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ABBREVIATIONS	

ACEI:	angiotensin	converter	enzyme	inhibitor	

ACS:	acute	coronary	syndrome	

AMI:	acute	myocardial	infarction	

BNP:	brain	natriuretic	peptide	

CK:	creatinine	kinase	

CK-MB:	creatinine	kinase	muscle-brain	

CMRI:	cardiac	magnetic	resonance	imaging	

CRP:	c-	reactive	protein	

EKG:	electrocardiogram	

G-SPECT:	gated-SPECT	

HF:	heart	failure	

H/M:	heart-to-mediastinum	ratio	

123I-MIBG:	iodine	–	123	–	metaiodobenzylguanidine	

LV:	left	ventricle	

LVEF:	left	ventricle	ejection	fraction	

MACE:	major	adverse	cardiac	events	

NE:	norepinephrine	

NT-proBNP:	N-terminal	pro-brain	natriuretic	peptide	

PET:	positron	emission	tomography	

SNS:	sympathetic	nervous	system	

SPECT:	simple	photon	emission	computed	tomography	
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99mTc-sestamibi:	99mtecnecium-sestamibi	

TDS:	total	defect	score	

Tn-I:	troponin	I	

TTS:	Takotsubo	syndrome	

WR:	washout	rate	
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ABSTRACT	

Background:	

Takotsubo	syndrome	has	always	been	thought	to	be	a	benign	disease,	but	recent	studies	showed	

that	its	complications	are	similar	to	acute	myocardial	infarction	(AMI).	Complications	are	estimated	

to	 be	 9,9%	 per	 person/year	 if	 we	 take	 into	 account	 major	 adverse	 cardiac	 events,	 such	 as	

recurrence,	AMI,	death	and	stroke.	Its	pathophysiology	is	not	well	established	yet,	but	it	seems	to	

be	 related	 to	 sympathetic	 activity	 disturbance	 that	 can	 be	 demonstrated	 using	 simple	 photon	

emission	computed	tomography	(SPECT)	with	iodine-123-metaiodobenzilguanidin	(
123

I-MIBG).	We	

know	that	there	is	a	relationship	between	the	pattern	of	sympathetic	activity	impairment	in	the	

acute	phase	and	residual	affection	of	
123

I-MIBG	uptake	after	2	years	of	 follow-up	but	 it	has	not	

been	demonstrated	if	this	residual	affection	has	a	clinical	relevance	in	the	prognosis	of	this	type	of	

patients.	

Objective:	

The	aim	of	this	study	is	to	determine	if	there	is	a	relationship	between	the	
123

I-MIBG	uptake	pattern	

in	 the	acute	phase	and	prognosis,	 evaluated	using	major	 adverse	 cardiac	 events	 (MACE)	 (AMI,	

recurrence,	re-admission,	mortality	from	any	cause	and	mortality	from	cardiovascular	cause),	after	

3	 years	 of	 follow-up.	 We	 are	 also	 interested	 in	 seeing	 if	 there	 are	 differences	 of	 each	 of	 the	

complications	included	in	MACE	between	groups	defined	by	Total	Defect	Score	(TDS):	TDS	>8	or	£8	
and	evaluate	if	the	severity	of	the	sympathetic	activity	impairment	is	also	related	to	MACE.	

Study	design,	setting	and	subjects:	

This	will	be	a	prospective	cohort,	multi-centric	study,	with	a	consecutive	method	of	sampling	of	

patients	attending	the	Coronary	Unit	with	Takotsubo	syndrome	that	meet	inclusion	criteria.	Eleven	

hospitals	from	Catalonia	will	participate	in	the	study.	

The	 sample	 size	 will	 be	 782	 patients	 with	 Takotsubo	 syndrome	 that	 meet	Mayo	 clinic	 criteria	

diagnosed	in	the	Coronary	Unit.	

Methods:	

The	main	variables	of	this	study	are	the	acute	phase	pattern	of	
123

I-MIBG	uptake	and	long-term	

prognosis	after	3	years	of	follow-up.	This	prognosis	will	be	evaluated	with	the	occurrence	of	any	

MACE.	

The	patients	will	be	classified	in	two	groups	depending	on	the	extension	of	cardiac	sympathetic	

activity	affection:	Group	1	moderate	and	severe	affection	 (TDS	>8)	and	Group	2	normal	or	mild	

affection	(TDS	£8).	These	patients	will	be	followed-up	for	3	years.	

The	multivariate	analysis	will	be	done	using	COX	model.	

Keywords:	Takotsubo;	123I-MIBG;	SPECT;	MACE;	prognosis;	total	defect	score.	
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1.	INTRODUCTION	

1.1	BACKGROUND	

1.1.1	WHAT	IS	TAKOTSUBO	SYNDROME?	

A.	DEFINITION	

Takotsubo	syndrome	(TTS)	is	an	acute	reversible	myocardiopathy	which	is	presented	like	

an	 acute	 coronary	 syndrome	 (ACS),	 with	 elevation	 of	 biomarkers,	 changes	 in	 the	

electrocardiogram	(EKG)	and	chest	pain	or	other	symptoms,	typically	after	emotional	or	

physical	 stress.	 It	 has	 a	 range	 of	 wall	motion	 abnormalities	 (hypokinesia/akinesia	 in	

some	 segments	 and	 hyperkinesia	 in	 others)	 that	 extend	 beyond	 a	 single	 coronary	

vascular	bed	and	without	epicardial	coronary	occlusion.	It	produces	systolic	and	diastolic	

transient	dysfunction	(1–4).	

It	 is	 also	 called	 Takotsubo	myocardiopathy,	 stressed-induced	myocardiopathy,	 apical	

ballooning	syndrome,	ampullary-shaped	syndrome	and	“broken	heart	syndrome”,	but	

the	most	recent	literature	suggests	that	the	best	nomenclature	is	Takotsubo	syndrome	

(5).	

It	was	first	described	in	1990	in	Japan,	and	its	name	was	used	because	of	the	heart	siluet,	

that	seems	the	octopus’	pots	of	Japanese	fisherman	in	the	Hiroshima	fish	markets	(3,5).	

B.	EPIDEMIOLOGY	

The	incidence	of	this	syndrome	is	not	well	known,	but	it	is	estimated	to	be	1	-	2%	of	all	

ACS	(6).	It	affects	predominantly	postmenopausal	women	(»	90%)	between	58	and	75	

years	old	 (1,6).	Emotional	stressful	 trigger	 is	more	common	 in	women	while	physical	

stressful	trigger,	shock	or	resuscitation	on	presentation	is	more	common	in	men	(5).	

It	 is	 usual	 to	 find	 some	 cardiovascular	 risk	 factors	 in	 this	 population	 such	 as	 arterial	

hypertension	 (>50%),	 diabetes	 mellitus,	 alcohol	 abuse,	 psychiatric	 disorders,	

hyperlipidaemia	and	smoking	(4,7).	
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Some	studies	talk	about	genetic	predisposition/susceptibility,	but	it	is	not	considered	a	

genetic	myocardiopathy	(2,3,8).	

C.	TYPES	

There	are	different	types	of	TTS	(4,5,9,10)	depending	on	the	trigger	or	the	presentation:	

- Primary	or	secondary	TTS:	

o Primary	TTS:	 in	 these	patients,	 the	 trigger	 is	usually	emotional	stress	or	an	

unknown	 trigger	 (idiopathic).	 They	 do	 not	 have	 another	 disease	 that	 can	

cause	this	wall	motion	alteration.	

o Secondary	TTS:	in	these	patients,	the	trigger	is	usually	physical	stress,	such	as	

surgery,	sepsis,	drugs	or	neurological	disease	(Table	1).	They	suppose	the	20%	

of	all	the	cases.	
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Table	1.	Triggers	for	secondary	Takotsubo	syndrome	(5)	

• Endocrine:	 pheocromocytoma,	 thyrotoxicosis,	

syndrome	 of	 inappropriate	 antidiuretic	

hormone,	 Addisonian	 crisis,	 multiple	 endocrine	

neoplasia	 2A,	 hyperglycaemic	 hyperosmolar	

state,	 hyponatremia,	 severe	 hypothyroidism,	

Addison’s	disease,	adrenocorticotropin	hormone	

deficiency,	autoimmune	poliendocrinesyndrome	

II.	

• Neurological	 and	 neurosurgical:	 acute	

neurosurgical	 emergencies,	 acute	

neuromuscular	 crises,	 especially	 if	 involving	

acute	ventilatory	failure,	epileptic	seizure,	limbic	

encephalitis,	 ischaemic	 stroke,	 posterior	

reversible	encephalopathy	syndrome.	

• Respiratory:	 acute	 exacerbation	 of	 asthma	 or	

chronic	 obstructive	 pulmonary	 disease,	 acute	

pulmonary	embolism,	acute	pneumothorax	

• Obstetric:	 miscarriage,	 labour,	 emergency	

caesarean	section	

• Psychiatric:	acute	anxiety	attack/panic	disorder,	

attempted	 suicide,	 drug	 withdrawal	 syndrome,	

electroconvulsive	therapy	

• Gastrointestinal:	acute	cholecystitis,	billary	colic,	

acute	 pancreatitis,	 severe	 vomiting,	 severe	

diarrhoea,	 pseudomembranous	 colitis,	

peritonitis	

• Infection:	severe	sepsis,	babesiosis	

• Cardiological:	 dobutamine	 stress	

echocardiography,	 radiofrequency	 arrhythmia	

ablation,	 pacemaker	 implantation,	 electrical	DC	

cardioversion	 for	 atrial	 fibrillation,	 post-cardiac	

arrest	including	ventricular	fibrillation	

• Haematological:	 blood	 transfusion,	 thrombotic	

thrombocytopenic	purpura	

• Surgical:	anaesthesia	induction.	

• Medication	or	illicit	drugs:	epinephrine	injection,	

nortryptiline	 overdose,	 venlafaxine	 overdose,	

albuterol,	 flecanide,	 metoprolol	 withdrawal,	 5-

fluorouracil,	duloxetine,	cocaine	abuse	

	

- Typical	or	atypical	TTS:	

o Typical	TTS:	the	wall	motion	abnormality	affects	predominantly	the	apex	and	

the	 mid	 ventricle	 and	 it	 is	 the	 most	 common	 affection	 (80%).	 There	 is	

hypokinesia/akinesia/dyskinesia	 of	 the	 apical	 and	midventricular	 segments	

and	hyperkinesia	of	the	basal	part.	

o Atypical	TTS:	it	includes	all	the	patients	with	affection	of	midventricular,	basal	

or	 focal	 hypokinesia/akinesia	 and	 it	 is	 approximately	 20%	 of	 all	 TTS.	 The	

affection	of	the	right	ventricle	is	also	included	in	this	type.	

	

Patients	with	typical	TTS	are	usually	older,	have	higher	 levels	of	brain	natriuretic	

peptide	(BNP)	and	c-reactive	protein	(CRP),	ST	is	more	frequently	elevated	while	in	

atypical	is	usually	depressed	and	have	lower	left	ventricle	ejection	fraction	(LVEF)	

(Table	2).	
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Table	2.	Differences	between	typical	and	atypical	TTS	(9)	

	 Typical	TTS	 Atypical	TTS	

Age	 Older	 Younger	

BNP	 Higher	 Lower	

LVEF	 Lower	 Higher	

ST	segment	 More	frequently	elevated	 More	frequently	depressed	

Neurologic/psychiatric	diseases	 Psychiatric	diseases	more	frequent	 Neurologic	diseases	more	frequent	

Troponin-I	and	creatinine	kinase	 Similar	 Similar	

CRP	 Higher	levels	 Lower	levels	

Mortality	and	

complications	

Hospital	 Similar	 Similar	

Long	–	term*	 Similar	 Similar	

*	After	confounder	adjustment	(left	ventricle	ejection	fraction	<45%,	atrial	fibrillation,	neurologic	disease)	

D.	PATHOPHYSIOLOGY	

The	pathophysiology	of	TTS	(8)	is	not	well	stablished	yet,	but	the	last	literature	suggests	

different	hypothesis	to	explain	this	syndrome.	

- In	the	acute	phase	of	TTS	there	is	an	increase	of	cathecolamines	that	can	produce	a	

direct	myocardic	toxicity	and	coronary	spasm,	mainly	at	microvascular	 level,	that	

together	with	an	increase	of	cardiac	workload	contribute	to	a	mismatch	supply	–	

demand	followed	by	postischemic	stunning.	

- Coronary	 arteries	 have	 autonomic	 innervation	 and	 the	 increase	 of	 sympathetic	

cardiac	 activity	 can	 induce	 constriction	 of	 them	 in	 the	 context	 of	 endothelial	

dysfunction.	

- The	 sympathetic	 hyperactivity	 is	 accompanied	 by	 metabolic	 abnormalities	 with	

mismatch	flow	–	metabolism	which	 is	reflected	in	positron	emission	tomography	

(PET)	with	fluoro	deshoxi	glucose	and	perfusion.	



	

8	

The	article	suggests	(8)	that	postischemic	stunning	 is	a	protection	system	against	the	

subsequent	 ischemic	 episodes	 and	 its	 aim	 is	 to	 preserve	 the	 energy,	 decreasing	 the	

contractile	 function	 and	 the	 metabolism,	 facilitating	 the	 recuperation	 of	 systolic	

function.	

	

Figure	1.	Pathophysiology	(8)	

E.	DIAGNOSIS	

- Clinic:	 the	 most	 common	 symptom	 is	 chest	 pain	 usually	 accompanied	 with	

vegetative	symptoms.	Other	symptoms	that	are	described	are:	dyspnoea,	syncope,	

palpitations	and	cardiac	arrest	(4).	One	study	found	that	physical	stress	patients	are	

more	likely	to	suffer	from	dyspnoea	while	emotional	stress	patients	from	chest	pain	

(7).	Other	unspecific	symptoms	are	weakness,	unexplained	cough	and	fever	(8).	

	

- Criteria:	 there	are	a	 lot	of	criteria	 to	diagnose	TTS,	but	 the	most	used	are	Mayo	

Clinic	Criteria	(11):	

o Transient	 hypokinesis,	 akinesis,	 or	 dyskinesis	 of	 the	 left	 ventricular	 mid	

segments	 with	 or	 without	 apical	 involvement;	 the	 regional	 wall	 motion	

abnormalities	 extend	 beyond	 a	 single	 epicardial	 vascular	 distribution;	 a	

stressful	trigger	is	often,	but	not	always	present.	

o Absence	of	obstructive	coronary	disease	or	angiographic	evidence	of	acute	

plaque	rupture*.	

Pathophysiology of Takotsubo

STATE OF THE ART

Circulation. 2017;135:2426–2441. DOI: 10.1161/CIRCULATIONAHA.116.027121 June 13, 2017 2437

mismatch followed by postischemic stunning. The func-
tional counterpart at the LV level would be the typical api-
cal ballooning that persists as a result of the presence of 
stunned myocardium but is followed by complete func-
tional recovery over relatively short periods of time in 
most cases (Figure 8).

Physiologically, small coronary arteries and arterioles 
are the principal determinants of coronary vascular resis-
tance. These vessels receive autonomic innervation, and 
their diameter is modified by activation of these nerves. 
In healthy subjects, the overall response to sympathetic 
activation is vasodilatation mainly through activation of 
coronary β2-adrenoceptors. Conversely, increased cardi-
ac sympathetic activity can induce coronary microvascu-
lar constriction in the context of endothelial dysfunction 
instead of the vasodilatation observed normally because 
α-adrenergic vasoconstriction becomes unrestrained 
and powerful enough to reduce coronary blood flow, thus 
contributing to myocardial ischemia.89–91 Both α1- and 
α2-adrenoceptors mediate coronary vasoconstriction, 
with α1-adrenoceptors predominant in larger vessels and 
α2-adrenoceptors more abundant in the microcircula-
tion.92,93 In the context of endothelial dysfunction, both 
α1- and α2-adrenoceptors and microvascular constriction 
are augmented and can induce myocardial ischemia.94

Cardiac sympathetic hyperactivity in the acute phase 
of TTS is accompanied by metabolic abnormalities ap-
pearing as a flow-metabolism mismatch.95,96 Specifically, 
cardiac positron emission tomography with [18F]2-fluoro-
deoxyglucose has demonstrated reduced glucose me-
tabolism in the context of normal myocardial perfusion. 
Similar findings have been observed with free fatty acid 
analogs. This pattern, known as inverse metabolic perfu-
sion mismatch, represents a transient metabolic abnor-
mality despite preserved myocardial blood flow, which 
is typically observed in stunned myocardium.97–99 Using 

positron emission tomography in the acute phase, Feola 
et al98 have demonstrated impairment of tissue metabo-
lism in the dysfunctional myocardium, mainly at the apex 
and progressively less in the midventricular myocardium, 
which normalized at the 3-month follow-up. In the same 
study, hyperemic myocardial blood flow and coronary flow 
reserve were shown to be reduced in dysfunctional myo-
cardium, and these abnormalities recovered at follow-up.

There are some apparent discrepancies between the 
flow data obtained with echocardiography and single-
photon emission computed tomography on one hand and 
positron emission tomography on the other. Two main 
reasons likely explain these differences. The first is the 
time in the course of the disease when the studies were 
performed, and the second is related to differences in-
herent to these techniques. In fact, positron emission to-
mography is the only technique that can provide absolute 
myocardial blood flow in milliliters per minute per gram of 
tissue. In contrast, echocardiography and single-photon 
emission computed tomography provide only relative 
regional differences in tracer concentration that, also 
for differences within the normal range, will appear as 
regional defects. For example, if one myocardial region 
has an absolute resting flow of 0.7 mL/min per gram 
and another has a flow of 0.9 mL/min per gram (both of 
these values are within the normal baseline flow range), 
single-photon emission computed tomography and echo-
cardiography might show a defect in the former relative 
to the latter, whereas positron emission tomography will 
show that both flows are within the normal range.

The possibility exists that ischemic stunning confers 
protection against subsequent episodes of ischemia 
and preserves energy metabolism by downregulating 
contractile function and metabolism, thus facilitating re-
covery of LV systolic function.100 It is likely that different 
pathogenetic mechanisms operate in different patients 

Figure 8. Key pathogenetic aspects in 
Takotsubo syndrome. 
The interplay among triggers, pathogenetic 
factors, mechanisms of cardiac injury, 
and clinical consequences. ANS indicates 
autonomic nervous system; CNS, central 
nervous system; LV, left ventricular; and 
MVO2, myocardial oxygen consumption.
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o New	electrocardiographic	abnormalities	(either	ST-segment	elevation	and/or	

T-wave	inversion)	or	modest	elevation	in	cardiac	troponin.	

o Absence	of	pheochromocytoma	and	myocarditis.	

*	 It	 is	 usual	 to	 find	 obstructive	 coronary	 disease,	 but	 the	wall	motion	 affection	

usually	extends	beyond	a	single	coronary	artery	region,	so	 it	doesn’t	exclude	the	

diagnosis.	

	

- Complementary	tests:	there	are	a	lot	of	complementary	tests	that	can	be	practiced	

when	TTS	is	suspected,	but	following	Mayo	Clinic	Criteria,	the	most	useful	tests	are:	

o EKG:		the	most	frequent	finding	is	changes	in	repolarization	in	precordial	leads.	

In	 order	 of	 frequency	 we	 find	 ST	 elevation,	 T-wave	 invertion	 and	 QTc	

prolongation	 (4,12).	The	changes	 in	ST	segment	usually	are	 resolved	 in	 the	

first	hours	but	changes	in	T-wave	and	QTc	segment	persist	in	subacute	period	

(3).	

o Echocardiography:	 it	 shows	 the	 wall	 motion	 abnormalities,	 the	 dynamic	

obstruction	of	left	ventricle	outflow,	mitral	regurgitatation	and	intracavitary	

thrombus	(4).	The	LVEF	is	reduced	but	the	patients	rarely	present	heart	failure	

symptoms	(5).	

o Coronary	angiography	and	 left	ventriculography:	 it	has	to	be	done	 in	every	

case	 to	exclude	coronary	obstructive	disease	and	 the	ventriculography	can	

also	show	the	wall	motion	abnormalities.	We	have	to	take	into	account	that	

we	 are	 in	 front	 of	 elderly	 patients,	 so	 it	 is	 probable	 to	 find	 obstructive	

coronary	disease,	but	we	have	to	evaluate	if	it	is	enough	to	cause	the	degree	

of	pattern	of	left	ventricle	dysfunction	(5).	

o Cardiac	magnetic	 resonance	 imaging	 (CMRI):	 it	 is	used	to	value	the	cardiac	

perfusion	and	also	gadolinium	enhancement	to	exclude	myocarditis.	It	should	

be	considered	in	the	first	7	days	in	all	the	patients	with	TTS	(5).	

o Lab	tests:	

§ BNP:	it	is	a	biomarker	that	increase	its	levels	in	heart	failure,	and	in	TTS	it	

is	almost	always	elevated	(2,5,12).	
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§ Troponin	 I	 (Tn-I)	 and	 creatinine	 kinase	 muscle-brain	 (CK-MB):	 usually	

there	is	a	moderate	elevation	of	this	necrosis	biomarkers	(>90%	of	the	

cases)	but	it	is	lesser	than	an	ACS	(2,4,5,12).	

§ Cathecolamines	 (epinephrine	 and	 norepinephrine	 (NE)):	 there	 is	 an	

increase	in	catecholamine	serum	level	(4)	that	is	two	or	three	time	higher	

than	those	patients	with	acute	coronary	syndrome	at	admission	(2,5).	

o Other:	

§ CA-125:	there	is	an	article	that	suggest	that	CA-125	could	be	a	prognosis	

factor.	 They	 found	 that	 higher	 levels	 of	 CA-125	 are	 related	 to	 major	

adverse	events	(13).	

§ Iodine	–	123	–	metaiodobenzylguanidine	(123I-MIBG):	in	the	acute	phase,	

there	is	reduced	123I-MIBG	in	the	myocardium	affected	part	that	reflect	

the	sympathetic	neural	activity	disturbance	(5,12).	

§ PET:	 it	 is	 used	 to	 value	 alterations	 of	 cardiac	 metabolism.	 It	 shows	

abnormal	glucose	metabolism	(5).	
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Figure	2.	Diagnosis	algorithm	(5).	LGE	=	late	gadolinium	enhancement;	HCM	=	hypertrophic	cardiomyopathy.	

F.	DIFFERENTIAL	DIAGNOSIS	

It	 is	 important	 to	 exclude	 some	 pathologies	 before	 the	 diagnosis	 of	 TTS.	 The	 main	

pathologies	that	can	be	confused	with	TTS	are:	

- ACS:	the	population	who	suffer	from	ACS	are	different	than	those	who	suffer	from	

TTS,	 that	 are	 usually	 postmenopausal	 women	 as	 we	 have	 seen	 before,	 and	 its	

presentation	 can	 be	 the	 same.	 The	most	 important	 difference	 is	 the	 finding	 of	

severe	coronary	obstruction	with	coronary	angiography	in	ACS	that	can	explain	all	

	

Current state of knowledge on Takotsubo syndrome 9

Takotsubo Syndrome Diagnostic Algorithm

a major medical, surgical, obstetric, or psychiatric emergency
triggering the Takotsubo syndrome episode.

• Triggers: a stressful trigger is typical but not always present.
Triggers can be emotional or physical, including acute medical,
surgical, obstetric, or psychiatric emergencies (Table 1).

• Anatomical variants: three common and several rare anatomical
variants are currently recognized (Table 2). ..

..
..

..
..

..
..

..
..

. • Epidemiology: Takotsubo syndrome is increasingly recognized
and reported, and many features suggest a different pathophys-
iological condition from coronary atherosclerosis. Takotsubo
syndrome appears to be more common than previously recog-
nized, but the precise incidence is not known.

• Complications: cardiac and non-cardiac complications are com-
mon during the acute episode (Table 3).

© 20 15 The Authors
European Journal of Heart Failure © 20 15 European Society of Cardiology
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the	symptoms.	There	are	other	differences	in	biomarkers,	like	CK-MB	and	Tn-I,	that	

are	higher	in	ACS	and	also	in	ECG	findings	(2).	

- Myocarditis:	we	can	differentiate	TTS	from	myocarditis	with	CMRI	because	there	is	

a	delayed	enhancement	with	gadolinium	in	myocarditis	that	will	not	be	found	in	TTS	

(5).	

- Pheocromocytoma:	 it	 releases	 catecholamines	 that	 can	 stimulate	 cardiac	

adrenoceptors	 and	 simulate	 a	 TTS.	 Clinically,	 the	 patients	 present	 hypertension,	

palpitations,	diaphoresis	and	episodic	headaches	(2).	Some	authors	suggest	not	to	

exclude	 pheocromocytoma	 to	 diagnose	 TTS	 and	 consider	 it	 as	 a	 possible	

comorbidity	of	this	patients	(14).	

G.	TREATMENT	

There	is	a	lack	of	evidence	in	treatment	of	TTS,	but	most	of	the	hospitals	use	supportive	

care	in	the	acute	phase.	Patients	with	TTS	must	be	in	an	intensive	care	unit	at	least	24	

hours,	and	most	of	them	stay	between	3	–	7	days	in	hospital.	It	has	been	used	ß-blockers	

and	angiotensin	converter	enzyme	inhibitors	(ACEI)	that	promote	an	early	recovering	of	

heart	muscle	once	the	patient	is	stabilized	(15,16).	

In	 case	 of	 cardiopulmonary	 failure	 it	 has	 been	 used	 extracorporeal	 membrane	

oxygenator	or	intra-aortic	balloon	pumping,	but	they	are	exceptional	measures	(17,18).	
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1.1.2	PROGNOSIS	AND	COMPLICATIONS	

This	syndrome	has	been	always	thought	to	be	benign,	but	the	last	evidence	show	that	

its	mortality	rate	is	similar	(19)	or	higher	(20)	to	ACS,	but	the	majority	of	the	cases	are	

due	 to	 non-cardiovascular	 causes	 (13,21).	 Timelines	 of	 cardiac	 motility	 alterations	

recovery	vary	depending	on	the	severity,	but	the	mean	is	12	weeks.	The	ECG	changes	

and	BNP	levels	persist	altered	6	–	12	months	and	in	some	cases	can	remain	permanently	

abnormal	(5).	It	is	not	unusual	the	recurrence	of	TTS	in	the	first	3	months	–	1	year	and	it	

can	affect	the	same	wall	part	or	a	different	part.	

Some	studies	have	concluded	some	factors	of	worse	prognosis	(7):	

- Physic	stress	trigger	 (22,23):	 it	has	higher	mortality	rate	and	the	authors	suggest	

that	could	be	because	of	the	magnitude	and	duration	of	adrenergic	exposure	and	

the	contribution	of	systemic	inflammation	(7).	

- Men	(21).	

- ³75	years	old	(21).	

- LVFE	£35%:	 in	general	 there	are	more	complications	and	mortality	 (see	Table	4)	

(21,24).	

Table	3.	Differences	between	patients	with	LVEF	£	or	>	35%	(24)	

	 LVEF	£35%	 LVEF	>35%	

Arrhythmias	 More	risk	 Less	risk	

Cardiogenic	shock	 More	frequent	 Less	frequent	

Respiratory	support	 More	frequent	 Less	frequent	

Mortality	 Higher	 Lower	

Clinic	presentation	 More	chest	pain	 	

- Killip	III	-	IV	at	admission	(20).	

- Diabetes	mellitus	(20).	

- Glomerular	filtration	rate	<60	mL/min	(24).	

- High	troponin	levels	(23).	
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- Acute	neurological	or	psychiatric	disease	(23).	

Other	 articles	 suggest	 to	 classify	 the	patients	 between	high	or	 low	 risk	 and	 follow	a	

different	algorithm	(3,5).	They	consider	higher	risk	patients	those	with	at	least	1	major	

or	2	minor	risk	factors	(5).	

Table	4.	Heart	Failure	Association	risk	stratification	in	Takotsubo	syndrome	(5)	

Risk	Factor	 Higher	risk	 Lower	risk	

MAJOR	RISK	FACTORS	 	 	

Age	 ³75	years	 See	minor	risk	factors
a	

Systolic	blood	pressure	 <110	mmHg	 ³110	mmHg	

Clinical	pulmonary	oedemab	 Present	 Absent	

Unexplained	 syncope,	 ventricular	

tachycardia	 or	 ventricular	

fibrillation	

Present	 Absent	

LVEF	 <35%	 See	minor	risk	factors
a	

Left	 ventricular	 outflow	 tract	

obstruction	

³40	mmHg	 Absent	o	<40	mmHg	

Mitral	regurgitationc	 Present	 Absent	

Apical	thrombus	 Present	 Absent	

New	 ventricular	 septal	 defect	 or	

contained	 left	 ventricle	 (LV)	 wall	

rupture	

Present	 Absent	

MINOR	RISK	FACTORS	 	 	

Age	 70	–	75	years	 <70	years	

ECG	 QTc	 ³500	ms	 <500	ms	

Pathological	 Q	

waves	

Present	 Absent	
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Persistent	 ST	

elevationd	
Present	 Absent	

LVEF	 35	–	45%	 ³45%	

Physical	stressor	 Present	 Absent	

Natriuretic	

peptides	

BNP	 ³600	pg/mL	 <600	pg/mL	

NT-proBNP	 ³2000	pg/mL	 <2000	pg/mL	

Bystander	 obstructive	 coronary	

artery	disease	

Present	 Absent	

Biventricular	involvement	 Present	 Absent	

a
See	minor	criteria	regarding	LVEF	in	the	absence	of	major	criteria.	

b
Lower	zone	(basal)	pulmonary	rales	on	clinical	

examination	or	evidence	on	chest	X-ray.	
c
Moderate	or	severe	mitral	regurgitation.	

d³3	years.	BNP	=	brain	natriuretic	

peptide,	LVEF	=	left	ventricle	ejection	fraction,	NT-proBNP	=	N-terminal	pro-brain	natriuretic	peptide.	

In	52%	of	patients	there	are	complications	(acute	phase	and	5	years	follow-up)	(5).	The	

most	common	complication	is	heart	failure	(30%).	Other	complications	are:	thrombus	in	

left	 ventricle,	 obstruction	 of	 left	 ventricle	 outflow,	 mitral	 regurgitation,	 ventricular	

arrhythmias	(due	to	QTc	prolongation),	cardiogenic	shock,	left	ventricle	wall	rupture	and	

death	(3,23).	

Nuñez	Gil	 et	 al	 evaluated	 complications	 of	 TTS	 in	 Spanish	 population	 and	 they	 used	

major	adverse	cardiac	events	(MACE),	that	includes	re-admission,	new	symptoms	and	

dead.	They	saw	an	incidence	of	6,5%	of	MACE	in	1	year	of	follow-up	(6).	In	another	article,	

that	 took	 into	 account	 recurrence	 of	 Takotsubo,	 acute	 myocardial	 infarction	 (AMI),	

stroke	or	transient	ischemic	attack	and	death	of	any	cause	found	an	incidence	of	9,9%	

in	1	year	of	follow-up	(25).	
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1.1.3	SPECT	AND	123I-MIBG	

Nuclear	medicine	is	a	medic	speciality	that	uses	radioactive	isotopes	non-encapsulated	

to	diagnose,	treat	or	investigate.	The	image	diagnose	in	nuclear	medicine	is	based	in	the	

morphologic	 and	 functional	 analysis	 of	 the	 organ	 studied	 due	 to	 the	 detection	 of	 g	

radiation	emitted	by	a	radiopharmaceutical	administered	previously	to	the	patient	(26).	

Simple	photon	emission	computed	tomography	(SPECT)	is	a	type	of	nuclear	medicine	

imaging	test	that	provide	3D	images	of	the	distribution	of	radioactive	tracer	molecules	

that	emit	 gamma	 rays.	 The	gamma	 rays	are	detected	by	gammacameras	 that	 rotate	

around	 the	patient’s	 body	 to	 record	 images	 in	different	 angles	 and	generate	 the	3D	

images	(27).	

There	is	a	type	of	SPECT	that	uses	123I-MIBG	and	it	was	developed	to	study	patients	with	

heart	failure	(HF).	To	understand	how	123I-MIBG	works,	we	need	to	know	that	it	is	related	

with	NE	and	in	TTS	there	is	an	increase	of	NE	in	the	synaptic	cleft.	NE	is	re-uptaked	mainly	

by	transporter	1	(uptake	1)	(there	is	an	uptake	2	transporter	but	it	has	low	activity	in	

humans).	In	patients	with	HF	uptake	1	transporter	is	downregulated	and	consequently	

there	 is	 more	 NE	 in	 synaptic	 cleft	 and	 less	 NE	 in	 pre-synaptic	 nerve	 ending.	 This	

hyperadrenergic	 state	produces	a	downregulation	of	ß-adrenergic	 receptors	 that	are	

present	in	the	myocardium	(which	reduces	cardiac	contractility)	(28–30).	

123I-MIBG	has	a	similar	molecular	structure	to	NE	and	it	acts	selectively	on	sympathetic	

nerves	ending	with	the	same	uptake,	storage	and	release	process	as	NE	except	that	it	is	

not	metabolised	by	monoamine	oxidase	and	 it	does	not	have	effect	 in	post-synaptic	

receptors.	Thus,	it	will	reflect	the	status	of	catecholamine	storage	in	pre-synaptic	fibres	

(29,30).	

A	complete	standard	protocol	consists	in	acquisition	of	early	and	late	planar	images,	15	

minutes	and	4	hours	after	intravenous	injection	of	123I-MIBG	respectively.	There	are	two	

main	measures	used	to	evaluate	neuronal	activity:	

- Heart-to-mediastinum	 ratio	 (H/M)	 that	 is	 calculated	 after	 drawing	 regions	 of	

interest	 over	 the	 heart	 and	 the	 mediastinum	 (see	 Figure	 3).	 It	 reflects	 cardiac	

sympathetic	activity.	
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- Wash-out	rate	(WR)	that	is	calculated	comparing	early	and	delayed	activities	(see	

Figure	3).	It	reflects	NE	retention	by	sympathetic	neurons.	

	

(A)	Calculation	of	meta-iodobenzylguanidine	(mIBG)	heart-to-mediastinum	ratio	(HMR)	and	wash-out	rate	on	an	anterior	view	

of	the	thorax.	Regions	of	interest	(ROI)	are	drawn	overt	the	heart	and	mediastinum.	(B)	Normal	cardiac	mIBG	activity	in	a	patient	

with	HMR:	1,80.	(C)	Severely	decreased	cardiac	mIBG	activity	in	a	patient	with	HMR:	1,10.	

Figure	3.	Quantification	of	cardiac	123I-MIBG	activity	(30)	

We	can	also	evaluate	the	extent	and	severity	of	the	affection	with	a	polar	map	of	the	

myocardium	where	the	apex	is	represented	in	the	centre	and	the	base	in	the	periphery	

(see	Figure	4).	This	polar	map	is	usually	divided	in	17	segments	(see	Figure	5)	(31).	

	

	

(probably earlier and more severely than cardiac myo-
cytes), which may take a long time to regenerate and
that episodes of ischemia result in decreased 123I-
mIBG uptake. Sympathetic nerve trunks course along
the same path as the coronary arteries, with the
potential of a neuronal defect being present distal to
the site of myocardial injury. Immunohistochemistry
has demonstrated good correspondence between 123I-
mIBG imaging and the presence or absence of sym-
pathetic cardiac nerves (25). Reinnervation may be
incomplete as late as 3 months after acute myocardial
infarction, but by 12 months after a first infarction, an
increase in activity in the peri-infarcted region without
a change in perfusion has been observed (26).

Concordance between the extent of 123I-mIBG
defect at rest and perfusion defect at exercise has been
shown in patients with coronary artery disease. This
concordance suggests that resting imaging with 123I-
mIBG combined with resting myocardial perfusion
imaging (MPI) may be useful as a marker of reversible
ischemia in patients unable to exercise and with
contraindications to pharmacological stress (27). An-
other potential role of mIBG imaging at rest is the
detection of transient ischemia, which has been shown
with metabolic tracers of both fatty acid and glucose

analogs, termed “ischemic memory,” that may result in
regional decrease in mIBG uptake (28–32). This
property of resting 123I-mIBG imaging also has prom-
ise in the evaluation of the area at risk in the subacute
phase of acute coronary syndromes by revealing more
extensive defects than MPI.

Imaging With 123I-mIBG for
Risk Stratification and Prognosis

Impaired cardiac adrenergic innervation as assessed by
123I-mIBG imaging is strongly related to mortality in
patients with HF independently of its cause. The
prognostic value of 123I-mIBG scintigraphy compared
with other noninvasive cardiac imaging indices was
initially studied in patients with either ischemic or
idiopathic cardiomyopathy (33,34). Among all clinical
and imaging variables, only the late HMR and left
ventricular ejection fraction (LVEF) were indepen-
dent predictors of mortality, with late HMR being the
best predictor of event-free survival. In these studies, a
late HMR of !1.2 was used to identify reduced
123I-mIBG uptake. Using this same threshold, it has
been shown that reduced late HMR is correlated with
other predictors of prognosis such as LVEF, cardiac

Figure 1. Quantification of Cardiac mIBG Activity

(A) Calculation of meta-iodobenzylguanidine (mIBG) heart-to-mediastinum ratio (HMR) and wash-out rate on an anterior view of the
thorax. Regions of interest (ROI) are drawn over the heart and mediastinum. (B) Normal cardiac mIBG activity in a patient with HMR: 1.80.
(C) Severely decreased cardiac mIBG activity in a patient with HMR: 1.10.
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The	extent	map	displays	in	black	the	pixels	with	counts	-2	standard	deviations	or	less	compared	with	the	normal	file.	The	severity	

map	displays	the	defect	severity,	after	dividing	the	total	count	difference	between	the	black	pixels	and	the	normal	region	by	the	

total	number	of	pixels.	The	wash-out	rate	can	be	estimated	for	each	segment	as	well	as	for	the	whole	ventricle.	Ant	=	anterior;	

Inf	 =	 inferior;	 Lat	 =	 lateral;	mIBG	 =	meta-iodobenzylguanidine;	 Sep	 =	 septal;	 SPECT	 =	 single-photon	 emission	 computed	

tomography.	

Figure	4.	Polar	map	display	of	the	regional	
123

I-MIBG	distribution	from	a	SPECT	study	(30)	

	

Figure	5.	Segments	of	the	LV	in	a	polar	map	(31)	

The	H/M	(mainly	delayed	images)	is	an	independent	prognosis	factor	for	patients	with	

heart	failure,	with	a	cut-off	value	of	1,80	(lower	levels	has	worse	prognosis)	(30,32).	One	

study	found	that	patients	with	a	WR	³27%	has	also	worse	prognosis.	

	

	

index, pulmonary wedge pressure, and peak oxygen
consumption, with late HMR !1.2 and peak oxygen
uptake also predictive of death or cardiac transplanta-
tion over follow-up (35).

In other large cohorts of patients (36,37) with HF
studied with 123I-mIBG, a reduced late HMR has
been the most powerful predictor of cardiac mortality.
A late HMR !1.74, age !60 years, a history of
myocardial infarction, and New York Heart Associa-
tion (NYHA) functional class III or IV strongly
indicated poor clinical outcomes (36). However, 123I-
mIBG imaging was the most powerful independent
long-term prognostic indicator for ischemic or idio-
pathic cardiomyopathy patients. Late HMR was the
most powerful independent predictor of cardiac mor-
tality in both groups of patients, superior to the early
HMR and the WO rate, with an identical threshold
for both groups for identifying patients at risk of
cardiac death when LVEF was "50% (37).

The incremental prognostic implications of cardiac
123I-mIBG imaging have been assessed as well.
Plasma brain natriuretic peptide (BNP) level signifi-
cantly, but roughly, correlated with cardiac sympa-
thetic nerve imaging results in a series of patients with
HF (38). Univariate analysis identified BNP level,
HMR, chronic renal dysfunction, diabetes mellitus,
age, and use of nitrates as significant predictors of fatal
pump failure. Using a plasma BNP threshold of 172
pg/ml and a late HMR threshold of 1.74 together, the
hazard ratio was 34.4. Prevalence of fatal pump failure

significantly increased from 22% to 62.5% when
diabetes mellitus and chronic renal dysfunction were
present with a higher BNP level and low cardiac
123I-mIBG activity.

The largest body of prognostic results is based on
the late HMR from planar 123I-mIBG imaging
(Fig. 3). Further confirmation of the strong prognostic
value of this parameter was presented in the results of a
recent retrospective multicenter European study
(39), which included blind review and prospective
quantitative reanalysis of the late HMR of 290
patients with ischemic and nonischemic HF
(NYHA functional class II to IV, 262 patients with
LVEF "50%) with follow-up data for 2 years. A
standardized method for drawing heart and medi-
astinum region of interests on planar chest images
was evaluated by 3 independent blinded readers.
The analysis technique was robust, with 95% to
98% agreement among the readers regarding the
HMR results obtained. The mean HMR was sig-
nificantly different between patients with and with-
out events (1.51 vs. 1.97). Based on receiver oper-
ating characteristic curve analysis, a threshold value
for HMR of 1.75 yielded a sensitivity of 84% with
a specificity of 60% to predict events (2-year event-
free survival 62% for late HMR "1.75 vs. 95% for
late HMR "1.75). Logistic regression showed late
HMR and LVEF as the only significant predictors
of major cardiac events (Fig. 4).

Figure 2. Polar Map Display of the Regional mIBG Distribution From a SPECT Study

The extent map displays in black the pixels with counts #2 standard deviations or less compared with the normal file. The severity map
displays the defect severity, after dividing the total count difference between the black pixels and the normal region by the total num-
ber of pixels. The wash-out rate can be estimated for each segment as well as for the whole ventricle. Ant $ anterior; Inf $ inferior;
Lat $ lateral; mIBG $ meta-iodobenzylguanidine; Sep $ septal; SPECT $ single-photon emission computed tomography.
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Using this system, segments 1 and 7 identify the locations
of the anterior wall at the base and mid-cavity. The appro-
priate names are basal anterior and mid-anterior segments.
The septum, delineated by the attachment of the right ventri-
cle, is divided into anterior and inferior segments. Segments
2 and 3 are named basal anteroseptal and basal inferoseptal.
Continuing this approach, segment 4 is the basal inferior,

segment 5 is the basal inferolateral, and segment 6 is the
basal anterolateral. Similar names are used for the 6 seg-
ments, 7 to 12, at the mid-cavity level. The left ventricle
tapers as it approaches the true apex, and it was believed
appropriate to use just 4 segments. The names for segments
13 to 16 are apical anterior, apical septal, apical inferior, and
apical lateral. The apical cap represents the true muscle at the
extreme tip of the ventricle where there is no longer cavity
present, and this is defined as segment 17, called the apex.
Although in echocardiography the term posterior is some-

times used, for consistency, the term inferior is recommended.6

Recommendation
The names for the myocardial segments should define the
location relative to the long axis of the heart and the
circumferential location.

Assignment of Segments to Coronary
Arterial Territories

Although there is tremendous variability in the coronary
artery blood supply to myocardial segments, it was believed
to be appropriate to assign individual segments to specific
coronary artery territories.11 The assignment of the 17 seg-
ments to one of the 3 major coronary arteries is shown in
Figure 5. The greatest variability in myocardial blood supply
occurs at the apical cap, segment 17, which can be supplied
by any of the 3 arteries. Segments 1, 2, 7, 8, 13, 14, and 17

are assigned to the left anterior descending coronary artery
distribution. Segments 3, 4, 9, 10, and 15 are assigned to the
right coronary artery when it is dominant. Segments 5, 6, 11,
12, and 16 generally are assigned to the left circumflex artery.

Recommendation
Individual myocardial segments can be assigned to the 3
major coronary arteries with the recognition that there is
anatomic variability.
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Figure 4. Display, on a circumferential polar plot, of the 17
myocardial segments and the recommended nomenclature for
tomographic imaging of the heart. Modified from reference 5.

Figure 5. Assignment of the 17 myocardial segments to the ter-
ritories of the left anterior descending (LAD), right coronary
artery (RCA), and the left circumflex coronary artery (LCX). Mod-
ified from reference 5.
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There	are	some	pathologies	that	can	interfere	with	the	SPECT	results:	

- Diabetes	 mellitus,	 arrhythmias	 and	 dilated	 cardiomyopathy	 can	 have	 basal	

innervation	impairment.	

- AMI	 can	 reduce	 perfusion	 and	 consequently	 there	 will	 arrive	 less	 tracer	 to	 the	

myocardium.	

The	presence	of	any	of	these	diseases	prevents	conclusive	results	of	123I-MIBG	SPECT,	so	

it	 is	 useful	 to	 do	 a	 gated	 –	 SPECT	 (G-SPECT)	 with	 99mTecnecium-sestamibi	 (99mTc-

sestamibi)	to	evaluate	cardiac	perfusion.	

Sestini	et	al	performed	SPECT	with	123I-MIBG	in	patients	with	TTS	and	followed	them	for	

2	years.	They	found	some	differences	in	patients	that	were	recovered	and	those	that	

were	not	recovered	in	123I-MIBG	perfusion	(Table	6).	

- In	the	acute	phase,	they	found	that	patients	that	were	not	recovered	after	1-2	years	

had	 greater	 impairment	 of	 cardiac	 perfusion,	 wall	 motion,	 sympathetic	 nerve	

impairment	(see	Figure	5)	and	WR.	They	also	saw	that	these	patients	had	lower	LVEF.	

- Not	 recovering	 patients	 were	 older,	 had	 a	 higher	 peak	 of	 Tn-I	 and	 present	 ST	

elevation	in	the	EKG.	

- After	 1	 month	 and	 1-2	 years	 not	 recovering	 patients	 continued	 having	 more	

affection	of	sympathetic	nerve	activity	compared	with	recovering	patients,	which	

had	normal	123I-MIBG	uptake	after	1-2	years.	

So,	they	conclude	that	adrenergic	dysfunction	is	related	with	the	initial	impairment	level	

and	age	at	onset.	
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Table	5.	Differences	between	recovered	and	not	recovered	patients	(33)	

	 Not	recovering	patients	 Recovering	patients	

Cardiac	 perfusion,	 wall	 motion,	

sympathetic	nervous	system	(SNS)	

functionality	and	WR	

Lower	 Higher	

LVEF	by	SPECT	 Lower	 Higher	

Clinic	characteristics	 Older,	higher	pick	of	Tn-I	and	more	

prevalence	of	ST	elevation	

	

Topographic	 distribution	 of	

myocardial	perfusion	

More	 segments	 affected	 and	 all	

patients	had	apex	affected	

Less	 segments	 affected	 and	 only	

54,5%	of	 the	patents	had	the	apex	

affected	

LV	functionality	 More	segments	affected	 Less	segments	affected	

SNS	alterations	(T0)	 ¯123
I-MIBG	uptake	in	all	patients	in	

early	 and	 late	 images	 and	 more	

segments	affected	

¯123
I-MIBG	uptake	in	all	of	them	in	

late	images	but	only	10/11	in	early	

images.	Less	segments	affected	

SNS	alterations	(T1)	 ¯123
I-MIBG	uptake	in	all	patients	in	

early	 and	 late	 images	 and	 more	

segments	affected	

¯123
I-MIBG	in	7/11	patients	in	early	

images	 and	 9/11	 patients	 in	 late	

images.	Less	segments	affected	

SNS	alterations	(T2	and	T3)	 - T2:	 mild/moderate	

affection	of	apex.	

- T3:	mild	affection	of	apex.	

Normal	in	all	patients	

*T0	=	acute	phase,	T1	=	1	month,	T2	=	1	year,	T3	=	2	years.	
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Figure	6.	Polar	map	of	not	recovering	patients	(33)	

	

	

	

	

	

	

	

	

	

	

	

seriously (11, 19%), and completely impaired (1, 1%). An
apical involvement was observed in seven patients, and
middle-cavity in one. The μDSmibg-e showed a moderate up
to mild sympathetic impairment in apical segments (Fig. 2).
Whenwe examined the topographical distribution of late sym-
pathetic nerve impairment in the Bnot recovering^ patients,
112 positive segments out of 187 were detected and classified
as a mildly (26, 23%), moderately (30, 27%), seriously (29,
26%), and completely impaired (27, 24%). The distribution of
TDSmIBG-l showed an involvement of apex in all patients,
middle cavity in 10 (91%), and basal territory in four
(36%).The μDSmibg-e showed a severe up to mild sympathetic
nerve impairment from apical to middle segments (Fig. 2). In
contrast, in the group of Brecovering^ patients, only 54 seg-
ments with reduced late sympathetic nerve functionality were
observed and classified as mildly (34, 63%), moderately (8,
15%), severely (10, 18.5%), and completely impaired (2,
3.5%.). The distribution of TDSmIBG-l showed an involvement
of apex in nine patients and middle cavity in three (%). The
μDSmibg-e showed a moderate up to mild sympathetic nerve
impairment in apical segments (Fig. 2). The values for

H/Mearly, H/Mlate , and WR at T1 in the Brecovering^ and Bnot
recovering^ patients are reported in Table 3.

At T2 and T3, the μDSmibg-e and μDSmibg-l for the
Brecovering patients^ were found to be normal. In contrast,
the μDSmibg-e at T2 for the Bnot recovering^ patients showed a
moderate up to mild sympathetic impairment in apical seg-
ments, while the μDSmibg-l showed a moderate/severe apical
impairment and a mild impairment in some middle segments.
At T3, the μDSmibg-e for the Bnot recovering^ patients showed
a mild apical impairment, while the μDSmibg-l showed a mod-
erate apical impairment and a mild impairment in some mid-
dle segments (Fig. 2). The values for H/Mearly, H/Mlate , and
WR at T2 and T3 in the Brecovering^ and Bnot recovering^
patients are reported in Table 3.

Comparisons Bwithin^ imaging parameters

The p-values for each comparison within imaging parameters
at T0 - T3 are listed in Table 4A. At T0, the extent and severity
of perfusion abnormalities were smaller than those of wall
motion and sympathetic nerve abnormalities, while no

Fig. 3 Polar maps for EXTmIBG-e
(a), EXTmIBG-l (b), EXTmotion (c),
EXTthickness (d), EXTperfusion (e) of
patient 14 are displayed in each
examined conditions for
comparative purposes. At onset (T0
condition), EXTmIBG-e, EXTmIBG-l,
EXTmotion, EXTthickness,
EXTperfusion were 45%, 53%, 41%,
35%, and 14%, respectively. One
month later (T1 condition),
EXTmIBG-e and EXTmIBG-l were
31% and 38%, respectively, while
a complete normalization of LV
functionality and perfusion were
observed. At 1-year follow-up (T2
condition), EXTmIBG-e and
EXTmIBG-l were 15% and 23%,
respectively, and a persistent
normal LV functionality and
perfusion were present. A 2-year
follow-up (T3 condition),
EXTmIBG-e and EXTmIBG-l were
11% and 17%, respectively, and
LV functionality and perfusion
continued to be normal

Eur J Nucl Med Mol Imaging
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1.2	JUSTIFICATION	

TTS	have	always	been	thought	to	be	a	benign	disease,	but	recent	studies	have	shown	

that	its	complications	are	similar	to	patients	who	suffer	ACS.	

We	 have	 seen	 in	 the	 most	 recent	 literature	 that	 there	 is	 a	 relationship	 between	

catecholamine,	TTS	and	impairment	of	the	sympathetic	nervous	system.	It	is	therefore	

useful	to	perform	a	SPECT	with	123I-MIBG	to	assess	the	degree	and	distribution	of	the	

impairment	of	sympathetic	nervous	system	in	the	acute	phase	of	TTS.	

In	a	recent	study	done	with	SPECT	and	123I-MIBG,	there	were	differences	in	the	degree	

of	the	impairment	between	patients	who	normalized	their	123I-MIBG	uptake	and	those	

who	did	not.	But	there	is	a	lack	of	evidence	if	this	innervation	alteration	related	with	

recovery	has	consequences	in	clinic	prognosis.	

The	aim	of	this	study	is	to	perform	a	SPECT	with	123I-MIBG	in	all	the	patients	with	TTS	in	

the	acute	phase	and	do	a	prospectively	record	of	all	complications	to	conclude	if	there’s	

a	relationship	between	the	initial	distribution	of	123I-MIBG	and	prognosis.	

The	importance	of	doing	this	study	is	to	find	a	high-risk	pattern	in	patients	that	are	more	

likely	to	have	complications.	This	will	allow	us	to	recommend	a	different	follow-up	in	

high-risk	patients	as	compared	with	those	with	a	low-risk	pattern.	
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2.	HYPOTHESES	

2.1	MAIN	HYPOTHESIS	

Patients	with	 Takotsubo	 syndrome	who	have	 Total	Defect	 Score	 >8	 in	 the	 123I-MIBG	

SPECT	have	 a	higher	 risk	of	worse	evolution	 in	 3	 years	 (more	major	 adverse	 cardiac	

events)	in	comparison	with	the	patients	who	have	Total	Defect	Score	£8.	

2.2	SECONDARY	HYPOTHESIS	

- The	 incidence	 of	 each	 complication	 included	 in	major	 adverse	 cardiac	 events	 is	

different	between	groups:	Total	Defect	Score	(TDS)	>8	or	£8.	

- The	incidence	of	MACE	is	higher	in	patients	with	more	severe	impairment.	

3.	OBJECTIVES	

3.1	MAIN	OBJECTIVES	

The	main	objective	is	to	find	the	relationship	between	the	123I-MIBG	pattern	in	the	acute	

phase	 with	 prognosis	 (MACE),	 that	 include	 mortality	 of	 any	 cause,	 mortality	 of	

cardiovascular	cause,	acute	myocardial	infarction,	new	Takotsubo	(recurrence)	and	re-

admission.		

- We	will	evaluate	MACE	at	30	days,	1	year	and	3	years	after	the	acute	phase.	

- One	group	will	be	patients	with	TDS	>8	in	the	SPECT	with	123I-MIBG,	that	includes	

those	patients	with	moderate	and	severe	affection,	and	the	other	group	patients	

with	TDS	£8,	that	includes	patients	with	normal	or	mild	affection.	

3.2	SECONDARY	OBJECTIVES	

We	are	going	to	study	two	secondary	objectives	that	will	be:	

- To	analyse	if	there	are	differences	of	each	of	the	complications	included	in	MACE	

between	groups	defined	by	TDS:	TDS	>8	or	£8.	

- To	 analyse	 the	 severity	 of	 sympathetic	 cardiac	 nervous	 system	 impairment	

associated	to	MACE.	
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4.	METHODS	

4.1	STUDY	DESIGN	

This	study	 is	a	prospective	cohort,	multi-centric	study,	with	a	consecutive	method	of	

sampling	of	patients	attending	the	Coronary	Unit	with	Takotsubo	syndrome	that	meet	

inclusion	criteria,	with	the	purpose	of	comparing	the	prognosis	between	patients	who	

have	TDS	>8	in	the	123I-MIBG	SPECT	and	patients	with	TDS	£8.	

Data	will	be	collected	in	the	Cardiology	Department	of	different	hospitals	from	Catalonia.	

4.2	STUDY	POPULATION	

The	study	population	will	include	patients	with	TTS	from	Catalonia.	All	patients	in	this	

study	will	be	newly-diagnosed	for	TTS.	

- Inclusion	criteria	

o Patients	with	Takotsubo	syndrome	diagnosed	by	Mayo	Clinic	criteria	(11)	(see	

Annex	1)	in	the	Coronary	Unit.	

- Exclusion	criteria	

o Pregnant	woman.	

o Background	of	AMI,	dilated	cardiomyopathy,	arrhythmias,	diabetes	mellitus	

or	severe	heart	failure	because	they	interfere	in	123I-MIBG	SPECT	results	.	

o Refuse	of	informed	consent.	

o Patients	 with	 terminal	 disease	 or	 another	 disease	 that	 could	 interfere	 in	

prognosis	of	patients	with	heart	disease.	

o Patients	that	live	in	places	with	difficulties	for	follow-up.	
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4.3	SAMPLE	

4.3.1	SAMPLING	METHOD	

A	non-probabilistic	consecutive	sampling	method	will	be	performed	for	2	years	and	6	

months.	

The	 patients	will	 be	 recruited	 at	 the	 Coronary	Unit	 of	 Cardiology	 Department	 of	 11	

hospitals.	 Patients	will	 be	 informed	 about	 the	 study	 after	 the	 acute	 treatment.	 The	

information	document	(see	Annex	2)	and	the	informed	consent	(see	Annex	3)	of	the	

study	will	be	given	to	all	participants.	They	will	only	be	included	in	the	study	if	they	sign	

and	agree	with	the	conditions	of	the	research.	

4.3.2	SAMPLE	SIZE	

Templin	et	al,	found	an	incidence	of	MACE	at	1	year	of	follow-up	of	9,9%	and	they	took	

into	account	recurrence	of	TTS,	AMI,	stroke	or	transient	ischemic	attack	and	death	of	

any	cause.	We	are	not	going	to	register	cerebrovascular	accidents	but	we	will	register	

re-admissions,	 so	 we	 have	 estimated	 the	 same	 percentage	 of	 complications	 in	 our	

population	 (25).	 We	 are	 going	 to	 follow-up	 our	 patients	 for	 3	 years,	 so	 our	 total	

percentage	of	complications	will	be	29,7%.	We	consider	a	significant	difference	between	

groups	a	reduction	of	30%	of	complications	in	Group	2	(TDS	£8)	compared	to	Group	1	

(TDS	>8).	

To	calculate	the	needed	sample,	we	used	free	online	software	called	GRANMO	®.	

Accepting	an	alpha	risk	of	0.05	and	a	beta	risk	of	0.2	in	a	two-sided	test,	391	subjects	

are	necessary	 in	 first	group	and	391	 in	the	second	to	find	as	statistically	significant	a	

proportion	difference	of	MACE,	expected	to	be	of	0.297	in	patients	with	moderate	and	

severe	affection	of	SPECT	pattern	and	0.208	in	patients	with	normal	or	mild	affection	of	

SPECT	pattern.	A	drop-out	rate	of	5%	has	been	estimated.	The	ARCSINUS	approximation	

has	been	used.	So,	the	total	number	of	participants	needed	for	the	study	is	782.	

As	 there	 is	 no	 evidence	 about	 the	 incidence	 of	 MACE	 in	 each	 group	 and	 it	 is	 an	

approximation,	we	will	review	after	6	months	of	sample	recruitment	if	 it	differs	from	

our	estimations	and	we	will	modify	our	sample	size.	We	also	have	to	take	into	account	
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that	maybe	not	all	the	patients	will	accept	participating	in	our	study,	in	case	it	happens	

we	will	increase	the	time	of	subjects’	recruitment.	

We	know	that	in	Catalonia	there	is	an	incidence	of	16.707	ACS/year	and	knowing	that	

TTS	 is	approximately	2%	of	all	ACS	we	estimate	an	 incidence	of	334	TTS/year.	Eleven	

hospitals	with	coronary	unit	from	Catalonia	will	participate	in	our	study:	Hospital	Arnau	

i	Vilanova,	 Lleida;	Hospital	Verge	de	 la	Cinta,	Tarragona;	Hospital	Universitari	Doctor	

Josep	 Trueta,	 Girona;	 Hospital	 Germans	 Tries	 i	 Pujol,	 Badalona;	 Hospital	 del	 Mar,	

Barcelona;	 Hospital	 de	 la	 Santa	 Creu	 i	 Sant	 Pau,	 Barcelona;	 Hospitall	 Vall	 d’Hebron,	

Barcelona;	 Hospital	 clínic,	 Barcelona;	 Hospital	 de	 Sant	 Joan	 Despí	 Moisès	 Broggi,	

Barcelona;	Hospital	de	Manresa,	Manresa;	Hospital	Universitari	General	de	Catalunya,	

Barcelona.	

We	will	need	2	years	and	4	months	to	complete	the	inclusion	of	our	sample	of	subjects,	

but	we	have	planned	 to	do	 it	 for	2	years	and	6	months	 taking	 into	account	 that	not	

everyone	will	be	enrolled	in	the	study.	
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4.4	MEASUREMENTS:	VARIABLES	

4.4.1	MAIN	VARIABLES	

- Independent	variable:	123I-MIBG	pattern	at	diagnosis.	

We	will	have	2	groups	of	patients	depending	on	the	TDS	score:	GROUP	1	patients	

with	TDS	>8	(moderate	or	severe)	and	GROUP	2	patients	with	TDS	£8	(normal	or	

mild)	(see	4.5.1).	

- Dependent	variable:	MACE.	

Our	dependent	variable	 is	the	prognosis	at	30	days,	1	year	and	3	years	after	the	

diagnosis.	We	will	define	MACE	as	the	occurrence	of	any	of	the	following	during	the	

patients’	follow-up:	any	death,	death	from	cardiovascular	cause,	AMI,	recurrence	

(new	Takotsubo)	and	re-admission.	Thus,	this	will	be	a	combined	variable.	We	will	

also	analyse	separately	each	of	the	complications	between	the	two	groups	in	order	

to	see	the	differences	between	them.	

The	follow-up	data	will	be	obtained	from	the	hospitals,	once	patients	have	signed	

the	informed	consent	of	the	study.	In	the	informed	consent,	there	is	an	explanation	

of	 the	 confidentiality	 and	 anonymity	of	 patient	 information.	 Patients	will	 get	 an	

appointment	 to	 be	 re-assessed	 after	 30	 days	 and	 an	 echocardiography	 will	 be	

performed	and	our	clinical	features	(MACE)	will	be	evaluated.	Another	appointment	

will	be	made	after	1	year	to	perform	a	new	CRMI,	an	echocardiography	and	register	

all	incident	complications.	After	3	years	an	echocardiography	will	be	performed	and	

all	incident	complications	will	be	registred.	

4.4.2	SECONDARY	VARIABLES	

- Confounding	variables:	there	are	other	variables	that	could	affect	our	dependent	

and	 independent	 variables,	 but	 they	 are	 not	 the	 object	 of	 our	 study.	 As	 these	

variables	could	act	as	confounders	we	will	have	to	control	them	in	order	to	increase	

the	 internal	 and	 external	 validity	 of	 our	 study.	 This	 confounding	 effect	 of	 these	

variables	can	be	minimized	later	with	a	multivariate	analysis.	

o Age:	years.	

o Sex:	Male	or	Female.	
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o LVEF:	we	will	consider	preserved	>52%,	moderate	35	–	52%	and	severe	<35%.	

Severe	decrease	in	the	ejection	fraction	on	admission	is	related	with	worse	

prognosis.	

o Physical	trigger:	endocrine	diseases,	haematology	diseases,	sepsis	(see	Table	

1).	

o Neurological	or	psychiatric	disease.	

o High	troponin	levels:	it	is	defined	as	>2SD	based	on	local	references	values.	

o High	 levels	 of	 N-terminal	 pro-brain	 natriuretic	 peptide(NT-proBNP):	 it	 is	

defined	as	>2SD	based	on	local	references	values.	

o Increased	 risk	 for	 cardiovascular	disease:	we	will	 define	 it	using	 the	online	

calculator	REGICOR,	that	defines	high	risk	when	it	is	10	–	14.9%	at	10	years	

(34).	 It	 takes	 into	 account	 tobacco,	 diabetes	 mellitus,	 cholesterol,	 blood	

pressure,	age	and	sex.	

- Others:	

o Mortality	from	cardiovascular	cause:	defined	as	all	deaths	produced	by	AMI,	

sudden	death	or	cardiac	failure.	

o Mortality	from	any	cause.	

o AMI:	defined	as	compatible	clinical	+	ECG	changes	+	elevation	of	biomarkers	

of	myocardial	necrosis	(creatinine	kinase	(CK)	and	Tn).	

o New	Takotsubo	(recurrence).	

o Re-	admission.	

o Severity	of	sympathetic	cardiac	nervous	system	impairment:	we	will	use	a	5-

point	system	to	evaluate	the	severity	of	the	affection	and	we	will	calculate	the	

percentage	of	segments	in	each	category:	

§ 0	=	normal.	

§ 1	=	mildly	reduced	123I-MIBG	uptake.	

§ 2	=	moderately	reduced	123I-MIBG	uptake.	

§ 3	=	severely	reduced	123I-MIBG	uptake.	

§ 4	=	absence	of	123I-MIBG	uptake.	

	

	

	



	

29	

4.5	DATA	COLLECTION	

4.5.1	FIRST	EVALUATION	

For	the	diagnosis	of	TTS,	we	will	use	Mayo	Clinic	criteria	(see	Annex	1).	

We	will	 perform	 an	 echocardiography	 in	 the	 acute	 phase	 to	 assess	 the	wall	motion	

abnormalities	and	LVEF	(calculated	by	Simpson’s	method),	a	coronary	catheterization	

and	ventriculography,	a	12-derivations	EKG,	blood	analysis	 (haemogram,	 cholesterol,	

HbA1c,	CK,	CK-MB,	Tn-I,	NT-proBNP)	and	a	CMRI	with	gadolinium	(cine	sequences,	short	

time	inversion	recovery	sequences,	first	step	perfusion	and	delayed	enhancement)	(see	

Annex	5).	

Before	performing	the	SPECT	with	123I-MIBG,	we	will	carry	out	a	G-SPECT	with	99mTc-

sestamibi	to	evaluate	cardiac	perfusion.	It	has	to	be	done	1	or	2	days	before	the	SPECT	

with	123I-MIBG.	We	will	also	ask	the	patients	about	medication	to	see	if	they	take	any	of	

the	drugs	that	can	interfere	in	123I-MIBG	SPECT	results	and	stop	them	48	hours	before	

doing	it	(35)	(see	Annex	10).	

We	will	perform	the	SPECT	with	 123I-MIBG	after	 the	patient	has	 signed	 the	 informed	

consent	(see	Annex	4)	within	the	first	3	days.	Those	hospitals	that	do	not	have	SPECT	

will	refer	their	patients	to	the	nearest	hospital	with	SPECT.	

As	Sestini	et	al	did	 in	their	study,	we	will	give	130	mg	of	potassium	iodine	1h	before	

tracer	 injection	 to	 block	 thyroid	 iodine	 uptake.	 Then	 200	MBq	 of	 123I-MIBG	 will	 be	

injected	 intravenously,	 and	 planar	 anteroposterior	 images	 and	 SPECT	 tomographic	

acquisition	 of	 the	 chest	 will	 be	 obtained	 15	 (early)	 and	 220	 (late)	 min	 after	 tracer	

injection.	Images	will	be	interpreted	by	one	experienced	observer	in	each	centre.	

We	will	quantify	123I-MIBG	uptake	using	the	early	and	late	H/M	and	we	will	consider	it	

to	be	normal	when	it	is	>2.02	±	0.2	and	2.10	±	0.24,	respectively.	We	will	also	quantify	

WR	and	we	will	consider	it	to	be	normal	when	it	is	<10%.	

We	will	present	SPECT	images	in	a	polar	map	with	17	segments	and	we	will	calculate	

123I-MIBG	uptake	defects	as	a	percentage	of	the	whole	ventricle.	
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After	 that,	each	 segment	will	be	 scored	with	a	5-point	 system	 (0=	normal;	1=	mildly	

reduced;	2=	moderately	reduced;	3=	severely	reduced;	4=	absence	of	uptake).		

We	 will	 calculate	 the	 TDS	 for	 each	 patient	 which	 reflects	 the	 number	 of	 segments	

affected:	

- TDS	<4	à	normal.	

- TDS	4	–	8	à	mildly	abnormal.	

- TDS	9	–	13	à	moderately	abnormal.	

- TDS	>13	à	severely	abnormal.	

We	will	establish	 two	groups:	Group	1,	 that	 includes	 the	patients	with	a	TDS	>8	and	

Group	2,	that	includes	the	patients	with	TDS	£8.	TDS	will	be	calculated	for	late	images.	

We	will	also	calculate	the	severity	of	the	impairment	of	sympathetic	activity	calculating	

the	percentage	of	segments	present	in	each	category	of	the	5-point	system.	For	further	

clarification	see	Annex	11.	

Once	 the	 patient	 is	 stabilized,	we	will	 perform	 an	 exhaustive	 interview	 and	 physical	

examination.	We	will	ask	about	the	trigger,	to	find	out	if	there	was	an	emotional	trigger	

or	a	physical	trigger.	We	will	also	ask	about	cardiovascular	risk	factors	to	estimate	the	

risk	using	the	REGICOR	calculator:	tobacco,	diabetes	mellitus,	hypercholesterolemia	and	

blood	pressure.	

Before	leaving	the	hospital,	we	will	program	a	first	appointment	30	days	later.	

4.5.2	TREATMENT	

We	 will	 treat	 all	 the	 patients	 in	 the	 acute	 phase	 following	 current	 Clinical	 Practice	

Guidelines.	When	they	are	stabilized	we	will	give	them	100	mg/day	of	acetylsalicylic	acid	

and	ACEI	provided	that	they	are	well	tolerated.	
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4.5.3	FOLLOW-UP	

We	will	 evaluate	MACE	at	30	days,	1	year	and	3	years	 in	order	 to	 study	 if	 there	are	

differences	in	the	outcomes	between	the	different	123I-MIBG	patterns	assessed	in	the	

acute	phase.	

After	30	days	of	the	event	we	will	perform	an	echocardiography	to	evaluate	LVEF	and	

wall	motion	abnormalities	and	we	will	register	MACE	(see	Annex	6).	

After	1	year	of	the	event,	we	will	perform	the	common	follow-up	of	a	patient	with	TTS	

with	a	CRMI	and	an	echocardiography	and	we	will	register	again	MACE	(see	Annex	7).	

After	3	years,	we	will	perform	an	echocardiography	and	the	register	of	MACE	for	the	last	

time	(see	Annex	8).	
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4.6	STATISTICAL	ANALYSES	

The	data	will	be	analysed	using	IBM	SPSS	®	for	Windows	®.	P	value	will	be	considered	

statistically	significant	when	<0,05.	

4.6.1	UNIVARIATE	ANALYSIS	

The	 main	 variables	 of	 our	 study	 are	 both	 qualitative	 and	 categorical.	 Regarding	

secondary	variables,	some	are	qualitative	and	other	quantitative.		

- For	qualitative	categorical	variables,	results	will	be	expressed	as	percentages	and	

proportions.		

- For	 quantitative	 variables,	 we	will	 describe	 them	 as	mean	±	 standard	 deviation	

(those	with	normal	distribution)	and	with	median	and	interquartile	range	(25-75)	

(those	without	normal	distribution).	

4.6.2	BIVARIATE	ANALYSIS	

Percentages	for	categorical	variables	will	be	shown	in	a	contingency	table	and	chi	square	

test	(x2)	will	be	used	to	compare	prognosis	of	patients	after	3	years	in	both	group,	the	

group	with	moderate	and	severe	impairment	in	the	SPECT	and	the	group	with	normal	

or	mild	impairment	in	the	SPECT	in	the	acute	phase.	It	will	be	also	calculated	at	30	days	

and	1	year,	but	we	will	not	have	conclusive	results	because	sample	size	has	not	been	

calculated	for	the	incidence	of	complications	at	that	moment.	

For	the	secondary	objectives,	we	will	also	use	contingency	table	and	chi	square	test	(x2)	

as	all	the	variables	are	qualitative	variables.	

The	relative	risk	will	be	estimated	for	both	groups	defined	by	TDS:	TDS	>8	and	TDS	£8.	

To	analyse	the	patients’	characteristics	of	the	two	groups	(quantitative	covariates),	t-

student	test	(normal	distribution)	or	Mann-Whitney	(without	normal	distribution)	will	

be	 used.	 To	 compare	 variables	 with	 ³3	 categories,	 ANOVA	 (normal	 distribution)	 or	

Kruskal-Wallis	test	(without	normal	distribution)	will	be	performed	to	test	differences.		
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4.6.3	MULTIVARIATE	ANALYSIS	

A	COX	model	will	be	used	to	analyse	the	association	between	the	exposure	variable	and	

the	outcome	variable.	These	variables	are	patients	undergoing	TTS	with	 sympathetic	

activity	 impairment	 in	 the	 SPECT	 with	 123I-MIBG	 performed	 in	 the	 acute	 phase	 and	

incidence	of	MACE	at	3	years	after	the	acute	phase.	The	logistic	model	analysis	will	be	

adjusted	 for	 statistically	 significant	 covariates	 in	 order	 to	 adjust	 for	 potential	

confounding	variables.	
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5.	WORK	PLAN	AND	CRONOGRAM	

The	research	team	will	include	different	specialists,	who	have	long	experience,	not	only	

in	the	research,	but	also	in	the	use	and	interpretation	of	the	diagnostic	techniques	that	

will	be	used	in	our	study.	There	will	be	specialists	from	the	Cardiology	Unit,	Radiology	

Unit	and	Nuclear	Medicine	Unit	from	every	hospital.	A	statistician	and	a	data	manager	

will	be	hired	for	statistical	analysis	and	data	collection,	respectively.	The	whole	project	

will	last	for	6	years	and	9	months.	

5.1	TASK	1:	PROTOCOL	DEVELOPMENT	(4	MONTHS)	

The	protocol	of	the	study	will	be	completed	with	the	collaboration	of	all	the	research	

team.	Before	carrying	it	out,	approval	by	the	ethical	committee	(CEIC)	will	be	needed.	

5.2	TASK	2:	INITIAL	COORDINATION	(1	MONTH)	

We	will	meet	with	all	the	participants	of	the	study.	In	that	meeting	we	will	define	the	

role	of	each	participant	and	create	a	chronogram	to	clarify	the	different	phases	of	the	

study.	

We	will	program	new	meetings	during	the	study	to	evaluate	if	there	are	problems	and	

make	modifications	if	they	are	needed.	All	the	team	will	be	in	contact	via	e-mail	in	case	

there	is	a	need	to	solve	unexpected	problems.	

During	the	first	meeting,	we	will	also	have	two	informative	courses	to	standardize	the	

measures,	one	for	nuclear	medicine	specialists	and	another	for	echocardiographists.		

5.3	TASK	3:	DATA	COLLECTION	(5	YEARS	AND	6	MONTHS)	

- Recruitment	of	subjects:	it	will	last	for	2	years	and	6	months	and	it	will	consist	in	

recruitment	of	patients	meeting	the	inclusion	criteria.	Once	the	patient	is	stabilized,	

the	information	sheet	and	information	consent	will	be	facilitated	to	the	patients.	

- Data	collection:	it	will	 last	for	3	years.	The	cardiologist	of	each	centre	will	be	the	

responsible	 for	 data	 collection.	 Every	 6	 months,	 we	 will	 assess	 with	 repeated	

measurements	that	all	operators	are	taking	the	same	measurements,	and	if	there	
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are	differences	we	will	standardize	them	again.	We	will	also	have	one	person	who	

will	be	responsible	in	every	centre	for	every	technique	and	who	will	revise	the	data.	

We	 will	 contract	 a	 data	 manager	 that	 will	 revise	 if	 the	 data	 collection	 is	 done	

correctly	and	that	everything	is	properly	annotated.	

5.4	TASK	4:	DATA	ANALYSIS	AND	FINAL	REPORT	(4	MONTHS)	

Once	the	data	collection	is	finished	according	to	our	sampling,	the	whole	data	will	be	

organized	in	the	database	by	the	data	manager.	Also,	the	necessary	univariate,	bivariate	

and	multivariate	analyses	will	be	performed	by	the	statistician	in	this	period.		

A	final	meeting	will	be	done	with	all	the	research	team	to	discuss	the	results.	The	final	

report	will	be	prepared	by	the	main	research	team	once	the	data	have	been	analysed.	

5.5	TASK	5:	PUBLICATION	AND	DISSEMINATION	OF	RESULTS	(6	MONTHS)	

This	will	be	done	by	the	research	team	once	the	data	has	been	analysed	and	concluded.	

The	final	article	will	be	published	in	a	medical	journal	in	order	to	properly	disseminate	

the	results	of	the	study.	
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6.	ETHICAL	CONSIDERATIONS	

This	research	protocol	will	be	presented	to	the	Clinical	Research	Ethical	Committee	(CEIC,	

Comitè	d’Ètica	d’Investigació	Clínica)	of	every	hospital	that	participate	in	the	study.	They	

will	 assess	 if	 the	 study	 fulfils	 the	 required	 criteria	of	being	approved.	Moreover,	 the	

recommendations	given	by	the	committee	will	be	taken	into	account	to	carry	out	the	

study.	

The	project	will	 be	 carried	out	 according	 the	 ethical	 principles	 established	by	World	

Medical	Association	in	the	Helsinki	Declaration	of	Ethical	Principles	for	Medical	Research	

Involving	Human	Subjects	(last	actualization	October	2013).	Furthermore,	we	will	take	

into	consideration	the	Spanish	Organic	Law	14/2007,		de	Investigación	Biomédica,	which	

regulates	biomedical	investigation	involving	human	beings	in	Spain.	

It	 will	 be	 compulsory	 to	 have	 the	Management	 Department’s	 approval	 from	 all	 the	

hospitals	participating	in	the	study.	

Every	 patient	will	 be	 properly	 informed	 and	 they	will	 receive	 the	 information	 sheet	

about	the	study	(see	Annex	2).	Then,	they	will	sign	voluntarily	the	informed	consent	(see	

Annex	3).	Participants	have	the	right	to	withdraw	the	consent	without	having	a	negative	

effect	on	the	relationship	with	their	assigned	doctor	or	treatment	received.	The	principle	

of	autonomy	will	be	respected	in	all	the	process.	

According	 to	 “Ley	Orgánica	15/1999,	de	13	de	diciembre,	de	Protección	de	Datos	de	

Carácter	 Personal”,	 personal	 and	 clinical	 information	 of	 participants	 will	 be	 kept	

confidential	at	all	times	and	only	be	used	for	the	purpose	of	the	research.	Moreover,	all	

data	 will	 be	 analysed	 anonymously.	 Participants	 will	 have	 to	 sign	 voluntarily	 the	

informed	 consent	 before	 being	 included	 in	 the	 study	 after	 receiving	 appropriate	

information	 about	 procedures,	 according	 to	 “Ley	 41/2002	 Básica	 reguladora	 de	 la	

autonomia	 del	 paciente	 y	 de	 derechos	 y	 obligaciones	 en	 material	 de	 información	 y	

documentación	clínica”.	

All	the	investigators	will	have	to	declare	no	conflict	of	interest.	
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7.	STUDY	LIMITATIONS	

There	are	some	potential	limitations	that	should	be	considered	before	starting	our	study	

in	order	to	limit	them:	

- As	we	use	a	consecutive	sampling	method,	we	could	have	a	selection	bias	that	we	

will	try	to	avoid	using	inclusion	and	exclusion	criteria.	Only	the	patients	who	fulfils	

the	inclusion	criteria	and	do	not	meet	any	of	the	exclusion	criteria	will	be	invited	to	

participate	in	the	study.	

- TTS	is	a	disease	with	low	incidence.	To	achieve	conclusive	results,	we	have	designed	

a	multicentre	study.	

- We	can	have	an	 information	bias	due	 to	possible	 loss	of	participants	during	 the	

follow-up	as	we	have	a	long	period	of	follow-up.	We	will	solve	this	possible	bias	with	

follow-up	 calls	 via	 telephone	 for	 all	 patients	who	 do	 not	 attend	 to	 the	medical	

appointments.	

- We	have	taken	into	account	all	the	possible	confounders	known	after	an	exhaustive	

bibliography	research.	Nevertheless,	there	may	be	other	confounding	variables	not	

recorded	that	can	be	the	objective	of	further	studies.	

- We	realise	that	the	best	study	design	should	be	a	case-control	study	because	TTS	is	

a	 low	 incidence	disease	with	 low	 incident	complications,	but	 this	design	will	not	

allow	us	to	see	how	complications	develop	over	time.	
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8.	BUDGET	

8.1	PERSONNEL	

Most	 of	 the	 activities	 in	 the	 study	 (bibliography	 research,	 protocol	 redaction,	 data	

collection	and	publication)	will	be	done	by	the	research	team,	so	it	will	not	generate	an	

extra-cost.	

We	will	need	a	qualified	statistician	in	order	to	analyse	all	the	data	during	data	analysis	

period.	

We	will	hire	a	data	manager,	due	to	the	fact	that	we	will	carry	out	a	multicentre	study	

and	a	constant	revision	of	the	information	is	needed.	We	estimate	20	hours/week	of	

work	coordination.			

8.2	MATERIAL	AND	SERVICES	

All	the	tests	that	will	be	performed	for	the	diagnose	of	TTS	are	included	in	the	normal	

hospital	practice	so	it	will	not	generate	an	additional	cost.	

We	should	include	in	our	budget	the	SPECT	with	123I-MIBG	that	will	be	performed	in	the	

acute	phase.	It	costs	350€	per	patient.	

We	should	also	include	the	G-SPECT	with	99mTc-sestamibi	that	will	be	performed	and	it	

costs	135€.	

The	echocardiographies	and	 the	 second	CMRI	 that	will	be	performed	after	1	year	of	

follow-up	are	not	included	in	the	budget	because	it	is	part	of	the	usual	follow-up	in	a	

patient	with	TTS.	

The	budget	does	not	include	material	office	supplies	and	software	(SPSS®	or	Microsoft	

Windows®)	because	all	the	centres	have	the	correspondent	license.	

8.3	MEETINGS	

Before	 starting	data	 collection,	we	will	 do	one	meeting	 to	 standardize	 the	measures	

between	all	the	centres.	

We	will	do	periodic	meetings	with	all	the	hospitals	and	in	order	to	reduce	the	cost,	this	

will	be	done	by	videoconference	(there	will	be	a	room	with	electronic	devices).	In	every	

meeting,	one	cardiologist	of	each	centre	will	be	representing	the	whole	unit.	

There	will	be	a	last	meeting	that	will	be	done	in	Hospital	Universitari	Josep	Trueta	to	

discuss	the	findings	where	one	cardiologist	of	every	unit	will	be	present.	
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8.4	PUBLICATION	AND	DISSEMINATION	RESULTS	

We	will	try	to	publish	our	study	in	Journal	of	the	American	Collegue	of	Cardiology	(JACC).	

This	project	will	be	presented	at	the	“Sociedad	Española	de	Cardiología”	and	“European	

Society	of	Cardiology”	congresses.	

	

	

	

	

	

	

	

	

	

	

	

	

Price	per	unit Amount Total
PERSONNEL
Statistician 25	€ 100 2.500	€
Data	manager 20.000€/year 3	years 46.800	€
MATERIALS	AND	SERVICES
SPECT	with	123I-MIBG 350	€ 782 273.700	€
G-SPECT	with	99mTc-sestamibi 135	€ 782 105.570	€
MEETINGS
First	meeting 1.500	€ 1 1.500	€
Standardization	course 3.000	€ 2 6.000	€
Final	conclusion	meeting 1.500	€ 1 1.500	€
PUBLICATIONS	AND	DISSEMINATION
Publication	cost 700	€ 1 700	€
"Sociedad	Española	de	Cardoiologia"	congress 800	€ 2 1.600	€
"European	Society	of	Cardiology"	congress 1.000	€ 2 2.000	€

TOTAL 442.000	€
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9.	FEASIBILITY	

This	study	will	be	done	in	11	centres	from	Catalonia,	that	have	the	necessary	equipment	

to	do	the	project.	We	need	to	take	into	account	that	due	to	the	low	incidence	of	TTS,	it	

will	take	more	than	ten	years	to	collect	all	the	needed	sample	to	have	conclusive	results	

if	it	is	only	done	in	Girona.	On	the	other	hand,	there	is	a	risk	to	obtain	not	statistically	

significant	results.	

We	realise	that	is	difficult	to	get	782	patients	with	TTS	for	our	study,	but	as	there	is	no	

evidence	about	prognosis	in	this	disease	and	it	is	worth	to	have	this	information	to	do	a	

different	follow-up	in	patients	with	higher	risk	of	worse	prognosis	to	avoid	complications.	

So,	it	justifies	the	effort	that	we	will	have	to	do.	
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11.	ANNEXES	

11.1	ANNEX	1:	MAYO	CLINIC	CRITERIA	

1. Transient	hypokinesis,	akinesis,	or	dyskinesis	of	the	left	ventricular	mid	segments	

with	 or	 without	 apical	 involvement;	 the	 regional	 wall	 motion	 abnormalities	

extend	beyond	a	single	epicardial	vascular	distribution;	a	stressful	trigger	is	often,	

but	not	always	present.	

2. Absence	 of	 obstructive	 coronary	 disease	 or	 angiographic	 evidence	 of	 acute	

plaque	rupture.	

3. New	electrocardiographic	abnormalities	(either	ST-segment	elevation	and/or	T-

wave	inversion)	or	modest	elevation	in	cardiac	troponin.	

4. Absence	of	pheochromocytoma	and	myocarditis.	
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11.2	ANNEX	2:	INFORMATION	SHEET	

FULL	D’INFORMACIÓ	PEL	PARTICIPANT	 	 	 	 [Versió	català]	

INVESTIGADORS	PRINCIPALS:	Xavier	Albert	Bertrán	&	Sandra	Zambrano	Gómez.	

CODI	DEL	PROJECTE:	

1. Generalitats	del	projecte:	El	present	estudi	es	durà	a	terme	als	departaments	de	

Cardiologia	d’11	hospitals	de	Catalunya	en	un	període	de	6	anys	 i	9	mesos.	El	

projecte	d’investigació	ha	sigut	aprovat	pel	comitè	d’ètica	d’investigació	clínica	

de	cada	un	dels	centres.	

2. Objectius	 i	 finalitat	 de	 l’estudi:	 Amb	 aquest	 estudi	 es	 pretén	 determinar	 la	

relació	entre	el	patró	d’afectació	en	el	moment	agut	valorat	amb	SPECT	amb	123I-

MIBG	i	el	pronòstic	clínic	a	llarg	termini,	per	tal	de	poder	establir	un	protocol	de	

seguiment	diferent	en	aquells	pacients	que	es	demostri	un	patró	d’afectació	amb	

pitjor	 pronòstic.	 Per	 tant,	 ajudarà	 a	 millorar	 el	 pronòstic	 d’aquest	 tipus	 de	

pacients.	

3. Participació:	 La	 seva	participació	en	aquest	estudi	 és	 totalment	 voluntària.	 El	

participant	és	 lliure	de	deixar	 l’estudi	 si	 així	 ho	desitja	en	qualsevol	moment,	

sense	 necessitat	 de	 justificació,	 i	 sense	 que	 aquesta	 decisió	 afecti	 a	 la	 seva	

assistència	 sanitària.	 La	 participació	 a	 l’estudi	 és	 totalment	 gratuïta	 i	 no	

s’obtindrà	cap	compensació	econòmica	per	la	seva	participació.	

4. Confidencialitat,	protecció	de	dades	i	drets	del	pacient:	s’adoptaran	les	mesures	

per	 garantir	 la	 confidencialitat	 de	 les	 seves	 dades	 en	 compliment	 de	 la	 Ley	

Orgánica	15/1999	i	la	informació	recollida	serà	gestionada	de	forma	anònima	i	

només	 s’utilitzaran	 amb	 finalitats	 d’investigació.	 També	 es	 garanteixen	 els	

principis	establerts	per	 la	Ley	de	 Investigación	biomédica	14/2007	 i	per	 la	Ley	

41/2002	 básica	 reguladora	 de	 la	 autonomía	 del	 paciente	 y	 de	 derechos	 y	

obligaciones	en	materia	de	información	y	documentación	clínica.	

5. Col·laboració	del	pacient	en	la	recollida	d’informació:	el	pacient	haurà	de	firmar	

el	 full	 de	 participació	 a	 l’estudi.	 30	 dies,	 1	 any	 i	 3	 anys	 després	 de	 l’alta	

hospitalària	se	li	donarà	cita	a	la	qual	es	recollirà	informació	sobre	vostè	i	serà	

afegida	a	 l’estudi.	 Si	per	alguna	 raó	ha	hagut	d’acudir	abans	a	 l’hospital	o	no	
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acudeix	a	la	cita	prèviament	concertada,	ens	posarem	en	contacte	amb	vostè	per	

oferir-li	una	altra	data.	També	se	li	realitzarà	una	ecocardiografia	als	30	dies,	a	

l’any	i	als	3	anys	i	una	ressonància	magnètica	a	l’any.	

6. Resultats	 i	 benefici	 de	 la	 participació:	 El	 pacient	 està	 en	 el	 seu	 dret	 de	 ser	

informat	 dels	 resultats	 de	 la	 investigació,	 així	 com	 de	 no	 ser	 informat	 sobre	

aquests.	 Els	 beneficis	 derivats	 de	 la	 investigació,	 poden	 beneficiar	 tant	 al	

participant	com	a	altres	persones,	i	aquests	seran	adequadament	utilitzats	per	

aconseguir	els	objectius	de	l’estudi	i	serviran	de	base	per	futures	investigacions	

en	aquest	àmbit.	

Gràcies	per	participar.	

[En	cas	necessari,	hi	ha	disponibles	versions	en	altres	idiomes]	
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HOJA	DE	INFORMACIÓN	PARA	EL	PARTICIPANTE		 [Versión	castellano]	

INVESTIGADORES	PRINCIPALES:	Xavier	Albert	Bertrán	&	Sandra	Zambrano	Gómez.	

CÓDIGO	DEL	PROYECTO:	

1. Generalidades	 del	 proyecto:	 El	 presente	 estudio	 se	 llevará	 a	 cabo	 en	 los	

departamentos	de	Cardiología	de	11	hospitales	de	Cataluña	en	un	período	de	6	

años	y	9	meses.	El	proyecto	de	investigación	ha	sido	aprobado	por	el	comité	de	

ética	de	investigación	clínica	de	cada	uno	de	los	centros	mencionados.	

2. Objetivos	y	finalidad	del	estudio:	Con	este	estudio	se	pretende	determinar	la	

relación	entre	el	patrón	de	afectación	en	el	momento	agudo	valorado	con	SPECT	

con	123I-MIBG	y	el	pronóstico	clínico	a	largo	plazo,	con	tal	de	poder	establecer	un	

protocolo	 de	 seguimiento	 diferente	 en	 esos	 pacientes	 que	 se	 demuestre	 un	

patrón	de	afectación	con	peor	pronóstico.	Por	 lo	 tanto,	 ayudará	a	mejorar	el	

pronóstico	de	este	tipo	de	pacientes.	

3. Participación:	 Su	 participación	 en	 este	 estudio	 es	 totalmente	 voluntaria.	 El	

participante	es	libre	de	dejar	el	estudio	si	así	lo	desea	en	cualquier	momento,	sin	

necesidad	de	justificación,	y	sin	que	esa	decisión	afecte	a	su	asistencia	sanitaria.	

La	participación	en	el	estudio	es	totalmente	gratuita	y	no	se	obtendrá	ninguna	

compensación	económica	por	su	participación.	

4. Confidencialidad,	protección	de	datos	y	derechos	del	paciente:	Se	adoptarán	

las	medidas	para	garantizar	la	confidencialidad	de	sus	datos	en	cumplimiento	de	

la	 Ley	Orgánica	 15/1999	 y	 la	 información	 recogida	 será	 gestionada	 de	 forma	

anónima	y	solo	se	utilizarán	con	fines	de	investigación.	También	se	garantizarán	

los	principios	establecidos	por	la	Ley	de	Investigación	biomédica	14/2007	y	por	

la	Ley	41/2002	básica	reguladora	de	la	autonomía	del	paciente	y	de	derechos	y	

obligaciones	en	materia	de	información	y	documentación	clínica.	

5. Colaboración	del	paciente	en	 la	 recogida	de	 información:	el	paciente	deberá	

firmar	la	hoja	de	participación	al	estudio.	30	días,	1	año	y	3	años	después	del	alta	

hospitalaria	se	le	dará	cita	en	la	cual	se	recogerá	información	sobre	usted	y	será	

añadida	al	estudio.	Si	por	alguna	razón	ha	tenido	que	acudir	antes	al	hospital	o	

no	 acude	 a	 la	 cita	 previamente	 concertada,	 nos	 pondremos	 en	 contacto	 con	
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usted	para	ofrecerle	otra	fecha.	También	se	le	realizará	una	ecocardiografía	a	los	

30	días,	al	año	y	a	los	3	años	y	una	resonancia	magnética	al	año.	

6. Resultados	y	beneficios	de	la	participación:	El	paciente	está	en	su	derecho	de	

ser	informado	de	los	resultados	de	la	investigación,	así	como	de	no	ser	informado	

acerca	de	estos.	Los	beneficios	derivados	de	la	investigación,	pueden	beneficiar	

al	participante	como	a	otras	personas,	y	estos	serán	adecuadamente	utilizados	

para	 conseguir	 los	 objetivos	 del	 estudio	 y	 servirán	 de	 base	 para	 futuras	

investigaciones	en	este	ámbito.	

Gracias	por	participar.	

[En	caso	necesario,	hay	disponibles	versiones	en	otros	idiomas]	
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11.3	ANNEX	3:	INFORMED	CONSENT	OF	THE	STUDY	

CONSENTIMENT	INFORMAT	DE	L’ESTUDI	 	 	 	 [Versió	català]	

TÍTOL	 DE	 L’ESTUDI:	 Relationship	 between	 iodine	 –	 123	 –	 metaiodobenzylguanidine	

pattern	in	the	acute	phase	of	Takotsubo	syndrome	and	prognosis:	a	prospective	cohort	

study.	

Jo,	Sr/Sra.																																																																																amb	DNI																												

Afirmo	que,	

- He	rebut	i	llegit	el	full	d’informació	sobre	l’estudi	que	se	m’ha	entregat.	

- He	 pogut	 fer	 totes	 les	 preguntes	 necessàries	 respecte	 a	 l’estudi	 i	 han	 sigut	

respostes	de	manera	satisfactòria.	

- He	rebut	suficient	informació	sobre	les	característiques	i	objectius	de	l’estudi,	els	

possibles	riscos	i	la	importància	de	la	meva	contribució	per	l’avanç	de	la	medicina.	

- He	estat	informat	per	l’investigador.........................................de	les	implicacions	

i	la	finalitat	de	l’estudi.	

- Entenc	que	la	meva	participació	és	voluntària.	

- Entenc	que	les	dades	facilitades	per	mi	seran	totalment	confidencials	i	que	seran	

eliminats	del	registre	un	cop	finalitzat	l’estudi.	

- Entenc	que	puc	revocar	el	meu	consentiment	informat	de	participació	a	l’estudi,	

sense	haver	de	donar	explicacions	i	sense	que	això	afecti	a	la	meva	assistència	

sanitària.	

D’acord	amb	el	que	s’ha	esmentat	anteriorment,	accepto	voluntàriament	la	participació	

a	l’estudi.	

Dono	permís	perquè	la	informació	resultant	d’aquest	estudi	sigui	utilitzada	en	futures	

investigacions	relacionades	sobre	aquesta	patologia.	

A		_______________	,	a	_____		de	__________	20___	

Signatura	del	participant:	 	 	 	 Signatura	de	l’investigador:	

	

	

[En	cas	necessari,	està	disponible	en	altres	idiomes]	
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CONSENTIMIENTO	INFORMADO	DEL	ESTUDIO	 	 [Versión	castellano]	

TÍTULO	DEL	ESTUDIO:	Relationship	between	iodine	–	123	–	metaiodobenzylguanidine	

pattern	in	the	acute	phase	of	Takotsubo	syndrome	and	prognosis:	a	prospective	cohort	

study.	

Yo,	Sr/Sra.																																																																																con	DNI	

Afirmo	que,	

- He	 recibido	 y	 leído	 la	 hoja	 de	 información	 sobre	 el	 estudio	 que	 se	 me	 ha	

entregado.	

- He	podido	hacer	todas	las	preguntas	necesarias	respecto	al	estudio	y	han	sido	

respuestas	de	manera	satisfactoria.	

- He	recibido	suficiente	información	acerca	de	las	características	y	objetivos	del	

estudio,	los	posibles	riesgos	y	la	importancia	de	mi	contribución	para	el	avance	

de	la	medicina.	

- He	 estado	 informado	 por	 el	 investigador…......................................de	 las	

implicaciones	y	la	finalidad	del	estudio.	

- Entiendo	que	mi	participación	es	voluntaria.	

- Entiendo	 que	 los	 datos	 facilitados	 por	 mi	 persona	 serán	 totalmente	

confidenciales	y	que	serán	eliminados	del	registro	una	vez	finalizado	el	estudio.	

- Entiendo	que	puedo	revocar	mi	consentimiento	informado	de	participación	en	

el	estudio,	sin	tener	que	dar	explicaciones	y	sin	que	ello	afecte	a	mi	asistencia	

sanitaria.	

De	acuerdo	con	 lo	que	 se	ha	mencionado	anteriormente,	 acepto	voluntariamente	 la	

participación	en	el	estudio.	

Doy	permiso	para	que	la	información	resultante	de	este	estudio	sea	utilizada	en	futuras	

investigaciones	relacionadas	sobre	esta	patología.	

A		_______________	,	a	_____		de	__________	20___	

Signatura	del	participant:	 	 	 	 Signatura	de	l’investigador:	

	

[En	caso	necesario,	está	disponible	en	otros	idiomas]	
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11.4	ANNEX	4:	INFORMED	CONSENT	OF	THE	SPECT	
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11.5	ANNEX	5:	PATIENT’S	FLOW	CHART	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Patient	with	suspected	TTS:	

- Clinical	interview.	

- Physical	examination.	

- EKG.	

- Blood	analysis.	

- Coronary	angiography.	

- Echocardiography	

- CMRI.	

- SPECT	with	
123
I-MIBG.	

TDS	£8	 TDS	>8	

Included	 Excluded	

Informed	consent	

Refused	 informed	

consent	

Follow-up	at	30	days:	
ecocardiography,	
registre	of	MACE

Follow-up	at	1	year:	
echocardiography,	
CMRI	and	registre	of	

MACE.

Follow-up	at	3	years:	
echocardiography	and	

registre	of	MACE
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11.6	ANNEX	6:	INFORMATION	ABOUT	THE	PATIENT	IN	DIAGNOSE	

FULL	DE	DIAGNÒSTIC	DEL	PACIENT	Nº____	

- Factors	de	risc	cardiovascular:	

o Edat:	

o Sexe	(home/dona):	

o Hipertensió	arterial	(si/no):	

o Diabetis	mellitus	(si/no):	

o Dislipèmies	(si/no):	

o Fumador	(si/no):	

- Analítica:	

o HDL	(mg/dL):	

o LDL	(mg/dL):	

o HbA1c	(%):	

o Pic	de	Troponina-T	(ng/dL):	

o CK:	

o CK-MB:	

o NT-proBNP:	

- Electrocardiograma	(descriure	els	canvis):	

- Ecocardiografia:	

o Fracció	d’ejecció	del	ventricle	esquerra	(preservada	>52%,	moderada	52	

–	35%,	severa	<35%):	

o Descriure	les	alteracions	de	la	motilitat:	

o Altres	troballes:	

- Desencadenant	(físic	/	emocional	/	desconegut):	

- Coronariografia	(descriure	troballes):	

- Ressonància	magnètica	amb	gadolini	(descriure	troballes):	

- SPECT	amb	123I-MIBG:	

o TDS:	

o Severitat	(percentatge):	

§ Normal	(0)	=	

§ Lleu	(1)	=	

§ Moderat	(2)	=	

§ Sever	(3)	=	

§ Absència	(4)	=	

- Grup:	

� 1:	TDS	>8.	

� 2:	TDS	£8.	

Firma	del	metge	responsible	(__/__/____):	
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11.7	ANNEX	7:	INFORMATION	SHEET	AT	30	DAYS	

FULL	DE	SEGUIMENT	ALS	30	DIES	DEL	PACIENT	Nº____	

- Grup	(1	o	2):	

- Ecocardiografia:	

o Fracció	d’ejecció	del	ventricle	esquerra	(preservada	>52%,	moderada	52	

–	35%,	severa	<35%):	

o Descriure	les	alteracions	de	la	motilitat:	

o Altres	troballes:	

- Incidència	de	MACE	als	30	dies	(posar	el	número	de	successos):	

o Mort	per	qualsevol	causa:	

o Mort	per	causa	cardiovascular:	

o Infart	de	miocardi:	

o Recurrència	de	Takotsubo:	

o Reingrés:	

	

Firma	del	metge	(__/__/____):	
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11.8	ANNEX	8:	INFORMATION	SHEET	AT	1	YEAR	

FULL	DE	SEGUIMENT	A	L’ANY	DEL	PACIENT	Nº____	

- Grup	(1	o	2):	

- Ecocardiografia:	

o Fracció	d’ejecció	del	ventricle	esquerra	(preservada	>52%,	moderada	52	

–	35%,	severa	<35%):	

o Descriure	les	alteracions	de	la	motilitat:	

o Altres	troballes:	

- Ressonància	magnètica	amb	gadolini	(descriure	troballes):	

- Incidència	de	MACE	a	l’any	(posar	el	número	de	successos):	

o Mort	per	qualsevol	causa:	

o Mort	per	causa	cardiovascular:	

o Infart	de	miocardi:	

o Recurrència	de	Takotsubo:	

o Reingrés:	

	

Firma	del	metge	(__/__/____):	
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11.9	ANNEX	9:	INFORMATION	SHEET	AT	3	YEARS	

FULL	DE	SEGUIMENT	ALS	3	ANYS	DEL	PACIENT	Nº____	

- Grup	(1	o	2):	

- Ecocardiografia:	

o Fracció	d’ejecció	del	ventricle	esquerra	(preservada	>52%,	moderada	52	

–	35%,	severa	<35%):	

o Descriure	les	alteracions	de	la	motilitat:	

o Altres	troballes:	

- Incidència	de	MACE	als	3	anys	(posar	el	número	de	successos):	

o Mort	per	qualsevol	causa:	

o Mort	per	causa	cardiovascular:	

o Infart	de	miocardi:	

o Recurrència	de	Takotsubo:	

o Reingrés:	

	

Firma	del	metge	(__/__/____):	
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11.10	ANNEX	10:	DRUGS	THAT	INTERFERE	WITH	123I-MIBG	

The	following	drugs	need	to	be	stopped	48h	before	doing	the	SPECT	with	123I-MIBG.	

1. Tricyclic	antidepressants:	

- Amitriptyline.	

- Imipramine.	

- Nortriptyline	

2. Sympathomimetic.	

- Feliferin.	

- Phenylpropanolamine.	

- Pseudoefrine,	ephedrine,	methylephedrine	

3. Antihypertensive/cardiovascular	drugs:	

- Labetalol.	

- Reserpine.	

- Calcium	channel	blockers.	

4. Levodopa.	

5. Cocaine.	

6. Nordadrenaline.	
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11.11	ANNEX	11:	TDS	AND	AFFECTION’S	SEVERITY	CLARIFICATION	

	

	

In	this	case,	there	are	5	segments	affected	of	the	total	17	segments	of	the	polar	map	so	

this	patient	has	a	TDS=5.	

The	severity	of	the	affection	estimated	with	a	percentage	will	be:	

• Normal	(0)	=	70.6%	

• Mildly	reduced	(1)	=	0%	

• Moderately	reduced	(2)	=	0%	

• Severely	reduced	(3)	=	17.6%	

• Absence	of	uptake	(4)	=	11.8%	


