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Introduction

Background: Takotsubo cardiomyopathy

Since its’ first description in Japan in the early 1990s, the 
awareness of Takotsubo cardiomyopathy has risen in the 
past years (1,2). Inspired by its typical configuration with 
systolic apical ballooning of the left ventricle (LV), it was 

named after the traditional Japanese octopus trap (3). It is 
characterized as acute and severe left ventricular dysfunction 
mimicking acute coronary syndrome in clinical symptoms 
until cardiogenic shock, elevation of cardiac enzymes and 
electrocardiographic (ECG) alterations (4). Lacking the 
underlying coronary artery stenosis, it is rather based on 
intensive emotional or physical stress causing catecholamine 
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excess (4,5). As left ventricular dysfunction is typically 
reversible in this condition, patients with Takotsubo 
cardiomyopathy generally have a favorable prognosis (4).

Focus: stress-induced cardiomyopathy in children

While most common among adults, especially elderly 
women (2), stress-induced cardiomyopathy has very rarely 
been described in children, presenting similar clinical 
symptoms and diagnostic findings as adults (3,6,7). In 
childhood however, it is often initially mistaken for much 
more common diagnoses like dilated cardiomyopathy or 
myocarditis or even rare differential diagnoses like previous 
untreated Kawasaki’s disease, undiagnosed congenital 
anomalous coronary artery origin or permanent junctional 
reentry tachycardia (3).

We present the following case in accordance with the 
CARE reporting checklist (available at https://dx.doi.
org/10.21037/tp-21-181).

Case presentation

Ethical statement

All procedures performed in studies involving human 
participants were in accordance with the ethical standards of 
the institutional and/or national research committee(s) and 
with the Helsinki Declaration (as revised in 2013). Written 
informed consent was obtained from the patient’s parent 
or legal guardian for publication of this case report and 
accompanying images. A copy or the written informed consent 

is available for review by the editorial office of this journal.

Medical history and clinical presentation

The 12-year-old boy presented in our emergency 
department (ED) complaining about an afebrile illness with 
pain in the jaw, mouth and throat since the past night. Self-
medication with paracetamol had brought no improvement, 
instead he had suddenly developed muscular hypotonia, oral 
leaking of bloody, foamy saliva and pulmonary wheezing. 
He had no pre-existing medical conditions or allergies, no 
regular medication and no family history for cardiovascular 
diseases.

During evaluation in the ED drastically deteriorating 
cardiovascular parameters (see Table 1) and decreasing 
saturation of 50% under oxygen therapy resulted in a 
collapse to somnolence.

Emergency echocardiography showed massive acute left 
ventricular functional restriction (see Figure 1 and Table 2).

Catecholamine therapy (Adrenaline and Milrinone) was 
initiated and after intubation the boy was transferred to 
pediatric intensive care for further evaluation and potential 
extracorporeal life support (ECLS) therapy.

Diagnostic pathway and initial therapy

On admission, the patient was hypotensive despite high 
doses of catecholamines. Initial ECG showed tachycardic 
sinus rhythm (140 bpm) with ST-depressions in II, III, 
augmented voltage foot (aVF) and elevations in V1–4 (see 

Table 1 Vital parameters and clinical status of a 12-year-old boy presenting to the ED in severe cardiogenic shock later diagnosed with Takotsubo 
cardiomyopathy caused by acute brainstem bleeding

Vital parameters and clinical status Value

Blood pressure (mmHg) 105/53

Heart rate (bpm) 139

Oxygen saturation (%) 55 (with FiO2 1.0)

Cor Rhythmic, systolic murmur, weak peripheral pulses palpable

Pulmo Symmetrical ventilation, ubiquitous wheezing, crackles

Abdomen No resistances, no pressure pain, liver and spleen not enlarged, normal bowel sounds

Throat Uremarkable

Skin Pale, limbs cool, peripheral capillary refill 5 seconds, no signs of chronic cyanosis, no exanthema

Neuro Somnolence, low muscle tone

ER, emergency department; FiO2, fraction of inspired oxygen.
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Figure 2), chest X-ray revealed pulmonary oedema (see 
Figure 3). Blood gases showed lactate acidosis (lactate max. 
8 mmol/L, pH min. 7.22) and cardiac enzymes were highly 
increased (see Figure 2).

Left ventricular function and cardiac output was just 
sufficient to refrain from ECLS therapy. Suspecting acute 
viral myocarditis and to rule out coronary pathologies, 
cardiac catheterization including myocardial biopsies was 
performed. It showed severely impaired cardiac function 
lacking any coronary anomalies while the biopsies revealed 
no signs of myocarditis (see Table 2).

Within the subsequent days, the boy’s cardiac function 
steadily stabilized under medical therapy (Adrenaline 
max. 0.2 µg/kg/min, Noradrenaline max. 0.1 µg/kg/min, 
Milrinone max. 1 µg/kg/min, one cycle of Levosimendan), 
catecholamine therapy could be reduced and terminated 
after a few days.

Blood gases normalized after 1 day and cardiac enzymes 
decreased to normal after 1 week [Troponin T (hs) max. 
1.46 ng/mL 1 day after admission, NT-pro brain natriuretic 
peptide (NT-proBNP) max. 26,833 pg/mL 3 days after 
admission, see Figure 2]. As all other investigations were 
negative (see Table 2), the underlying diagnosis remained 
unclear.

Clinical plot twist and outcome

During the weaning process and while preparing extubation 
with reduction of analgosedation the boy presented with 
the absence of protective gagging, coughing and swallowing 
reflexes (no reaction to endotracheal and oral suction) 
and right hemiparesis (right-sided motor weakness when 
compared to the left side, like when pressing doctors hand 
or pushing with feet).

Subsequent cerebral MRI revealed a hematoma in the 
dorsolateral caudal medulla oblongata with intraventricular 
blood accumulation that was judged only few days old and 
sufficiently explained the lack of brainstem reflexes as well 
as the motor weakness (see Figure 4A). A perimedullary 
fistulous arteriovenous malformation (AVM) was identified 
as the cause of the bleeding (see Figure 4B). After partial 
endovascular coiling and subsequent surgical occlusion 
of the perimedullary AVM (see Figure 5) the patient 
was successfully extubated, but only gradually improved 
neurologically. He was finally transferred to a neurological 
rehabilitation center with severe right hemiparesis 
but completely recovered cardiac function. Follow-up 
examinations after 3 months showed no remains of the 
AVM and normal cardiac function.

Takotsubo cardiomyopathy was diagnosed retrospectively 
as the patient met all four of the suggested Mayo Clinic 
diagnostic criteria for this type of cardiomyopathy (8).

Discussion

Our patient presented in severe cardiogenic shock with 
drastically impaired left ventricular function. Initially 
suspecting dilated cardiomyopathy or myocarditis, specific 
cardiologic diagnostics did not show pathological findings 
yielding to a diagnosis. When additional neurological 
symptoms got obvious during the weaning process, a 
brainstem bleeding due to a fistulous AVM was identified. 
Thus only in retrospect, the neurological condition was 
interpreted as precipitating cause of the acute ventricular 
impairment yielding to the diagnosis of Takotsubo 
cardiomyopathy.

Takotsubo cardiomyopathy is extremely rare in children 
and like in our case often initially mistaken for myocarditis 

A B

Figure 1 Emergency echocardiography of a 12-year-old boy with Takotsubo cardiomyopathy caused by acute brainstem bleeding showing (A) 
LV dilatation and (B) MI III°. LV, left ventricle; MI, mitral insufficiency.
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Table 2 Diagnostic investigations and results during in-hospital stay of a 12-year-old boy in severe cardiogenic shock later diagnosed with 
Takotsubo cardiomyopathy caused by acute brainstem bleeding

Further diagnostic investigations Results

Echocardiography

Anatomy Normal anatomy, orthotope coronary origins

LV-function Massive dysfunction with: LVEDD 5.5 cm, FS 15%, EF 30%, MI III°, AoVTI 10 cm, normal wall motion

RV-function Normal

LA No relevant dilatation

Chest X-ray Pulmonary oedema

ECG

ST-interval Depression in II, III, aVF, elevation in V1–4, normalized until discharge

T-waves Negative T in V1 and V2 persistent until discharge

QTc interval Never significantly prolongated

Cardiac catheterization

Coronary angiography No indication for stenoses, orthotopic coronary origins

Ventriculography Significant LV-dysfunction, concentric pumping without wall motion abnormalities

Myocardial biopsies No indication for myocarditis or dilated cardiomyopathy of any kind, no viral RNA or DNA detected

Clinical chemistry

Infection parameters CRP, PCT, IL-6 elevated

Cardiac enzymes Troponin T (hs), NT-proBNP, CK and CK-MB elevated

Immunology ANA, ENA, c-ANCA, anti-dsDNA negative

Microbiology

Mycology Candida and Aspergillus-antigen negative

Bacteriology Blood cultures negative

Urine cultures negative

Cultures of tracheal secretion negative

Serology HIV, hepatitis A, B, C negative

Mycoplasma and Chlamydia pneumonia negative

Enterovirus titer of past infection

Toxoplasma negative

Faeces Noro-, Rota-, Astro-, Entero-, Parecho-, Coronavirus-RNA, Adeno-, Bocavirus-DNA negative

Clostridium difficile, Campylobacter negative

LV, left ventricle; LVEDD, left ventricular end diastolic diameter; FS, fractional shortening; EF, ejection fraction; MI, mitral insufficiency; 
AoVTI, aortal velocity time integral; RV, right ventricle; LA, left atrium; ECG, electrocardiogram; aVF, augmented voltage foot; CRP, C-reactive 
protein; PCT, procalcitonin; IL-6, interleukin-6; NT-proBNP, NT-pro brain natriuretic peptide; CK, creatine kinase; CK-MB, muscle-brain-
type creatine kinase; ANA, antinuclear antibodies; ENA, extractable nuclear antigen; c-ANCA, antineutrophil cytoplasmic antibodies; anti-
dsDNA, anti-double stranded DNA antibodies; HIV, human immunodeficiency virus.
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Figure 2 Diagnostic findings in a 12-year-old boy with Takotsubo cardiomyopathy caused by acute brainstem bleeding showing (A) ECG 
with tachycardic sinus rhythm (140 bpm) with ST-depressions in II, III, aVF and elevations in V1–4 (red circles) and (B) highly elevated 
cardiac enzymes which nearly normalized after 1 week. ECG, electrocardiogram; aVF, augmented voltage foot; NT-proBNP, NT-pro brain 
natriuretic peptide.

Figure 3 Initial chest X-ray of a 12-year-old boy with Takotsubo 
cardiomyopathy caused by acute brainstem bleeding after 
intubation and placement of a central line in the ED, showing 
pulmonary oedema. ED, emergency department.

or dilated cardiomyopathy (3). Previously described 
triggering conditions range from emotional stressors 
(9-11) to physical conditions (12-15). While the exact 
pathophysiologic mechanisms of Takotsubo cardiomyopathy 
remain unclear, the most distributed hypothesis implicates 
myocardial stunning. Sympathetic dysregulation and 

subsequent catecholamine excess supposedly cause direct 
toxic cardiomyocyte damage as well as coronary spasms 
in face of higher cardiac workload (5,16,17). Neurological 
and neurosurgical disorders as causes of Takotsubo 
cardiomyopathy seem less common in children than in adult 
patients (6) and include intracerebral hemorrhage, in some 
cases due to AVMs and fistulas (7,18-22). Like in our case, 
especially lesions affecting the medulla, home to important 
regulators of the autonomic function, can furthermore 
cause dysregulation of blood pressure and heart rate due to 
baroreflex failure resulting in cardiogenic shock (17,23,24).

While the prognosis of Takotsubo cardiomyopathy is 
favorable in general (4), fatal outcomes have also been 
reported (10,19).

Conclusions

	 Acute myocarditis and dilated cardiomyopathy are 
the most common diagnoses in severe pediatric heart 
failure;

	 Takotsubo cardiomyopathy as a rare but possible cause 
for secondary acute left ventricular dysfunction and 
cardiogenic shock should not be disregarded;

	 Precipitating etiological factors such as intracranial 
processes should be ruled out on a regular basis.
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B

Figure 4 Cerebral imaging in a 12-year-old boy with Takotsubo cardiomyopathy caused by (A) hematoma close to the dorsocaudal medulla 
oblongata (red arrow left image) with intraventricular blood accumulation in the lateral ventricles (red arrows right image) based on (B) a 
fistulous AVM (red circles) adjacent to the medulla oblongata. AVM, arteriovenous malformation.
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Figure 5 Intraoperative images of a 12-year-old boy with Takotsubo cardiomyopathy caused by acute brainstem bleeding showing (A) 
the fistulous AVM on the dorsal medulla oblongata and (B) the postoperative status with complete resection of the fistulous AVM. AVM, 
arteriovenous malformation.
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