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Introduction and case presentation

Dr. Di Micoli, Dr. Buccione, Prof. Trevisani: Tako-
Tsubo cardiomyopathy (TTC), also known as transient left
ventricular apical ballooning syndrome, is a clinical entity
characterized by (1) reversible left ventricular apical wall
motion abnormalities, (2) typical electrocardiographic
changes and (3) relatively minor elevation of troponine,
creatinine-kinase (CK) and CK-MB that mimics an acute
myocardial infarction (AMI) without any acute obstruc-
tive coronary disease [1]. Typically, the left ventricular
imbalance almost always recovers in a period of days to
weeks, so that the management and prognosis of this
condition are clearly different from those of AMI [2]. TTC
is generally observed in post-menopausal women without
prior history of heart disease or clear risk factors for cor-
onary artery disease, who have often experienced recent
emotional or physical stress, non-cardiac surgery or
extracardiac diseases [1]. Recently, TTC has also been
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described in critically ill patients without prior heart dis-
ease admitted to a medical intensive care unit for severe
non-cardiac diseases, such as sepsis, acute respiratory
failure, systemic inflammatory response syndrome, ana-
phylaxis and trauma injuries [3, 4].

Herein, we report a case of TTC occurring in a cirrhotic
man, waiting for liver transplantation (LT), probably
favored by the intravenous infusion of terlipressin, a syn-
thetic analog of vasopressin (AVP), for the treatment of
hepato-renal syndrome (HRS).

A 67-year-old Caucasian man with hepatitis B virus-
related cirrhosis and ascites, waiting for LT, was admitted
to our unit because of the onset of hepatic encephalopathy,
and the worsening of renal sodium retention. As a candi-
date for LT, he had undergone clinical, laboratory and
instrumental tests aimed at excluding extrahepatic diseases
precluding surgery. Myocardial single photon emission
computed tomography had excluded ischemic damage, and
trans-thoracic echocardiography had ruled out dyskinesia
of ventricular segments and documented a normal (65%)
left ventricular ejection fraction (LVEF).

On admission, the patient presented with peripheral
edema, ascites and grade III hepatic encephalopathy. Daily
diuresis was around 200 mL. The ongoing therapy included
oral diuretics (furosemide 25 mg b.i.d. and spironolactone
100 mg b.i.d.), lamivudine and tenofovir for HBV infection
control, norfloxacine (400 mg/day) for secondary prophy-
laxis of the spontaneous peritoneal peritonitis, lactulose, and
periodic albumin infusion. The serum creatinine was
2.2 mg/dL and blood urea nitrogen 0.9 g/dL, while serum
electrolyte concentrations were normal (sodium 138 mEq/L,
potassium 3.5 mEq/L, calcium 8.9 mg/dL and magnesium
2.6 mEq/L). The hemoglobin level was 10.4 g/dL, platelet
count 134.000/uL, leukocytes 8.0 x 103/mmc, serum bili-
rubin 18.8 mg/dL, albumin 3.4 g/dL, INR 2.11.
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Preliminary diagnosis

Dr. Di Micoli, Dr. Buccione, Dr. Santi: Bacterial and
fungal infections, pulmonary diseases or embolism and
urinary obstructive disease were ruled out by medical
history, physical examination, chest X-ray study, pulmon-
ary scintigraphy, abdominal ultrasonography, and blood
and urine tests. The electrocardiogram (EKG) was normal
(sinus rhythm, heart rate 80 bpm, absence of ST abnor-
malities) with the exception of a pre-existing right bundle
branch block. Soon after admission, diuretics were with-
drawn and plasma volume expansion was started (saline
1,500 mL) without any favorable effect on serum creati-
nine. The diagnosis of type 2 HRS was postulated, and,
according to the international guidelines available at that
time [5], terlipressin administration was started at the dose
of 3 mg/day (continuous infusion) plus i.v. albumin (1 g/kg
of body weight). Renal function improved (creatinine
1.5 mg/dL) on the third day of hospitalization, but the
patient complained of tachycardia (110 bpm), chest pain,
and dyspnea, and the QT interval, corrected by the heart
rate [6], lengthened from 454 to 490 ms. A minimal ele-
vation (0.04 ng/mL, normal range <0.03) of serum tropo-
nine I (cTn-I) was found, without concurrent elevation of
CPK and CPK-MB, but the subsequent values, checked
after 6 and 12 h, were normal.

Further investigation and differential diagnosis

Dr. Buccione, Dr. Santi, Dr. Degli Esposti: Serial EKGs
did not show features compatible with acute coronary
syndrome. Conversely, a trans-thoracic echocardiography
disclosed akinesia of mid-apical segments with systolic
ballooning of the left ventricular apex, hyperkinetic motion
of the basal segments, and marked reduction of LVEF
(30%) (Fig. 1), suggesting the classic form of TTC [7]. The
infusion of terlipressin was immediately stopped, and oral

Fig. 1 Two dimensional echo
images of the left ventricle in
apical four-chamber view. a At
end-diastole, the left ventricle
shows substantially normal
dimensions and wall thickening
with minimally dilated apical
segments. b At end-systole, the
left ventricular chamber shows
the typical apical ballooning
(arrow) due to the akinesia/
hypokinesia of apical and mid-
segments. LV left ventricle, RV
right ventricle, LA left atrium,
RA right atrium
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metoprolol (50 mg b.i.d.) was given. The patient was
temporarily removed from the LT list. Cardiac magnetic
resonance (CMR) was performed, but was not diagnostic
because it was impossible to synchronize the very low
EKG signal with CMR; indeed, the EKG signal was
affected by both the cardiac impairment and the anasarca.
The impairment of renal function (creatinine 2.2 mg/dL)
that followed terlipressin withdrawal prevented the per-
formance of a planned coronary aortography.

Clinical evolution and follow up

Dr. Di Micoli, Dr. Degli Esposti, Dr. Bastagli: After
terlipressin withdrawal, chest pain and dyspnea quickly
resolved, and the QTc interval length shortened to the
initial value at the EKG recorded 5 h later. A second trans-
thoracic echocardiography, performed 1 day later, did not
show improvement, whereas the third assessment, made
4 days later, demonstrated the resolution of the mid-apical
segments akinesia and normalization of LVEF (70%),
testifying to the short-life of these abnormalities. Over the
following days, the clinical condition and renal function of
the patient improved, and diuretic therapy was restarted.
The patient was then re-listed for LT. Unfortunately,
1 week later he developed severe sepsis. His clinical con-
dition quickly worsened, and he died on the 20th day of
hospitalization.

Discussion

Dr. Di Micoli, Prof. Borghi, Prof. Bernardi, Prof. Tre-
visani: To the best of our knowledge, this is a unique case
of a TTC occurring in a patient with hepatic cirrhosis. This
syndrome, also called stress-induced cardiomyopathy, was
first described in Japanese women, [8] and is characterized
by reversible left ventricular and apical wall motion
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abnormalities, ischemic type chest pain, EKG changes
(including ST-segment elevation, especially in the precor-
dial leads, abnormal Q waves, prolongation of QT interval,
and rapid evolution of symmetric negative T-waves in most
leads [9]) and a slight elevation of myocardial enzymes,
without angiographic evidence of epicardial coronary ste-
nosis. In our patient, the diagnosis of TTC was supported
by the lack of EKG changes compatible with acute ische-
mic damage, the minimal and transient increase of serum
CTn-I and, above all, the typical echocardiographic fea-
tures [7] that fully disappeared in a few days, suggesting
their functional nature.

The precise causes of TTC are still undefined, and
several pathophysiological mechanisms have been postu-
lated. They include epicardial coronary spasm, excess
sympathetic stimulation, microvascular dysfunction, and
dynamic left ventricular outflow obstruction [1].Consider-
ing the frequent association between TTC and emotional
or physical stress, this syndrome has been claimed as a
“catecholamine-induced” myocardial injury, and sympa-
thetic hyperactivity at the cardiac apex and high plasma
catecholamines have been reported in several cases [9, 10].
Furthermore, in a rat model of TTC caused by immobili-
zation stress, the activation of «- and f-adrenoreceptors is
the main trigger of the transient left ventricular apical
ballooning [11]. Lastly, recent studies demonstrate that
patients with TTC exhibit impaired myocardial perfusion,
coronary microvascular dysfunction [9] and metabolic
abnormalities in the left ventricular apex similar to those
observed in post-ischemic myocardial stunning [12].

The peculiarities of our case are: (1) the unusual gender
and clinical background of the patient, TTC being much
more frequent in women and never before described in
advanced hepatic cirrhosis; (2) the absence of a previous
emotionally stressful event, although the cardiac dysfunc-
tion ensued on top of a severe non-cardiac illness, such as
type 2 HRS; (3) the onset of TCC during the infusion of
terlipressin, a potent non-catecholaminergic vasoconstric-
tor, and its rapid improvement after withdrawal of this drug.

AVP and its pro-drug terlipressin have a marked and
multiorgan vasoconstrictor effect, mainly through the V,
receptors, but also by the ATP-sensitive K+ channels [13].
The AVP effect on the coronary vascular bed is intensified
by an inhibition of the endothelial production of nitric
oxide [14]. Moreover, pharmacological doses of AVP
reduce cardiac output independently of the increase in
coronary vascular resistance. [15]. Lastly, in isolated rat
heart, when coronary perfusion is maintained constant, low
concentrations of AVP enhance the myocardial contractil-
ity, whereas an opposite effect is observed at high AVP
concentrations (500 pg/mL) [16]. In clinical practice, ter-
lipressin is preferred to AVP because of less pronounced
effects on the coronary circulation. In fact, a coronary

vasoconstriction is appreciable only at supra-therapeutic
concentrations of 30 nM in isolated perfused rabbit heart
[17]. Nonetheless, therapeutic doses of terlipressin have
been reported to provoke cardiac ischemic effects in
patients with intraoperative hypotension [18] and in cir-
rhotic patients with HRS [19].

It can be suspected that, in our patient, TTC was pre-
cipitated by the combination of very high plasma levels of
catecholamines, a typical feature of type 2 HRS [20], and
the terlipressin infusion, which contributes to induce a
marked vasoconstriction in the coronary bed via the stim-
ulation of non-adrenergic receptors. The resulting ischemia
could have produced the cardiac dysfunction typical of
TTC in a basically non-ischemic heart. Moreover, as ter-
lipressin has a renal clearance, a depressed excretion could
have increased its plasma concentration in our patient,
favoring the development of its adverse effects.

Our report expands the clinical settings in which TTC
may be observed, showing that it can affect cirrhotic
patients with predisposing clinical factors, such as acute
stressful clinical events, and the infusion of non-catechol-
aminergic vasoconstrictor agents.
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