26.

27.

28.

29.

30.

31.

Anti-B4AR Autoantibody in Carvedilol for CHF @ Nagatomo et al

predictive factors for responsiveness to carvedilol: Japanese
chronic heart failure (J-CHF) study. Int J Cardiol 2013;164:
238—44.

Nagatomo Y, Baba A, Ito H, Naito K, Yoshizawa A, Kurita Y, et al.
Specific immunoadsorption therapy using a tryptophan column in pa-
tients with refractory heart failure due to dilated cardiomyopathy. J
Clin Apheresis 2011;26:1—38.

Nikolaev VO, Boivin V, Stork S, Angermann CE, Ertl G, Lohse MJ,
et al. A novel fluorescence method for the rapid detection of functional
betal-adrenergic receptor autoantibodies in heart failure. J Am Coll
Cardiol 2007;50:423—31.

Liggett SB, Mialet-Perez J, Thaneemit-Chen S, Weber SA,
Greene SM, Hodne D, et al. A polymorphism within a conserved
beta(1)-adrenergic receptor motif alters cardiac function and beta-
blocker response in human heart failure. Proc Natl Acad Sci U S A
2006;103:11288--93.

Talameh JA, McLeod HL. Adams KF Jr, Patterson JH. Genetic
tailoring of pharmacotherapy in heart failure: optimize the old, while
we wait for something new. J Card Fail 2012;18:338—49.

Baudhuin LM, Miller WL, Train L, Bryant S, Hartman KA,
Phelps M, et al. Relation of ADRB1, CYP2D6, and UGTI1A1 poly-
morphisms with dose of, and response to, carvedilol or metoprolol
therapy in patients with chronic heart failure. Am J Cardiol 2010;
106:402—8.

Miao GB, Liu JC, Liu MB, Wu JL, Zhang G, Chang J, et al. Autoan-
tibody against betal-adrenergic receptor and left ventricular remodel-
ing changes in response to metoprolol treatment. Eur J Clin Invest
2006;36:614-20.

78

32.

33.

34,

3s.

36.

37.

38.

207

Yoshikawa T, Port JD, Asano K, Chidiak P, Bouvier M, Dutcher D,
et al. Cardiac adrenergic receptor effects of carvedilol. Eur Heart J
1996;17(Suppl B):8—16.

Rochais F, Vilardaga JP, Nikolaev VO, Bunemann M, Lohse MJ,
Engelhardt S. Real-time optical recording of betal-adrenergic receptor
activation reveals supersensitivity of the Arg389 variant to carvedilol.
J Clin Invest 2007;117:229-35.

Mialet Perez J, Rathz DA, Petrashevskaya NN, Hahn HS,
Wagoner LE, Schwartz A, et al. Beta |-adrenergic receptor polymor-
phisms confer differential function and predisposition to heart failure.
Nat Med 2003;9:1300-5.

Du Y, Yan L, Wang J, Zhan W, Song K, Han X, et al. Betal-
adrenoceptor autoantibodies from DCM patients enhance the prolifer-
ation of T lymphocytes through the betal-AR/cAMP/PKA and p38
MAPK pathways. PLoS One 2012;7:e52911.

Jahns R, Boivin V, Siegmund C, Boege F, Lohse MJ, Inselmann G.
Activating beta-1-adrenoceptor antibodies are not associated with car-
diomyopathies secondary to valvular or hypertensive heart disease. J
Am Coll Cardiol 1999;34:1545-51.

Masson S, Latini R, Anand IS, Vago T, Angelici L, Barlera S, et al.
Direct comparison of B-type natriuretic peptide (BNP) and amino-
terminal proBNP in a large population of patients with chronic and
symptomatic heart failure: the Valsartan Heart Failure (Val-HeFT)
data. Clin Chem 2006;52:1528—38.

Hogenhuis J, Voors AA, Jaarsma T, Hoes AW, Hillege HL,
Kragten JA, et al. Anaemia and renal dysfunction are independently
associated with BNP and NT-proBNP levels in patients with heart fail-
ure. Eur J Heart Fail 2007;9:787—94.



International Journal of Cardiology 177 (2014) 720-722

A0

ELSEVIER

;ﬁ@f ==

P

ARDIOLOGY

Letter to the Editor

Presence of ventricular aneurysm predicts poor clinical outcomes in

patients with cardiac sarcoidosis

Kazuo Miyazawa, Tsutomu Yoshikawa *, Itaru Takamisawa, Keitaro Mahara, Kanki Inoue, Nobuo Iguchi,
Morimasa Takayama, Jun Umemura, Tetsuya Sumiyoshi, Hitonobu Tomoike

Department of Cardiology, Sakakibara Heart Institute, Japan

ARTICLE INFO

Article history:

Received 3 October 2014
Accepted 6 October 2014
Available online 12 October 2014

Keywords:

Cardiac sarcoidosis
Ventricular aneurysm
Heart failure
Ventricular arrhythmia
Mortality
Atrioventricular block

Sarcoidosis is a granulomatous disorder characterized by multi-
system involvement. Although cardiac involvement is common in
patients with systemic sarcoidosis, cardiac sarcoidosis with no known
systemic organ involvement is not rare [1]. Atrioventricular block
(AVB), ventricular arrhythmias, congestive heart failure (CHF), and
sudden death are well-known manifestation of cardiac sarcoidosis. On
the contrary, some patients exhibit ventricular aneurysm, which is
commonly observed in the anterolateral and septal walls [2]. However,
little is known about the clinical course in patients with cardiac sarcoid-
osis who had ventricular aneurysm. To characterize the clinical feature
in patients with cardiac sarcoidosis who had ventricular aneurysm, we
investigated the long-term clinical outcome in patients with cardiac sar-
coidosis who were complicated by ventricular aneurysm.

Patients with sarcoidosis, who were diagnosed in the Sakakibara
Heart Institute from 1986 to 2012 according to the “Diagnostic Standard
and Guideline for Sarcoidosis-2006" [3], were retrospectively analyzed.
The study included 50 patients with sarcoidosis who met the clini-
cal criteria suggesting the cardiac involvement. Study subjects were
divided into 2 groups according to the presence (aneurysm group) or
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absence (non-aneurysm group) of ventricular aneurysms at the time
of diagnosis. Ventricular aneurysm was defined as a bulging of ven-
tricular wall at end-diastole 4] in one of the imaging tests including
transthoracic echocardiography, contrast left ventriculography, and
magnetic resonance imaging. Composite cardiac event was defined as
hospitalization for CHF, advanced AVB, sustained ventricular tachycar-
dia or fibrillation (SVT/VF), and all-cause death. Major cardiac event
was defined as SVT/VF and all-cause death. Data were expressed as
mean =+ SD. Comparison between aneurysm and non-aneurysm groups
was performed using nonpaired t-test. Kaplan-Meier survival curves
were depicted, and differences were assessed by log-rank test. Multi-
variate analysis was performed to determine the significance of the
presence of aneurysm in the clinical outcomes. The study protocol
conformed to the ethical guidelines of the 1975 Declaration of Helsinki
as reflected in a priori approval by the institution's human research
committee, and an informed consent was obtained from each patient.

Mean age was 63.6 & 12.5, and there were 24 males and 26 females.
There were 20 patients in the aneurysm group and 30 patients with
non-aneurysm group. Table 1 showed baseline characteristics at the
time to start observation, comparing aneurysm group and non-
aneurysm group. Female patients were more common in the aneurysm
group than non-aneurysm group. Angiotensin-converting enzyme
inhibitors or angiotensin Il receptor antagonists were less commonly
prescribed in patients with aneurysm. However, there were no differ-
ences between the 2 groups in terms of age, other medication, or device
therapies. Cardiac biomarkers including brain natriuretic peptide (BNP)
and N-terminal pro-natriuretic peptide (NT-proBNP) levels tended to
be higher in the aneurysm group, but there was no statistical sig-
nificance between the 2 groups. Echocardiographic findings showed
that chamber size was larger in the aneurysm group than the non-
aneurysm group, as reflected by left ventricular end-diastolic and end-
systolic dimensions and volumes. Left ventricular ejection fraction
(LVEF) was also lower in the aneurysm group. There was no difference
in left atrial size between the 2 groups.

Mean follow-up period was 59.0 & 69.2 months. Composite cardiac
events were more common in the aneurysm group than the non-
aneurysm group (p = 0.04). Major events were also more common
in the aneurysm group (p = 0.03). Cardiac death including sudden
death and heart failure death was more commonly observed in the an-
eurysm group (p = 0.03). Kaplan-Meier survival curves showed that
composite event-free survival was significantly lower in the aneurysm
group than the non-aneurysm group. Major event-free survival was
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Table 1
Patient characteristics.
Aneurysm Non-aneurysm P value
Age (years) 63.6 + 10.7 63.7 + 13.8 0.95
Female 70% (14) 40% (12) 0.04
Medications (n)
ACE-I/ARB 40% (8) 70% (21) 0.04
B-blocker 25% (5) 30% (9) 0.70
Antiarrhythmics 20% (4) 20% (6) 1.00
Diuretics 5% (1) 30% (9) 0.15
Device therapy (n)
PM implantation 30% (6) 37% (11) 0.63
ICD implantation 5% (1) 7% (2) 0.84
Biomarker
BNP (pg/ml) 544 + 512 251 + 238 0.08
NT-proBNP (pg/ml) 5297 £+ 7704 1542 + 1399 0.21
Echocardiography
LVDd (mm) 6349 54 48 0.001
LVDs {mm) 52 4+ 12 41+9 0.004
LAD (mm) 40+ 8 40+ 9 0.70
LVEF (%) 30 £ 10 49 4 13 <0.001
EDV (ml) 181 £ 52 116 + 28 <0.001
ESV (ml) 122 + 49 64 + 28 <0.001

ACE-], angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker;
PM, pacemaker; ICD, implantable cardioverter-defibrillator; LVDd, left ventricular end-
diastolic dimension; LVDs, left ventricular end-systolic dimension; LAD, left atrial dimen-
sion; EDV, end-diastolic volume; ESV, end-systolic volume.
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also lower in the aneurysm group. Overall survival was not different be-
tween the 2 groups (Fig. 1).

Since there was a difference in baseline cardiac function between
the 2 groups, we divided the study population into 2 groups according
the median baseline LVEF measured by echocardiography. We defined
patients with reduced LVEF as baseline LVEF < 42%, and those with pre-
served LVEF as baseline LVEF > 42% according to the baseline median
value. Hospitalization for CHF tended to be higher in the aneurysm
group than the non-aneurysm group for patients with reduced EF
(p = 0.06), while advanced AVB was more common in the aneurysm
group than the non-aneurysm group for those with preserved EF
(p = 0.02). Multivariate analysis showed that the presence of aneu-
rysm was not associated with composite cardiac events or major events,
as well as BNP, NT-proBNP, and left ventricular volumes.

Although there are many case reports that showed cardiac sarcoido-
sis was complicated by ventricular aneurysm [5-7], its incidence has
been uncertain. Autopsy findings showed that frequency of aneurysm
formation was approximately 8% of patients with cardiac involvement
of sarcoidosis [8]. In the present study, incidence of ventricular aneu-
rysm was 40%, which was unexpectedly high. Almost all patients were
referred to our hospital because of refractory CHF or life threatening
arrhythmias. Predominance of advanced cases appears to be one of
the major reasons why the incidence of aneurysm was so higher than
previous reports. One more reason is that our hospital handles only

B. Major event
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Fig. 1. Kaplan-Meier survival curves depicting event-free survival from composite cardiac events (A), major event (B), and overall death (C).
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patients with cardiovascular diseases, where patients with systemic
sarcoidosis with only minor cardiac involvement are excluded. These
reasons may account for the discrepancy of the incidence of aneurysm
formation.

Since there was a difference in terms of left ventricular end-diastolic
and end-systolic volumes, LVEF between patients with aneurysm
and those without aneurysm, we attempted to identify the signif-
icance of the presence of aneurysm independently from cardiac
function. Unfortunately, we failed to demonstrate the prognostic signif-
icance of ventricular aneurysm for both composite cardiac event and
major event independently from cardiac function. Sub-group analysis
according to the baseline LVEF has shown that some of the adverse
clinical outcomes tended to be more common in the aneurysm group
than those in the non-aneurysm group for individual categories strati-
fied by LVEF.

In conclusion, the presence of ventricular aneurysm in patients with
cardiac sarcoidosis was associated with increased risk of cardiac events.
This study suggests that the presence of ventricular aneurysm portends
high risk for cardiac events during the clinical course, as well as im-
paired ventricular function. In this regard, early intervention should be
considered to prevent such fatal sequelae.
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ABSTRACT

Takotsubo cardiomyopathy, a new concept of cardiomyopathy, is characterized by transient cardiac dysfunction,
commonly triggered by physical or emotional stress. Differential diagnosis is important, since takotsubo cardio-
myopathy presents similar images to those shown in acute coronary syndrome, with ST-segment elevation, T-
wave inversion, QT-prolongation, and others on electrocardiogram. Typically, apical involvement with
hypercontraction of basal left ventricle (apical type) is predominant, but atypical types involving basal, mid-
ventricular, and right ventricular myocardium are also described. In-hospital death occurs at similar level with
patients with acute coronary syndrome, but it is significantly affected by underlying diseases. This disease pre-
sents diverse cardiac complications in acute phase, such as life-threatening ventricular arrhythmias, pump fail-
ure, cardiac rupture, and systemic embolism. The pathogenic mechanism of this disease is still unclear but
sympathetic hyperactivity, as well as coronary vasospasm, microcirculatory disorder, and estrogen deficiency,
have been considered as one of the most likely pathogenic mechanism. Long-term prognosis is also largely un-
known. [ssues such as establishment of acute phase treatment, prediction of cardiac complications, and prophy-

lactic measures against recurrence need to be further explored.

© 2015 Elsevier [reland Ltd. All rights reserved.

Transient cardiac dysfunction with characteristic morphology has
been termed as “takotsubo cardiomyopathy”, a new concept of cardio-
myopathy, commonly induced by emotional or physical stress. The
name is derived from the appearance of the left ventricular angiograph-
ic image shown during an attack, like an octopus trap, “takotsubo” in
Japanese. Outside Japan, it is also typically called as “transient apical bal-
looning”, “stress cardiomyopathy”, or “broken heart syndrome”. Al-
though Iga et al. [49] reported a case of similar pathological conditions
with pheochromocytoma in 1989, the term “takotsubo cardiomyopa-
thy” was first described in 1990 by Sato et al. in their report. Takotsubo
cardiomyopathy is closely similar to acute coronary syndrome with ST
elevation and therefore differential diagnosis is crucially important in
the site of emergency care. In addition, special consideration is required
when takotsubo cardiomyopathy is complicated by heart failure. This
review briefly describes on diagnosis and therapy of takotsubo cardio-
myopathy. Since its underlying pathophysiology appears fascinating,
author will summarize recent progress in the conceptual advancement.

1. Diagnostic criteria
The diagnostic criteria are advocated by both Mayo Clinic [1] and
the Japanese Circulation Society [2] (Table 1). Characteristics associ-

ated with pheochromocytoma are excluded in both criteria but
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cerebrovascular disease is differently considered. It is excluded
from the diagnostic criteria of the Japanese Circulation Society but
is not listed as an exclusion criterion of Mayo Clinic. Both diagnostic
criteria require the absence of significant lesion on coronary angio-
grams. As mentioned above, the concept of this disease was original-
ly advocated from Japan, but the Mayo Clinic criteria for diagnosis of
takotsubo cardiomyopathy have been commonly and internationally
used.

Wall motion abnormalities of takotsubo cardiomyopathy are typi-
cally characterized by apical systolic dysfunction and hyperdynamic
basal contraction. The occurrence of such abnormalities varies with re-
ports but apical pattern accounts for about 80-90% of the whole. Recent-
ly, however, the cases of apical-sparing pattern of motion abnormalities
commonly in mid-ventricular and basal portions have been often re-
ported. Some reports have described the right ventricular pattern that
tends to follow a serious clinical course [3].

2. Epidemiology

Most of takotsubo cardiomyopathy cases have been conventionally
reported from Japan. Therefore, this disease was once estimated to be
peculiar to Japan. Reports from outside of Japan have been rapidly in-
creased since 2000 and clinical studies of many cases have appeared
on wide variety of medical journals (Table 2). This disease presents pa-
thology mimicking acute coronary syndrome and therefore the differ-
ential diagnosis of such pathology is confusable. It was reported that
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Table 1
Diagnostic criteria.

1. Mayo Clinic criteria [1]

(1) Transient hypokinesis, akinesis, or dyskinesis in the left ventricular mid
segments with or without apical involvement; regional wall motion ab-
normalities that extend beyond a single epicardial vascular distribution;
and frequently, but not always, a stressful trigger.

(2) The absence of obstructive coronary disease or angiographic evidence of

acute plaque rupture.

New ECG abnormalities (ST-segment elevation and/or T-wave inversion)
or modest elevation in cardiac troponin.

(4) The absence of pheochromocytoma and myocarditis.

3)

. Japanese Circulation Society criteria {2]
(1) Acute left ventricular ballooning of unknown cause.
(2) The left ventricle takes on the shape of a “takotsubo” (Japanese octopus
trap).
Nearly complete resolution of the apical akinesis in the majority of the
patients within a month.
(4) The contraction abnormality occurs mainly in the left ventricle, but the
involvement of the right ventricle is observed in some cases.
A dynamic obstruction of the left ventricular outflow tract is also ob-
served.
(6) The absence of significant organic stenosis or spasm of a coronary artery,
cerebrovascular disease, pheochromocytoma, viral or idiopathic
myocarditis.

3)

&

~

the occurrence of acute myocardial infarction provoked by earthquake
was rapidly increased but it could be at least probably sure that some
of them were considered to this disease. Actually, it was noted that
half of such disease reported from Japan was found to be takotsubo car-
diomyopathy [4]. One of the features of takotsubo cardiomyopathy is a
predominant occurrence in elderly women. The reason is uncertain
but reduction of estrogen level with menopause is noted as one of the
major factors. A chronobiological pattern of this disease has been
discussed in some reports. It has been described in some reports with
a peak incidence of this disease in summer [5] and in the evening,
which is different from myocardial infarction {6].

The most common subjective symptom is chest pain. Other less
common symptoms are dyspnea, palpitations, and physical fatigue.
These symptoms are commonly characterized by a preceding physical”
or emotional stress. Reported stressors are perioperative stresses,
death of a family person, surprise party, septicemia, drug addiction, do-
butamine or ergonovine stress test, lightning strike, and thyrotoxicosis.
At first, abnormal stimulation of the sympathetic nervous system has

Table 2
Major clinical studies on takotsubo cardiomyopathy.

Authors Year Number Main results
of
patients
Elesber 2007 100  10% recurrence rate during 4.4 years
et al. [16]
Sharkey 2010 130  In-hospital mortality rate 2%, recurrence rate 5%,
et al. [46] All-cause mortality during follow-up higher than
matched general population with most deaths
occurring in the first year.
Eiteletal. 2011 256  Myocardial edema (81%), inflammation (67%), and
[10] patchy late gadolinium enhancement (9%) on
magnetic resonance imaging
Brinjikji 2012 24,701  Higher mortality in male than female (8.4% vs.
et al. [17] 42%)
Sharkey 2012 186  Circadian pattern with a peak in the afternoon
et al. [6]
Murakami 2014 107  High white blood cell count and brain natriuretic
et al. [47] peptide level are associated with adverse
in-hospital outcome
Citroet al. 2014 227 LV ejection fraction, E/e’ ratio, reversible moderate
[48] to severe mitral regurgitation, age >75 years were

predictors of major adverse events
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been estimated to be a major mechanism, in terms of these characteris-
tic pathological patterns.

3. Laboratory tests

The concentration level of plasma brain natriuretic peptide (BNP) in-
creases in acute phase. This change is considered to reflect the ventric-
ular wall stretch. Whereas, changes in cardiac biomarkers, such as
creatinine phosphokinase and troponin T, are relatively slight than the
expectation compared to the level of wall motion abnormalities. Eleva-
tion in the concentration level of the plasma catecholamine has been
also reported. The elevation is more remarkable as demonstrated in pa-
tients with acute myocardial infarction and the elevation in the concen-
tration level of epinephrine is especially remarkable [7]. Acute coronary
syndrome with ST elevation is noted as one of the most typical diseases
that require differential diagnosis with takotsubo cardiomyopathy. The
differential diagnosis point has been suggested to be the presence of rel-
atively remarkable elevation of the concentration level of brain natri-
uretic peptide (BNP) compared to troponin T (TnT). It has been
considered that BNP/TnT ratio would be useful for the differential
diagnosis [8].

4. Electrocardiogram

ST-segment elevation and subsequent T-wave inversion are almost
always observed in precordial lead in acute phase. In some cases,
these are associated with QT interval prolongation. A transient appear-
ance of Q waves can be sometimes noted. Afterwards, inverted T wave
flattens once and becomes prominent again. These phenomena are
closely similar to those of acute anteroseptal myocardial infarction. As
the differential diagnosis points, the absence of ST-segment elevation
in V; and the presence of ST-segment depression in aVR (ST-segment el-
evation in aVR) are noted. Combination of both factors showed 91% sen-
sitivity, 96% specificity, and 95% positive predictive accuracy in
identifying this disease [9]. These electrocardiographic changes com-
monly normalize in several months. Characteristic T-wave inversion of
takotsubo cardiomyopathy may be associated with sympathetic dener-
vation. Large area of denervation compared to myocardial necrosis in
this disease, in terms of a relatively prominent range of T-wave inver-
sion compared to acute myocardial infarction can be estimated.

5. Ultrasonic echocardiography

In an early stage of the onset, echocardiography is needed to assess
systolic dynamics and check for the presence of mitral valve insufficien-
cy. Complication of left ventricular outflow tract stenosis is presented in
18 to 25% of patients with this disease. Anterior motion of mitral valve
resulting from tethering by apical akinesis, as well as hyperdynamic
basal contraction, is involved in this phenomenon. In some cases, sig-
moid septum is considered to be involved in such pathology. Especially,
when systolic murmur, refractory heart failure, and hypotension are
presented, a possibility of this pathology should be considered.

6. Magnetic resonance and radionuclide imaging

Magnetic resonance imaging technique is helpful to assess not only a
cardiac function with takotsubo cardiomyopathy but also myocardial
tissue characteristics. Myocardial edema in the regions corresponding
to the regions presenting systolic dysfunction is frequently detected
on a T2-weighted image of this disease in acute phase. Positive delayed
enhancement is detected in a few cases. However, it is still not revealed
how these findings are associated with the subsequent clinical
outcomes [10].

By radionuclide imaging, a thallium uptake in myocardial thallium
scintigraphy was also slightly reduced [11]. Reduction of fatty acid
metabolism during acute phase was also reported using '23I-p-
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methyliodophenylpentadecanoic acid (BMIPP) imaging [12]. Many
studies on sympathetic imaging have been reported, because the
presence of abnormal sympathetic activity is estimated to be one
of the underlying factors of takotsubo cardiomyopathy. In the
123]_metaiodobenzylguanidine (MIBG) imaging, reduction in the
intramyocardial uptake of '>?I-MIBG is observed. In the positron
emission tomography (PET), increase in the myocardial uptake of
11C-hydroxyephedrine is observed. Conversely, reduction in up-
take and abnormalities in fatty acid metabolism are also observed.
Whereas defects on thallium myocardial scintigraphy are recov-
ered early, defects on BMIPP and MIBG scintigraphy are recovered
slowly. Especially, MIBG defects are more slowly normalized than
BMIPP, suggesting that sympathetic denervation affects large area
of ventricular myocardium.

7. Cardiac catheterization

One of the criteria of the diagnosis of this disease is the absence of
identifiable lesion explaining wall motion abnormalities on the coro-
nary angiographic image. The findings of plaque rupture or others sug-
gesting acute coronary syndrome should be excluded. In some cases,
coronary arterial spasm is observed in provocation tests. In such cases,
the regions of the induced coronary vasospasms do not match the re-
gions of wall motion abnormalities. Because of delayed filling of the con-
trast media which is detected often in coronary angiography, coronary
microcirculatory disorder is noted as a pathogenesis of the disease. As
this disease is associated with prominent contractile abnormality and
stretch of apical and other regions in acute phase, delayed filling may
be a phenomenon secondary to these factors. The left ventricular angio-
graphicimage in acute phase demonstrates typical takotsubo-like shape
in the end-systolic phase.

8. Myocardial histopathological findings

Histopathological findings similar to catecholamine-induced cardio-
myopathy are predicted, in terms of excessive catecholamine secretion
supposed as one of the key factors in the onset of takotsubo cardiomy-
opathy. Myocardial biopsy findings have not been studied in detail so
far. Nef et al. have reported detailed studies using pathological speci-
mens obtained from myocardial biopsy of patients with takotsubo car-
diomyopathy. In the immunohistochemical staining, decrease in o-
actinin in the central area of cardiomyocytes, increase in collagen-1 in
the extracellular matrix, and increases in CD®8* macrophages were
demonstrated. Characteristic contraction band necrosis was observed
by electron microscopic image [13].

9. Complications

Pump failure is a relatively common complication. In other cases,
this disease is complicated by diverse arrhythmias such as atrial fibrilla-
tion and flutter, atrioventricular block, and the ventricular tachycardia
and fibrillation. This disease is complicated by mural thrombus through
hyperactivation of platelet function and coagulability probably caused
by sympathetic activation, as well as through blood stagnation caused
by apical contractile abnormality. This often results in complication of
cerebral embolus. Anticoagulation therapy should be considered in
acute phase. Cases of complication with cardiac rupture have been un-
commonly reported as a fatal complication. A case of 82-year-old
woman with takotsubo cardiomyopathy, with apical rupture identified
by autopsy findings, who presented cardiac tamponade on the second
day from the onset, has been reported [14].

10. Medical management

It may be possible to diagnose this disease in acute phase to some ex-
tent by subjective symptoms, electrocardiogram, and echocardiography.
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This disease can be successfully diagnosed with the presence of normal
coronary arteries detected by urgent cardiac catheterization as well as
the presence of characteristic left ventricular angiographic findings.
Most of cases having a good prognosis without complications can be man-
aged with follow-up alone. However, for patients complicated with shock
or heart failure, specific treatment is needed (Fig. 1). In the case of
takotsubo cardiomyopathy, it is crucial to determine whether contractile
dysfunction or outflow tract obstruction is responsible for shock or heart
failure. In the case of patients with this disease caused by contractile dys-
function, inotropic agents such as catecholamines are used but the inap-
propriate use of catecholamine triggers left ventricular outflow tract
obstruction. In the case of patients with refractory heart failure, intra-
aortic balloon pumping is used. Blood transfusion is given for patients
with insufficient intravascular volume. No therapy has been established
for left ventricular outflow tract obstruction. In the case of hemodynamics
to which R-blockers can be administrated, short-acting intravenous infu-
sion such as landiolol can be used. The use of 3-blockers should be care-
fully considered, which may exacerbate QT-prolongation associated
with this disease. Some report has described that the use of B-blocker
with oy-receptor blocking activity would be preferable because
norepinephrine-mediated c;-receptor stimulation could be involved in
the onset of this disease; however, inappropriate peripheral vasodilation
may exacerbate outflow tract obstruction. o;-Receptor stimulants such
as phenylephrine can be considered in case of shock. It has been also re-
ported that levosimendan, a calcium sensitizer, is effective, though it is
not approved for use in Japan. Phosphodiesterase inhibitors such as
milrinone are one of the options, which are approved for use in Japan
for intravenous infusion. In case of the presence of left ventricular outflow
tract obstruction, intra-aortic balloon pumping should not be used. In case
of refractory shock, percutaneous cardiopulmonary support is useful.

In takotsubo cardiomyopathy, systemic embolism is triggered by
intra-cardiac thrombus. The underlying factor is the involvement of hy-
percoagulability due to sympathetic activation. Intravenous infusion of
heparin and subsequent administration of anticoagulants such as warfa-
rin are preferable from early phase.

There is little systematic information on cardiac rupture, which is
limited to the extent of case reports. Among the accumulation data on
12 cases with cardiac rupture, onset of cardiac rupture was commonly
noted in elderly patients, cases with high blood pressure, and those
without administration of B-blocker. Early administration of 3-blocker
might be important for the prevention of cardiac rupture, similar to car-
diac infarct.

In most of takotsubo cardiomyopathy, abnormal myocardial con-
traction is normalized in several days to several months. The recur-
rence rate is approximately 10%. There is no long-term therapy

)

+) (+) )
Diuretics  Conservative B-blocker Conservative
al-stimulant therapy therapy
IABP

Fig. 1. Algorithm showing therapeutic strategies. CHF, congestive heart failure; IABP, intra-
aortic balloon pumping.
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established. The most likely mechanism underlying this disease is
sympathetic hyperactivity and therefore 3-blocker is expected to
be helpful in the prevention. According to the study by Palla et al.
on the orally administrated medications in 64 patients with
takotsubo cardiomyopathy before arriving hospital, 3-blocker was
administered in 25% of patients. No significant difference was
found in the levels of cardiac enzymes, left ventricular end-
diastolic pressure, and ejection fraction between administrated
group and non-administrated group [15]. No significant difference
was either found in the administration frequencies of B-blocker,
angiotensin-converting enzyme (ACE) inhibitor, angiotensin Il re-
ceptor blocker, aspirins, statins between recurrent cases and non-
recurrent cases [16]. Although ACE inhibitors and 3-blockers had
been administered before hospital discharge, the effectiveness of
such administrations in preventing recurrence would be suspicious.

11. Prognosis

Most of the reports on takotsubo cardiomyopathy have been fo-
cused on case examples; results of follow-up of many cases were
conventionally hardly reported. Among them, analyses on the epide-
miological data of many cases from the inpatient database of the
United States were presented. In the analytical results on 6837
cases extracted from the database of 2008, in which age, gender,
and patient's underlying factors were analyzed, the incidence of
this disease was 8.8 times higher in women than in men and was
4.8 times higher in women older than 55-year-old than those youn-
ger than 55-year-old. Factors including smoking, heavy alcohol con-
sumption, anxiety, and dyslipidemia were associated with the onset
of this disease [5]. Analysis was carried out on the in-hospital death
using the data of 24,701 cases of patients with takotsubo cardiomy-
opathy extracted from the database of 2008-2009. The overall in-
hospital mortality rate was 4.2%. The common cause of death was
non-cardiac disorders due to underlying diseases that triggered
this disease. It was noted that acute renal failure, respiratory failure,
stroke, non-cardiac surgery, etc. could be involved in 81.4% of deaths.
The mortality rate of a group with severe underlying disease was
12.2% and that of a group with no underlying disease was 1.1%. The
common causes of cardiovascular death are cardiogenic shock and
systemic embolism. Other rare causes of death include cardiac rup-
ture. The mortality rate of patients with this disease complicated
with right ventricular dysfunction is also high as mentioned above.
Difference in the mortality rate between men and women was prom-
inent, where the mortality rate was 2.5 times higher in men than in
women. The reason includes the fact that men have commonly suf-
fered serious underlying diseases. It was highlighted that such un-
derlying diseases determined a short-term prognosis of takotsubo
cardiomyopathy, rather than cardiac death [17].

As described above, short-term prognosis of takotsubo cardiomy-
opathy is relatively good but some of patients have adverse out-
comes with various complications such as pump failure and life-
threatening arrhythmias. Prediction of such cases is attempted on
admission to hospital. Electrocardiogram would be the easiest and
simplest tool. Sum of ST-segment elevation in 12-lead electrocardio-
gram served as a predictor of adverse complications such as heart
failure, cardiogenic shock, left ventricular outflow obstruction, life-
threatening ventricular arrhythmias, and embolisms [18].

12. Molecular mechanisms of takotsubo cardiomyopathy

Factors of pathogenic mechanism underlying this disease are still
uncertain but sympathetic hyperexcitation, coronary vasospasm, mi-
crocirculatory disorder, and lack of estrogen have been regarded as
the most likely factors since earlier studies (Fig. 2).
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12.1. Sympathoexcitation hypothesis

The hypothesis explaining that onset of this disease is principally
caused by sympathetic excitation, is the most dominant one and this
can be supported by the following evidences. It is supported by data
and reports such as (i) commonly induced by physical and emotional
stresses; (ii) similar cardiac dysfunction reported from the case of pa-
tients with pheochromocytoma; (iii) closely similar pathological images
of cardiac dysfunction traditionally triggered by high dose of catechol-
amine to the pathological findings of takotsubo cardiomyopathy; (iv)
cases of the development of this disease reported from the case of ad-
ministration of catecholamines such as epinephrine and dobutamine
[19]; and (v) administration of at/B-blockers, in a rat model, successfully
controlling takotsubo cardiomyopathy-like pathologies triggered by im-
mobilization stress [20].

Sympathetic excitation through hypothalamus triggers release of
norepinephrine mainly from sympathetic nerve endings and epi-
nephrine mainly from adrenal medulla. Actually, it has been report-
ed that the concentrations of plasma norepinephrine and plasma
epinephrine are more highly increased in patients with takotsubo
cardiomyopathy than those in patients with acute coronary syn-
drome [7]. It is predicted that norepinephrine may trigger coronary
vasospasm by stimulating o;-receptor in coronary vessels. Mean-
while, norepinephrine-mediated [3;-receptor stimulation may trig-
ger hyperdynamic basal contraction, because of a higher density of
sympathetic nerve endings in the basal myocardium [21] and a
higher content of norepinephrine in the basal myocardium [22].
Conversely, the apical myocardium has a higher density of B-
receptors. The precise cause of presentation of apical systolic dys-
function is still unknown, however it has been suggested that neuro-
genic stunning may have a key role. As one of the molecular
mechanisms of this event, signal switching mediated by stimulation
of 3,-receptor by epinephrine has been advocated [23]. It is pointed
out that the occurrence frequency of leucine-type genetic polymor-
phism of guanine nucleotide binding (G )-protein-coupled receptor
kinase (GRK)s is higher in the patients with takotsubo cardiomyop-
athy [24]. In the leucine type with a higher GRKj5 activity than gluta-
mine type, receptors are more likely to be uncoupled with
sympathetic nerve stimulation. This could be involved in the apical
stunning observed in this disease.

While the sympathetic activity hypothesis is firmly believed to be
the most likely one, some studies argue that concentration level of plas-
ma catecholamine could not always be elevated. The group of Harding
et al. of the United Kingdom advocated that 3,-adrenoreceptor subtype
densely distributed in cardiac apex could play a key role. They reported
that high level of epinephrine could trigger signaling through p,-
receptor from stimulatory G-protein to inhibitory G-protein and there-
by trigger typical apical systolic dysfunction in takotsubo cardiomyopa-
thy. Different from (3,-receptor, 3,-receptor is coupled not only with
stimulatory G-protein but also with inhibitory G-protein. Signal
switching, advocated by Daaka et al. in 1997, is a concept where chronic
stimulation of 3-receptors switches from stimulatory to inhibitory sig-
naling mediated through protein kinases A (PKA) [25]. Actually,
Harding et al. revealed that the similar pathologies to takotsubo cardio-
myopathy characterized by basal hypercontractility and apical systolic
dysfunction were presented by a bolus of high dose of epinephrine
in rats. The signaling via PBp-receptor is considered to promote
cardioprotection, having effects of anti-apoptotic NFkB/BCL2 via PI3K/
Akt signaling pathway. Instead, the mortality rate was increased by in-
hibitory G-protein pathway blockade with pertussis toxin. Conversely,
B-blockers increased negative inotropic effect via inhibitory G-protein
without change in the mortality rate. Levosimendan, calcium-
sensitizer, with less effect of PKA activation, was effective for improve-
ment in the pathologies of this disease in this model animal [26].

Results of imaging tests suggested the involvement of sympathetic
nerve. On the sympathetic nerve imaging with '23I-MIBG, the elevation
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Fig. 2. Pathophysiological basis underlying takotsubo cardiomyopathy. Gs/Gj, stimulatory or inhibitory G-protein.

of the heart to mediastinum uptake ratio and washout ratio of the
early image was demonstrated [27]. On PET imaging with 1C-
hydroxyephedrine, similar findings were obtained [28]. The concen-
tration of norepinephrine sampled from the coronary sinus of pa-
tients with takotsubo cardiomyopathy was more highly increased
than that from the aortic root. This revealed that sympathetic nerve
activation is derived not only from adrenal medulla but also from
the involvement of cardiac sympathetic nerves [29].

Intracellular calcium overload might be involved in contraction band
necrosis, observed in histopathological findings of patients with
takotsubo cardiomyopathy. Nef et al. carried out myocardial biopsy,
and examined the tissues using real time PCR, western blot, and immu-
nohistochemical staining in patients with takotsubo cardiomyopathy.
Increase in the expression of sarcolipin in ventricles and decrease in
the expression of sarcoplasmic reticulum calcium ATPase (SERCA2a)
were revealed [30]. Sarcolipin is known to regulate the activity of
SERCA2a via phospholamban and is involved in intracellular calcium
overload in this disease. Other report has described that lipid accumula-
tion mediated by sympathetic activation is involved. Shao et al. success-
fully induced takotsubo cardiomyopathy-like systolic dysfunction by a
bolus of isoproterenol in mice. Oil red staining revealed a myocardial
lipid accumulation. They highlighted on the decrease in ApoB lipopro-
tein which caused the accumulation. They revealed that isoproterenol-
induced takotsubo cardiomyopathy-like systolic dysfunction could be
protected by overexpression of ApoB. Therefore, it was also presumed
that abnormal lipid accumulation mediated by sympathetic stimulation
would be involved in apical stunning and electrophysiological distur-
bance [31]. As mentioned above, a lot of findings on the involvement
of sympathetic nervous systems have been accumulated. It could be
firmly believed to be the most likely mechanism underlying this disease.
However, this disease cannot be explained solely by the sympathetic ac-
tivation. Thus, the following hypotheses are also provided.

12.2. Coronary vasospasm hypothesis

Coronary vasospasm is induced in about 28% of provocation test dur-
ing coronary angiography in patients with takotsubo cardiomyopathy
[32,33]. The possibility of the involvement of coronary vasospasm in
some of patients is at least undeniable. A hypothesis explained that
this disease could be caused by plaque rupture not resulting in
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obstructive coronary disease, based on the presence of plaque rupture
detected in the intravascular ultrasound findings of some patients
with this disease [34]. However, it has been pointed out that wall mo-
tion abnormality does not always match with the coronary artery vascu-
lar distribution and histopathological findings are different from those
observed in ischemic stunning [35]. Thus, coronary vasospasm involve-
ment is so far considered to be negative. From the very first, coronary
vasospasm is listed as an exclusion criterion in the diagnostic criteria.

12.3. Microcirculatory disorder hypothesis

Microcirculatory disorder is an attractive hypothesis for takotsubo
cardiomyopathy, with delayed filling of the contrast media presented
on coronary angiographic findings. The presence of sympathetic activa-
tion, microvascular spasm, and oxidative stress might support it as un-
derlying factors. Whereas, there is a criticism that this is the only
secondary phenomenon with wall motion abnormalities. The group of
Mayo Clinic analyzed the coronary angiographic findings of patients
with takotsubo cardiomyopathy and delayed filling determined by
Thrombolysis in Myocardial Infarction myocardial perfusion grade was
found in 69% of them [36]. Though this change might be considered to
be a secondary phenomenon with apical wall motion abnormality, a re-
port described that such change remained after the improvement of
wall motion [15]. Kume et al. assessed the coronary flow reserve during
acute phase and recovery phase using Doppler flow guide wire. The cor-
onary flow reserve and decay of the diastolic blood flow velocity de-
creased during acute phase but improved with the improvement of
wall motion abnormality during recovery phase [37].

12.4. Estrogen deficiency hypothesis

Takotsubo cardiomyopathy occurs predominantly in postmeno-
pausal women. Increased sensitivity of B-receptor and low baseline
concentration of catecholamine have been proposed as the cause. An al-
ternative possibility of the involvement of deficiency in cardioprotective
effect caused by reduction of estrogen may be highly supported by the
predominant occurrence of this disease in postmenopausal women.
This may lead to cardiomyopathy through elevated oxidative stress
and endothelial dysfunction, with sympathetic nerve activation. Where-
as microcirculatory disorder has been proposed as one of the pathogenic
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mechanisms of takotsubo cardiomyopathy as mentioned above, estro-
gen has an effect to improve the endothelial function [38]. Syndrome
X presenting repetitive anginal attack, with underlying microcirculatory
disorder, also typically occurs in postmenopausal women; this may sug-
gest an involvement of common mechanism in the process of takotsubo
cardiomyopathy. It has been known that estrogen receptors are
expressed on cardiomyocytes [39]. In addition, decrease in the level of
SERCA2a, which controls intracellular calcium, in ovariectomized rats
{40] and myofilament calcium hypersensitivity [41] and increase of -
adrenoreceptors [42] have been reported. Immobilization stress induces
overexpression of c-Fos protein gene in response to stress in the heart/
adrenal medulla {43]. Similar phenomenon has been observed in the
central nervous systems (hypothalamus, locus coeruleus, amygdaloid
nucleus, etc.) controlling the autonomic nerve function and the pres-
ence of estrogen receptors at these regions has been also observed
[44]. Takotsubo cardiomyopathy is induced by immobilization stress
but the pathologies can be prevented by pre-administration of estrogen
[45]. Administration of estrogen increased the levels of atrial natriuretic
peptide and heat shock protein 70 [43].

13. Conclusion

Pathological concept of takotsubo cardiomyopathy has been almost
established, but a number of questions still remain, such as establish-
ment of acute phase treatment, risk assessment, prophylactic measures
against recurrence, and long-term prognosis. Many questions still also
remain regarding the pathogenic mechanisms underlying takotsubo
cardiomyopathy. Further research in all aspects and approaches are ex-
pected by accumulating large amount of database.
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LETTER TO THE EDITOR

Seasonal Changes in Systemic Volume
Overload Are to Be Considered

To the Editor:

We read with a great interest the recent paper by Hirai et al
entitled “Clinical Scenario ! Is Associated With Winter Onset
of Acute Heart Failure”.! A seasonal variation in acute heart
failure (AHF) and its risk, particularly during the winter pe-
riod, remains a valid clinical question, and the authors have
stated that the lack of loop diuretics could predispose patients
to decompensation. We would like to add several comments
on their discussion of this topic.

First of all, the original clinical scenario by Mebazaa et al
does not recommend classification based solely on systolic
blood pressure.? A patient’s clinical status, such as the degree
of systemic volume overload (eg, peripheral edema), is to be
considered. Clearly, this is of importance when agents for
volume reduction (eg, loop diuretics) are considered.># In our
own data on 1,882 consecutive AHF patients registered in the
West Tokyo Heart Failure Registry (WET-HF; from April
2006 to December 2013), we observed both higher frequency
of high blood pressure on presentation (systolic blood pressure
2140mmHg; Figure A), as well as the clinical sign of periph-
eral edema during winter (Figure B). Interestingly, the reduc-
tion in body weight during hospitalization was similar be-
tween different seasons. We believe that information on detailed
clinical parameters, rather than sole classification based on
systolic blood pressure, would be beneficial to understand the
results and conclusion by Hirai et al that “only a lack of loop
diuretic use was a contributing factor for winter onset of AHF
in CS1 patients, whose treatment was usually vasodilators”.

We would also like to emphasize that the current ACCF/
AHA and ESC guidelines do not recommend the use of “clin-
ical scenario” at this time,>* because the prognostic and clini-
cal significance of clinical scenarios has not been validated.
This further underscores the need for a validated hemody-
namic model, such as blood pressure, to validate these authors’
hypothesis.
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