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SUMMARY
Takotsubo cardiomyopathy, apical ballooning syndrome
or stress-induced cardiomyopathy is characterised by
transient left ventricular dysfunction, mimicking
myocardial infarction in the absence of obstructive
coronary artery disease or acute plaque rupture on
coronary angiography. The exact mechanism of
myocardial dysfunction in Takotsubo cardiomyopathy is
unknown; however, due to its association with physical
and emotional stress, it is postulated that
catecholamines play a central role in its pathogenesis.
We present a case of a patient who was admitted with
acute asthma exacerbation and was treated with β-2
agonist nebulisation and intravenous aminophylline.
During her hospital stay she developed Takotsubo
cardiomyopathy.

BACKGROUND
Takotsubo cardiomyopathy was first identified in
Japan in 1991.1 It is characterised by typical symp-
toms of acute coronary syndrome such as chest
pain or shortness of breath, associated with ECG
changes and raised cardiac biomarkers, however
with normal coronary arteries with no evidence of
acute plaque rupture on angiography. The exact
pathogenesis of Takotsubo cardiomyopathy is
unknown, however several hypotheses exist. These
include microvascular spasm causing myocardial
stunning or direct myocardial toxicity,2 3 multives-
sel epicardial coronary artery spasm4 and primary
metabolic disturbances causing dysfunctional
metabolism of cardiac myocytes affecting either
glucose or fatty acid metabolism.5 6 However, the
prevailing mechanism is the uncoupling of β-2
adrenoceptors from Gs protein signalling to Gi

protein signalling that is seen at very high concen-
trations of epinephrine and results in negative ino-
tropic effect.7–10 This is known as stimulus
trafficking. In some patients, the only stressor
observed with Takotsubo cardiomyopathy is use of
β adrenergic agonists or catecholamine exposure. A
possible pathogenic role of catecholamine also
comes from studies in which catecholamine levels
were carried out in patients with myocardial infarc-
tion and in patients with stress-induced cardiomy-
opathy and their levels were found to be
significantly higher in patients with stress-induced
cardiomyopathy.11 A recent systemic review of 38
patients has tried to establish a link between
respiratory diseases and Takotsubo cardiomyop-
athy; however, no causal relationship has yet been

identified.12 There are a few case reports of
patients with acute exacerbation of asthma who
developed Takotsubo cardiomyopathy; however,
there has only been one case report of a patient
receiving intravenous aminophylline infusion and
developing Takotsubo cardiomyopathy.13

CASE PRESENTATION
A 51-year-old woman with multiple myeloma of
IgG type and bronchial asthma presented to our
facility with a history of worsening shortness of
breath for 1 day. The patient had been admitted to
the hospital 12 days back with acute asthma exacer-
bation and had been discharged on oral steroids,
montelukast and levofloxacin, a combination of β-2
agonist and a steroid inhaler and proton pump
inhibitor. For the patient’s multiple myeloma, she
had received eight doses of Valcade (bortezomib),
the last dose received more than 3 months back.
Her disease was currently stable on thalidomide. At
the time of presentation to the hospital, the patient
had a heart rate of 99 bpm, she was afebrile, and
blood pressures were 192/120 mm Hg with a
respiratory rate of 38 bpm. Her precordial examin-
ation was unremarkable; however, the chest exam-
ination revealed bilateral wheeze. Abdominal and
central nervous system examinations were
unremarkable.

INVESTIGATIONS
The initial laboratory workup revealed respiratory
acidosis with hypoxaemia, a pH of 7.10, pCO2 of
72 mmHg, pO2 of 70 mmHg and oxygen saturation
of 84% on room air. Complete blood count revealed
normal haemoglobin with total leucocyte count of
26 600 cells/μL and normal platelets. Her creatinine
was slightly increased at 1.3 mg/dL and potassium
was 5.5 mmol/L. The initial troponin I was 0.026 ng/
mL. The initial ECG (figure 1) recorded in the emer-
gency department was normal. An initial chest X-ray
performed in the emergency department was
normal. The patient was managed on the lines of
acute asthma exacerbation with salbutamol and ipra-
tropium bromide nebulisation, intravenous methyl-
prednisolone, intravenous aminophylline infusion
and empiric antibiotics. She was shifted to a special
care unit and non-invasive ventilation with bilevel
positive airway pressure was initiated. The patient’s
symptoms and respiratory acidosis improved. After
14 hours of aminophylline infusion the patient
started reporting of shortness of breath with jaw
pain. An ECG (figure 2) was recorded again which
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revealed up to 5 mm STsegment elevation with deep Twave inver-
sions in the precordial leads and Twave inversions in the inferior
leads. A second test of troponin level turned out to be
5.557 ng/mL. Pro-brain natriuretic peptide (ProBNP) test was per-
formed and was found to be 9490 pg/mL.

DIFFERENTIAL DIAGNOSIS
In a patient with acute onset shortness of breath with jaw pain
and ECG changes a diagnosis of acute coronary syndrome
(ACS) is strongly suspected. The most common cause of ACS is
acute plaque rupture; however, one must keep in mind the pos-
sibilities of spontaneous coronary artery dissection, aortic dis-
section and coronary artery vasospasm. Non-ACS causes would

include acute pericarditis, pneumothorax and pulmonary
embolism.

TREATMENT
Dual antiplatelet therapy with aspirin and clopidogrel was started
along with intravenous heparin. The patient was electively intu-
bated due to respiratory distress. An informed consent was taken
from the family and the patient was shifted to the cardiac cath-
eterisation laboratory. Left heart catheterisation was performed
from the right femoral arterial approach. It revealed normal cor-
onary arteries with left dominant system (figures 3–5).
A 6-French pigtail catheter was passed into the left ventricle and
a left ventriculogram was recorded that revealed an ejection

Figure 1 ECG of the patient on arrival to the hospital, showing sinus rhythm with a normal axis, a heart rate of 75 bpm, no ST-T changes and
good R wave progression.

Figure 2 ECG at time of patient having symptoms of shortness of breath and jaw pain, shows ST segment elevation in leads I, aVL, V2–V6,
prolonged QT-interval and deep T wave inversions in all the inferior and anterior precordial leads, the heart rate is 120 bpm.
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fraction of 30% with apical akinesia and basal segment hyperkin-
esia (figure 6 and video 1). Aminophylline infusion and salbuta-
mol nebulisation were immediately stopped. She was continued
on ipratropium nebulisation and intravenous corticosteroids. The
patient was successfully extubated the very next day and then dis-
charged after 48 hours on ACE inhibitor. An echocardiogram
was performed subsequently that revealed normal left ventricular
systolic function with no segmental wall motion abnormality.
β-blocker was not started due to a history of asthma.

OUTCOME AND FOLLOW-UP
The patient was discharged and followed up with the cardiolo-
gist. She is currently asymptomatic.

DISCUSSION
Takotsubo cardiomyopathy or apical ballooning syndrome (ABS)
is a syndrome distinct from ACS. It is characterised by reversible
myocardial dysfunction associated with ST-T changes seen on
the ECG, elevation of cardiac enzymes and presence of an acute
stressor. Ever since the first case was reported by Dote et al1

from Japan several case reports and case series of Takotsubo car-
diomyopathy have been reported from around the world. The
largest cohort of 6837 affected patients was reported by
Deshmukh et al14 from the Nationwide Inpatient Sample (NIS)
in the USA.

Figure 3 Cardiac catheterisation still image in LAO view, showing a
normally filling non-dominant right coronary artery. LAO, left anterior
oblique.

Figure 4 Cardiac catheterisation still image in RAO caudal view,
showing a normally filling dominant left circumflex artery. RAO, right
anterior oblique.

Figure 5 Cardiac catheterisation still image in AP cranial view,
showing a normally filling LAD. Notice that the LAD has one large first
septal branch that gives off further smaller septal branches. AP,
anteroposterior; LAD, left anterior descending artery.

Figure 6 Cardiac catheterisation still image of left ventriculogram in
RAO view showing apical ballooning. RAO, right anterior oblique.
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Two diagnostic criteria have been proposed for the diagnosis
of Takotsubo syndrome, namely, the Modified Mayo Clinic
Criteria for diagnosis of Takotsubo cardiomyopathy15 and the
recently proposed diagnostic criteria published in the European
Journal of Heart Failure titled ‘Current state of knowledge on
Takotsubo syndrome: a Position Statement from the Taskforce
on Takotsubo Syndrome of the Heart Failure Association of the
European Society of Cardiology’.16

Contrary to popular belief, Takotsubo is not an uncommon
condition. Numerous case reports and case series have been
published describing several variants of the condition.17–22 A
number of case reports have now been published of patients
developing Takotsubo cardiomyopathy as a result of drug
administration during diagnostic tests such as dobutamine stress
echo,23–26 anaesthesia administration,27 epinephrine administra-
tion28–30 and with iatrogenic thyrotoxicosis.31 Case reports have
also described patients who developed ABS following adminis-
tration of β-2 agonists for acute asthma exacerbation.32–38

However, after searching PubMed and Google Scholar we only
found one case report in the English language of a patient devel-
oping ABS following aminophylline infusion.13

Aminophylline is pharmacologically classified as a methyl-
xanthine. Its exact mechanism of action is unknown; however,
it has been proposed that it acts as a phosphodiesterase inhibi-
tor. This in turn results in an increase in intracellular concentra-
tion of cyclic AMP (cAMP). An increase in intracellular activity
of cAMP results in cardiac stimulation and smooth muscle relax-
ation.39 Evidence of this important effect also available from
animal studies which suggest that methylxanthines potentiate
cardiac inotropic response to catecholamines by stimulating the
release of norepinephrine from cardiac β adrenergic nerve
endings and also stimulate the release of catecholamines from
adrenal medulla.40 41

The precise aetiology and pathophysiology of Takotsubo syn-
drome remains unknown and several mechanisms have been
proposed. The current prevailing hypothesis on the pathophysi-
ology of Takotsubo cardiomyopathy is the coupling of β-2 adre-
noceptor to Gi proteins rather than Gs proteins in response to
high concentrations of epinephrine.7–9 At physiological concen-
trations of epinephrine and norepinephrine, activation of β-1

and β-2 adrenoceptors triggers a positive inotropic response
from cardiac myocytes due to intracellular activation of Gs pro-
teins resulting in increased production of cAMP.42 Epinephrine
has higher affinity for β-2 adrenoceptors and at supraphysiologi-
cal concentrations epinephrine triggers a negative inotropic
response from cardiac myocytes. This change in response occurs
due to a switch in coupling of β-2 adrenoceptors from Gs

protein signalling to Gi protein signalling.43 44 Once the higher
concentrations of epinephrine are cleared from the circulation,
the β-2 adrenoceptors switch back to Gs protein coupling,
explaining the recovery of ventricular function in patients with
Takotsubo cardiomyopathy.

Takotsubo cardiomyopathy has been classified into primary
and secondary subtypes.16 Primary Takotsubo syndrome is one
where there is no identifiable stressor and the patient seeks help
due to symptoms associated with Takotsubo cardiomyopathy.
Secondary Takotsubo cardiomyopathy occurs in patients who
are already hospitalised for a medical, surgical or psychiatric
illness and develop ABS as a result of the treatment received for
the illness, as seen in our patient. Our patient’s possible mech-
anism of development of ABS was a result of
aminophylline-induced potentiation of circulating β agonists
resulting in uncoupling of β-2 adrenoceptors, causing myocar-
dial apical stunning and depression of myocardial function. This
effect was possibly enhanced by the inhaled β-2 agonists admi-
nistered for the treatment of the patient’s acute asthma exacer-
bation and, presumably due to the high levels of circulating
catecholamines caused by the acute illness.

Learning points

▸ Takotsubo syndrome can develop in patients who have been
admitted for acute exacerbation of chronic illnesses.

▸ It has been associated with patients receiving β-2 agonist
drugs and aminophylline.

▸ Patients receiving β-2 agonists and aminophylline should be
monitored for symptoms and signs of stress-induced
cardiomyopathy.

▸ Apical ballooning syndrome should be suspected in patients
who develop chest pain or worsening shortness of breath
with ECG changes.
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