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Abstract Takotsubo cardiomyopathy (TC) is characterized by the sudden onset of reversible
left ventricular dysfunction, with a presentation similar to that of an acute coronary syndrome.
Although cardiogenic shock is a rare occurrence in TC, if it does occur it may require the use
of a left ventricular assist device.

We report the use of extracorporeal life support (ECLS) in a patient with TC and refractory
cardiogenic shock. With ECLS it was possible to reduce inotropic support, and a normal left
ventricular ejection fraction was documented by echocardiography on day 2.

This is, to our knowledge, the first reported case of TC with refractory cardiogenic shock
treated with ECLS in Portugal.
© 2015 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espafa, S.L.U. All rights
reserved.

Choque cardiogénico induzido pela miocardiopatia de Takotsubo - Uma nova opcao
terapéutica

Resumo A miocardiopatia de Takotsubo (MT) é caracterizada por uma disfuncao ventricular
esquerda subita, tendo uma apresentacdo semelhante a de uma sindrome coronaria aguda.
Apesar do choque cardiogénico ser uma ocorréncia rara na MT, caso ocorra, pode levar ao uso
de dispositivos de assisténcia ventricular esquerda.
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Reportamos o caso de uma doente com MT e choque cardiogénico onde foi utilizado suporte de
vida extracorporal (SVEC). Com o SVEC foi possivel reduzir o suporte aminérgico e documentada
em ecocardiografia uma fracdo de ejecao normal ao 2.° dia.

No conhecimento dos autores este é o primeiro caso, em Portugal, de choque cardiogénico
por MT em que é usado o SVEC como ponte para a melhoria.
© 2015 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espafa, S.L.U. Todos os

direitos reservados.

Introduction

Takotsubo cardiomyopathy (TC) (as it was first named in 1990
by Sato et al. in Japan), also known as stress-induced car-
diomyopathy or broken heart syndrome, is a transient left
ventricular apical ballooning syndrome characterized by left
ventricular dysfunction, that usually occurs after a sudden
emotional or physical stress. The Japanese word ‘takotsubo’
means ‘octopus pot’; pots used to catch octopuses have a
round bottom and a narrow neck, thus trapping the creatures
until they are pulled out by the fisherman.'-?

The presentation of TC is similar to that of an acute coro-
nary syndrome (ACS), patients presenting with cardiac chest
pain, raised levels of cardiac enzymes and acute changes
on the electrocardiogram (ECG), although with absence of
obstructive coronary artery disease.?* Series suggest that TC
affects approximately 1-2% of patients initially diagnosed
with an ACS.*

Different pathophysiological mechanisms have been
proposed to explain this syndrome, such as occult
atherosclerotic disease, multivessel spasm and microvas-
cular dysfunction. The most widely accepted hypothesis
nowadays is that of catecholamine excess causing cal-
cium overload in cardiac myocytes, leading to disruption of
contraction and ventricular function.’

The long-term prognosis is excellent, with only 1-2%
of reported patients dying during hospitalization. Serious
complications including cardiogenic shock and arrhythmias
may, however, occur acutely. Supportive treatment is the
mainstay of therapy.®’

In cardiogenic shock, mechanical circulatory support can
be lifesaving. Intra-aortic balloon pump (IABP) and extracor-
poreal life support (ECLS) are alternatives.?

We report the successful use of ECLS to treat a patient
with TC presenting with cardiogenic shock.

Case report

A 72-year-old female patient presented to the emergency
department with chest pain and dyspnea of one hour’s
duration. Her medical history consisted of hypertension,
dyslipidemia and paroxysmal atrial fibrillation. She was
under losartan 100 mg plus hydrochlorothiazide 12.5 mg,
pitavastatin 4 mg and propafenone 300 mg.

At admission her blood pressure was 170/130 mmHg,
heart rate 100 beats/min and oxygen saturation 70% on
room air. On physical examination the patient had dimin-
ished cardiac sounds and bilateral crackles up to the lung

apices. Furosemide, intravenous nitrates and oxygen were
started. An ECG demonstrated ST-segment elevation in the
precordial leads V2-V4, and cardiac biomarkers were mildly
elevated. A transthoracic echocardiographic examination
showed mechanical alterations in the myocardium supplied
by the left anterior descending artery.

Despite therapy the patient progressed to cardiogenic
shock; invasive ventilation and inotropic support were ini-
tiated, and she was transferred to our hospital for primary
percutaneous coronary intervention.

Angiography revealed absence of obstructive coronary
disease or acute plaque rupture (Figure 1). Ventriculog-
raphy showed apical and midventricular dysfunction with
hyperkinesis of the basal myocardial segments and severely
depressed ejection fraction (Figure 2). A second detailed
transthoracic echocardiographic examination confirmed api-
cal akinesis, basal hyperkinesis and severe systolic left
ventricular (LV) dysfunction; apical ballooning syndrome was
confirmed.

The patient was admitted to the coronary intensive
care unit under midazolam, noradrenaline (60 wg/min)
and dobutamine (1.8 wg/kg/min), and some minutes later
developed pulseless monomorphic ventricular tachycardia,
rapidly reverted to sinus rhythm. Despite aggressive therapy
with fluids and increasing doses of noradrenaline and dobut-
amine she remained hemodynamically unstable. Since TC
is a reversible condition, usually in a short period, therapy
with ECLS was considered as a lifesaving alternative.

Venous-arterial (VA)-ECLS was performed with 19 French
(F) venous femoral cannulation and 17F arterial femoral can-
nulation. Anticoagulation with unfractionated heparin was
initiated, for a target activated clotting time of 150-200 s.
Bypass flow was fixed initially at 2.8 l/min. The vital param-
eters stabilized rapidly after ECLS and inotropic support was
reduced.

At the end of the second day pulsatility on the arterial
pressure waveform was evident and another transtho-
racic echocardiogram was performed. This echocardiogram
showed no regional wall motion abnormalities, and ejec-
tion fraction was nearly normal. ECLS flow was progressively
reduced, and on day 3 the system was explanted.

During ECLS four units of red blood cells and one unit of
platelets were transfused, to maintain hemoglobin concen-
tration above 10 g/dl and a platelet count >70000 U/L.

Ventilator-associated pneumonia was diagnosed one day
after ECLS withdrawal and the patient was started on
antibiotics. Three days after ECLS the patient was in spon-
taneous ventilation and was transferred to her primary
hospital.
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Figure 1
disease.

Discussion

TC, also known as stress-induced cardiomyopathy, is an
increasingly recognized clinical syndrome characterized
by transient left ventricular dysfunction and wall motion
abnormalities involving the apical and mid portions of
the left ventricle, although atypical forms have also been
described.®"? It usually occurs in postmenopausal women
after severe emotional or physical stress, although in some
cases the trigger is unknown.*>

Clinical presentation can mimic an acute coronary syn-
drome, with patients complaining of chest pain and dyspnea
and with ST-segment elevation on the ECG and elevated
cardiac enzymes. Angiography is crucial to the differential
diagnosis, since in TC there are no significant obstructive
coronary lesions.?™

The diagnostic criteria proposed by the Mayo Clinic are:
transient hypokinesis, akinesis, or dyskinesis in the left ven-
tricular mid segments with or without apical involvement;
regional wall motion abnormalities that extend beyond
a single epicardial vascular distribution; frequently, but
not always, a stressful trigger; the absence of obstruc-
tive coronary disease or angiographic evidence of acute
plaque rupture; new ECG abnormalities (ST-segment ele-
vation and/or T-wave inversion) or modest elevation in
cardiac troponin; and the absence of pheochromocytoma
and myocarditis.*

Selective coronary angiography. Left (left) and right (right) coronary arteries, showing absence of coronary artery

The pathophysiology of TC is not well understood. Given
that the onset of this syndrome is usually preceded by emo-
tional or physical stress, direct catecholamine-mediated
myocyte injury has been advocated as the most probable
mechanism. "

Patients with TC generally have a good prognosis, with
rapid improvement in LV systolic function within a few days
or weeks.'? A variety of complications may occur in the
acute phase of the disease, such as acute heart failure
with pulmonary edema or cardiogenic shock, development
of intraventricular pressure gradients, acute functional
mitral regurgitation, right ventricular dysfunction, intraven-
tricular thrombi resulting in stroke or arterial embolism,
atrial fibrillation or malignant ventricular arrhythmias.’ In
patients who develop such complications, treatment rep-
resents a real challenge. When the initial presentation
of TC is cardiogenic shock, vasoactive drugs to main-
tain blood pressure and improve tissue perfusion seem a
reasonable option. However, given the presumptive patho-
physiology of this syndrome, vasopressors may cause more
harm than benefit.>®"" In the patient presented, vasoactive
drugs were started, given that ACS was the initial pre-
sumptive diagnosis. Worsening hemodynamics might have
been partly due to this treatment. Mechanical support in
hemodynamically unstable TC patients is the most logical
alternative. Just after establishing TC as the correct diag-
nosis, the patient collapsed with low oxygen saturation, and

Figure 2

Left ventriculography during systole (left) and diastole (right).
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so it was decided to initiate ECLS therapy as a bridge to
recovery.

The first successful use of ECLS was reported in 1972, and
since this report an increasing number of individuals have
been saved thanks to this temporary form of life support.'

ECLS uses a modified heart-lung mechanical interface
generally consisting of a centrifugal pump, a heat exchanger,
and a membrane oxygenator. In VA-ECLS deoxygenated blood
is withdrawn through a drainage cannula (from the venous
system) by an external pump, passing through the oxygena-
tor and returning to the patient through a reinfusion cannula
inserted in an artery. Unlike veno-venous ECLS, VA-ECLS
offers both respiratory and circulatory support.'

Bleeding remains the main complication in ECLS patients.
Other less common complications include blood clots,
pump or oxygenator failure, neurologic and musculoskeletal
complications, limb ischemia, infection, renal failure and
problems during cannulation.’ In a recent study Loforte
et al. identified blood lactate level, creatine kinase-MB
isoenzyme relative index at 72 h after ECLS initiation, and
number of packed red blood cells transfused while on ECLS
as significant predictors of mortality.” Further studies are
necessary to improve our knowledge of which patients will
gain most from ECLS support.

In our case ECLS minimized cardiac work and improved
tissue perfusion, enabling a significant reduction in doses of
vasoactive drugs. Three days after implantation the patient
was successfully weaned from support and cardiac function
had completely recovered. There are some cases in the liter-
ature of TC successfully bridged to recovery with ECLS, 8-
but this is, to our knowledge, the first reported case of
TC with refractory cardiogenic shock treated with ECLS in
Portugal.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Confidentiality of data. The authors declare that no patient
data appear in this article.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. Sato H, Taiteishi H, Uchida T. Takotsubo-type cardiomyopathy
due to multivessel spasm. In: Kodama K, Haze K, Hon M, editors.
Clinical aspect of myocardial injury: from ischemia to heart
failure. Tokyo: Kagakuhyouronsha; 1990. p. 56.

2. Abe Y, Kondo M, Matsuoka R, et al. Assessment of clinical fea-
tures in transient left ventricular apical ballooning. J Am Coll
Cardiol. 2003;41:737-42.

3. Bybee KA, Kara T, Prasad A, et al. Systematic review: tran-
sient left ventricular apical ballooning: a syndrome that mimics

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Lyon AR, Rees P, Prasad S,

ST-segment elevation myocardial infarction. Ann Intern Med.
2004;141:858-9.

. Prasad A, Lerman A, Rihal CS. Apical ballooning syndrome (Tako-

Tsubo or stress cardiomyopathy): a mimic of acute myocardial
infarction. Am Heart J. 2008;155:408.

. Akashi YJ, Goldstein DS, Barbaro G, et al. Takotsubo car-

diomyopathy: a new form of acute, reversible heart failure.
Circulation. 2008;118:2754-62.

. Gianni M, Dentali F, Grandi AM, et al. Apical ballooning syn-

drome or takotsubo cardiomyopathy: a systematic review. Eur
Heart J. 2006;27:1523-9.

. Elesber AA, Prasad A, Lennon RJ, et al. Four-year recurrence

rate and prognosis of the apical ballooning syndrome. J Am Coll
Cardiol. 2007;50:448-52.

et al. Stress (Takotsubo)
cardiomyopathy—a novel pathophysiological hypothesis to
explain catecholamine-induced acute myocardial stunning. Nat
Clin Pract Cardiovasc Med. 2008;5:22-9.

. Haghi D, Athanasiadis A, Papavassiliu T, et al. Right ventri-

cular involvement in Takotsubo cardiomyopathy. Eur Heart J.
2006;27:2433-9.

Kurowski V, Kaiser A, von Hof K, et al. Apical and mid-
ventricular transient left ventricular dysfunction syndrome
(Tako-Tsubo cardiomyopathy): frequency, mechanisms, and
prognosis. Chest. 2007;132:809-16.

. Wittstein |, Thiemann D, Lima J, et al. Neurohumoral features

of myocardial stunning due to sudden emotional stress. N Engl
J Med. 2005;352:539-48.

Parodi G, Bellandi B, Del Pace S, et al. Natural history of tako-
tsubo cardiomyopathy. Chest. 2011:887-92.

Citro R, Previtali M, Bovelli D, et al. Chronobiological patterns
of onset of tako-tsubo cardiomyopathy: a multicenter Italian
study. J Am Coll Cardiol. 2009:180-1.

Bartlett H. Extracorporeal life support: history and new direc-
tions. ASAIO J. 2005;51:487-9.

Werdan K, Gielen S, Ebelt H, et al. Mechanical circulatory sup-
port in cardiogenic shock. Eur Heart J. 2014;35:156-67.

Lafc G, Budak A, Yener A, et al. Use of extracorporeal membrane
oxygenation in adults. Heart Lung Circ. 2014;23:10-23.
Loforte A, Marinelli G, Musumeci F, et al. Extracorporeal mem-
brane oxygenation support in refractory cardiogenic shock:
treatment strategies and analysis of risk factors. Artif Organs.
2014;38:E129-41.

Bonacchi M, Maiani M, Harmelin G, et al. Intractable cardiogenic
shock in stress cardiomyopathy with left ventricular outflow
tract obstruction: is extra-corporeal life support the best treat-
ment? Eur J Heart Fail. 2009;11:721-7.

Besnier E, Hubscher C, Doguet F, et al. Extracorporeal
membrane oxygenation support for tako-tsubo syndrome
after urgent caesarean section. Ann Fr Anesth Reanim.
2013;32:704-6.

Jo YY, Park S, Choi YS. Extracorporeal membrane oxygenation in
a patient with stress-induced cardiomyopathy after caesarean
section. Anaesth Intensive Care. 2011;39:954-7.

Tweet MS, Schears GJ, Cassar A, et al. Emergency cardiac sup-
port with extracorporeal membrane oxygenation for cardiac
arrest. Mayo Clin Proc. 2013;88:761-5.

Leung J, Finckh AS, Jansz P, et al. Extracorporeal membrane
oxygenation as a resuscitation measure in the emergency
department. Emerg Med Australas. 2010;22:85-7.

Donker DW, Pragt E, Weerwind PW, et al. Rescue extracorporeal
life support as a bridge to reflection in fulminant stress-induced
cardiomyopathy. Int J Cardiol. 2012;154:e54-6.

Lazzeri C, Bernardo P, Sori A, et al. Venous-arterial extracor-
poreal membrane oxygenation for refractory cardiac arrest:
a clinical challenge. Eur Heart J Acute Cardiovasc Care.
2013;2:118-26.


http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0005
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0010
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0015
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0020
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0025
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0030
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0035
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0040
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0045
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0050
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0055
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0060
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0065
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0070
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0075
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0080
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0085
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0090
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0095
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0100
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0105
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0110
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0115
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120
http://refhub.elsevier.com/S0870-2551(15)00244-9/sbref0120

	Cardiogenic shock induced by Takotsubo cardiomyopathy: A new therapeutic option
	Introduction
	Case report
	Discussion
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflicts of interest

	References

