is an older hypertensive
female with sigmoid deformity of the intraventricular
septum, may present with hypotension or shock, and
typically has at least some degree of SAM and mitral
regurgitation.
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Management and Outcome

Patients with takotsubo cardiomyopathy who de-
velop hypotension must be evaluated for a dynamic
intraventricular pressure gradient in the LV cavity and
LVOT, as the treatment of this complication is differ-
ent from that in other patients with cardiogenic shock.
Echocardiography or left heart catheterization can be
used for this evaluation. Dynamic intraventricular ob-
struction in patients with this syndrome is managed by
fluid resuscitation and administration of beta blockers
to increase LV end-diastolic volume and diastolic ven-
tricular filling time respectively.® Beta blockers can and
should be used in patients with cardiogenic shock due
to LVOT obstruction.? o -agonists (phenylephrine) can
be used to support blood pressure by increasing after-
load with subsequent reduction of the intraventricu-
lar gradient (as has been described with acute my-
ocardial infarction).!® Dynamic LVOT obstruction can
lead to significant hemodynamic compromise. Failure
to recognize LVOT obstruction as being responsible
for this can lead to erroneous therapies, such as initi-
ation of vasoactive amines and insertion of intraaor-
tic balloon counterpulsation device, both of which
can lead to worsening of intraventricular gradient and
hypotension.'!

Outcome of patients presenting with LVOT seems
favorable and does not seem to be worse than other
patients with takotsubo cardiomyopathy. Of the 65 pa-
tients we identified in the English literature, only two
died. Almost all patients had complete recovery of
LV function and abolition of the LVOT gradient on
follow-up echocardiogram or left heart catheterization
(Table 1). In one reported case, despite maximal med-
ical therapy including intraaortic balloon pump place-
ment, SAM with severe mitral regurgitation persisted
eventually requiring mitral valve replacement.'”> One
other patient underwent mitral valve replacement 7
months after the episode due to mitral regurgitation
and SAM in the absence of significant septal hypertro-
phy.'? Both patients did well after surgery.

Summary

Takotsubo cardiomyopathy is an increasingly recog-
nized clinical syndrome often presenting emergently to
the catheterization laboratory. While the overall out-
come of these patients is good, there are a number
of well-described complications. Dynamic LVOT ob-

Vol. 22, No. 5, 2009

struction with persistent hypotension and even shock
should be considered in the differential diagnosis of
patients presenting with shock. The typical patient is
an elderly, hypertensive female with sigmoid defor-
mity of the intraventricular septum. An accurate diag-
nosis is essential to prevent institution of potentially
detrimental therapies. Diagnostic testing includes left
heart catheterization and/or echocardiography. Treat-
ment consists of fluid resuscitation and beta block-
ers despite the presence of hypotension or shock.
The prognosis of these patients is good and does not
seem to differ from takotsubo patients without LVOT
obstruction.
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