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Abstract

AIM: To analyse and summarize all the articles related
to positron emission tomography and Takotsubo cardio-
myopathy (TTC).

METHODS: We performed a systematic review of the
existing literature on positron emission tomography/
nuclear imaging and Takotsubo cardiomyopathy using
PUBMED database. We combined search terms such as
“takotsubo”, “takotsubo syndrome”, “myocardial posi-
tron emission tomography”, “positron emission tomog-
raphy”. All case reports were excluded. The list included
only four articles which were reviewed by two indepen-
dent investigators. It was not possible to undertake a
formal meta-analysis because of the heterogeneity of
the studies; therefore, we made a narrative synthesis

of the collected data.

RESULTS: Nuclear medicine techniques can be use-
ful employed in the differential diagnosis of TTC from
an acute coronary syndrome (ACS). In fact, transient
left ventricular (LV) apical ballooning is a syndrome
frequently misdiagnosed as an ACS and can mimic
symptoms of myocardial infarction with ST-T segments
changes on electrocardiography (ECG), a limited re-
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lease of myocardial enzyme, mainly reported after
sudden emotional or physical stress, and an akinesis
or dyskinesis of the left ventricle apex which are com-
pletely reversible in a few weeks. In the studies in-
cluded in this review, nuclear medicine techniques have
demonstrated a discrepancy between normal perfusion
and a reduced glucose utilization in TTC, commonly
known as “inverse flow metabolism mismatch”. This
suggests that apical ballooning represents a transient
metabolic disorder on the cellular level, rather than a
structural contractile disease of the myocardium, due to
a transient decrease of glucose metabolism that might
be related to a coronary microcirculation impairment
followed by prolonged myocardial stunning.

CONCLUSION: Nuclear medicine techniques can be
usefully used for the diagnosis of TTC and can increase
our knowledge of the pathophysiological mechanisms
of TTC.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Takotsubo cardiomyopathy is a cardiac syn-
drome with symptoms similar to acute myocardial
infarction (MI) including chest pain and electrocar-
diographic changes, in absence of coronary artery
stenosis. This syndrome is characterized by reversible
wall-motion abnormalities involving apical and midpor-
tion of left ventricle. In the acute phase it is clinically
indistinguishable from acute MI but, recently, myocar-
dial positron emission tomography have demonstrated
to delineate this syndrome from acute coronary artery
disease, also offering a new pathophysiological expla-
nation for this particular syndrome. This clinical review
aimed to summarise the most significant experiences
on the use of myocardial positron emission tomogra-
phy in Takotsubo cardiomyopathy.
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INTRODUCTION

Transient left ventricular (LV) apical ballooning is a syn-
drome frequently misdiagnosed as an acute coronary

syndrome related to occlusive epicardial coronary artery
disease (CAD)"?. Tt is characterised by a rare form of
transient LV dysfunction and dilatation accompanied
by chest pain following emotional or physical stress,
ischemic electrocardiographic changes, minimal release
of cardiac enzymes, wall-motion abnormalities involv-
ing the apical and mid-portion of the left ventricle and
absence of angiographically detectable coronary artery
disease (CAD)". Physiopathology of this particular heart
disease, also called Takotsubo cardiomyopathy (TTC),
is still unexplained although several mechanisms have
been proposed, such as multivessel coronary vasospasm,
abnormalities in coronary microvascular function, inflam-
matory process and catecholamine-mediated cardiotoxic-
ity

Recently, nuclear medicine techniques for diagnosis
and improvement in pathophysiological explanation of
TTC have been used, showing interesting results both
for diagnosis and for speculative clinical research. This
review aimed to summarise the most significant experi-
ences on the use of myocardial positron emission tomog-

raphy (PET) in TTC.

MATERIALS AND METHODS

We performed a systematic review of the existing litera-
ture on this topic using PUBMED database, combining

2 <

search terms such as “takotsubo”,

takotsubo syndrome”,

<«

“myocardial positron emission tomography”, “positron
emission tomography”. Case reports were excluded. The
list included only four articles which were reviewed by
two investigators. A formal meta-analysis was not done
because of the heterogeneity of studies, therefore, we

undertook a narrative synthesis of the collected data.

RESULTS

Studies’ characteristics
-13]

Four articles"” were included in our clinical review (see
Table 1); one is from Japan, one from Italy, one from
France and the last from Austria. The main characteris-
tics of the studies included in this review are reported in
Table 1. All publications were written in English. All of
them were prospective studies, but just in three of them a
petiod of follow-up was planned (ranged from 30 to 180
d). The studies ranged from 3 to 18 patients; a total of 49
patients were included in this review.
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The study of myocardial perfusion.

A total of 37 patients underwent a myocardial perfusion
scintigraphy in the acute phase of TTC [14 patients with
Thallium-201 (*"T1), 3 with nitrogen 13-ammonia (N13)
and 20 with ™ Tc-tetrofosmin (“™Tc) used as radiotracet].
The interval between onset of acute symptoms and sin-
gle photon emission computed tomography (SPECT) or
PET scan imaging varied from 1 to 15 d; in two studies
this interval was not clearly reported. In three out of fout-
teen patients, an early perfusion image demonstrated a
decreased *"'T1 uptake in a small area of the apex detected
with a semiquantitative method. The hypoperfused apex
region did not correlate with an angiographic obstructive
epicardial coronary stenosis. Normal myocardial perfusion
was observed in the other cases studied with *"T1 or ”"Tc.
Cimarelli ¢z al' found, at the analysis of left ventricle
motion, apical akinesis or severe hypokinesis in TTC and
severe mid ventricular hypokinesis with preserved apical
and basal function in patients with a particular variant of
TTC, called “mid-ventricular ballooning syndrome”. The
quantitative perfusion analysis using the ammonia tracer
in PET scan in patients admitted for TTC showed a slight
reduction in tracer uptake after adenosine in the apex and
apical segments of the left ventricle that normalized at
rest. Myocardial blood flow (MBF) and coronary flow re-
serve (CFR) were evaluated by Feola ez 2/ in three female
patients obtaining a significant reduction in MBF at rest in
the apical segments in comparison to the mid-ventricular
and basal LV segments. CFR also reduced in apical and, in
2 cases out of 3, in mid-ventricular segments in compari-
son to the basal LV segments (Figure 1).

A follow-up SPECT was provided in four patients
three months after the acute onset of TTC. In one of
them, studied with *"T1 radiotracer, apical abnormality
returned to normal. In the other three patients, studied
with N13 and stress/rest petrfusion scan using adenos-
ine, both MBF and CFR reduction observed in the acute
phase recovered, demonstrating as the impairment of
MBF and, above all, CFR seemed to be transient and lo-
calized in TTC.

The same population studied by Feola ez a'" was also
analysed with cardiac magnetic resonance imaging (MRI)
that confirmed, in the acute phase, the segmental disturb of
LV contraction (hypo/akinesia in apex and periapical seg-
ments) determining an important systolic dysfunction. In
none areas a delayed enhancement after gadolinium injec-
tion either in the acute phase or at 3 mo’ follow up phase
emerged, suggesting that the damage in the dysfunctional
areas was transient and did not include necrotic tissue.

The myocardial glucose metabolism

Myocardial PET using fluorine 18 fluorodeoxyglucose
(FDG) was totally used in 39 patients with acute TTC as
an indicator of myocardial metabolism. Yoshida ez al™
studied 8 TTC patients, obtaining in 7 out of 8 patients a
pattern of severe and diffuse reduced "EFDG uptake in
left ventricle. Of these seven patients, six exhibited a LV
dysfunction at echocardiography examination. Moreover,
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Figure 1 Images representing three different consecutive female patients with diagnosis of Takotsubo cardiomyopathy in which in the acute phase a clear
inverse flow/metabolism mismatch emerged (reduction of fluorodeoxyglucose uptake and preserved blood flow obtained with ammonia). The mismatch
was reversible and disappeared at 3-mo follow-up. FDG: Fluorodeoxyglucose;

Table 1 Comparison between the four articles

No of patients Mean LVEF acute Diagnostic MRI SPECT FDG- MIBG Time of LVEF MRl  SPECT FDG-PET MIBG
(females) age phase techniques ) () PET follow- follow-up follow- follow- follow-up follow-
used for TTC () up (d) up () up (n) (m) up ()
Yoshidaet 15 (12) 72 47.7% + ECG/CAG/ - 201T1 (10) 8 - 90 - - 1 - -
al™ 6.6% EchoCG
Feola et al™ 3 (3) 75,3 40.7% + ECG/CAG/ 3 NI13(3) 3 - 90 54% 3 3 3 -
51% EchoCG
Cimarelli et 18 (13) 67 35% +8% ECG/CAG/ - #"Te (7)or 15 8 30-180 58% £ 6% - - 6 2
al™ EchoCG 1 (4)
Rendl et al™ 13 (NR) NR 52% +13% CAG/ - P™c(13) 13 - 60 62%+ - NR 11 -
EchoCG 13%
TOTAL (n) 49 3 37 39 8 3 4 20 2

NR: Not reported; “-“: not examined; LVEF: Left ventricular ejection fraction; TTC: Takotsubo cardiomyopathy; ECG: Electrocardiography; CAG: Coronary
angiography; EchoCG: Echocardiography; MRI: Cardiac magnetic resonance; SPECT: Myocardial scintigraphy; FDG-PET: Fluoridesossiglucose myocardial
positron emission tomography; MIBG: Iobenguane myocardial scintigraphy.

they observed that the extension of the metabolic defect
was much larger and more severe than the perfusion
defect with *""TL In the other three studies"' ™ most of
patients (20/24, 83.3%) showed a severe reduction of
metabolic activity in the apex and periapical segments in
the acute phase of TTC. This reduction of FDG uptake
in the dysfunctional areas recovered at follow-up, follow-
ing the normalization of left ventricle function. In fact,
considering the entire population of TTC studied with
PET, FDG-PET was repeated in 20 patients, in a follow-
up period variable from 30 to 180 d: in 18/20 cases a
complete recovery of FDG uptake emerged, confirming
the hypothesis of a complete reversibility of the FDG
impairment. The severe reduction of FDG uptake in
the dysfunctional myocardial segments has not been
completely understood and might be related to a partial
volume effect in enlarged, impaired atreas or to a specific
metabolic impairment of the glucose utilization.

The myocardial innervation
Cimarelli ez a/'? observed in 8 TTC patients, underwent
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myocardial PLmIBG SPECT, a severe reduction/absence
of mIBG uptake in the dysfunctional segments of api-
cal or mid-ventricular regions. Four out of eight patients
repeated PI-mIBG SPECT six months after acute symp-
toms, demonstrating an improvement of tracer uptake
in apical segments. Furthermore, analysing the 4 patients
underwent myocardial SPECT, '“I-mIBG SPECT and
"F-FDG PET, they concluded that dysfunctional but not-
mally perfused LV segments were characterized by severe
decrease of 'PI-mIBG and “F-FDG uptake. Moreover,
the distribution of “I-mIBG and "F-FDG uptake de-
fects was largely overlapping. These data added an inter-
esting element in the pathophysiology of TTC syndrome,
highlighting as the dysfunctioning segments presented a
pattern of severe denervation and metabolic glucose up-
take that ameliorated and even normalized in the follow-
up following the improvement of myocardial function.

DISCUSSION

TCC is a severe, teversible form of left ventricular dys-
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function in patients with normal coronary angiography.
Because the onset of this syndrome is very similar to that
of an ACS, it is really important to differentiate one from
the other, also considering the different treatment that
should be undertaken.

TTC is often preceded by emotional or physical stress
and this have suggested the hypothesis of catecholamine-
mediated multivessel epicardial spasm, microvascular
coronary spasm'” or possible direct catecholamine-
mediated myocyte injurym as possible pathophysiological
mechanisms. The multivessel spasm may be responsible
for a self-limited ischemic event able to generate stunned
myocardium but not long enough to cause myocardial
necrosis'.

Nuclear medicine techniques have been successfully
employed in the differential diagnosis of TTC from ACS
and have demonstrated a discrepancy between normal
perfusion and reduced "*F-FDG uptake in TTC™”. This
association is commonly known as “inverse metabolic-
perfusion mismatch” and represented a transient meta-
bolic disorder at the cellular level, demonstrated by
evidence of tissue’s impairment metabolism in the dys-
functioning left ventricle with preserved MBF at rest!""",
Moreover, PET imaging, using the quantitative analysis,
confirmed the light impairment of MBF in dysfunc-
tioning LV segments in the acute phase together with a
cleatly reduction of CFR after vasodilator stimuli. These
MBF modifications recovered completely in the follow-
up, probably justifying the favourable clinical prognosis in
those patients. Further studies and a larger patient popu-
lation are needed to confirm these findings.

COMMENTS

Background

Takotsubo cardiomyopathy (TTC) is a severe, reversible form of left ventricular
dysfunction that can mimic symptoms similar to acute myocardial infarction (MI)
in absence of coronary artery stenosis. Because the onset of this syndrome is
very similar to that of an acute coronary syndrome (ACS), it is really important
to differentiate one from the other, also considering the different treatment that
should be undertaken.

Research frontiers

Recently, nuclear medicine techniques, such as myocardial positron emission
tomography (PET), have demonstrated to delineate this syndrome from acute
coronary artery disease, also offering a new pathophysiological explanation
for this particular syndrome. This clinical review aimed to summarise the most
significant experiences on use of myocardial positron emission tomography in
TTC.

Innovations and breakthroughs

Recent reports on use of PET in TTC have highlighted a discrepancy between
normal myocardial perfusion and reduced glucose utilization in this particular
syndrome, commonly known as “inverse flow metabolism mismatch”. This
suggests that TTC represents a transient metabolic disorder on the cellular
level, rather than a structural contractile disease of the myocardium, due to a
transient decrease of glucose metabolism that might be related to a coronary
microcirculation impairment. In an other study this interesting finding has been
associated to a severe denervation of the myocardium.

Applications

Nuclear medicine techniques have been successfully employed in the differ-
ential diagnosis of TTC from ACS and have offered a new pathophysiological
explanation for this particular syndrome, useful in improving the knowledge of
this poorly understood syndrome.
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Terminology

Takotsubo cardiomyopathy: syndrome, mainly reported after sudden emotional
or physical stress, characterized by chest pain, changes on electrocardiogra-
phy, limited release of myocardial enzyme and reversible wall-motion abnormal-
ities involving apical and midportion of left ventricle. PET: a nuclear medicine,
functional imaging technique that can use biologically active molecules (e.g.,
glucose); their uptake, showed in the tissue, indicate the presence of metabolic
activity.

Peer review

In this article the authors aimed to summarize the results of four articles on the
use of myocardial PET in Takotsubo cardiomiopathy. It is a good work.
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