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ABSTRACT

Takotsubo cardiomyopathy is an uncommon clinical entity that mimics acute coronary syndrome (ACS)
and may be underdiagnosed among haemodialysis (HD) patients. This topic is, therefore, reviewed based
on a clinical case of a 68-year-old woman undergoing haemodialysis. Usually, Takotsubo cardiomyopathy
presents itself as an acute myocardial infarction. However unlike ACS, neither a coronary obstructive disease
is found nor do cardiac biomarkers correlate with the extensive wall motions defects (apical and midven-
tricular kinesis dysfunction along with basal hypermotility). This defect translates into a jar-shaped appear-
ance in ventriculography, and therefore its Takotsubo name (octopus trap, in Japanese “tako” means octopus
and “tsubo” means jar). So far, data available from animal models and its resemblance with pheochromocytoma-
-induced cardiomyopathy suggests that an adrenergic surge might be an underlying mechanism. The over-
lapping clinical features of takotsubo cardiomyopathy and ACS, the high prevalence of cardiovascular risk
factors and the already superimposed cardiovascular disease in chronic kidney disease make it difficult to
diagnose among these patients.

Key-Words: Apical balooning syndrome; haemodialysis; stress cardiomyopathy; sympathetic nervous sys-
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RESUMO

A cardiomiopatia takotsubo (CT) é uma entidade que mimetiza clinicamente a sindroma coronaria aguda
(SCA) e que podera ser subdiagnosticada na populacao hemodialisada. Este tema é revisto com base no
caso de uma doente de 68 anos. Habitualmente a CT apresenta-se como um enfarte agudo do miocardio.
No entanto, ao contrario da SCA, ndo sao detectadas lesdoes corondrias obstrutivas nem existe uma cor-
relacdo entre os defeitos de motilidade cardiaca (disfuncdo cinética apical e hipermotilidade basal) e a
ligeira elevacdao dos marcadores de necrose miocardica. Na ventriculografia este defeito apresenta-se como
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uma imagem de jarro, dai o nome Takotsubo (armadilha de polvos, da traducao do japonés em que “tako”
significa polvo e “tsubo” jarro). Até a data, com base nos dados provenientes de modelos animais e a
semelhanca da lesdao cardiaca induzida pelo feocromocitoma, parece que o mecanismo fisiopatolégico é
decorrente de uma descarga adrenérgica aguda. Trata-se de uma entidade dificil de diagnosticar no doente
renal crénico, dificuldade que advém da semelhanca clinica entre a CT e a SCA, elevada prevaléncia de
factores de risco cardiovascular e pesada morbilidade cardiovascular nesta populacao.

Palavras-Chave: Cardiomiopatia de stress; cardiomiopatia takotsubo; hemodialise; sindroma de baloniza-

¢do apical; sistema nervoso simpatico.

BACKGROUND

Takotsubo cardiomyopathy (TC), first described
in 1991, was named after its resemblance with the
Japanese octopus trap in ventriculography(1).
Reflecting the relationship between cardiac dysfunc-
tion and stressful triggers? (physical and psycho-
logical) it is also called apical ballooning syndrome,
broken heart syndrome or stress cardiomyopathy.
Only ten years after its first description and fol-
lowing the published Japanese series by Tsuchihashi
et al. has it been recognized as an independent
nosological disease3.

Although TC mimics acute coronary syndrome
(ACS), some important differences need to be
accounted for, such as the absence of obstructive
coronary artery disease, the usual full recovery
with medical care and its low recurrence rate (below
10%)4.

In a 2008 study, takotsubo cardiomyopathy
was recognized in 6,837 among 33,506,402
patients from the Nationwide US Inpatient Sample,
an incidence of 0.02%. The overall frequency of
TC was calculated to be 5.2 per 100,000 for women
and 0.6 per 100000 for men5. On the haemodi-
alysis (HD) population, data on takotsubo car-
diomyopathy is truly scarce. Through a research
in PubMed NCBI database we were able to identify
only eight cases of patients undergoing chronic
haemodialysis®1°, two on peritoneal dialysis'®!2
and only one on continuous venovenous haemo-
diafiltration®3. The rarity of published cases may
result from underdiagnosis, because if a complete
cardiological evaluation is not performed the
diagnosis may go unnoticed.
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CASE SUMMARY

A 67-year-old Caucasian woman was admitted to
the Emergency Department with progressive dys-
pnoea over the last 24 hours.

Her medical history was significant for long-term
hypertension, dislipidaemia and chronic kidney dis-
ease due to proliferative membranous glomerulo-
nephritis type I, on regular haemodialysis for 5 years.
Prescribed medication included bisoprolol 2.5 mg
qd, rilmenidine 1 mg bid, minoxidil 5 mg bid and
losartan 50 mg qd. No reports on ischaemic heart
disease, smoking, alcoholism or drug abuse were
known.

On admission she presented with cachexia (body
mass index of 16 m?/kg), was hypertensive (blood
pressure 220/130 mmHg) and with cold and sweaty
extremities. On thoracic auscultation, bibasal crepita-
tions and tachycardic regular heart sounds were
detected. Physical exam was otherwise unremarkable.
Chest radiography showed reticulointerstitial infil-
trates and right pleural effusion. Laboratories were
remarkable for a slight increase in troponin | (0.84
pg/L) and lactates (4.6 mmol/L).

Altogether it was interpreted as an acute pulmo-
nary oedema, and the marginal rise of troponin as
a consequence of fluid overload. The patient under-
went HD for 240 minutes and begun to improve
clinically. However, after 210 minutes, she felt an
intensive retrosternal pain for which coronary syn-
drome evaluation was undertaken. Despite the 6.7%
weight loss (2.5Kg) during dialysis session, she
remained hypertensive by the end of the treatment
(187/132mmHg).
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The electrocardiogram (ECG) showed tachycardic
sinusal rhythm (106bpm), left axis deviation (-50°),
a new onset right bundle branch block (RBBB), T
wave inversion on limb leads (dlI, dll, dlll avF) and
V4-V6 precordial leads.

Troponin | levels increased steadily, maxing out
at 3.53 pg/L 24h after admission. A coronariogram
showed a coronary diffuse calcification and an
anterior descendent artery (30%), circumflex artery
(50%) and right dominant (70%) coronary stenosis
(Fig. 1). Nevertheless the coronary blood flow was
not compromised (TIMI score of 3). The ventricu-
lography revealed the typical apical ballooning
image of the left ventricle (LV), which resulted from
the middle and apical segments hypokinesis (Fig.
2). These findings were confirmed by transthoracic
echocardiography (Fig. 3). Antihypertensive medica-
tion was intensified, particularly the beta-blocker
bisoprolol (5mg qd) was incremented, and isosor-
bide dinitrate (5mg bid) and irbesartan (150mg qd)
were added.

From the first day onwards troponin | levels
decreased linearly to 0.27 ul/L by the tenth day.

Figure 1
Coronariography — Right coronary arteriography (left) and Left descendent and circumflex coronary arteriography (right).

By the fourth day, regional wall motion abnormali-
ties (RWMA) improved slightly on echocardiogram
and by the tenth, both T waves and RBBB reversed.

The patient was discharged after ten days and,
despite the clinical improvement, she was referred
to psychiatric consultation. She was diagnosed a
reactive depression following recent family conflicts
for which she was medicated with escitalopram 10
mg qd.

Over the next six months she remained clinically
stable, with no reports of thoracic pain. The elective
re-evaluation echocardiography documented a com-
plete reversal of the RWMA, reinforcing the hypoth-
esis of takotsubo cardiomyopathy.

In order to strengthen the diagnosis, intracra-
nial lesions and pheochromocytoma were ruled
out. Two days after the patient admission a brain-
-CT scan did not detect solid lesions, thrombosis
or haemorrhage and, three months earlier, in the
course of the hypertension evaluation, a 1231-MIBG
scintigraphy scan also ruled out pheochromo-
cytoma.
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Figure 2
Takotsubo cardiomyopathy ventriculography —End-diastole (left); Systole’s typical apical ballooning image (right).

Figure 3

Echocardiography at admission. Diastole (left) and Systole apical and midventricular akinesis (right).

MINI REVIEW

Several criteria have been proposed to diagnose

TC. The most widely accepted diagnostic criteria are
those of the Mayo Clinic? (Table 1), although several
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other diagnostic criteria have been also proposed
such as the Abe and Kondo, Prasad, Kawai, and
Segovia Cubero criteria®. However, there is still con-
troversy over its validation as definitive takotsubo
cardiomyopathy criteria®. Despite the differences
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Table |
Mayo Clinic’s Takotsubo Syndrome Diagnostic Criteria

Mayo Clinc’s Acute Balooning Syndrome Diagnostic Criteria (2)
Suspicion of acute myocardial infarction based on clinical and ECG criteria.

Transient hypokinesis or akinesis of the middle and apical regions of the
left ventricle and functional hyperkinesis of the basal region on ventriculo-
graphy or echocardiography.

Normal coronary arteries confirmed by arteriography (luminal narrowing
of less than 50% in all the coronary arteries) in the first 24 hours after the
onset of symptoms.

Absence of recent significant head injury, intracranial haemorrhage, suspicion
of phaeochromocytoma, myocarditis or hypertrophic cardiomyopathy.

among these classifications, all the patients share
one common pattern — the absence of coronary artery
obstructive lesions directly related to the RWMA.

Ibanez et al.*4 studied the anterior left descend-
ent coronary artery by intravascular ultrasound and
found that all TC patients had instable plaques.
This could provide an explanation for its patho-
physiology as a spontaneous plaque rupture and
transient occlusion might be followed by an early
reperfusion, precipitating myocardial stunning and
RWMA. However, recent studies failed to prove this
hypothesis!5:16,

Abnormal catecholamine dynamics related to emo-
tional distress seems to play a major role in the
pathogenesis of takotsubo cardiomyopathy?’. The
massive release of hormones could induce myocardial
stunning, direct cardiomyocyte injury and vasocon-
striction through an increase in intracellular calcium
via AMPc2. Pheochromocytoma, thyrotoxicosis and
subarachnoid haemorrhage may mimic takotsubo
cardiomyopathy, and all these conditions show an
acute catecholamine increase. The consistent obser-
vation of this association in these distinct settings
reinforces this theory.

One study showed that on hospital day 1 or 2,
plasma levels of catecholamines (i.e., epinephrine,
norepinephrine, and dopamine) among patients with
TC were 2 to 3 times the values among patients with
Killip class Ill myocardial infarction and 7 to 34 times
published normal values®8. Additionally, epinephrine
(injection), post-emotional trauma and catecholamine-
-induced stress in animal models successfully repro-
duce the disease?®. These findings thus suggest that
a direct catecholamine toxicity might be a possible

mechanism for the pathogenesis of takotsubo
cardiomyopathy.

Despite the higher sympathetic nerve density in
the basal regions it is the apical area that seems
more vulnerable to mechanical dysfunction, which
could be explained by the highest concentration of
B adrenergic receptors in the apex. At low to moder-
ate levels, epinephrine induces an inotropic positive
response. At higher levels this positive effect is lost
and a negative response overcomes since 3, adreno-
receptors converts the stimulatory Gs pathway to
Gi (inhibitory), a mechanism known as “stimulus
trafficking”2°. At physiological levels norepinephrine
exerts an inotropic and lusitropic effect on ventricular
cardiomyocytes through a 2-adrenoreceptor (32AR)
and B1-adrenoreceptor (B1AR) activation of Gs pro-
tein family. Thereafter, AMPc concentration increases
and activates protein kinase A (PKA) and begins an
activation of downstream intracellular targets result-
ing in a gain of the contractile response. However,
at higher norepinephrine levels, a PKA-mediated
B2AR phosphorylation, due to intense B2AR and
B1AR stimulation, deviates the G stimulatory (Gs)
protein intracellular activation to an inhibitory
response resulting in loss of myocardial contractile
response. It is thought that it would protect the
cardiomyocytes from the pro-apoptotic effects of
B1AR Gs stimuli. Since this myocardial responsive-
ness is more pronounced in the apex it would justify
its ballooning.

Another hypothesis is the “aborted myocardial
infarction”. However, this theory has few followers
since blockage of one coronary vessel would hardly
explain the multivessel affected area. Only a, very
unlikely, simultaneous blockage of three epicardial
coronary vessels would explain the apical and mid-
ventricular dysfunction. Besides, the extent of the
RWMA does not correlate with the modest increase
in the cardiac enzymes?’. Another clue against an
obstructive coronary aetiology is given by microscopy
findings, which show contraction bands of necrosis,
neutrophil infiltration and fibrosis, findings that differ
from those of ischaemic origin?t. The multivessel
catecholaminergic spasm is a plausible explanation,
as a quick recovery and good prognosis is usually
observed.

The takotsubo cardiomyopathy is also related
to a mechanism known as neurogenic myocardial
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stunning®’. In the animal model brain stimulation
(intracranial haemorrhage or stellated ganglia stim-
ulation) induces ECG and myocardial motility abnor-
malities similar to takotsubo cardiomyopathy?®.
Moreover, cardiac sympathectomy after brain death
seems to prevent organ damage?2. Neuronal reup-
take (uptake-1), which might be impaired in these
cases, is one important mechanism to cleanse the
myocardial catecholamine neuronal bath. This vul-
nerability along the aminergic overload would then
induce heart damage. This neuronal dysfunction
might be related to the “trigger” which varies
according to the literature. An emotional event is
reported in 30 to 100% as opposed to the few 3%
identified in ACS.

We do not know the role of oestrogens but it
seems that they also play a protective role in TC
since the typical patient is a postmenopausal Cau-
casian woman, 60 to 69 years old?3:24, Lower levels
of these hormones can increase angina pectoris epi-
sodes due to microvascular dysfunction?25.

The clinical presentation of TC is very similar to
that of ACS or even pulmonary embolism. The most
common symptom is precordial pain (58.8%), fol-
lowed by dyspnoea (30.0%)?4. As for electrocardio-
graphic changes, ST segment and T wave abnormali-
ties are the most common. They have an incidence
rate of 60% and 39.6% respectively, followed by
prolonged QTc interval, which might be a predispos-
ing factor for fatal cardiac arrhythmias?4. RBBB and
left bundle branch block have also been reported.
These findings may change through the evaluation,
revealing the dynamic and transient features of this
entity, as observed in our case.

Despite the previous features, the cornerstone
of TC is the typical “jar-like” image of the left ven-
tricle in ventriculography or the matching changes
on echocardiogram without a correspondent coro-
nary disease. On echocardiography, the apical and
midventricular hypo, dys or akinesis and basal seg-
ments hypermotility are the most common findings,
and the last one can hamper the prognosis by
means of left ventricular outflow obstruction tract
(LVOTO).

As previously shown, there are few cases of TC

among the CKD population, despite the widely known
high prevalence of CKD-associated sympathetic
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overactivity. In CKD, this overactivity has been directly
demonstrated by muscle sympathetic nerve activity
recordings2®. Patients undergoing renal replacement
therapy also show a similar pattern, although there
is only indirect evidence for sympathetic overactivity
in this setting: higher heart rate, blood pressure
variability monitoring and changes in barorreflex
function??. Indeed, it is believed that renal sympa-
thetic nerve activation contributes to the pathogen-
esis of hypertension. The Proof-of-Concept came from
several trials that tried to lower blood pressure in
treatment-resistant hypertension through catheter-
-based renal denervation. Despite these theoretical
considerations and background, there are very few
published reports on TC among HD patients. How-
ever, it is of critical importance to distinguish between
TC and ACS, because both treatment and prognosis
are clearly distinct.

The TC outcome is usually good and the recur-
rence rate is low, although some complications may
be anticipated. Cardiogenic shock due to LVOTO may
worsen the prognosis, and is usually observed among
patients with prior normal heart function. Apical
thrombosis, ventricular arrhythmias and apical ven-
tricular rupture are other complications that require
an early diagnosis and timely approach. These com-
plications account for an hospital mortality between
0% and 8%3-28:30,

There is no specific treatments for left ventricular
failure in the setting of TC because cardiac function
is normalized within a few weeks?7. The focus of the
treatment, besides LVOTO management, is mainly
preventive and symptomatic. Current recommenda-
tions include modulation of heart innervation with
cardioselective B2-blockers, such as metoprolol or
bisoprolol. Some authors rather use a 3 and a blocker
simultaneously, as B-blockers alone can prolong the
QT interval and leave unopposed the potentially
adverse effects of high local concentrations of cat-
echolamines at a-adrenoceptors?’.

The use of intravenous inotropes should be
reserved to unstable patients without significant
outflow obstruction. The presence of LVOTO, even
to a mild degree, contraindicates its use because of
the risk of acute severe outflow obstruction and
cardiogenic shock. The use of other intravascular
devices, such as intra-aortic balloon pump, is to be
evaluated individually.
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Regarding takotsubo cardiomyopathy treatment,
there is no place for thrombolytic therapy. Antico-
agulation to prevent apical thrombosis is also debat-
able in spite of the existence of a procoagulant state
within the ventricles (turbulent blood flow and stasis
within the ventricles and increased activation of
platelet a2-receptors). Despite this concern no rec-
ommendation has yet been made?’.

CONCLUSION

Takotsubo cardiomyopathy is a rare clinical condi-
tion frequently precipitated by a stressful event,
which affects mainly post-menopausal women. Unlike
ACS, the prognosis is usually good. Early identifica-
tion can prevent erroneous approaches and iatrogenic
complications, such as the use of fibrinolytic therapy
or the inadvertent use of inotropes.

Despite being a clinical entity in which the pro-
posed pathophysiological mechanism — sympathetic
overdrive — is very common in CKD patients, it is
infrequently reported in haemodialysis patients. It
is not known whether TC is underdiagnosed in this
population or whether, in fact, these patients may
develop some protective mechanisms due to chronic
sympathetic stimulation. Therefore, additional
research in the CKD population is required to increase
the understanding of the relative risk of takotsubo
cardiomyopathy in this population.
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