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Background Takotsubo-like cardiomyopathy associated with pheochromocytoma (Pheo-TTS) is a recognized but uncommon
disorder. While Pheo-TTS might more often recur and the pattern of left ventricular (LV) wall motion abnormality
is more diverse compared with primary TTS, it remains to be elucidated whether coronary functional abnormalities
are also involved.

...................................................................................................................................................................................................
Case summary A 50-year-old woman was referred with a chief complaint of transient chest pain, dyspnoea, and paroxysmal thy-

roid swelling that usually developed after meals. In the past, she had been admitted to emergency rooms three
times due to pulmonary oedema following the above attacks. Serial cardiac catheterizations showed normal coron-
ary arteries and morphologically different types of LV dysfunction each time; apical LV ballooning at the first, basal
LV ballooning at the second, and diffuse LV hypokinesis at the last admission. Acetylcholine (ACh) provocation
testing for coronary vasospasm was negative at the second admission. During hospitalization in our department, ab-
dominal ultrasonography for screening detected a right adrenal mass and the urinary normetanephrine level was
increased. The adrenal tumour was urgently removed surgically and finally she was diagnosed as having
norepinephrine-secreting pheochromocytoma. Acetylcholine testing was again performed just after the operation,
showing both epicardial and microvascular coronary spasms. Since the operation, she has been free of symptoms.
Importantly, ACh testing at 1-year follow-up showed that epicardial spasm was no longer noted, whereas coronary
microvascular spasm persisted.

...................................................................................................................................................................................................
Discussion Adrenal pheochromocytoma could cause recurrent attacks of catecholamine surges with different patterns of LV

dysfunction, where coronary vasospasm may also be involved along the coronary arteries.
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Introduction

Stress-induced cardiomyopathy representing as takotsubo syndrome
(TTS) is characterized by a striking left ventricular (LV) wall motion
abnormality that extends beyond the coronary artery territory with
a resultant conspicuous LV ballooning during systole.1 Although its
underlying pathophysiology remains uncertain, it has been widely
accepted that stress-related neurohormonal factors, especially
catecholamines, play important roles in the pathogenesis.
Pheochromocytoma is a catecholamine-producing tumour derived
from chromaffin tissue of the sympathetic nerves2 and a number of
cases of pheochromocytoma-induced TTS (Pheo-TTS) have been
reported in the past.3 These case reports revealed that as compared
with primary TTS, Pheo-TTS is characterized by a higher prevalence
of complications and a higher incidence of apical sparing or global pat-
terns of LV wall motion abnormality.4 Accumulating evidence has
indicated that coronary functional abnormalities caused by sympa-
thetic nerve activation may also be involved in the pathogenesis of
TTS.5,6 However, it remains to be elucidated whether repeated and
drastic changes in catecholamine levels, which often occur in the clin-
ical course of patients with pheochromocytoma, impact on their cor-
onary vasomotor function. Here, we report a case of Pheo-TTS with
different patterns of LV wall motion abnormality, in whom fluctuation
of coronary vasomotor abnormality was documented.

Timeline

Case presentation

A 50-year-old woman with no coronary artery disease risk factors
had suffered from transient chest pain, dyspnoea, and paroxysmal

neck swelling irrespective of emotional stress for �15 years
(Figure 1A). Since the attacks often developed after meals, espe-
cially at full stomach, she took care not to eat too much. At the
age of 44, she was admitted to the emergency department for the
first time due to acute pulmonary oedema following the afore-
mentioned attacks. Urgent cardiac catheterization showed no sig-
nificant coronary stenosis and typical apical LV ballooning
(Figure 2A), and finally she was diagnosed as having TTS. Later, at
the age of 45 and 49, she developed the same clinical disorder.
Interestingly, the LV wall motion abnormality was localized to the
basal region at the second admission (Figure 2B) and diffusely at
the last time (no images available). Moreover, during the second
admission, acetylcholine (ACh) provocation testing for coronary
spasm was performed with negative results. Although local LV
asynergy disappeared spontaneously in each hospitalization, she
had frequently suffered from the same attacks after meals and was
referred to our hospital for further investigation. She did not have
any oral medication during the TTS episodes. On admission, she
had no subjective symptoms or objective signs in electrocardio-
gram (ECG) or echocardiographic examinations. However, ab-
dominal ultrasonography for screening purposes detected a right
adrenal mass of 35 mm� 35 mm in size and scintigraphy imaging
showed high uptake of M-iodobenzylguanidine in the tumour
(Figure 1B). Furthermore, urinary catecholamine levels (especially
normetanephrine) were markedly elevated (Table 1). Since pheo-
chromocytoma was highly suspected from these data, we paid at-
tention not to perform any contrast studies that could cause

adrenal crisis. This tumour was urgently removed surgically and
histological diagnosis of norepinephrine-secreting pheochromo-
cytoma was made (Figure 1C). Ten days after the operation, when
urinary catecholamine levels were normalized (Table 1), we per-
formed cardiac catheterization and ACh provocation testing. As

............................................................................................................................................................................................................................
Age Events

35 years This patient often presented with transient chest pain, dyspnoea, and paroxysmal neck swelling after meals irrespective of emotional stress

44 years She developed takotsubo syndrome (TTS) with apical ballooning

45 years She developed TTS for the second time with basal ballooning. Acetylcholine (ACh) provocation testing was negative

49 years She developed TTS for the third time with left ventricular diffuse hypokinesis

50 years She was hospitalized to our institute for further examinations. Abdominal ultrasonography for screening revealed the presence of a

right adrenal tumour, which was urgently removed surgically. She was finally diagnosed with norepinephrine-secreting

pheochromocytoma

10 days after the

operation

ACh provocation testing induced both coronary epicardial and microvascular spasms (MVSs)

1.5 years after the

operation

ACh provocation testing induced only coronary MVS but not epicardial coronary spasm

Learning points
• Catecholamine surges due to pheochromocytoma could cause morphologically different types of transient left ventricular wall motion ab-

normality and coronary vasospasm.
• Even 1.5 years after removal of pheochromocytoma, microvascular spasm persisted, whereas epicardial coronary spasm disappeared.

2 K. Sato et al.
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shown in Figure 3, intracoronary administration of ACh (20, 50,
and 100 lg) into the left coronary artery (LCA) and that of ACh
(25 and 50 lg) into the right coronary artery induced epicardial
coronary spasm accompanied by chest pain and ischaemic ECG
changes. Chest pain, ischaemic ECG changes, and myocardial lac-
tate production7 were already noted at the timing of administra-
tion of 20 lg of ACh into the LCA before the occurrence of
epicardial coronary spasm at 100 lg, indicating that microvascular
spasm (MVS) preceded epicardial coronary spasm. Thus, we diag-
nosed that she had both epicardial coronary spasm and MVS, and
initiated drug therapy with a calcium antagonist (benidipine 8 mg/
day). After discharge from our hospital, she experienced no epi-
sode of postprandial attacks and her urinary catecholamine levels
remained low, indicating that she was free of catecholamine surges
from pheochromocytoma (Table 1). She again underwent a sched-
uled follow-up ACh provocation testing at 18 months after the

operation. Calcium antagonist was discontinued 72 h before the
provocation testing. Interestingly, epicardial coronary spasm was
no longer induced, whereas MVS persisted (Figure 3).

Discussion

To the best of our knowledge, this is the first documented case of
recurrent takotsubo-like cardiomyopathy associated with pheo-
chromocytoma exhibiting different patterns of LV wall motion ab-
normality and coronary vasospasm. Pheochromocytoma is a rare
neuroendocrine catecholamine-secreting tumour that arises from
chromaffin tissue of the sympathetic nervous system, with an an-
nual incidence of�0.8/100 000 person-year.8 Clinical manifestation
of pheochromocytoma is highly variable. Indeed, this case had chest
symptoms (e.g. dyspnoea and pain) and paroxysmal neck swelling
after meals. Paroxysmal thyroid swelling in pheochromocytoma,
first described in 1937,9 is caused by multiple oedemas associated
with increased blood flow generally mediated by norepinephrine
surges.10 Actually, the pheochromocytoma of this case was patho-
logically diagnosed as a norepinephrine-secreting type. Thus, her
repeated paroxysmal thyroid swellings after meals reflected com-
mon occurrence of norepinephrine surge in daily life. Furthermore,
it was reported that such frequent norepinephrine surges could
give rise to different clinical manifestations and increased complica-
tions in patients with Pheo-TTS as compared with primary-TTS.3,4

In a previous retrospective study of 80 Pheo-TTS cases, �1/3
patients had basal or inverted pattern and 1/5 had diffuse pattern,4

whereas >80% of primary-TTS patients showed apical LV dysfunc-
tion pattern.11 Furthermore, the recurrence rate of TTS was 17.7%
in the Pheo-TTS population,4 which was relatively higher as com-
pared with that in primary-TTS patients (<5%).11 Nevertheless,
this case is important as Pheo-TTS developed three times with dif-
ferent patterns of LV wall motion abnormality each time. Long-
term and intermittent exposure to supraphysiological levels of cat-
echolamines in Pheo-TTS patients could change densities of b1-
adrenoreceptors in the myocardium12 and also could trigger intra-
cellular signal-trafficking from Gs to Gi protein signalling in the b2-
adrenoceptor coupling, resulting in negative inotropic response.13

Thus, temporal change in the density of myocardial b1- and b2-
adrenoceptors could have contributed to the different LV wall mo-
tion abnormal patterns in this case. Additionally, repetitive cat-
echolamine surges could also cause coronary functional
abnormalities. In fact, the first ACh provocation testing at the age
of 45 was negative, whereas at the age of 50 just after the surgical
removal of the tumour, the second ACh testing provoked both epi-
cardial and microvascular coronary spasms. Interestingly, in the
third ACh testing at 1.5 years after the operation, epicardial coron-
ary spasm disappeared, and only MVS persisted. These results sug-
gest a close relationship between recurrent norepinephrine surges
and the extent of coronary functional abnormalities. Actually,
neuro-sympathetic activation due to physical and mental stress has
been found to induce coronary vasoconstriction and subsequent
myocardial ischaemia, the degree of which well correlated with the
response to ACh infusion.14 Furthermore, the present results are
also consistent with the findings of previous studies that the extent
of vasomotor dysfunction was greater in the microcirculation than
in the epicardial coronary arteries and that demonstration of

Figure 1 (A) Paroxysmal thyroid swelling (yellow arrows). (B)
High uptake of M-iodobenzylguanidine at the right adrenal gland
(red arrows). (C) Surgically resected adrenal tumour.

Figure 2 Left ventriculograms showing apical ballooning at the
first admission (A) and basal ballooning at the second admission (B).

A case of recurrent takotsubo-like cardiomyopathy 3
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abnormal epicardial coronary vasoconstriction was more depend-
ent on the timing of functional evaluation.15 This case also con-
firmed the importance of coronary functional disorders as a cause
of different patterns of LV wall motion abnormality in TTS

patients.6 Since coronary dysfunction in Pheo-TTS patients could
be reversible by removal of pheochromocytoma, it is important for
clinicians to include pheochromocytoma in differential diagnosis of
recurrent TTS.

Conclusions

This case indicates that intermittent norepinephrine surges due to
pheochromocytoma may cause morphologically different types of
transient LV wall motion abnormality, in which reversible coronary
vasomotor dysfunction may be involved.
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