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Abstract

Pheochromocytoma-induced Takotsubo cardiomyopathy is a rare but 
life-threatening condition, caused by excessive plasma catecholamine 
levels, resulting in acute myocardial dysfunction. Clinical presenta-
tion includes a rapid development of heart failure due to regional wall 
motion abnormalities (most commonly affecting all mid to apical left 
ventricle (LV) wall segments) causing the “octopus-trap-like” LV 
shape. A 45-year-old female patient presented with acute cardiogenic 
shock of non-ischemic etiology. Her past medical history included a 
similar episode, which was followed by full recovery, but at this ad-
mission she required hemodynamic support with venoarterial extra-
corporeal membrane oxygenation. The systolic function was restored, 
and further investigation revealed high 24-h urine metanephrine lev-
els and a mass of the left adrenal gland, leading to the diagnosis of 
pheochromocytoma. After treatment with firstly alpha-blockers and 
then beta-blockers, the pheochromocytoma was surgically removed.
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Introduction

Takotsubo cardiomyopathy (TC) is an acute, stress-induced 
condition that often results in temporary failure of the left ven-
tricle (LV), characterized by regional wall motion abnormali-

ties, particularly severe hypokinesia of the apical and mid-ven-
tricular wall segments [1]. Recent descriptions have identified 
less common variants affecting the mid or basal ventricular 
wall segments, termed “reverse TC” [2]. Despite extensive 
speculation, the pathophysiology of TC remains unclear [3]. 
Pheochromocytoma-induced Takotsubo cardiomyopathy 
(PiTC) has been described in the literature as a rare and often 
life-threatening severe cardiomyopathy, due to its rather usual 
complication with cardiogenic shock and no single pattern of 
ventricular dysfunction [4].

In this case report, we present a 45-year-old female pa-
tient with TC which was complicated with cardiogenic shock. 
The patient experienced a similar episode of TC 1 year earlier, 
from which she has completely recovered. The second episode 
though, due to the severe deterioration of the hemodynamic 
status, required intubation and venoarterial extracorporeal 
membrane oxygenation (VA ECMO). Early recovery and VA 
ECMO weaning gave the necessary time for a complete diag-
nostic workup that revealed a left-sided adrenal pheochromo-
cytoma as the cause of the acute heart failure. After initial sup-
port and PiTC management, patient was treated with surgical 
removal of the pheochromocytoma. This made clear that the 
recurrence of the TC was due to the untreated pheochromo-
cytoma.

The purposes of this manuscript are firstly to describe the 
entity of PiTC and the specific characteristics of this sub-cat-
egory of TC, and secondly to demonstrate that the use of VA 
ECMO in this patient with acute cardiogenic shock might be 
lifesaving, until a complete diagnosis of the underlying condi-
tion is made.

Case Report

Investigations

A 45-year-old Eastern European female patient presented at a 
tertiary care hospital with complaints of sudden-onset dyspnea, 
chest pain radiating to the back, and nausea. She had a history 
of epilepsy, was treated since her adolescence, and was hos-
pitalized 1 year prior at a district hospital for reported cardio-
genic shock related to a Takotsubo-like syndrome. During that 
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episode, she underwent intubation for 5 days, but she had fully 
recovered. On the current admission, she exhibited hyperten-
sion and low oxygen saturation, with elevated troponin levels. 
The initial electrocardiogram (ECG) displayed ST-elevation 
in leads V1-V2 and ST-depression in leads II and III. Conse-
quently, she was urgently referred to a tertiary care center for 
emergency coronary angiography. Treatment commenced with 
dual antiplatelet therapy comprising aspirin and ticagrelor, a 
vasodilator infusion (isosorbide dinitrate), intravenous diuretic 
(furosemide), and oxygen therapy via a venturi mask.

Diagnosis

Coronary angiography revealed no significant atherosclerotic 
changes in the coronary arteries (Fig. 1a), while left ventricu-
lography demonstrated markedly reduced LV function, char-
acterized by severe hypokinesia of the basal and mid wall seg-
ments and mild hypokinesia of the apical segments (Fig. 1b), 
without evidence of mitral valve regurgitation or a gradient 
between the LV and aorta. Concurrent echocardiography con-
firmed the severe impairment of LV function, with severe hy-
pokinesia from the basal to mid segments, suggesting a reverse 
TC as the preliminary diagnosis (Fig. 2a).

Treatment

Given the patient’s critical condition at the time with worsen-
ing respiratory distress and deteriorating hemodynamic status, 
the patient was intubated and placed on mechanical ventila-
tion. The rapid hemodynamic deterioration with increasing 
needs for both vasopressor and inotropic support, with increas-
ing lactate levels, worsening metabolic acidosis and declining 
cardiac function prompted support by VA ECMO.

VA ECMO placement was achieved through peripheral 
access with the assistance of echocardiography. Venous ac-
cess for drainage was established in the right femoral vein, 
with a 25 French, 55 cm cannula, whereas arterial access was 
achieved via the left femoral artery, with a 19 French, 15 cm 
cannula after revascularization of the left lower extremity with 
8 French cannula (V25/55fr-A19/15fldt). The patient was 
placed on a Cardiohelp HLS system with temperature regula-
tion. She required initially 3 to 3.4 L/min of blood flow within 
the first 24 h of placement, achieving rapidly decreasing needs 
for both vasopressor and inotropic support. Invasive hemody-
namic monitoring was established with a Swan-Ganz catheter 
in the right jugular vein.

She was successfully weaned off the ECMO after 48 h 
with an impressive recovery of the LV with an almost nor-
mal LV function established via transesophageal echocardi-
ography. The arterial cannula was removed in the operating 
theater without adverse events. Anticoagulation was achieved 
with ease with unfractionated heparin infusion. No adverse 
events or ECMO-related complications were observed during 
the ECMO run.

During that time, further investigation included daily 
laboratory testing that was unremarkable, negative toxicology 
screening, negative microbial bronchoalveolar lavage cultures, 
negative respiratory virus polymerase chain reaction (PCR) 
panel test and negative severe acute respiratory syndrome cor-
onavirus 2 PCR testing. Tuberculosis and Pneumocystis cari-
nii testing were also negative. Pregnancy testing was negative 
and thyroid hormone levels were normal. Vanillylmandelic 
acid levels in the urine were tested and were found positive 
(310 mg/24 h with a normal range < 11/24 h mg). Echocardi-
ography showed an improved LV systolic function (left ven-
tricular ejection fraction (LVEF): about 50%) with only mild 
hypokinesia of basal LV wall segments and mild concentric 
left ventricular hypertrophy (interventricular septum thickness 

Figure 1. (a) Coronary angiography of the left coronary system in right anterior oblique caudal view, showing no signs of signifi-
cant coronary artery disease. (b) Left ventriculography in right anterior oblique 30°, showing a severely impaired left ventricle 
function with balloon-like left ventricle formation, due to severe hypokinesia of basal to mid left ventricle wall segments and mild 
hypokinesia of apical left ventricle wall segments.
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13 mm, left ventricular posterior wall 12 mm), without any 
significant valvulopathy, no pericardial effusion and no throm-
bus in the left atrium (Fig. 2b).

The patient was extubated after 6 days (4 days after 
ECMO removal), needing nasal oxygen supply for the next 
3 days. With the patient hemodynamically stable, fully alert, 
and oriented, further investigation for secondary hypertension 
and stress triggers was initiated. A computed tomography of 
chest and abdomen revealed small bilateral pleural effusions 
and ground glass opacity areas mainly in the left lower lobe, 
a small intra-abdominal effusion, a right ovarian cyst and fi-
nally a contrast-enhanced mass (4.1 × 3.0 × 3.1 cm) on the left 

adrenal gland (Fig. 3a). Further laboratory testing with urine 
catecholamines (urine epinephrine was measured 40 µg/24 h 
and urine norepinephrine measured 150 µg/24 h) and urine 
metanephrines (613 µg/24 h) as well as magnetic resonance 
imaging of the adrenal glands confirmed the diagnosis of phe-
ochromocytoma (Fig. 3b). Meanwhile, on day 14, a new evalu-
ation with transthoracic echocardiography confirmed that sys-
tolic function of the LV had fully recovered, with an LVEF of 
about 60-65%, normal size of all heart chambers, a mild mitral 
valve regurgitation and moderate tricuspid valve regurgitation 
with mild pulmonary hypertension (right ventricular systolic 
pressure: about 58 mm Hg).

Figure 2. (a) Echocardiography view of severely impaired left ventricle systolic function, RV size within normal limits and no peri-
cardial effusion (day 0). (b) Follow-up echocardiography showing an improved left ventricle systolic function and no pericardial 
effusion (day 5).

Figure 3. (a) A computed tomography scan cut showing a rather large (> 4 cm) lesion (red arrow) of the left adrenal gland with ar-
eas of cystic degeneration and heterogeneous contrast uptake. (b) A magnetic resonance imaging scan cut showing an enlarged 
left adrenal gland (30 × 37 × 37 mm) (red arrow) with contrast uptake during the early systemic arterial phase which remains 
during all imaging phases - no early washout is seen.
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Follow-up and outcomes

After the diagnosis of pheochromocytoma was confirmed, 
further management of the patient included antihypertensive 
medical therapy, alpha-blockage for 15 days and then beta-
blockage with for 15 days, before surgical removal of the left 
intra-adrenal pheochromocytoma that was successfully per-
formed without adverse events, 1 month after diagnosis. The 
patient was then discharged hemodynamically stable, pending 
long-time follow-up.

Discussion

TC is characterized by a temporary balloon-like deformation 
of the LV apex, causing the ventricles to resemble a “tsubo” - a 
basket used by Japanese fishermen to trap octopuses (“tako”). 
Although the exact pathophysiology of TC remains elusive, it 
is widely believed to involve excessive sympathetic nervous 
system stimulation [5]. Predominantly affecting post-meno-
pausal women, TC typically manifests with symptoms similar 
to acute coronary syndrome, including chest pain and sudden-
onset dyspnea. These symptoms arise from LV regional wall 
motion abnormalities that span the territories of more than one 
coronary artery, accompanied by elevated cardiac biomarkers 
(such as troponin and creatine phosphokinase/creatine kinase-
MB) and ECG changes, which may include ST-segment eleva-
tion or depression, T-wave inversion, and QT prolongation [1, 
3, 5]. TC is distinguished from other cardiomyopathies by the 
transient nature of the heart failure and its triggers, which can 
be physical and/or emotional stressors, or neurological disor-
ders, after excluding other causes such as infectious myocardi-
tis. Notably, the presence of concurrent coronary artery disease 
does not preclude a TC diagnosis [3, 6].

TC may be triggered by various physical, emotional, even 
environmental factors; however, identifying a trigger is not al-
ways feasible, with 30% of patients remaining without trigger 
diagnosis [7]. Emotional stressors include emotional trauma 
(e.g., grief), conflict, fear or panic, anger, anxiety, embar-
rassment or even extreme positive feelings (e.g., winning the 
lottery). Physical stressors, commonly found in men, include 
extreme physical activity [1, 7]. Other triggers may include 
respiratory distress (e.g., asthma attack, pneumothorax), intra-
abdominal infections such as pancreatitis, neurological emer-
gencies, thyrotoxicosis, malignancies, pregnancy, drugs and 
alcohol and last but not least catecholamine crises caused by 
medication or endogenously by a pheochromocytoma [1].

PiTC has been described in literature as a rare and life-
threatening severe cardiomyopathy often complicated with 
cardiogenic shock [8]. In a recent literature review, it is de-
scribed that complications are nearly three times more likely 
in PiTC than any other cause of TC, with cardiogenic shock 
noted in nearly 26% of patients. From a pathophysiological 
viewpoint, the widely supported hypothesis is that significant-
ly increased levels of plasma catecholamines cause an exces-
sive sympathetic autonomous nervous system response, lead-
ing to acute myocardial injury [9]. This hypothesis is mainly 
supported by case reports and series where patients underwent 

a major emotional event or stressor (most commonly women 
of an average 65 to 70 years of age), including those requiring 
administration of catecholamines as treatment or those involv-
ing catecholamine-producing masses. The exact mechanism 
of excessive catecholamine-induced myocardial injury is not 
clear; however, suggested mechanisms include microcircula-
tion dysfunction, spasm of multiple epicardial vessels, plaque 
rapture and direct catecholamine-induced cardiotoxicity on 
cardiomyocytes [4, 9].

When PiTC is compared to typical TC, several points dif-
ferentiating PiTC are noted. Patients with PiTC seem to be 
slightly younger at age and the gap between men and women 
patients seems to be less than that of typical TC [10]. PiTC, 
amongst anaphylactic shock, antidepressant overdose and sub-
arachnoid haemorrhage, is also more often expressed as re-
verse, rather than typical Takotsubo [11]. Complications, such 
as cardiogenic shock, are also more often in patients with PiTC; 
however, PiTC is rapidly suppressed, and LV systolic function 
seems to recover faster, indicating that patients in cardiogenic 
shock should be fully supported since the cause is surely and 
rapidly reversible [12]. Reverse Takotsubo is statistically more 
likely than classic Takotsubo, to result in cardiogenic shock 
and is also more often related to pheochromocytoma [13, 14].

Managing PiTC usually starts with treating the life-threat-
ening TC, especially when cardiogenic shock is involved, 
before treating the underlying pheochromocytoma. Medical 
treatment usually includes beta-blockers or angiotensin-con-
verting enzyme inhibitors and other heart failure medications; 
however, it is clearly imperative for healthcare providers to 
personalize treatment for each patient [15].

Cardiogenic shock due to TC could potentially be the first 
major clinical presentation of a pheochromocytoma, since other 
manifestations only include minor symptoms (sweating, head-
ache, palpitations). Patients with cardiogenic shock due to TC 
may qualify for extracorporeal circulatory supportive interven-
tions. VA ECMO is a form of temporary mechanical cardiopul-
monary support that ensures tissue oxygenation and hemody-
namic support in cases of acute cardiorespiratory failure [16]. 
Venous blood is drained through peripherally or centrally placed 
cannulas, with the help of a pump, where oxygenation through 
an oxygenator occurs and returned to the arterial circulation 
again through either peripherally or centrally placed cannulas. 
Indications for VA ECMO, other than non-ischemic or ischemic 
cardiogenic shock, include among others postoperative (post-
transplant) patients, bridge to therapy (e.g., patients awaiting left 
ventricular assist device), cardiac arrest and prophylaxis during 
high-risk percutaneous cardiac interventions. It has been previ-
ously reported in the literature that in severe cases (as reported 
in our patient) with reversible cardiogenic shock due to pheo-
chromocytoma crisis, the initiation of VA ECMO has been not 
only necessary but also lifesaving [17, 18].

Conclusion

This female patient presented with signs and symptoms of car-
diogenic shock due to acute heart failure and was diagnosed 
with TC which required for her to be placed on VA ECMO for 
the first days of her treatment in order to survive the life-threat-
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ening acute phase of the syndrome. Further assessment and 
investigation led to the diagnosis of unilateral pheochromo-
cytoma which was surgically removed after indicated medical 
treatment. What is interesting about this 45-year-old patient is 
the ST elevation myocardial infarction-like presentation of a 
recurrent acute heart failure syndrome with Takotsubo-specific 
regional wall motion abnormalities in the absence of hyperten-
sive crisis. This case report reminds us - intensive care/cardiac 
care physicians - how patients, especially young women, pre-
senting with cardiogenic shock and TC, should be investigated 
for further underlying causes and comorbidities which may 
often go undiagnosed.

Learning points

TC should be considered in the differential diagnosis for pa-
tients presenting with myocardial infarction-like signs and 
symptoms, when LV imaging shows wall motion abnormali-
ties of all apical segments and coronary angiography shows 
no significant coronary artery disease. TC is mostly reversible, 
and this may confirm the diagnosis in follow-up.

Any patient presenting with TC, after initial support and 
management, should be further investigated for an underlying 
cause. Patients presenting with recurrent Takotsubo-like syn-
drome, should be thoroughly investigated for triggering under-
lying chronic diseases. Pheochromocytoma should be consid-
ered for those patients.

VA ECMO is often indicated as a bridging therapy in pa-
tients presenting with cardiogenic shock due to TC, as part of 
the initial acute heart failure management, since heart failure 
is, by definition, reversible.
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