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ABSTRACT

creativecommons.org/licenses/by-nc-nd/4.0/).

45-year-old woman with diabetes mellitus

type 11, dyslipidemia, and a family history of

premature coronary artery disease presented
to a peripheral hospital with severe retrosternal chest
pain, dyspnea, and headache lasting 30 min. She
rapidly decompensated and received mechanical
ventilation and vasopressor support before transfer
for the management of cardiogenic shock.

At our institution, the patient required high-dose
infusions of norepinephrine, dobutamine, epineph-
rine, and vasopressin for hemodynamic support. Her
temperature was 36.9°C, heart rate 120 beats/min,
blood pressure 82/64 mm Hg, and oxygen saturation
94% on mechanical ventilation (positive end-
expiratory pressure 12 mm Hg, tidal volume 500 ml,
fraction of inspired oxygen 1.0, and respiratory rate
16 breaths/min). Her skin was cold and mottled,
and her jugular venous pulse was elevated. Auscul-
tation yielded normal heart sounds and scattered
pulmonary crackles. Her white blood cell count was
33.3 x 10%/1, creatinine 156 pmol/l, arterial pH 7.27,
venous lactate 9.4 mmol/l, troponin I 49.5 pg/l,
B-type natriuretic peptide 124 ng/l, and C-reactive

LEARNING OBJECTIVES

e To identify the 4 main variants of TTS.

e To recognize pheochromocytoma-related
crisis as a cause of TTS.

e To recognize the basal subtype of atypical
TTS and its association with
pheochromocytoma.

A 45-year-old female presents with suspected acute myocardial infarction with cardiogenic shock requiring mechanical
circulatory support. Pheochromocytoma-induced atypical Takotsubo syndrome is diagnosed. Clinicians should suspect high
catecholamine states as a cause of the basal subtype of atypical Takotsubo syndrome. (Level of Difficulty: Beginner.)

(J Am Coll Cardiol Case Rep 2019;1:85-90) © 2019 The Authors. Published by Elsevier on behalf of the American
College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://

protein 14.4 mg/l (Table 1). An electrocardiogram
showed sinus tachycardia, possible septal infarct,
and widespread upsloping ST-segment depression
(Figure 1). Chest x-ray showed pulmonary edema
(Figure 2). An emergent transthoracic echocardiogram
demonstrated severe left ventricular (LV) systolic
dysfunction with a hyperdynamic apex and akinesis
of the remaining walls (Video 1).

WHAT ARE THE DIFFERENTIAL DIAGNOSIS
AND NEXT STEPS IN MANAGEMENT?

This 45-year-old patient with multiple cardiovascular
risk factors presents with chest pain, electrocardio-
graphic evidence of myocardial ischemia, biomarker
evidence of myocyte necrosis, and cardiogenic
shock. Acute myocardial infarction is suspected,
which may be caused by atherosclerotic plaque
rupture or other causes of myocardial oxygen supply
and demand imbalance, such as coronary vasospasm,
coronary embolism, spontaneous coronary artery
dissection, or microvascular dysfunction. Emergent
cardiac catheterization and coronary angiography is
indicated to exclude epicardial coronary artery dis-
ease with the additional benefit of yielding
hemodynamic data.

Emergency coronary angiography showed normal
epicardial coronary arteries (Videos 2A and 2B), a LV
end-diastolic pressure of 36 mm Hg, and an estimated
LV ejection fraction of 15% by ventriculography. The
mid- and basal-ventricular segments were akinetic
and the apex was hyperdynamic. Endomyocardial
biopsy was not performed.
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Approximately 6% with suspected
myocardial infarction will have no obstructive coro-

of patients

nary artery disease (1). This should prompt clinicians
to consider other causes of myocyte injury, including
ischemic causes due to myocardial infarction in
the absence of obstructive coronary artery disease.
Coronary vascular imaging with intravascular ultra-
sound and optical coherence tomography may iden-
tify subtle plaque rupture, emboli and/or thrombus,
or coronary artery dissection. Coronary functional
assessment may demonstrate coronary spasm oOr
microvascular disease. The revised concept of
myocardial infarction in the absence of obstructive
coronary artery disease mandates that nonischemic
causes of myocyte injury are excluded before a diag-
nosis of myocardial infarction in the absence of
obstructive coronary artery disease can be made (2,3).
Contrast cardiac magnetic resonance imaging may
identify nonischemic causes such as Takotsubo
syndrome (TTS), myocarditis, or cardiomyopathies.
The pattern of regional wall motion abnormality
in this case did not fit a coronary artery distribution
or typical pattern of TTS, and therefore myocarditis
was suspected.

SEE PAGE 91

A provisional diagnosis of fulminant myocarditis
was made and high-dose empiric methylprednisolone
was administered. Several hours later, the patient’s
blood pressure became labile and rose from
84/60 mm Hg to 190/106 mm Hg. All prior vasoactive
agents were discontinued and infusions of milrinone
and nitrates were administered for inotropy and
vasodilation. After 1 h, her blood pressure precipi-
tously dropped to 64/50 mm Hg and remained
critically low despite vasopressor support. Trans-
esophageal echocardiogram showed severe LV
systolic dysfunction with apical sparing (Videos 3A,
3B, 3C, and 3D). Temporary mechanical circulatory
support was required.

Mechanical circulatory support device selection
should be dictated by the requirements for cardiac
support (LV, right ventricular, or biventricular)
and oxygenation. In this case, LV support and
oxygenation were required, and therefore peripheral
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veno-arterial  extracorporeal = membrane
oxygenation was a suitable

oxygenation was not required, an alternate

choice. If

strategy may use percutaneous insertion of a
LV-to-aortic pump or left atrial-to-arterial
pump to treat LV failure.

Peripheral veno-arterial extracorporeal
membrane oxygenation was initiated. A com-
puted tomography angiogram to assess the
femoral arteries showed an incidental 4.2-cm
right adrenal lesion (Figure 3), raising the pos-
sibility of pheochromocytoma-induced TTS.

The patient’s 24-h urine metanephrine
and epinephrine levels measured 51x and
109x the upper limit of normal, respectively
(Table 1). Adrenal computed tomography, ad-

ABBREVIATIONS
AND ACRONYMS

CT = computed tomography
ED = emergency department
LV = left ventricle

LVEF = left ventricular
ejection fraction

MIBG =
metaiodobenzylguanidine

MRI = magnetic resonance
imaging
TEE = transesophageal

echocardiogram

TTE = transthoracic
echocardiogram

TTS = Takotsubo syndrome

renal magnetic resonance imaging, and technetium-
99m metaiodobenzylguanidine whole-body scintig-
raphy scan showed a 4.2 x 3.8 x 3.6 cm heterogeneous

TABLE 1 Laboratory Data
Reference Range Day O Day 2
White blood cell count 4.0-11.0 x 10/l 333 283
Hemoglobin, g/l 120-155 141 100
Platelets 140-400 x 10%/L 301 123
International normalized ratio 0.9-1.2 1.0 1.1
Partial thromboplastin time, s 25-38 26 41
Sodium, mmol/l 135-145 141 144
Potassium, mmol/L 3.5-5.0 3.6 4.5
Chloride, mmol/L 95-107 105 12
Carbon dioxide, mmol/L 22-31 19 27
Urea, mmol/l 2.0-8.2 8.7 52
Creatinine, pmol/L 40-95 155 55
Phosphate, mmol/L 0.80-1.45 1.74 1.01
lonized calcium, mmol/L 1.10-1.30 1.05 117
Magnesium, mmol/l 0.7-1.10 0.96 1.09
Lactate, mmol/L 0.5-2.2 9.4 1.9
Troponin 1, pg/l <0.05 49.48 22.4
Beta natriuretic peptide, ng/L <59 124
C-reactive protein, mg/l <31 14.4 —
Arterial blood gas
Fraction of inspired oxygen, 1.0 0.3
(ECMO)
pH 7.35-7.45 7.27 7.46
Partial pressure of carbon dioxide, 35-45 48 37
mm Hg
Partial pressure of oxygen, mm Hg >80 425 119
24-h urine excretion
Creatinine, mmol/day 0.5-16.0 — 1.4
Metanephrine, pmol/day 0.26-1.73 - 88.10
Normetanephrine, pmol/day 0.48-2.42 - 18.72
Norepinephrine, pmol/day 89-470 - 11,257
Epinephrine, umol/day <160 = 17,564
Dopamine, pmol/day 0.4-33 - 0.9
Volume, L 0.6-2.4 = 2.753
ECMO = extracorporeal membrane oxygenation.
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FIGURE 1 ECG on Presentation to Emergency Department
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An electrocardiogram (ECG) was taken on the patient's presentation

to emergency department.

right adrenal mass with an intralesional hemorrhage alpha-adrenoreceptor antagonists along with

that was metaiodobenzylguanidine avid (Figure 4),
confirming the diagnosis of pheochromocytoma.

intravenous fluid with sodium loading in preparation
for surgical excision of the adrenal mass. Pre-

The patient was separated from veno-arterial operative cardiac magnetic resonance imaging

extracorporeal membrane oxygenation on day 3. She
received 2 weeks of therapy with nonselective (phe-
noxybenzamine) and alpha-1 selective (doxazosin)

showed near normalization of LV function and no
evidence of myocardial scar or edema (Video 4). Open
right adrenalectomy was safely performed, yielding a
4.0 x 3.0 x 3.3 cm tumor that was confined within the

FIGURE 2 Radiograph of Acute Pul y Ed and Malposition of

Endotracheal Tube

SUPINE

PORTABLE

adrenal capsule and had extensive tumor necrosis
(Figure 5). The tumor showed zellballen groups of
relatively large, but monomorphic neoplastic cells
with abundant basophilic to amphophilic cytoplasm,
diagnostic of pheochromocytoma when within the
adrenal gland (Figure 6). After an uncomplicated
post-operative course and a total of 24 days in the
hospital, the patient was discharged with a diagnosis
of pheochromocytoma-induced TTS. She did not
require medical therapy and remained clinically sta-
ble at follow-up at 2 months.

WHAT IS TTS?

TTS is an increasingly recognized clinical syndrome
that often mimics an acute myocardial infarction and
is characterized by transient myocardial dysfunction
in the absence of culprit coronary artery disease (4).
TTS may be precipitated by a wide range of physical
and emotional stress factors (5). Whereas previous

Portable chest radiograph demonstrated acute pulmonary edema and malposition of an

endotracheal tube.

diagnostic criteria of TTS have explicitly excluded
cases of pheochromocytoma (6), the contemporary
International Expert Consensus Document on
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FIGURE 3 CT Scan of Right Adrenal Mass

FIGURE 4 MIBG Scan of Right Adrenal Mass

Computed tomography (CT) scan showing an incidental 4.2-cm
right adrenal mass (*).

Takotsubo syndrome acknowledges pheochromocy-
toma as a known trigger of TTS (5). Fulminant
myocarditis was the preliminary diagnosis in this
case; however, the later findings of blood pressure
lability and adrenal mass were suggestive of
pheochromocytoma-related crisis.

The 4 major TTS variants are differentiated by the
pattern of regional wall motion abnormality. The
stereotypic pattern is the apical ballooning type
(typical TTS) and occurs in 81.7% of patients. Atypical
TTS types include mid-ventricular, basal, and focal
wall motion abnormalities (5). The basal subtype of
atypical TTS demonstrated in this case is a particu-
larly rare phenotype and occurs in only 2.2% of
all-comers with TTS (7). It is associated with high-
catecholamine states, including pheochromocytoma,
epinephrine infusion, and subarachnoid hemorrhage
(8-10). The basal subtype is particularly common in
pheochromocytoma-induced TTS, occurring in 30% of
such cases (9). The rapid resolution of LV dysfunction
demonstrated in this case is characteristic of TTS and
a distinguishing feature from cardiomyopathies.

TTS occurs in a minority of patients with suspected
myocardial infarction but is an increasingly recog-
nized cause of cardiogenic shock in the absence of

Technetium-99m metaiodobenzylguanidine (MIBG)
whole-body scintigraphy scan showing a 4.2 x 3.8 x 3.6-cm
heterogeneous right adrenal mass with an MIBG avid focus.

FIGURE 5 Right Adrenal Gland With Extensive
Tumor Necrosis

Right adrenal gland with extensive tumor necrosis of a
4.0 x 3.0 x 3.3-cm tumor confined within the adrenal capsule.
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FIGURE 6 H&E Stain of Resected Adrenal Tumor

Hematoxylin and eosin (H&E) stain of a section of the resected
adrenal tumor at 200 x magnification shows zellballen groups of
relatively large, but monomorphic neoplastic cells with abundant
basophilic to amphophilic cytoplasm, which are diagnostic of
pheochromocytoma when within the adrenal gland.
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significant atherosclerotic coronary artery disease.
The basal subtype of atypical TTS is particularly rare,
occurring in 2.2% of all-comers with TTS. Pheochro-
mocytoma is a known trigger for TTS and presents
with the basal subtype in 30% of patients with
pheochromocytoma-induced TTS. Given the rarity of
the basal TTS, the strong association of the basal
subtype of TTS with pheochromocytoma, and the
high rate of complications with pheochromocytoma-
induced TTS, clinicians should consider this pheo-
chromocytoma in the evaluation of a patient with
basal TTS.
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