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Biventricular Takotsubo
Cardiomyopathy

Case Report and General Discussion

In recent years, our understanding of the physiologic mechanisms of transient takotsubo
cardiomyopathy has improved because of the growing use of emergent heart catheteriza-
tion in patients who present with severe ischemic syndromes. However, even this proce-
dure has revealed only that, in most patients with takotsubo syndrome, the sudden onset
of ventricular dysfunction is not due to fixed coronary artery occlusions. We present a case
of transient takotsubo cardiomyopathy with an exceptional feature—uneven impairment
of both right and left ventricular function, or biventricular takotsubo—and we discuss a
novel, comprehensive theory that we have devised to explain the pathophysiology of this
syndrome’s many manifestations. (Tex Heart Inst J 2013;40(3):312-5)

nly during the last 2 decades have Japanese authors'? specifically categorized

transient takotsubo cardiomyopathy (TTC) as an entity in itself. Before that

time, TTC was often called “acute myocardial infarction with normal cor-
onary arteries.” Its prevalence is probably as low today as in the remote past. Howev-
er, acute coronary artery syndromes are now studied aggressively with emergent heart
catheterization, which documents better than any previous means the transience of
the myopathy and the presence of apparently normal coronary arteries. These circum-
stances have stimulated the quest to generate a pathophysiologic concept broad enough
to encompass the full clinical spectrum of TCC.

Apical ballooning (resulting in a systolic takotsubo or “octopus trap”) is the most
frequent and emblematic feature of TTC. The use of this term has successfully pro-
moted awareness of the disease in the cardiology community at large, but it has also
impeded clinicians’ understanding of the breadth of this entity’s clinical manifesta-
tions. Our persistently inadequate knowledge of the nature and spectrum of TTC
seems to warrant an update on the subject.

Here, we present a case of right ventricular (in union with left ventricular) TTC. In
addition, we discuss a pathophysiologic theory that our group has recently proposed,
which might explain the newly discovered and broad spectrum of TTC clinical man-
ifestations.

Case Report

In November 2011, an 82-year-old woman presented at our hospital with a 3-hour
history of resting chest pain and shortness of breath. In addition, she had been hav-
ing lower-extremity edema and progressive shortness of breath for the past year, as
well as unexplained, intermittent right-sided chest pain during the previous 2 weeks.

She had a history of hypertension and hyperlipidemia. One year before the current
admission, an accidental fall had caused a left femoral bone fracture, which was sur-
gically replaced by a hip prosthesis. Postoperative prosthetic infection had necessitat-
ed revision of the hip replacement and caused major emotional distress. The patient’s
chronic anxiety and pain, together with her need for intravenous antibiotics, had ne-
cessitated prolonged hospitalization.

At the current admission, the patient was not in acute distress. She had a non-
tender, distended abdomen and mild lower-extremity edema. Before admission, her
medications included aspirin, atenolol, gabapentin, triamterene, omeprazole, and fe-
nofibrate. Bilateral pleural effusion was found on chest radiography. An electrocar-
diogram showed mild ST-segment elevation on leads I, III, aVFE, V,, and V, (Fig. 1).

The patient was emergently taken to the catheterization laboratory. Selective an-
giography showed no coronary obstruction; left ventricular angiography revealed an
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ejection fraction of 0.62 and severe localized apical hy-
pokinesia. Right-sided heart catheterization showed
pulmonary hypertension (peak pulmonary artery pres-
sure, 45—-50 mmHg) and a mean right atrial pressure of
15 mmHg. The mean pulmonary capillary wedge pres-
sure was 15> mmHg. Cardiac output was 4.3 L/min, the
cardiac index was 2.43 L/min/m?, and oxygen satura-
tions were 57% in the pulmonary artery and 92% in
the femoral artery.

In the first 12 hours after her admission, the patient’s
troponin I level peaked at 7.12 ng/mL and her creatine
kinase—MB fraction at 19.7 ng/mL. Her B-type na-
triuretic peptide level was 194 pg/mL on admission
and 311 pg/mL the next day. Transthoracic echocar-
diography showed normal overall left ventricular systol-
ic function (ejection fraction, 0.55) and wall thickness.
The apical portions of the septum and left ventricular
free wall were thin and akinetic. Her global right ven-
tricular systolic function was mildly reduced, but there
was localized apical akinesia of the free wall (Fig, 2) and
severe tricuspid insufficiency.

After a favorable clinical recovery on medical therapy,
the patient was discharged on day 5 with instructions to
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Fig. 1 Electrocardiogram obtained on admission shows
ST-segment elevation in leads II, Ill, aVF, V,, and V..

Fig. 2 Transthoracic echocardiogram (4-chamber view), obtained
shortly after admission. The associated video shows distal right
ventricular free-wall akinesia/dyskinesia, lower septal and apical
left ventricular dyskinesia, and cavity dilation.

Real-time motion image is available at www.texasheart.org/
journal.
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take clopidogrel, pantoprazole, rosuvastatin, metoprolol,
valsartan, and warfarin. She was eventually re-evaluated
as an outpatient at our takotsubo clinic, where she re-
ported persistent fatigue upon minimal exertion, but no
more lower-extremity edema. At that time, she was ad-
vised to undergo additional acetylcholine testing of her
endothelial function to rule out recurrent TTC as the
cause of her right-sided heart failure over the past sever-
al months and to rule out residual liability to coronary
spasm; this spasm was considered a probable cause of
her TTC, which was localized in both the right and the
left ventricular apical portions. Acetylcholine challenge
(100 pg into the left coronary artery, and 50 pg into the
right coronary artery) caused mild but definitely ab-
normal spasm in only some epicardial arteries (mainly
the distal left anterior descending and distal right coro-
nary arteries). In addition, echocardiographic monitor-
ing showed worsening of the patient’s baseline residual
bilateral apical hypokinesia during the test (Fig. 3).

After 200 pg of intracoronary nitroglycerin was ad-
ministered, there was a definite improvement in wall
motion at the affected levels. The patient’s chest pain
quickly disappeared after catheterization. This result,
obtained 15 days after presentation, was interpreted
as evidence of residual, albeit resolving, endotheli-
al dysfunction. Medical therapy was upgraded to more
specific vasodilator treatment and included calcium an-
tagonists, L-arginine, and nitrates. At the 1-month fol-
low-up, echocardiography confirmed the total recovery
of normal right and left ventricular function. We con-
cluded that this was a case of biventricular TTC with
unusual, uneven impairment of right and left ventricu-
lar function.

Discussion

We believe that this case is one of TTC because it meets
these 3 diagnostic-inclusion criteria: segmental onset of
transient ventricular dysfunction; absence of critical,
fixed coronary lesions that could have explained this
dysfunction; and positivity of the acetylcholine test.*¢
The relatively mild elevation of cardiac enzyme levels,
in view of the severity of myocardial impairment, also
supported the TTC diagnosis. More important were
the test results, during the month after the patient’s
initial presentation, that indicated recovery of normal
right and left apical ventricular function. This patient
probably started to manifest a similar condition (right-
sided heart failure) before the event that brought her
to our emergency room. Fluid retention with abdomi-
nal distention, pleural effusion, and lower-limb edema
had started several months earlier and disappeared after
treatment; the fluid retention was probably a manifes-
tation of intermittent right ventricular failure caused by
recurrent TTC. Pulmonary embolism had been ruled
out. Undoubtedly, this patient had prolonged sep-
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sis, as well as stress and anxiety (which can precipitate
an episode of TTC) caused by her postoperative com-
plications,’ but there was no clinical evidence (such as
tachycardia or hypertension) of a catecholamine surge
on admission. We underscore this last point because of
the frequently repeated notion—not substantially sup-
ported by reliable evidence—that TTC is generically a
“catecholamine cardiomyopathy.”

This case of TTC had an atypical pattern of ven-
tricular dysfunction*"” that made some members of our
team hesitant in their initial interpretation of the clin-
ical presentation. (Small infarction was at first the pre-
vailing diagnosis.) The electrocardiographic findings
and clinical presentations of typical versus bilateral
TTC do not seem to differ, but the incidence of pleu-
ral effusion has been reported as significantly higher in
cases of bilateral TTC.*" In particular, the few series of
TTC patients who have undergone early cardiovascu-
lar magnetic resonance suggest that there is right ven-
tricular involvement in 26% of TTC cases." The need
for a definite diagnosis (before the transient nature of
the condition becomes clear) and for specific effective
treatment (to improve the patient’s symptoms and to
prevent recurrence, but also to reach the diagnosis ex
juvantibus) makes acetylcholine testing ideal in cases
of TTC. Particularly useful is the ability of this test
(when performed in the early phase of recovery) to re-
produce the original pattern of ventricular dysfunction,
which shows its probable mechanism of causation: se-
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Fig. 3 Transthoracic echocardiograms (4-chamber view),
obtained 15 days after onset of takotsubo syndrome. A) Base-
line image. The associated video shows moderate improvement
of right and left ventricular dysfunction with respect to its state
at admission (see Fig. 2). B) Image obtained after intracoronary
acetylcholine infusion (100 ug in the left coronary artery). In the
associated video, mild worsening of the dysfunction detected at
baseline is apparent. C) Image obtained after intracoronary nitro-
glycerin infusion. The associated video shows definite improve-
ment in ventricular function.

Real-time motion images are available at www.texasheart.org/
journal.

vere but transient, distinctive coronary spasticity. Our
group has suggested, on the basis of a short case series,
that transient coronary spasm (totally reversible at its
initial manifestation by selective nitroglycerin infusion)
in different coronary territories is usually involved.** We
theorize, and we are starting a prospective multicenter
trial to prove, that an early acetylcholine test of endo-
thelial dysfunction (performed a few days after an epi-
sode of TTC activity, when the ventricular dysfunction
has mostly resolved) can reveal different patterns of en-
dothelial dysfunction that lead to coronary spasm in
the related territories. This segmental spectrum of en-
dothelial dysfunction relates to the different patterns of
transient ventricular dysfunction (Fig. 4).°¢ In particu-
lar, it seems likely that more than one coronary artery
or branch is generally involved at the epicardial and ar-
teriolar levels.*

The fact that some cases of TTC have patterns of ven-
tricular dysfunction that change over the years' reveals
the complexity and broad spectrum of this unusual en-
tity. Unfortunately, it remains unclear why the differ-
ent patterns of transient endothelial dysfunction and
myopathy occur, why some patients develop endotheli-
al dysfunction, and why they generally seem to recover
spontaneously. It is also not known why this dysfunc-
tion usually does not recur, even with the persistence of
environmental and physiologic conditions that we ten-
tatively call precipitating causes.”® Indeed, only 10% of
TTC patients seem to have recurrent presentations.®”
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Fig. 4 Side-by-side diagrams illustrate ventricular patterns of regional dysfunction at the end of an endothelial function test performed
when the left ventricular (LV) dysfunction has mostly resolved (usually 3-7 d after onset). Findings by LV angiography appear in A—C
(at the left in each figure) and by cardiovascular magnetic resonance in D (again at left), and the corresponding coronary angiograph-

ic findings after acetylcholine testing appear in A-D (at the right in each figure), according to our group’s theory and the early results of
acetylcholine testing. A) Negative acetylcholine test, observed in patients with normal endothelial function. B) Apical ballooning seen
in typical takotsubo syndrome, accompanied by severe spasm (asterisks) at most of the left-sided, epicardial branches on acetylcho-
line testing. (Small vessels in these territories are also affected.) C) The effect of acetylcholine infusion on the branches of the left coro-
nary artery in a case of mid-ventricular takotsubo. The middle segments of the LV are dyskinetic at the same time that most branches,
except for the left anterior descending coronary artery (LAD), are severely obstructed. D) Right ventricular (RV) apical dyskinesia and
isolated right coronary artery (RCA) spasm at acetylcholine testing in a case of RV takotsubo. Usually, RV takotsubo occurs jointly with
apical LV takotsubo, as in panel B.

*Site of severe spasm

Cx = circumflex coronary artery; Diag = diagonal coronary artery
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