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Summary

Background: Takotsubo cardiomyopathy is a
reversible left ventricular dysfunction with symp-
toms resembling acute myocardial infarction, but
without coronary lesions. Patients have wall
motion abnormalities (apical akinesis and basal
hyperkinesis), and characteristic left ventricular
morphology.

Aim: To investigate plasma brain natriuretic peptide
(BNP) concentrations in takotsubo cardiomyopathy.
Methods: Ten consecutive patients with takotsubo
cardiomyopathy underwent cardiac catheterization
on their first hospital day, and blood was collected
to measure BNP. To evaluate acute basal hyperkin-
esis, the difference in diameter between systole and
diastole was measured at 10 mm below the aortic
valve (the 6Base value).

Results: Coronary angiography revealed no signifi-
cant stenosis in any patient. Initial ejection frac-
tion was 42.2+7.3%, cardiac index was 1.90 %
0.391/min/m?, and plasma BNP was 522.5+
632.9 pg/ml. Ventricular contraction and the ejec-
tion fraction were normalized on echocardiogra-
phy after 17.9+ 6.3 days. BNP was significantly
correlated with dBase, but not with other cardiac
parameters.

Discussion: Initial dBase value seems to be a
good indicator of the severity of basal hyperkinesis
in patients with takotsubo cardiomyopathy. In
contrast to other diagnoses, a high BNP concen-
tration is not associated with a poor prognosis in
this condition.

Introduction

Recent reports have described a rare type of left
ventricular (LV) dysfunction that clinically resembles
acute myocardial infarction, but is associated with
normal coronary arteries and a left ventricle shaped
like a takotsubo (the Japanese name for an octopus
fishing pot) on left ventriculography (LVG)."™"” This
type of reversible LV dysfunction has been called
‘takotsubo cardiomyopathy’ (TC), or ‘left ventricular
apical ballooning’, especially in Japan.®™'” Plasma

brain natriuretic peptide (BNP) concentration is
known to be related to LV systolic and diastolic
dysfunction,'®?" and BNP may also be an indicator
of long-term survival in cardiac patients.”*~** BNP
has never been studied in patients with TC, because
of the rarity of this disease. To assess the significance
of BNP in TC, we analysed data from 10 TC patients
who were admitted to our institution from 1998
to 2002.
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Methods

Patients

A total of 653 patients with the sudden onset of heart
failure, acute myocardial infarction-like abnormal Q
waves, and ST-T changes on the electrocardiogram
(ECG) were admitted to our institution (St Marianna
University, Kawasaki, Japan) from January 1998 to
December 2002. Of these, 637 had acute myo-
cardial infarction, 13 (1.9 %) had TC, and three had
acute viral myocarditis. The subjects of the present
study consisted of 10 of these 13 patients, with TC
defined by the following features: (i) heart failure
similar to that observed with acute myocardial
infarction, (ii) a takotsubo-shaped hypokinetic left
ventricle on echocardiography and LVG, (iii) normal
coronary angiography findings despite persistent
ST-segment abnormalities, and (iv) complete resolu-
tion of LV dysfunction within a few weeks.

ECG and echocardiography

A standard 12-lead ECG (25 mm/s paper speed,
with calibration of TOmm=1.0mV) was recorded
at hospital admission, and at 6 hours, 12 hours,
24 hours, 48 hours, 72 hours, 1 week, 2 weeks,
and 4 weeks after admission. The sites of the pre-
cordial leads were marked on the patient’s chest
wall with an indelible marker.

Two-dimensional echocardiography (SSH-140A,
Toshiba) was performed 2-3 times during the first
week of hospitalization. The LV ejection fraction
(EF) was calculated by the single-plane-area-length
method in the apical two-chamber view, and was
expressed as a percentage.

Cardiac catheterization

Cardiac catheterization was performed within 1h
of admission in all 10 patients, and was repeated
after LV dysfunction had normalized on echocar-
diography. Coronary angiography and left ventricu-
lography were performed with six French catheters.
The LVEF was calculated by Simpson’s method.?®
To evaluate basal hyperkinesis during the acute
phase, the left ventricular end-systolic and end-
diastolic basal diameters were measured at a site
1cm below the aortic valve, and the difference
between these diameters was calculated in mm
and defined as the dBase value.

After the initial cardiac catheterization, a Swan-
Ganz catheter was placed at a suitable position in
each patient, and haemodynamics were continu-
ously monitored throughout the time in the coronary
care unit. For the purpose of ruling out any relation
to coronary vasospasm, coronary angiography with

acetylcholine provocation was performed during
follow-up cardiac catheterization in all patients.
Acetylcholine chloride was injected within 30s at
a dose of 50pug for the right coronary artery and
100 pg for the left coronary artery.

Measurement of plasma BNP and
other parameters

For measurement of the plasma BNP concentration,
5ml of venous blood was drawn from the femoral
vein just before cardiac catheterization, and was
immediately placed in a polypropylene tube con-
taining 4.5 mg EDTA-2Na and 150 pl tradirol. The
blood was immediately cooled on ice and centri-
fuged at 3000 rpm for 10 min at 4°C to separate the
plasma, which was stored frozen at —70°C until
analysis. The plasma BNP concentration was
measured by an immunoradiometric assay (Shio-
noria BNP) using two monoclonal antibodies.

Routine laboratory tests were performed on
admission, as well as after Th, 3h, 6h, 12h, 24h,
48h, 72h, 1 week, 2 weeks and 4 weeks. Results
were expressed as the mean £ SD.

Statistical analysis

All data were expressed as means+SD. Compar-
isons of parameters between BNP and LV func-
tional parameters were made using analysis of
variance (ANOVA). A p value <0.05 was considered
significant.

Ethics

The retrospective study protocol was approved by
the Human Investigation Committee of St Marianna
University School of Medicine. The nature and pur-
pose of the study and risks involved were explained,
and written informed consent to participation in the
study was obtained at the initial cardiac catheter-
ization from all subjects prior to their enrolment.

Results

Clinical profile

Table 1 shows the clinical characteristics of the
patients. Nine of the 10 patients were women
and one was a man. Mean age was 72.9 years.
Seven patients had a history of hypertension,
four had hyperlipidaemia, three had previous
cerebral infarction, one had diabetes mellitus, one
asthma, and one breast cancer. One patient
had no past history of relevance. One had a past
history of paroxysmal atrial fibrillation, but there
was no family history or past history of structural
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Table 1 Patients characteristics, past histories, trigger events, and symptoms on admission

Patient Age Sex  Height BW BMI BSA Past history Trigger event Symptom

(years) (M/F) (cm)  (kg) (kg/m*) (m?
1 63 F 160.0 61.4 24.0 1.77 H/T, H/L, PAF None Dyspnoea
2 80 F 145.0 34.4 164 1.22 H/T, H/L, CI, BA None Loss of

consciousness

3 83 F 148.0 30.0 13.7 1.17 H/T Pneumothorax Chest pain
4 66 F 155.0 475 19.8 1.44 None None None
5 85 M 160.0 50.6 19.8  1.56 H/T, H/L, Cl, BPH None None
6 57 F 150.0 52.0 23.1 1.49 H/T None Dyspnoea
7 67 F 155.0 48.0 20.0 1.51 Ovarian cystectomy, H/L Ventricular tachycardia Syncope
8 77 F 145.0 35.0 16.6 1.23 H/T, Cl, Left mamma ca Intestinal perforation Abdominal pain
9 81 F 148.0 43.0 19.6 1.36 H/T, Knee OA Severe knee pain Chest oppression
10 70 F 154.0 40.0 16.9 1.36 DM Left facial pain General fatigue
Mean 72.9 152.0 44.2 19.0 1.41
SD 11.0 6.9 10.7 3.6 0.20

BW, body weight; BMI, body mass index; BSA, body surface area; H/T, hypertension; H/L, hyperlipidaemia; PAF,
paroxysmal artrial fibrillation; Cl, cerebral infarction; BA, bronchial asthma; BPH, benign prostata hypertrophy; ca,

carcinoma; OA, osteoarthrosis; DM, diabetes mellitus.

heart disease. Table 1 shows the symptoms at
admission and the trigger events that caused
admission. Two patients were admitted with chest
symptoms and one was admitted with loss of
consciousness. Two patients were referred after
ECG abnormalities were found at a routine health
check. We were able to identify possible triggers of
LV dysfunction in five patients, including pneu-
mothorax in one, ventricular tachycardia in one,
intestinal perforation in one, severe knee pain in
one, and left facial pain with common cold-like
symptoms in one. There were no obvious trigger
events in the other five cases, although patient 7
had a physically handicapped husband, and the
burden of home care caused her severe physical
and emotional stress.

Electrocardiography

All 10 patients exhibited acute myocardial infarc-
tion-like changes on the ECG, such as ST segment
deviation and Q waves, as well as inverted T waves
during the chronic phase. The ECG changes were
not specific to any lead. ST segment depression
was observed in patient 1, while ST segment eleva-
tion persisted for one week or more in the remaining
9 patients. Ultimately, inverted T waves were
observed in the leads that showed ST segment
changes and abnormal Q waves, but the Q waves
did not persist in all cases.

Laboratory data

Table 2 shows the results of laboratory tests
performed on admission, and the maximum values

of the cardiac enzymes. The white blood cell
count was increased on admission (>8000/ul) in
six cases. Cardiac enzymes, including creatinine
kinase (CK) and its MB isoenzyme, showed no
significant increase (MB/total CK<10%) during the
entire period of hospitalization, and laboratory find-
ings were normalized within 1 week in 9/10
patients. Only patient 8 had high peak levels of
CK and its MB isoenzyme, because of undergoing
closure of a perforated small bowel. In patient 10,
C-reactive protein (CRP) was significantly elevated,
but the reason was probably a urinary tract infec-
tion. The plasma norepinephrine concentration was
increased in five cases (normal 0.24-0.57 ng/ml),
and a marked increase of BNP to a mean value
of 522.5 pg/ml (normal <18.4 pg/ml) was observed.
Tests of paired sera for viral infection were negative
in all cases.

Cardiac catheterization

Cardiac catheterization was performed within
30min of admission to the coronary care unit of
our Heart Center in all 10 patients. Coronary
angiography revealed normal coronary arteries
without any stenosis or obstruction. LVG showed
akinesis of the apical, diaphragmatic and/or ante-
rolateral segments, and hyperkinesis of the basal
segments. Figure 1 shows representative ventriculo-
graphy findings. Table 3 shows the acute haemo-
dynamic data: the mean values of LVEF, pulmonary
artery wedge pressure, cardiac output, and cardiac
index were 42.24+7.3%, 8.0+3.9mmHg, 2.66+
0.781/min, and 1.90 +0.39 I/min/m?, respectively.
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Diastole

v

Systole

Figure 1. Typical left ventriculography features of ‘takotsubo cardiomyopathy’, showing akinesis of the apical,
diaphragmatic, and anterolateral segments, and hyperkinesis of the basal segments. In order to evaluate basal hyperkinesis
in the acute phase, the left ventricular end-systolic and end-diastolic basal diameters were measured at a site 10 mm below

the aortic valve, as shown in the figure.

The initial Swan-Ganz data indicated a mean
Forrester class of Il for the patients. The LV
basal diameter was measured during end-diastole
(35.5+6.4mm) and end-systole (18.8+4.6 mm),
and the mean dBase value was calculated to be
16.7 £7.8 mm.

All 10 patients underwent repeat cardiac cathe-
terization after improvement of LV wall motion
on echocardiography, revealing normal coronary
arteries and normal wall motion. When acetylcho-
line provocation was done during the follow-up
catheterization study, none of the patients showed
vasospasm.

Clinical course

None of the patients received oral medications
such as digitalis, angiotensin-converting enzyme
inhibitors, angiotensin-Il receptor antagonists, or
beta-blockers during the hospital stay. Complete
normalization of LV contraction was confirmed
after 17.9 +7.3 days in hospital and the LVEF was
64.4+7.3 % (Table 3). While in hospital, parox-
ysmal atrial fibrillation occurred in patients 1 and
6, non-sustained ventricular tachycardia occurred
in patients 2 and 7, and patient 3 suffered from
recurrent pneumothorax. In patient 2, the only
patient requiring medication, intravenous adminis-
tration of magnesium sulphate (2 mg) was effective
in suppressing frequent episodes of non-sustained
ventricular tachycardia. The pneumothorax in
patient 3 was spontaneous, and insertion of a chest
tube resulted in complete healing within one week.
Patient 7 was diagnosed with the short-coupled
variant of idiopathic ventricular tachycardia. Syn-
cope occurred at 6h after admission, and poly-
morphic ventricular tachycardia with short-coupled
premature ventricular beats was observed for 90s.

After the event, we diagnosed TC echocardiogra-
phically, and an implantable cardioverter defibrilla-
tor was inserted to prevent lethal arrhythmias.
During an observation period of 1-5 years after
discharge, none of the patients had a recurrence of
TC and there were no deaths from cardiac events.

BNP and cardiac catheterization
parameters

Figure 2 shows the relationships between plasma
BNP levels and the parameters obtained by left
ventriculography. There was a positive correlation
between the plasma BNP concentration and dBase
(r=0.67, p<0.05). There was also a positive
correlation between BNP and LVEDP (r=0.65,
p<0.05). However, there was no correlation
between BNP and LVEF, LVEDV, or LVESV.

Discussion
BNP in takotsubo cardiomyopathy

Given the considerable rarity of TC, it is not sur-
prising that no previous study has investigated the
potential associations between BNP and cardiac
parameters in patients with TC. Throughout our
investigation, however, we noted an association
between BNP and basal hyperkinesis, a character-
istic LV wall motion abnormality in the acute phase
of TC. Based on the results of our study, we hypo-
thesized that the BNP production in TC patients
may be accelerated by excessive basal contraction
itself, as well as by sudden changes in the LV
systolic and diastolic function. Yasue et al. reported
that increased regional LV wall stress might promote
the secretion of BNP."® Moreover, transient abnor-
mal wall stress might increase the BNP in patients
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Figure 2. Association between plasma BNP concentration
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and catheterization parameters obtained during left

ventriculography. There was a positive correlation between the plasma BNP level and dBase. In contrast, there was no

correlation between BNP and LVEF, LVEDV, or LVESV.

with TC, as well as those with other cardiac dis-
eases. Excessive hypercontractility of the LV base
could conceivably lead to a pressure overload in
the LV similar to the overloads observed in patients
with aortic stenosis and hypertrophic obstructive
cardiomyopathy. As previously experienced in these
latter patients, the initial Swan-Ganz data on our
patients revealed low output due to the basal
hypercontraction and apical akinesis. Unable to
find a remarkable pressure gradient between the
LV apex and base in our subjects, we assumed that
LV regional wall stress might be present, based
solely on the shape of the LVG in the acute phase.
Combined with the correlations between BNP
and LVEDP, this raised the possibility that pressure
overload in the LV promoted the BNP production.
The BNP level was markedly elevated during
the acute phase in most of our TC patients, but not
in three of them. We surmise that the BNP sampling
may have been too early to indicate a high level.
As some of our subjects were asymptomatic, we
could not determine when their TC actually devel-
oped, and the sampling time of each BNP was dif-
ferent. We tried to measure BNP as soon as possible
after symptoms or clinical abnormalities were found
in the hospital. In one study on the time course
of BNP, Morita et al. found that BNP peaked within
24 h of admission in patients with acute myocardial
infarction.?’ BNP levels in our patients rose to their
peaks within a week, then normalized within the
next few months. We were unable to measure the
BNP concentrations of all of our cases throughout
the entire clinical period in this study. The actual

time of peak BNP production and the clinical course
of TC patients need to be investigated more exten-
sively in the future.

A high serum level of BNP is a well-known
marker of poor prognosis.?>>* Although very high
plasma BNP levels were observed in our subjects
in the acute phase, their prognosis was good, and
cardiac death did not occur during the follow-up
period. This is the first description of high BNP
levels associated with a good prognosis, and the
paradox may relate to the cause of BNP production.
In patients with myocardial infarction, increased
regional wall stress is believed to be associated with
adverse ventricular remodelling and a poor prog-
nosis.'® In contrast, BNP production in patients
with TC may be promoted by LV basal hyperkinesis.
We found that after wall motion was normalized,
BNP production decreased to a normal level, and
remained at that level throughout the rest of the
study period. We did not observe our subjects for
long enough to reach a definitive conclusion, and
the chronic phase was not evaluated. Thus, more
investigations on this point will also be needed in
the future.

Catecholamine in takotsubo
cardiomyopathy

An increase in the plasma norepinephrine concen-
tration was observed on admission in about half of
our subjects. The catecholamine increase in our
initial findings may have been due to the heart
failure. However, a catecholamine increase could
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not be ruled out completely as one of the origins
of the cardiomyopathy, as there was no relationship
between the plasma norepinephrine value and the
markers of cardiac function. After confirming an
absence of catecholamine-related disease, we sus-
pected this cardiomyopathy might be a myocardial
response to the excessive catecholamine. The very
high serum catecholamine concentration observed
in some of our cases supports this hypothesis. Owa
et al. reported that the recovery in I'**-metaiodo-
benzyl-guanidine ('?’I-MIBG) myocardial uptake
was most delayed in some tracers, and they sug-
gested that the origin of TC was related to a dis-
turbance of cardiac sympathetic innervation.”
We have observed the same '?’|-MIBG findings
in some of our patients with takotsubo cardio-
myopathy.'""'*'7 The systematic catecholamine
increase may have been one of the primary results
of this heart failure.

On the other hand, there is evidence that cir-
culating plasma norepinephrine concentration is
almost normal in some patients with TC.'"® We
hypothesized that excessive activation of cardiac
catecholamine receptors may have been another
results of this heart failure, but it may also have
been the origin of TC.'® Experimentally, Ueyama
et al. developed an animal model of transient left
ventricular hypocontraction via excessive activation
of cardiac adrenoceptors.’ The same authors have
reported that LV dysfunction induced by emotional
stress could be normalized by pretreatment with
an o- and pB-adrenoceptor blocker in the rat.?®
Moreover, they demonstrated that o- and B-adreno-
ceptor activation was the trigger for emotional
stress-induced molecular changes in the heart.?’
We greatly support their hypothesis for the models
of takotsubo cardiomyopathy. A takotsubo-like
LV asynergy due to the regional differences in
cardiac sympathetic nerve endings, has been seen
in the dog.*®

Limitations

This could not be a large-scale prospective study
because of the rarity of the disease, so further studies
involving a larger number of institutions will be
needed.

Our BNP data were obtained in the acute phase
soon after the onset of TC. However, some patients
had no symptoms on admission, so it is possible
that their TC had occurred some time previously. A
high level of circulating catecholamines or activa-
tion of cardiac catecholamine receptors was sus-
pected to be one of the factors related to the
development of TC. Because we failed to elucidate
why the asynergy was regional, the distribution

of catecholamine receptors in the myocardium
should be examined to determine the mechanism
of regional dysfunction.

Conclusions

From its clinical features, ‘takotsubo cardiomyo-
pathy’ is a distinct type of heart failure. Its origin
remains unclear, but coronary vasospasm, acute
myocarditis, and other diseases that have been
previously suggested can be ruled out as the cause
of this cardiomyopathy. Heart failure in TC patients
can resolve completely without any treatment, and
has a good prognosis after the acute stage. TC may
be a cause of sudden cardiac death in individuals
without obvious heart disease. Although catechola-
minergic or adrenoceptor-based cardiomyopathy
was suspected as an instigating factor for TC,
further investigations are needed to confirm this.
Compared with LV function parameters, the initial
dBase value seems to be a more accurate indicator
of the severity of basal hyperkinesis in patients with
TC. Basal hyperkinesis is the main characteristic of
TC, and may lead to production of BNP, explaining
why BNP is not correlated with parameters of LV
function in these patients.
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