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Abstract
Rationale: Takotsubo syndrome (TTS) most commonly occurs in postmenopausal women who have been exposed to a triggering
event such as acute physical or emotional distress. Sepsis-induced TTS in young premenopausal women were rarely reported. In
particular, the relationship between sepsis-induced TTS and sepsis-induced cardiomyopathy (SIC) remains to be illuminated.

Patient concerns: Two young premenopausal women were admitted to the hospital with sepsis and myocardial involvement.

Diagnosis: Both patients fully met the Mayo Clinic criteria for TTS.

Interventions: Both patients received anti-infection and fluid infusion treatment.

Outcomes:Both patients were discharged without complications and the follow-up ultrasonic echocardiography showed normal
results.

Lessons: In this report, we describe 2 young premenopausal women with sepsis-induced TTS. There is an overlap between
sepsis-induced TTS and SIC, and SIC could be a special type of TTS, which occurs under the stress of sepsis.

Abbreviations: ECG = electrocardiogram, LVEF = left ventricular ejection fraction, SIC = sepsis-induced cardiomyopathy, TTS =
Takotsubo syndrome, UCG = ultrasonic echocardiography.
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1. Introduction

Takotsubo syndrome (TTS) is characterized by transient left
ventricular dysfunction under severe emotional or physiological
stress, also known as "apical ballooning syndrome”, "broken-
heart syndrome", and ”stress cardiomyopathy”.[1,2] The syn-
drome was initially recognized and reported in Japan in 1990.
Sato et al[3] named it after a narrow-necked, round-bottomed
Japanese fishing pot used for trapping octopus, which is
morphologically similar to the echocardiographic appearance
of the heart. TTS most commonly occurs in postmenopausal
womenwho have been exposed to a triggering event such as acute
physical or emotional distress.[4,5] A previous analysis reported
that sepsis was the most frequent cause of TTS, and TTS was
prevalent in patients with sepsis, with an average age of 62.8
years.[6,7] Here we present 2 cases of sepsis-induced TTS
occurring in young premenopausal women which were rarely
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reported, and further discuss the difference with sepsis-induced
cardiomyopathy (SIC).
2. Case report

2.1. Case 1

A 28-year-old female first visited a local clinic with a sore throat.
The patient was treated with intravenous antibiotic. She
experienced sudden onset of fever and chills during antibiotic
infusion, with decreased blood pressure of 70/40 mmHg. She was
then transferred to our emergency department. Upon examina-
tion, her temperature was 37.5 °C, the heart rate was 110 beats
per minute, the blood pressure was 65/37 mmHg, the respiratory
rate was 23 breaths per minute, and the oxygen saturation was
94% while the patient was breathing 2 L of oxygen per minute.
The remainder of the examination was normal. The results of her
laboratory tests were listed in Table 1. Computer tomography
scans of her chest, abdomen and pelvic cavity did not reveal any
site of infection. The electrocardiogram (ECG) showed normal
rhythm with T-wave inversion (Fig. 1), and transient accelerated
idioventricular rhythm (Fig. 2). She was initially diagnosed as
septic shock with multiple organ dysfunction. Ultrasonic
echocardiography (UCG) on the 3rd day after admission showed
decreased left ventricular apical impulse movement and a low left
ventricular ejection fraction (LVEF) of 40%, which was
diagnosed as TTS. Coronary arteriography on the 7th day after
admission revealed no lesion. The final diagnosis was sepsis-
induced TTS. The patient recovered after antibiotic and
intravenous fluids resuscitation therapy, and finally, she was
discharged from the hospital. The follow-up UCG was
completely normal with LVEF of 77%.
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Table 1

Results of laboratory investigations in case 1.

Patient results on admission Patient results on the 3rd day Reference range

Peripheral blood
White blood cell count (�109/L) 18.1 17.88 4–10
Haemoglobin (g/L) 123 130 110–160
Platelet count (�109/L) 103 109 100–300
Neutrophil count percentage (%) 97.6 89.1 40–74

Inflammatory markers
C-reactive protein (mg/dl) 12.1 5.5 <0.8
Procalcitonin (ng/ml) 28.23 4.68 <0.05

Coagulation
Prothrombin time (s) 24.2 normal 8.8–13.4
Activated partial thromboplastin time (s) 47 normal 23.3–38.1
Fibrinnogen (g/L) 1.26 normal 2–4
D-dimer (ng/ml) 150606 410 <255
International normalized ratio 2.12 normal 0.8–1.5

Biochemistry
Serum lactic acid (mmol/L) 2.8 1.2 0.6–2.2
Glucose (mmol/L) 6.6 6.6 3.9–6.1
Albumin (g/L) 39 36 34–48
Creatinine (umol/L) 70 42 59–104
Urea nitrogen (mmol/L) 4.72 1.62 2.9–8.2
alanine aminotransferase (U/L) 185 62 5–40
aspartate aminotransferase (U/L) 143 19 13–40
lactate dehydrogenase (U/L) 349 238 109–245
Creatine kinase (U/L) 151 27 38–174
Creatine kinase-MB (ng/ml) 12.9 normal 0–4.99
Myoglobin (ng/ml) 44.2 normal <46.6
Troponin I (ng/ml) 5.2 0.184 <0.02
N-terminal pronatriuretic peptide (pg/ml) 10600 24817 <450

Figure 1. The electrocardiogram on the 3rd day after admission in case 1. It showed T wave inversion in leads I, AVL, and V2-V6.
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Figure 2. The electrocardiogram on the 2nd day after admission in case 1. It showed accelerated idioventricular rhythm.

Table 2

Results of laboratory investigations in case 2.

Patient results on admission Patient results on the 3rd day Reference range

Peripheral blood
White blood cell count (�109/L) 13.44 10.06 4–10
Haemoglobin (g/L) 91 90 110–160
Platelet count (�109/L) 339 325 100–300
Neutrophil count percentage (%) 83.6 85.4 40–74

Inflammatory markers
C-reactive protein (mg/dl) 11.1 12.6 <0.8
Procalcitonin (ng/ml) 2.63 18.29 <0.05

Coagulation
Prothrombin time (s) 14.7 15.4 8.8–13.4
Activated partial thromboplastin time (s) 45.3 39.9 23.3–38.1
Fibrinnogen (g/L) 6.4 6.47 2–4
D-dimer (ng/ml) 1751 5904 <255
International normalized ratio 1.28 1.34 0.8–1.5

Biochemistry
Serum lactic acid (mmol/L) � 1.36 0.6–2.2
Glucose (mmol/L) 6.1 5.9 3.9–6.1
Albumin (g/L) 35 32 34–48
Creatinine (umol/L) 47 91 59–104
Urea nitrogen (mmol/L) 4.52 8.87 2.9–8.2
alanine aminotransferase (U/L) 14 21 5–40
aspartate aminotransferase (U/L) 26 54 13–40
lactate dehydrogenase (U/L) 318 336 109–245
Creatine kinase (U/L) 63 77 38–174
Creatine kinase-MB (ng/ml) 1.71 20 0–4.99
Myoglobin (ng/ml) 21.3 347 <46.6
Troponin I (ng/ml) 0.018 0.542 <0.02
N-terminal pronatriuretic peptide (pg/ml) 23638 >30000 <450
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Figure 3. The electrocardiogram on the 3rd day after admission in case 2. It showed sinus tachycardia with T wave inversion in leads I, AVL, and V5-V6.
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2.2. Case 2

A 48-year-old premenopausal female with past medical history of
mixed connective tissue disease came to our emergency room
with complaints of fever and dyspnea. Upon examination, her
temperature was 38.8 °C, the heart rate was 125 beats per
minute, the blood pressure was 134/67 mmHg, the respiratory
rate was 24 breaths per minute, and the oxygen saturation was
96% while the patient was breathing 2 L of oxygen per minute.
Both lungs could be heard moist rales. The remainder of the
examination was normal. Results of her laboratory tests were
listed in Table 2. Chest X-ray revealed left lung infection and a left
pleural effusion. The ECG showed sinus tachycardia and T-wave
inversion (Fig. 3). She was initially diagnosed as sepsis-associated
multiple organ dysfunction caused by pneumonia and empyema.
Her UCG on the 2nd day after admission showed no movement
of the left ventricular mid to apical segments with LVEF of 30%,
which was diagnosed as TTS. The patient was diagnosed with
sepsis-induced TTS and discharged. The follow-up UCG was
restored to normal with LVEF of 50% 2 months after her
discharge.

3. Discussion

About 90% of TTS patients are women with a mean age of 67 to
70 years and around 80% are older than 50 years based on the
published literatures.[8] Women older than 55 years have a 5-fold
greater risk of developing TTS than women younger than 55
years and a 10-fold greater risk than men.[5] A hallmark of TTS is
its association with a preceding stressful event, such as emotional
stressors or physical stressors. Initially, most reported triggers
involved an emotional trauma.[3] As TTS became better known,
4

physical triggers are more commonly observed than emotional
stress triggers.[8] A previous analysis reported that sepsis was the
most frequent cause of TTS, and TTS was prevalent in patients
with sepsis, with an average age of 62.8 years.[6,7] Both patients in
this report with sepsis-induced TTS were young premenopausal
women, which was rarely reported. On the other hand, about
one-third of patients present without evidence of an identifiable
preceding stressful event.[9]

Currently, the precise pathophysiological mechanism of TTS
remains unclear, but there is considerable evidence that
sympathetic stimulation is central to its pathogenesis. The most
widely accepted hypothesis is an excess of catecholamines
causing calcium overload in cardiac myocytes, leading to
myocardial stunning.[10] The hypothesis was also confirmed by
histopathology. The pathological changes of myocardial speci-
mens, which came from patients who died of TTS, were
consistent with the hearts of animals injected with large amounts
of catecholamine.[11] Several other hypotheses have been
proposed such as plaque rupture, multi-vessel epicardial spasm,
microcirculatory dysfunction and activation of myocardial
survival pathways.[12]

The 2 cases in our report meet the most widely cited TTS
diagnostic criteria first introduced by Mayo Clinic in 2004 and
modified in 2008.[13] Currently, there are new international
criteria for the diagnosis of TTS that may help improve
identification and stratification of TTS.[12] The 2 cases in this
report both diagnosed as sepsis or septic shock initially. Both
cases had elevated troponin levels with ECG changes. Both had
UCGs that showed TTS without coronary lesion or history of
coronary heart disease. The 2 patients both recovered and finally
discharged with normal UCG results. All of these were in line
with the new international diagnostic criteria.
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Guidelines regarding TTS management are lacking as no
prospective randomized clinical trials have been performed in this
patient population. Therapeutic strategies are therefore based on
clinical experience and expert consensus.[14] Recently, it has been
suggested that the Ca2+-sensitizer Levosimendan could be used
safely and effectively in TTS as an alternative inotrope to
catecholamine agents.[15] As catecholamine levels are elevated in
TTS, beta-blockers seem to be reasonable until full recovery of
LVEF, but trials supporting this hypothesis are lacking. Angioten-
sin-converting enzyme inhibitors or angiotensin II receptor
blockers may potentially facilitate left ventricular recovery.[14]

The2 casesmentioned in this report, 1diagnosedwith septic shock,
another with hypotension, unable to use beta-blockers or
angiotensin-converting enzyme inhibitors and angiotensin II
receptor blockers. We could try to use the Ca2+-sensitizer
Levosimendan in such patients in the future.
Data on long-term survival of TTS is scarce. Both patients in

this report survived and recovered after sepsis was cured, which
seemly showed good prognosis of TTS. In the largest TTS registry
to date, death rate is estimated to be 5.6% and rate of major
adverse cardiac and cerebrovascular event is 9.9% per patient
per year, suggesting that TTS is not a benign disease.[8] The
predictive factors of TTS in 1-year mortality include atrial
fibrillation, LVEF on admission <45%, and neurologic disor-
ders, rather than TTS type.[16]

The intensive care unit patients were often under stress caused
by physical factors, especially sepsis, resulting in sepsis-induced
TTS or SIC. The relationship between the 2 diseases remains to be
illuminated, whichmake it difficult to differentiate between them.
SIC is a complication of severe sepsis and septic shock first

described by Parker et al in 1984 as a reversible myocardial
depression that occurs in patients with septic shock.[17,18] SIC has
3 characteristics: reversible left ventricular dilatation, reversible
depressed ejection fraction, and recovery in 7 to 10 days.[19] The
pathogenesis of SIC is complicated that inotropic catecholamines
may have adverse effect in patients with septic shock, and the
decrease in b-adrenergic response in patients with SIC may be a
protective mechanism to these effects.[19]

In summary, SIC has something in common with TTS:
(1)
 Neither of their pathogenesis is related to blood supply
obstacles in coronary artery, which extend beyond a single
epicardial vascular distribution.
Catecholamine plays an important role in the pathogenesis of
(2)

both.
Both are self-limiting disease. After the disease is cured, heart
(3)

function could resume as usual.

Thus, there is an overlap between sepsis-induced TTS and SIC.
In the opinion of the authors, SIC could be a special type of TTS,
which occurs under the stress of sepsis.
The 2 cases mentioned in this report were both young

premenopausal women diagnosed as sepsis-induced TTS, which
was rarely reported. In future, we should strengthen the
monitoring of young septic patients with myocardial involve-
ment, which might be TTS.

4. Consent for publication

Informed written consent was obtained from the patients for
publication of the case report and accompanying images.
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