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Challenging differential diagnosis

Pheochromocytoma, a rare catecholamine-secreting tumor, often presents with paroxysmal or sustained hy-
pertension, tachycardia, headache, and diaphoresis. Timely diagnosis is essential to prevent adverse compli-
cations. Less common presentations include pheochromocytoma crisis, with severe neurological and cardiac
complications.

We report a unique case of a 25-year-old woman who initially presented with pheochromocytoma-induced hy-
pertensive encephalopathy and acute coronary syndrome. Echocardiography revealed takotsubo-like cardio-
myopathy, and magnetic resonance imaging of the brain revealed posterior reversible encephalopathy syn-
drome. Initial treatment focused on controlling her blood pressure and supporting cardiac function. Due to
her recovering from immediate crisis and absence of further symptoms, the patient refused further follow-up.
However, she eventually experienced another episode of hypertensive crisis 2 years later. Subsequent investi-
gations with 24-h urine tests revealed elevated vanillylmandelic acid levels (7.93 mg/24 h), normetanephrine
(2638.72 pg/24 h), and nor-metanephrine to creatinine ratio (3546.67) and normal urine metanephrine levels
(195.92 ug/24 h) and metanephrine to creatinine ratio (263.33). Contrast-enhanced computed tomography of
the abdomen revealed a 4.3x3.1x4-cm mass in the right adrenal gland. A DOTATATE positron emission tomog-
raphy scan revealed a 3.9x4.3x2.7-cm localized right adrenal pheochromocytoma. Biochemical testing and ad-
renal imaging revealed a previously undiagnosed pheochromocytoma. Following targeted medical therapy and
right adrenalectomy, the patient achieved complete resolution of her hypertension and associated symptoms.
Our case is a unique simultaneous presentation of posterior reversible encephalopathy syndrome and takot-
subo-like cardiomyopathy, highlighting the importance to consider pheochromocytoma in acute neurological
and cardiac presentations, even in the absence of typical symptoms.
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Introduction

Pheochromocytoma is a “great masquerader” and is known
for its protean manifestations, ranging from asymptomatic hy-
pertension to organ failure. Patients can present with symp-
toms suggestive of accelerated hypertension or hypertensive
encephalopathy, including migraines, seizures, visual impair-
ment, transient ischemic attack, or stroke. A few patients can
even be normotensive (5-15%) or rarely hypotensive [1,2].
These varying clinical features are due to the different forms
and amounts of catecholamines secreted by tumors. The typi-
cal triad of headache, sweating, and palpitations is observed in
only 25% of patients with pheochromocytoma [3-5]. However,
pheochromocytoma mimic other disorders, such as headache
syndromes, panic disorder, acute abdomen, sepsis, Takotsubo-
like cardiomyopathy (TLC), pre-eclampsia, hypertensive crisis,
and hypertensive encephalopathy, often leading to missed di-
agnosis for several years, as the clinical manifestations are di-
verse [3,4]. However, pheochromocytoma crisis presenting as
TLC and hypertensive encephalopathy is rare [6].

Our case report highlights this diagnostic challenge, show-
casing a 25-year-old woman who presented with these very
concerns — a 2-year history of undiagnosed pheochromocyto-
ma masquerading as a rare combination of TLC and hyperten-
sive encephalopathy. We also explore the potential underlying
mechanisms and therapeutic strategies for managing this un-
common presentation of combined TLC and hypertensive en-
cephalopathy in patients with pheochromocytoma. Prompt di-
agnosis and treatment are essential to cure this condition and
prevent serious cardiovascular and neurological complications.

Case Report

A 23-year-old woman presented with a headache, non-local-
izing neurological symptoms, including agitation, refusal to

Garg N. et al:
Pheochromocytoma
© Am J Case Rep, 2024; 25: €944024

eat, acute confusional state, and concurrent chest pain, all of
which had manifested over the course of 1 day. Upon exami-
nation, the patient was afebrile, conscious but confused, and
did not follow verbal commands. Her Glasgow Coma Scale
score was 13/15 (E4V4M5), pulse rate was 112 beats/min,
and blood pressure was 210/114 mmHg. Pupillary reflexes
were normal, and the rest of the physical examination, in-
cluding funduscopy, was unremarkable. Her diagnostic work-
up was suggestive of acute coronary syndrome, as evidenced
by elevated troponin | levels, coupled with sinus tachycardia
and ST-segment depression in leads I, lll, aVF, and V3-V6 on
the electrocardiogram (EKG). The random blood glucose level
was 92 mg/dL (Table 1). Because of the possibility of hyper-
tensive encephalopathy, the patient was started on intrave-
nous sodium nitroprusside and nitroglycerine until her blood
pressure was controlled. Subsequently, intravenous antihy-
pertensive medications were switched to oral atenolol. In the
next 24 h, her blood pressure spikes normalized to 124/76
mmHg, and the sensorium gradually improved. Magnetic res-
onance imaging (MRI) of the brain revealed vasogenic edema,
predominantly involving the watershed areas of the bilater-
al parieto-occipital lobes on T2-weighted images. This finding
strongly supported the diagnosis of posterior reversible en-
cephalopathy syndrome (PRES)-type hypertensive encepha-
lopathy. Echocardiography performed 5 days after admission
demonstrated global left ventricular (LV) hypokinesia, with a
severely depressed LV ejection fraction (LVEF) of 25% and api-
cal ballooning, suggestive of TLC (Table 1). A thorough history
review did not reveal any obvious stressors typically associat-
ed with the onset of TLC. The patient’s blood pressure normal-
ized on treatment, and neurological symptoms resolved com-
pletely. After a 10-day hospital stay, she was discharged in a
stable condition, with no residual neurologic deficit. She was
advised to continue taking oral atenolol, telmisartan, and as-
pirin for long-term blood pressure control. Her LVEF demon-
strated a significant improvement, rising to 34% after 1 month
and normalizing at 5 months on follow-up echocardiography.

Table 1. Investigation reports of prior hospitalization in the outside hospital.

Investigation Value/impression

Troponin |

Multiple T2/(FLAIR) hyperintense lesions involving the deep white matter of

bilateral frontal and parietal lobe, suggestive of hypertensive encephalopathy

Acute ischemic changes in the form of ST-segment depression and T-wave
inversion, non-ST-elevation myocardial infarction

Global LV hypokinesia with apical ballooning. LVEF of 25% and mild mitral

regurgitation

Normal LVEF (61%) and no diastolic dysfunction

Echocardiography (after 5 months)

FLAIR — fluid-attenuated inversion recovery; LV — left ventricle; EF — ejection fraction.
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Table 2. Comprehensive list of laboratory investigations done in the patient at our hospital.

Adrenocorticotropic hormone 23.41 pg/mL
 Dehydroepiandrosterone sulphate 7a76pg/dL
Luteinizing hormone a6SmiU/mML
 Follicle-stimulating hormone a68miU/mL
Cpolactin  12elngmL

216 mg/TV (reference range 0-150 mg/TV)

24-h urine protein

TV — total volume of urine.

In view of hypertensive encephalopathy and TLG, initial atten-
tion was turned to urgently treat the patient. Subsequently,
the patient was advised to follow up for investigate potential
secondary causes of hypertension as an outpatient; however,
the patient declined further evaluations due to the absence
of symptoms on oral therapy.

Two years after her initial presentation, the patient present-
ed to our institute with paroxysmal episodes of palpitations,
severe headaches, and profuse sweating for the past month.
Notably, she denied any history of fever, visual disturbances,
seizures, neck swelling, or menstrual irregularities. On admis-
sion, her pulse rate was 96 beats/min and blood pressure was
260/170 mmHg in the supine position and 190/110 mmHg in
the sitting position. The rest of the systemic examinations, in-
cluding the fundus examination, were normal. The laborato-
ry investigations are shown in Table 2. Urine pregnancy test
results were negative. The patient was treated with intrave-
nous nitroglycerin until her blood pressure was controlled and
was later transitioned to oral labetalol, prazosin, and telmis-
artan. While initial investigations for secondary causes of hy-
pertension, including serum electrolytes, thyroid function
tests, and morning fasting serum cortisol levels, were within
the normal range, a 24-h urine test provided a critical clue. As
shown in Table 2, her 24-h urine tests revealed elevated lev-
els of vanillylmandelic acid (7.93 mg/24 h; reference range:
<6.8 mg/24 h), elevated normetanephrine (2638.72 ug/24 h;
reference range: <600 pg/24 h), elevated nor-metanephrine
to creatinine ratio (3546.67), normal urine metanephrine level
(195.92 pg/24 h), and normal metanephrine to creatinine ra-
tio (263.33). Contrast-enhanced computed tomography of the
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Figure 1. Contrast-enhanced computed tomography of the
abdomen showing right adrenal pheochromocytoma.
Arrow showing right (4x3 c¢m) adrenal
pheochromocytoma.

abdomen revealed a 4.3x3.1x4-cm mass in the right adrenal
gland (Figure 1). A DOTATATE positron emission tomography
scan revealed an intense tracer uptake in a heterogeneously
enhancing soft tissue lesion (3.9x4.3x2.7 ¢m), suggestive of
localized right adrenal pheochromocytoma, and confirmed the
absence of metastatic disease. Echocardiography revealed a
normal LVEF and functioning heart valves. A stress thallium
study of the heart was also normal. After a multidisciplinary
team discussion, the patient underwent laparoscopic removal
of the right adrenal mass. The intraoperative blood pressure
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- Hypertensive encephalopathy.

« Acute coronary syndrome.

« Investigations:
(a) MRI brain: PRES.
(b) Echo: LV hypokinesis with
LVEF 25% and apical ballooning,
suggestive of TLC.

- Treatment: intravenous sodium
nitroprusside and nitroglycerine,
later switched to oral atenolol.

« Discharged in a stable condition.

« Advised to continue taking oral
atenolol, telmisartan, and aspirin
for long term blood pressure control.

At presentation On day 10 At 5-month follow-up 2 years after the initial presentation

« Echo: LVEF 61%

- Patient declined to investigate the
secondary causes of the
hypertension due to no symptoms
on oral therapy.

« Presented with paroxysmal episodes
of palpitations, severe headaches,
and profuse sweating.

« Investigations:
(a) 24-h urine test: Elevated
vanillylmandelic acid (7.93 mg/24 h),
normetanephrine (2638.72 ug/24 h),
nor-metanephrine to creatinine ratio
(3546.67), normal urine metanephrine
levels (195.92 ug/24 h), and
normal metanephrine to creatinine
ratio (263.33).
(b) Contrast-enhanced computed
tomography of the abdomen:
4.3%3.1x4-cm right adrenal gland
mass.
(c) DOTATATE positron emission
tomography scan: 3.9x4.3x2.7-cm
(about 1.06 in) localized right
adrenal pheochromocytoma without
metastasis.

« Treatment:
(a) Initiated on intravenous nitroglycerin
and later transitioned to oral labetalol,
prazosin, and telmisartan.
(b) Laproscopic removal of the right
adrenal mass.

Figure 2. Timeline of the disease progression.

was elevated to a maximum of 170/100 mmHg, which was suc-
cessfully managed with intravenous phenoxybenzamine and
nitroglycerine. Histopathological examination of the removed
mass confirmed the suspected diagnosis — a benign pheo-
chromocytoma. The patient remained stable postoperatively,
and 2 weeks later, she was discharged from the hospital, no
longer requiring any antihypertensive medications. Follow-up
appointments over the past 2 years have consistently shown
normal blood pressure readings, indicating a complete reso-
lution of her condition (Figure 2).

Discussion

Our case highlights the complexity in the diagnosis of a pheo-
chromocytoma. An unconventional presentation with the TLC
and PRES further increases the diagnostic challenge. Despite
of the initial misdiagnosis, diligent follow-up and comprehen-
sive testing led to the detection of the localized right adrenal
pheochromocytoma.

In patients with pheochromocytoma, cardiovascular and neu-
rological manifestations usually dominate the clinical picture,
with 95% of patients having hypertension and 90% having head-
aches at presentation [7-9]. Hypertension is either sustained
(50%) or paroxysmal (45%) and is more commonly associat-
ed with norepinephrine-secreting tumors. Further, postural hy-
potension in patients with pheochromocytoma is uncommon.
Although, the exact etiology is unclear, postural hypotension
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is most probably precipitated due to the fluctuation in vascu-
lar tone, suppression of baroceptor signaling, and/or hypovo-
lemia and/or downregulation of adrenergic receptors [10-14].
Other severe cardiovascular manifestations include arrhythmia,
hypotension, shock, myocardial ischemia, cardiomyopathy, aor-
tic dissection, and extremity ischemia [15]. However, presen-
tation with pheochromocytoma-induced TLC is very rare, with
fewer than 100 cases reported in the literature [16]. Most of
these patients were female (approximately two-thirds), and
chest pain was the most common presenting symptom, fol-
lowed by classical symptoms of pheochromocytoma (headache,
palpitation, and sweating), and less commonly, symptoms of
heart failure. Antecedent triggers are reported in only 20% to
30% of patients, with surgery being the most common stress-
or, followed by emotional stressors. We could not identify any
triggers in our patient. Investigations usually reveal LV dysfunc-
tion of varying severity, with regional wall motion abnormalities
that are global or present in the distribution of multiple coro-
nary arteries, elevated myocardial enzymes, and ECG abnormal-
ities [4,16]. The diagnosis of pheochromocytoma-induced TLC
is based on the International Takotsubo Diagnostic Criteria or
Mayo diagnostic criteria [17,18]. Our patient also had typical
symptoms of acute coronary syndrome, severe LV dysfunction
with global LV hypokinesia and apical ballooning, elevated tro-
ponin | levels, and EKG changes. Pheochromocytoma-induced
TLC is more commonly reported in norepinephrine-secreting tu-
mors. It has been proposed that catecholamines, especially nor-
epinephrine, increase myocardial oxygen demand, induce mi-
crovascular dysfunction, and induce severe epicardial coronary
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vasospasm [19,20]. Furthermore, excess catecholamines, espe-
cially norepinephrine, are oxidized and produce a direct toxic
effect on the myocardium by increasing the sarcolemmal per-
meability and cellular calcium influx. This results in reduced
myocyte viability, cardiac contractility, and distortion of the con-
ductive system. All of these can induce cardiomyopathy, myo-
cardial ischemia, and various EKG changes, including deep sym-
metric T-wave inversion, prolongation of QT interval and ST-T
segment abnormalities, and arrhythmias [5]. Importantly, all
these changes are reversible and resolve after the administra-
tion of phenoxybenzamine and resection of pheochromocyto-
ma [4,5,21]. Furthermore, recurrence of pheochromocytoma-in-
duced TLC after adrenalectomy has never been reported [15,22].

After cardiovascular disease, neurological manifestations are
the second most common presenting symptoms, present in
75% of patients with pheochromocytoma. However, severe
neurological manifestations, including intracerebral hemor-
rhage, cerebral infarction, PRES, and reversible cerebral va-
soconstriction syndrome, are very rare and are usually domi-
nant in patients with pheochromocytoma crisis. However, the
pathophysiology of PRES is unclear, and there are 2 potential
processes. One involves the disruption of cerebral autoregu-
lation, which causes a rise in blood-brain barrier permeabili-
ty and vasogenic edema. The term “cerebral hyperperfusion”
refers to this notion. Sympathetic innervations, which are less
widespread in the vertebrobasilar circulation than in the ante-
rior circulation, mediate the autoregulatory system. Vasogenic
edema is therefore anticipated to be mostly observed in the
subcortical white matter and parieto-occipital cortex. The al-
ternative approach, referred to as the “toxic/immunogenic the-
ory”, centers on the endothelial dysfunction caused by endog-
enous or exogenous toxins, such as sepsis or (pre) eclampsia,
immunosuppressive medications, or chemotherapy. Both ideas
lead to disruption of the blood-brain barrier [23-25].

In PRES, blood pressure surges beyond the limits of cerebral
autoregulation, leading to hyperperfusion-induced cerebrovas-
cular endothelial injury, vasogenic edema, and, rarely, hem-
orrhage, and catecholamine excess results in severe cerebral
vasoconstriction with hypoperfusion, ischemia, and vasogenic
edema. The predominant symptoms include headache, drows-
iness, confusion, coma, stroke, seizures, and delirium. Almost
4% to 5% of patients with pheochromocytoma develop isch-
emic stroke, and intracerebral hemorrhage is mostly associat-
ed with reversible cerebral vasoconstriction syndrome [26,27].
Hypertensive encephalopathy usually develops due to PRES
and presents with headache, altered sensorium, papilledema,
or ischemic stroke [28]. The pathogenesis of hypertensive en-
cephalopathy in pheochromocytoma is related to the loss of
the “Bayliss effect”, an auto-regulatory response to maintain
cerebral perfusion. In healthy individuals, an increase in sys-
temic blood pressure leads to the activation of -1 receptors
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in cerebral vessels, resulting in vasoconstriction and normaliza-
tion of cerebral perfusion pressure. However, during the pheo-
chromocytoma crisis, this protective mechanism becomes dys-
functional, resulting in vasodilation, reduced cerebral perfusion
pressure, and ischemia, leading to hypertensive encephalop-
athy. Timely diagnosis and treatment can significantly impact
neurological morbidities and improve outcomes, as seen in our
patient. Importantly, for PRES to be reversible, it requires early
diagnosis and treatment with antihypertensive medications to
reduce 20% to 30% of blood pressure or to a mean diastolic
blood pressure of about 100 mmHg within a few hours of the
onset of hypertensive encephalopathy [26,29].

The concomitant presence of TLC and hypertensive encephalop-
athy is very rare in patients with or without pheochromocytoma.
Most reported patients were female, and physical or emotion-
al triggers were reported in most patients. We did not find any
triggers in our patient. In both disorders, endotheliopathy due
to excess catecholamines and inflammation has been proposed
as a potential underlying mechanism. This hypothesis was fur-
ther supported by the presence of vasogenic cerebral edema in
PRES and myocardial edema in TLC on cardiac MRI. Both condi-
tions are usually reversible with appropriate management for
control of blood pressure but can be life-threatening in the acute
phase [6,26,30-32]. These patients may be very sick at presen-
tation, and their condition is usually dictated by the severity of
heart failure. Patients who present with heart failure and car-
diogenic shock can require mechanical ventilation for respira-
tory support and mechanical circulatory support to improve or-
gan perfusion. In these patients, fluid administration and the
use of antihypertensive medications and inotropes should be
judicious and guided by the Swan-Ganz catheter, to promptly
manage control blood pressure [6,26]. With appropriate man-
agement, cessation of the trigger, and the abolition of catechol-
amine surge, patients usually develop complete myocardial and
neurological recovery, as reported in the literature. Clinical re-
covery usually precedes investigational recovery, since the res-
olution of myocardial and cerebral edema can take a few weeks
to months [6,26,30-32]. In our patient, the sensorium recov-
ered completely, without neurological deficit, with the control of
blood pressure. However, cardiac function was recovered at the
5-month follow-up echocardiography. No repeat brain MRI was
performed to determine the resolution of the cerebral edema.

In our patient, the diagnosis of pheochromocytoma was missed
at the initial presentation, and the patient was treated with
beta-blockers alone and was at risk of developing hyperten-
sive crisis and pulmonary edema due to unopposed a-receptor
over-activity. However, our patient did not develop pulmonary
edema. TLC and hypertensive encephalopathy resolved com-
pletely after medical management, and the patient remained
asymptomatic for 2 years on beta-blockers alone. There are 2
possible explanations for this finding. First is desensitization
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of adrenergic receptors either by reduced adrenergic recep-
tors on the cell surface due to internalization or a decrease in
the affinity of the adrenergic receptors to bind with the cat-
echolamines [33]. Second, norepinephrine has a high affini-
ty for the B-1 receptor, which is responsible for tachycardia,
tachycardia-induced cardiomyopathy, and myocardial dysfunc-
tion. Epinephrine has a higher potency for 32 and a receptors.
Therefore, in epinephrine-secreting tumors, unopposed o ac-
tion in the presence of B-blockers alone can lead to acceler-
ated hypertension [34]. Our patient had a norepinephrine-se-
creting pheochromocytoma. Therefore, the administration of
B-blockers can treat tachycardia and tachycardia-induced car-
diomyopathy by blocking -1 receptors.

It is important to improve awareness among physicians to al-
ways suspect the diagnosis of pheochromocytoma in any pa-
tient with unexplained hypertension or heart failure; otherwise,
diagnosis can be delayed for a long time, owing to the overlap-
ping presenting symptoms of pheochromocytoma with many
other conditions. Gagnon et al, in a review of 14 patients with
pheochromocytoma, reported a mean delay of 21 months af-
ter an episode of pheochromocytoma-induced TLC [22]. In our
patient, the diagnosis was delayed for 2 years.
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Conclusions

Patients with pheochromocytoma often receive misdiagnoses,
due to the absence of the classic triad of headache, diapho-
resis, and palpitations. Pheochromocytoma can mimic many
clinical conditions, such as hypertensive emergencies or TLC.
It is crucial to have a high level of suspicion in any young pa-
tients presenting with hypertension crisis and cardiac mani-
festations. After initial stabilization, thorough laboratory and
imaging investigations are necessary to identify patients with
pheochromocytoma. Surgery is usually curative in most patients,
without the need for antihypertensive medications and no re-
currence of hypertensive encephalopathy or TLC.
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