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Unusual clinical course

Pheochromocytoma is a rare neuroendocrine tumor arising from chromaffin cells of the adrenal medulla that
can manifest as catecholamine-induced cardiomyopathy mimicking acute coronary syndrome. Misdiagnosis is
common, particularly when cardiogenic shock and elevated troponin levels occur in the absence of obstructive
coronary artery disease. We describe pheochromocytoma masquerading as acute coronary syndrome compli-
cated by cardiogenic shock, highlighting key diagnostic clues and management strategies.

A 59-year-old man with a 10-year history of intermittent chest tightness exhibited acute cardiogenic shock,
peak troponin | level of 5.48 ng/mL, and N-terminal pro-B-type natriuretic peptide level of 19800 pg/mL. Initial
electrocardiography showed sinus tachycardia and T-wave abnormalities. Echocardiography revealed a reduced
left ventricular ejection fraction of 40% with regional wall motion abnormalities. Coronary angiography dem-
onstrated no significant stenosis, consistent with myocardial infarction with non-obstructive coronary arteries
(MINOCA). Plasma free normetanephrine and metanephrine levels were 653.9 pg/mL (> 680 times the upper
limit of normal) and 378.5 pg/mL (>630 times the upper limit of normal), respectively. Abdominal computed
tomography identified a right adrenal mass. After 2 weeks of preoperative alpha-blockade with phenoxyben-
zamine and volume expansion, the patient underwent laparoscopic adrenalectomy. Histopathology confirmed
pheochromocytoma. Postoperatively, cardiac function normalized and symptoms completely resolved.
Pheochromocytoma should be suspected in patients with MINOCA and unexplained cardiogenic shock, partic-
ularly when accompanied by labile blood pressure. Substantially elevated plasma metanephrine and adrenal
imaging facilitate early diagnosis. Catecholamine-induced cardiomyopathy is reversible after tumor resection.
Multidisciplinary management, from hemodynamic stabilization to definitive surgery, is essential.
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Introduction

Pheochromocytoma, a neuroendocrine tumor arising from chro-
maffin cells of the adrenal medulla, affects approximately 0.2
to 0.6 per 100000 individuals annually [1]. The classic clini-
cal triad consists of episodic headache, sweating, and palpi-
tations; approximately 10% of patients initially present with
atypical cardiovascular manifestations, which are easily misdi-
agnosed as acute coronary syndrome [2]. Excessive catechol-
amine release directly induces myocardial injury and coronary
vasospasm, leading to catecholamine-induced cardiomyopathy
characterized by elevated troponin levels, regional wall mo-
tion abnormalities, and left ventricular dysfunction [3]. This
cardiac manifestation of pheochromocytoma poses substan-
tial diagnostic challenges, particularly when patients present
with elevated troponin levels, ST-segment changes, and left
ventricular dysfunction in the absence of coronary artery ste-
nosis, a phenotype consistent with myocardial infarction with
non-obstructive coronary arteries (MINOCA) [4]. We report a
case of pheochromocytoma that initially manifested as acute
coronary syndrome complicated by cardiogenic shock. By re-
viewing the diagnostic and therapeutic process, we empha-
size the importance of broadening the differential diagno-
sis in patients with unexplained cardiovascular collapse and
alert clinicians to the possibility of pheochromocytoma, thus
facilitating early recognition and appropriate management of
similar cases [5].

Case Report

Patient Information

The patient was a 59-year-old Han Chinese man. His relevant
medical history included intermittent chest tightness and dys-
pnea for more than 10 years, previously attributed to an un-
specified cardiac etiology with poor response to symptomat-
ic treatment. No relevant family history was reported. Before
admission to a local hospital, he had received aminophylline,
methylprednisolone, deslanoside (a cardiac glycoside), furo-
semide, and nesiritide (a recombinant B-type natriuretic pep-
tide), all with poor therapeutic response.

Timeline

More than 10 years prior to the first admission to our hospital,
the patient developed intermittent chest tightness and dyspnea
following emotional stress. These episodes lasted 3 to 5 min-
utes and were relieved by rest. During this period, he under-
went multiple unsuccessful treatments at local hospitals. One
day before the first admission, he experienced acute deterio-
ration characterized by generalized fatigue, diffuse pain, dys-
pnea with cough and expectoration, orthopnea, and substernal
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chest pain radiating to the back. He was diagnosed with heart
failure and pneumonia at a local hospital.

On the day of the first admission, he presented to the emer-
gency department of our hospital and was transferred to the
intensive care unit for management of cardiogenic shock. Initial
diagnoses included myocardial injury, with a differential diag-
nosis of acute coronary syndrome versus myocarditis, New York
Heart Association class IV heart failure, severe pneumonia, in-
fluenza A (HIN1) infection, and right adrenal incidentaloma of
unknown etiology. During days 1 to 7 of the first admission,
he received noninvasive ventilation, anti-infective therapy, an-
tiplatelet therapy, and diuretic treatment. His troponin levels
gradually declined, but persistent hypotension required dopa-
mine support. The patient refused coronary angiography and
was discharged against medical advice.

Three months before the second admission, he developed recur-
rent dyspnea at rest accompanied by palpitations and dizziness.
During the second admission, he was rehospitalized; pheochro-
mocytoma was confirmed via biochemical and radiologic eval-
uation. Coronary angiography showed no significant stenosis,
and blood pressure lability was managed with phenoxybenza-
mine. One month after discharge from the second admission,
he was admitted to the urology department for definitive sur-
gical management. After 2 weeks of preoperative alpha-block-
ade and volume expansion, he underwent laparoscopic right
adrenalectomy and had a favorable postoperative recovery.

Clinical Findings

At the first admission, the patient’s vital signs in the emer-
gency department were as follows: temperature, 36.4 °C; heart
rate, 146 beats/minute; respiratory rate, 33 breaths/min-
ute; blood pressure, 113/96 mm Hg; and oxygen saturation,
96% on 5 L/minute oxygen via face mask. General examina-
tion indicated that the patient was conscious but had an al-
tered mental status (confusion and agitation) with general-
ized cold, clammy skin. Cardiovascular examination revealed
no pathologic murmurs and low peripheral skin temperature.
Respiratory examination demonstrated bilateral moist rales
with diminished breath sounds in the left lung. Examination
of the extremities showed no edema but scattered ecchymo-
ses around the knees.

At the second admission, blood pressure was highly labile,
ranging from 76/54 mm Hg to 198/95 mm Hg. Cardiovascular
examination revealed tachycardia with palpitations.

Diagnostic Assessment

Biochemical investigations at the first admission showed the
following results. Troponin | peaked at 5.48 ng/mL (reference,
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Figure 1. Electrocardiographic findings. (A) Initial admission ECG demonstrating sinus tachycardia (131 bpm), abnormal Q waves in
leads V1-V2, left axis deviation, poor R-wave progression, and T-wave abnormalities, suggestive of myocardial ischemia or
injury. (B) ECG obtained during the second admission showing sinus rhythm (73 bpm), P-wave broadening, and a prolonged
QT interval (474 ms), consistent with ongoing electrical instability in the context of catecholamine excess.
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<0.3 ng/ml), indicating substantial elevation. N-terminal pro-
B-type natriuretic peptide peaked at 16 500 pg/mL (reference,
<300 pg/mL) upon initial admission, indicating severe eleva-
tion. The white blood cell count was 14.68 x 10°/L (reference,
3.50-9.50 x 10°/L), indicating leukocytosis. Hemoglobin was 195
g/L (reference, 130-175 g/L), indicating polycythemia. The neu-
trophil percentage was 87.1% (reference, 40.0%-75.0%), indicat-
ing neutrophilia. C-reactive protein was 94.89 mg/L (reference,
0-10 mg/L), indicating substantial elevation. D-dimer was 3.37
ug/mL (reference, < 0.55 pg/mL), indicating elevation. Arterial lac-
tate was 6.5 mmol/L (reference, 0.5-1.6 mmol/L), indicating se-
vere hyperlactatemia.

At the second admission, troponin | was 1.45 ng/mL, remain-
ing elevated above the reference range of less than 0.3 ng/mL.
N-terminal pro-B-type natriuretic peptide was 19 800 pg/mlL,
indicating severe elevation. At 8: 00 AM, adrenocorticotropic
hormone was 9.32 pg/mL (within the normal range; reference,
7.20-63.30 pg/mL), whereas cortisol was above 1750 nmol/L
(reference, 166-507 nmol/L), indicating substantial elevation.
At midnight, adrenocorticotropic hormone was 37.85 pg/mL
(within the normal range; reference, 7.20-63.30 pg/mL), where-
as cortisol remained above 1750 nmol/L (reference, 166-507
nmol/L), indicating persistent substantial elevation.

Confirmatory testing showed a plasma free normetanephrine
level of 653.9 pg/mL (reference, 0.90-0.96 pg/mL), represent-
ing more than 680 times the upper limit of normal. Plasma free
metanephrine was 378.5 pg/mL (reference, 0.50-0.60 pg/mL),
representing more than 630 times the upper limit of normal.
The combined plasma free normetanephrine and metanephrine
level was 1032.4 pg/mlL, indicating substantial elevation. Urinary
normetanephrine was 358.4 ug per 24 hours (reference, <460
pg per 24 hours), which was within the normal range. Urinary
metanephrine was 538.7 pg per 24 hours (reference, < 302 pg
per 24 hours), representing approximately 1.8 times the upper
limit of normal. The combined urinary normetanephrine and
metanephrine level was 897.1 pg per 24 hours, indicating el-
evation. Urinary dopamine, epinephrine, and norepinephrine
levels were 338, 280, and 479.5 pg per 24 hours, respectively.

Imaging and Special Examinations

Electrocardiography (ECG) showed the following findings. At the
first admission (Figure 1A), ECG demonstrated sinus tachycar-
dia (heart rate, 131 beats/minute), abnormal Q waves in leads
V1 and V2, left axis deviation, poor R-wave progression, and
T-wave abnormalities. At the second admission (Figure 1B),
ECG demonstrated sinus rhythm (heart rate, 73 beats/minute),
P-wave broadening, and QT interval prolongation (474 ms).

Bedside echocardiography at the first admission showed
a left ventricular diameter of 47 mm, regional wall motion
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Figure 2. Abdominal computed tomography. Axial contrast-
enhanced computed tomography scan revealing a
well-defined right adrenal mass (arrow) exhibiting
heterogeneous enhancement and imaging features
characteristic of pheochromocytoma.

abnormalities, a reduced left ventricular ejection fraction of
40%, and mild to moderate mitral regurgitation. Preoperative
echocardiography demonstrated a left ventricular diameter of
52 mm and a normalized left ventricular ejection fraction of
62%. Abdominal computed tomography (Figure 2) revealed a
right adrenal mass exhibiting imaging features consistent with
pheochromocytoma.

Coronary angiography (Figure 3A-3D) demonstrated no sig-
nificant coronary artery stenosis, an incidental right coro-
nary artery-to-right ventricular fistula, and normal left ven-
triculography [5].

Gross pathological examination (Figure 4) revealed a cystic-solid
tumor measuring 5 x 4 x 3 cm with a 2-cm rupture. The cut sur-
face showed a dark red central region and a pale yellow periph-
eral region, with attached irregular tissue measuring 4 x 3 x 1.5
cm. Histopathologic examination demonstrated a trabecular and
small nested growth pattern, abundant eosinophilic cytoplasm,
nuclear pleomorphism, a richly vascularized stroma with promi-
nent sinusoidal vessels, and extensive hemorrhage. The final di-
agnosis was pheochromocytoma of the right adrenal gland [6].

Differential Diagnosis

Acute coronary syndrome was initially considered because of
the patient’s chest pain, elevated troponin levels, ST-segment
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Figure 3. Coronary angiography findings. (A-D) Selective coronary angiograms demonstrating no significant stenosis of the left
anterior descending (A), left circumflex (B), or right coronary artery (C). An incidental small fistula from the right coronary
artery to the right ventricle is noted (C, arrow). Left ventriculography (D) demonstrates normal chamber size and contractility,
excluding obstructive coronary artery disease and supporting the diagnosis of myocardial infarction with non-obstructive

coronary arteries (MINOCA).

changes, and regional wall motion abnormalities. However,
this diagnosis was excluded by the absence of significant
coronary artery stenosis on angiography and a wall motion
pattern that did not correspond to a single coronary vascu-
lar territory.

Viral myocarditis was also considered because of the concur-
rent influenza infection, elevated troponin levels, and reduced
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left ventricular ejection fraction. However, the absence of typ-
ical prodromal symptoms, prolonged recurrent clinical course,
and lack of supporting evidence from endomyocardial biopsy
argued against this diagnosis.

Takotsubo cardiomyopathy was included in the differential di-
agnosis because of the emotional trigger and the presence of
wall motion abnormalities. However, it was considered unlikely
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because characteristic apical ballooning was absent and the left
ventricular dysfunction was persistent rather than transient.

The diagnosis of pheochromocytoma was ultimately con-
firmed by the substantially elevated plasma metanephrine
levels, presence of a right adrenal mass, strongly labile blood
pressure, and complete resolution of cardiac dysfunction af-
ter tumor resection.

Therapeutic Intervention

During the first admission, supportive care included nonin-
vasive ventilatory support, anti-infective therapy with cover-
age for influenza A, antiplatelet therapy with aspirin, diuresis
with furosemide, and inotropic support with intravenous do-
pamine after metoprolol and nitroglycerin were discontinued
due to hypotension. The patient declined coronary angiogra-
phy and was discharged against medical advice.

During the second admission, definitive management began
with acute hemodynamic stabilization. Intravenous sodium
nitroprusside was initiated at 10 ug/minute but was ineffec-
tive. Intravenous phenoxybenzamine was then administered
as a 5-mg bolus followed by a continuous infusion at 150 ug/
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Figure 4. Pathological examination of the resected adrenal
tumor. (A) Gross specimen showing a cystic-
solid adrenal tumor measuring 5 x 4 x 3 cm, with
a central dark red hemorrhagic area, a peripheral
pale yellow rim, and a 2-cm rupture. (B) Low-power
photomicrograph (hematoxylin and eosin stain)
demonstrating a trabecular and nested (Zellballen)
growth pattern characteristic of pheochromocytoma.
(€) High-power photomicrograph showing tumor
cells with abundant eosinophilic cytoplasm, nuclear
pleomorphism, and prominent sinusoidal vasculature.
Extensive intratumoral hemorrhage is present. These
histopathologic features confirm the diagnosis of right
adrenal pheochromocytoma.

minute. During hospitalization in the urology department, oral
phenoxybenzamine (20 mg, 3 times daily) was administered
for preoperative preparation, along with volume expansion us-
ing crystalloids and colloids for 2 weeks. The patient subse-
quently underwent retroperitoneal laparoscopic partial right
adrenalectomy with lysis of perirenal adhesions. During tu-
mor manipulation, the systolic blood pressure transiently in-
creased to 190 mm Hg. A tumor measuring 5x4 x 3 cm was
successfully resected. Postoperatively, hemodynamic moni-
toring demonstrated stable blood pressure without the need
for vasoactive support.

Follow-Up and Outcomes

After preoperative medical optimization, the patient’s blood
pressure was 104/62 mm Hg, hemoglobin was 118 g/L, tro-
ponin was negative, and the N-terminal pro-B-type natriuret-
ic peptide level had decreased to 21 pg/mL. Postoperatively,
he remained hemodynamically stable without further hy-
pertensive crises. At the 3-month follow-up, echocardiogra-
phy demonstrated complete normalization of left ventricular
ejection fraction and regional wall motion. At the 6-month
follow-up, he remained free of chest tightness and palpita-
tions, with normal blood pressure and complete recovery of
cardiac function.
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Discussion

Mechanism of Catecholamine-Induced Myocardial Injury

Cardiac manifestations of pheochromocytoma involve a com-
plex pathophysiology that extends beyond simple coronary
vasospasm. Direct myocardial toxicity occurs when excessive
catecholamines, particularly norepinephrine, activate f,-ad-
renergic receptors, triggering intracellular calcium overload,
myocyte necrosis, and inflammatory infiltration that histo-
logically resembles myocarditis [4]. This mechanism explains
our patient’s reduced left ventricular ejection fraction of 40%
and regional wall motion abnormalities despite patent coro-
nary arteries [7,8].

Microvascular dysfunction and coronary vasospasm occur when
catecholamines induce substantial constriction of the epicar-
dial coronary arteries and intramyocardial microvasculature,
resulting in myocardial ischemia without fixed coronary ste-
nosis, a phenotype consistent with MINOCA [2].

A supply-demand mismatch also contributes to myocardial
injury because sudden catecholamine surges greatly increase
myocardial oxygen demand by elevating blood pressure and
heart rate, precipitating ischemia when oxygen demand ex-
ceeds supply.

Diagnostic Clues: Significance of Blood Pressure Lability

A characteristic clinical feature of pheochromocytoma is par-
oxysmal hypertension alternating with hypotension or shock
over a short period. Hypertensive crises occur when massive
catecholamine release causes intense vasoconstriction and
pronounced cardiac stimulation. In contrast, hypotension and
shock can arise from several mechanisms, including vascular
paralysis after chronic catecholamine exposure, absolute hypo-
volemia caused by fluid extravasation secondary to prolonged
vasoconstriction, and cardiogenic shock resulting from cate-
cholamine-induced cardiomyopathy [9,10].

Our patient exhibited this classic pattern, with blood pressure
ranging from 76/54 mm Hg to 198/95 mm Hg, a systolic vari-
ation of 122 mm Hg. Such prominent blood pressure lability
should prompt immediate evaluation for secondary causes
of hypertension.

Unique Features of This Case

Unlike previously reported cases of pheochromocytoma-induced
cardiomyopathy, which typically involve transient myocardi-
alinjury and rapid recovery after tumor resection, our patient
had a 10-year history of recurrent symptoms and repeated
misdiagnoses before ultimately presenting with cardiogenic
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shock. This prolonged clinical course highlights the insidious
nature of atypical presentations. Furthermore, the extreme el-
evation of plasma metanephrines (> 680 times the upper lim-
it of normal for normetanephrine and > 630 times the upper
limit of normal for metanephrine) and the development of car-
diogenic shock in the context of MINOCA without obstructive
coronary artery disease represent an extreme phenotype that
has rarely been documented. The combination of prolonged
diagnostic delay, severe biochemical abnormalities, and com-
plete reversal of cardiac dysfunction after tumor resection,
with left ventricular ejection fraction improving from 40% to
62% and N-terminal pro-B-type natriuretic peptide decreasing
from 19800 pg/mL to 21 pg/mL, makes this case particularly
instructive. It emphasizes that pheochromocytoma should be
considered even in patients with longstanding cardiac symp-
toms and angiographically normal coronary arteries.

Comparison With Previously Reported Cases

It has been reported that fewer than 10% of patients with
pheochromocytoma initially present with acute coronary syn-
drome; most experience transient myocardial injury and re-
covery of cardiac function within 1 to 3 months after tumor
resection. In contrast, our patient experienced recurrent symp-
toms for 10 years and was repeatedly misdiagnosed before the
onset of cardiogenic shock. This case highlights the potential
for substantial diagnostic delay in atypical pheochromocyto-
ma and underscores the need for heightened clinical vigilance.

Clinical Implications

In patients who presenting with MINOCA, pheochromocytoma,
vasculitis, and coronary embolism should be systematically ex-
cluded [11]. In patients with refractory heart failure despite an-
giographically normal coronary arteries, plasma metanephrine
measurements and adrenal imaging should be performed. In
cases of unexplained shock that arise in patients with a his-
tory of hypertension, catecholamine withdrawal after chronic
catecholamine excess should be considered. In patients with
labile blood pressure and episodic symptoms, 24-hour urinary
or plasma metanephrine testing should be obtained, followed
by adrenal computed tomography or magnetic resonance im-
aging as indicated [1,12].

Multidisciplinary Management

Successful management required coordinated care across mul-
tiple specialties. Cardiology provided hemodynamic stabiliza-
tion and coronary angiography to exclude acute coronary syn-
drome. Endocrinology established the biochemical diagnosis
and optimized the patient preoperatively. Urology performed
surgical resection after appropriate alpha-blockade, and an-
esthesiology managed intraoperative catecholamine surges.

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

APPROVED GALLEY PROOF



APPROVED GALLEY PROOF

The transition from symptomatic cardiovascular support to de-
finitive treatment with alpha-adrenergic blockade followed by
surgical resection was critical [2]. Postoperative normalization
of cardiac function and normalization of biomarkers, with an
N-terminal pro-B-type natriuretic peptide level of 21 pg/mL,
confirmed that treatment of the underlying cause resulted in
complete recovery [6,10].

Implications for Future Research and Clinical Practice

This case suggests that plasma metanephrine testing and adre-
nal imaging should be performed early in patients with recur-
rent chest tightness, unexplained heart failure, or cardiogenic
shock—even in the absence of the classic triad of pheochromo-
cytoma—to avoid misdiagnosis and inappropriate treatment.
Future retrospective studies of atypical cardiovascular mani-
festations of pheochromocytoma may help establish an ear-
ly recognition scoring system to improve diagnostic accuracy.

Conclusions

Pheochromocytoma can present as life-threatening acute cor-
onary syndrome complicated by cardiogenic shock, requiring
a high index of clinical suspicion to avoid misdiagnosis. This
case demonstrates that a broad differential diagnosis is es-
sential in patients who present with MINOCA and unexplained
cardiogenic shock. Pronounced blood pressure lability is a hall-
mark of pheochromocytoma; prompt measurement of plasma
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or urinary metanephrines, along with adrenal imaging, is es-
sential for diagnosis. Catecholamine-induced cardiomyopathy
is reversible after appropriate tumor resection and manage-
ment. Multidisciplinary care, from acute hemodynamic stabi-
lization to definitive surgery, is the cornerstone of treatment.
Early recognition of such atypical presentations is crucial for
improving patient outcomes [2].
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