
Pheochromocytoma Multisystem Crisis and Masquerading
Disseminated Histoplasmosis in a Neurofibromatosis Type 1
Patient With Bilateral Adrenal Tumors
Brannon G. Broadfoot and Asangi R. Kumarapeli

ABSTRACT
Pheochromocytomas are rare catecholamine-secreting neuroendocrine tumors that can occasionally progress to life-threatening disease,
including a multisystem crisis. Patients with Neurofibromatosis type 1 (NF1) may develop pheochromocytomas, and the consequent chronic
elevation of plasma catecholamine levels could further complicate various cardiovascular and pulmonary manifestations they may have. A
37-year-old African American female with NF1 presented with severe dyspnea, chills, myalgia, vomiting, and abdominal pain. Within several
hours of hospital admission, she developed progressive agitation and died from circulatory collapse. An autopsy revealed disseminated
histoplasmosis with necrotizing granulomatosis in her lungs, mediastinum, liver, and spleen, as well as bilateral pheochromocytomas with
one tumor showing marked hemorrhage. Additionally, she had cardiac hypertrophy, myocarditis, pulmonary edema, apical bullae, features
of pulmonary hypertension and interstitial fibrosis. Disseminated histoplasmosis caused by the fungal organism Histoplasma capsulatum is
rarely described in immunocompetent individuals. This case is presented to illustrate that chronic hypercatecholaminemia caused by
pheochromocytomas may potentially mask disseminated fungal infections which in turn could induce pheochromocytoma multisystem crisis
in susceptible patients with neurofibromatosis.
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INTRODUCTION

Neurofibromatosis type 1 (NF1), also known as von

Recklinghausen neurofibromatosis, is a dominantly

inherited genetic disorder caused by mutations in the

NF1 gene and has an incidence of approximately 1 in

3000 (1). It demonstrates highly variable clinical man-

ifestations among which multiple skin lesions (cuta-

neous neurofibromas, café-au-lait macules, and

axillary/inguinal freckling) and iris hamartomas (Lisch

nodules) are characteristic of the disease. Patients with

NF1 can also develop interstitial lung disease, apical

bullae, cardiac structural defects, essential and pulmon-

ary hypertension, and bone and neurologic abnormal-

ities (2-6). They are prone to developing both benign

and malignant tumors including pheochromocytomas,

optic pathway gliomas, spinal and plexiform neurofi-

bromas, breast cancer, and soft tissue sarcomas such

as malignant peripheral nerve sheath tumors, rhabdo-

myosarcomas, and gastrointestinal stromal tumors.

Pheochromocytomas are seen in 0.1% to 5.7% of

NF1 patients and bilateral pheochromocytomas and

extra-adrenal paragangliomas are extremely rare (7,8).

Secretion of catecholamines such as epinephrine, nore-

pinephrine, and dopamine by a pheochromocytoma can

further aggravate some of the clinical manifestations in

NF1 patients. While sustained or paroxysmal hyperten-

sion, flushing, and palpitations are well-known to occur,

catecholamine-mediated myocarditis and Takotsubo-

like cardiomyopathy are poorly understood entities also

affecting the cardiovascular system in patients with

pheochromocytoma (9-11). Whether catecholamine

excess in NF1 has any effect on patient immunity and

susceptibility to infection is not well-known.

The autopsy findings of bilateral pheochromocytomas

and unexpected disseminated histoplasmosis in an NF1

patient who likely presented with acute pheochromocy-

toma multisystem crisis (PMSC) and succumbed after

multiple episodes of cardiac arrest are reported herein.

CARE REPORT

A 37-year-old African American female with a medi-

cal history of NF1, hypertension, schizophrenia, and

seizure disorder presented with upper respiratory

symptoms, nausea, and myalgia. She tested negative

for influenza and was treated symptomatically. Two

weeks later, she returned to the emergency department

with dyspnea, chills, myalgia, nausea, emesis, and

abdominal pain of 2 days duration. She was well-

oriented but found to be hypothermic, tachycardic, and

in respiratory distress. A chest X-ray demonstrated

opacities in the lower lung lobes concerning for pul-

monary edema and aspiration pneumonia. She was

started on intravenous fluids, broad-spectrum antibio-

tics, and high flow ventilation. However, she became

restless with worsening tachycardia (up to 160 beats/

min) and tachypnea (35-40 breaths/min), and also

developed severe emesis resistant to antiemetics.

Computerized tomography (CT) of the chest revealed

extensive bibasilar ground-glass opacities with areas

of conglomeration, interlobular septal thickening,

emphysematous cysts, and a 2.5 cm, mass-like conso-

lidation in the perihilar region of the left lower lobe.

Abdomen/pelvis CT with contrast revealed a 1.5 cm

right adrenal mass and a 5.3 cm heterogeneously

enhancing mass in the left adrenal which was highly

suspect for a pheochromocytoma with internal hemor-

rhage. The patient was admitted to the intensive care

unit where she became progressively agitated and

later, hypotensive and unresponsive requiring cardio-

pulmonary resuscitation. Less than an hour later, she

became unresponsive again and was revived with max-

imum pressor support. Soon afterward, she developed

cardiac arrest for a third time and could not be

resuscitated.

Her laboratory investigations revealed an elevated

white blood cell count of 18.9 � 109/L as well as

elevations in liver enzymes, serum lactate, and serum

creatinine. Blood and urine cultures returned negative.

Plasma catecholamines showed marked elevations

over 50 times the upper normal values; metanephrines

25.20 nmol/L (0-0.49) and normetanephines 49.70

nmol/L (0-0.89).

At autopsy, the skin of the decedent was notable for

numerous cutaneous nodules ranging in size from 0.2

to 4.5 cm and a few macules (Image 1A). The right

Page 63

Broadfoot and Kumarapeli � Pheochromocytoma Multisystem Crisis and Masquerading Disseminated Histoplasmosis in a Neurofibromatosis Type 1 Patient With Bilateral Adrenal Tumors
CADEMIC FORENSIC PATHOLOGY: THE PUBLICATION OF THE NATIONAL ASSOCIATION OF MEDICAL EXAMINERS FOUNDATION

©2020 The Author(s)
Downloaded from www.afpjournal.com by an AFP Journal subscriber

This article is for personal use only and may not be shared or distributed in any fashion

CASE OF THE MONTH



and left lungs were heavy with pulmonary edema and

congestion (weighing 1175 g and 1200 g, respectively)

and showed multiple areas of apical subpleural bleb-

bing. On cut sections of the left lower lobe, an area of

consolidation and a 1.2 cm cavitary lesion with necro-

sis were identified. The left hilar lymph nodes

appeared modestly enlarged and soft. In the heart, the

left ventricular wall was hypertrophied (1.8 cm thick;

expected 1.0-1.5 cm) and the tricuspid and mitral

valves were thickened with myxoid change. The liver

was diffusely congested and a 0.8 cm, tan-yellow

lesion was identified in the right lobe. The spleen had

multiple tan-red nodules ranging in size from 0.3 to 0.6

cm. There was a 5.3 cm, solid hemorrhagic mass in the

left adrenal gland and a 1.5 cm, oval, tan nodule in the

right adrenal gland (Image 2A). Gross examination of

the unfixed brain revealed cerebral edema.

Histologic sections of a representative skin nodule

showed fascicles of spindled cells with elongated,

wavy nuclei and ample cytoplasm, consistent with a

neurofibroma (Image 1B). The most notable findings

were present in the lungs. Multiple epithelioid granu-

lomas with multinucleated giant cells were found bilat-

erally, predominantly in the lower lobes. They

occupied alveolar spaces and formed sizable conglom-

erates (Image 3A). One such conglomerate of necro-

tizing granulomas in the left lower lobe formed a

central cavitary lesion containing necroinflammatory

material. A silver stain highlighted abundant small

fungal yeast forms of varying sizes (2-6 microns in

diameter) present in the necrotic granulomas. They

were morphologically consistent with histoplasmosis

(Image 3B). A left enlarged hilar lymph node also

showed similar necrotizing granulomatous disease

with numerous fungi effacing the normal nodal

architecture. A Ziehl-Neelson stain was negative for

acid-fast organisms in the lung and nodal lesions.

Additionally, the lung sections showed vascular con-

gestion, pleural edema, and emphysematous sub-

pleural blebbing involving both upper lobes. There

was evidence of pulmonary hypertension in the bilat-

eral lungs with hypertrophied muscular vessels with

intimal fibrosis and medial hypertrophy, dilated ves-

sels, and rare thrombosed small vessels (Image 4A).

Patchy interstitial fibrosis was also present.

Cardiomyocyte hypertrophy and myocarditis were

identified in both ventricles and the septum of the

heart. Myocarditis featured lymphocytes and neutro-

phils infiltrating among the cardiomyocytes from the

epicardium to the endocardium (Image 4B). There

was no evidence of myocardial infarction, fibrosis, or

coronary artery occlusion. The liver showed vascular

congestion, mild bile stasis, and many small, non-

necrotizing epithelioid granulomas scattered through-

out the parenchyma. The macroscopic lesion in the

right liver lobe corresponded to necrotizing granulo-

mas with abundant fungal organisms, consistent with

histoplasmosis (Image 3C). The spleen contained

Image 1: Neurofibromatosis. A, Skin with numerous flesh-colored soft nodules of varying sizes. B, Histologic section of a representative
skin nodule shows fascicles of spindled cells with elongated, wavy nuclei and ample cytoplasm, consistent with a neurofibroma.
Hematoxylin and eosin, �100.
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multiple small granulomas with multinucleated giant

cells and no significant necrosis or fungal organisms

(Image 3D). Multiple remote microinfarctions were

present in the cerebellum. However, there was no evi-

dence of disseminated infection to the brain.

The bilateral adrenal masses were composed of neoplas-

tic cells with oval, hyperchromatic nuclei, mild to mod-

erate nuclear pleomorphism, and abundant amphophilic

granular cytoplasm. These cells were arranged in alveo-

lar nests/Zellballen pattern (Image 2B). In the larger left

adrenal mass, these neoplastic cells appeared more

sheet-like with prominent hemorrhage but with no

necrosis (Image 2C). A rim of preserved adrenal cor-

tical cells was present around both masses. No granu-

lomas or significant mitoses were noted in either of

these tumors. The histologic findings were consistent

with bilateral pheochromocytomas. The cause of death

in this patient with NF1 was determined to be dissemi-

nated histoplasmosis and PMSC.

DISCUSSION

The mortality of NF1 patients is primarily due to car-

diovascular diseases and malignant neoplasms

resulting in a shortened life expectancy by 8 to 15

years (12). Sudden death in these patients warrants

an autopsy investigation as detailed reports of the find-

ings in such scenarios are sparse in the literature

(13,14). Takamiya et al. recently reported the sudden

death of a 33-year-old Japanese male with NF1 who

initially presented with nonspecific abdominal symp-

toms and headache. Postmortem examination revealed

a unilateral pheochromocytoma and myocarditis with

elevated catecholamine levels detected in the blood.

The authors attributed the cause of death to pheochro-

mocytoma (adrenal) crisis (14). Our case also demon-

strated similar biochemical and histopathological

findings in a NF1 patient who had a rapid course of

clinical deterioration.

Pheochromocytoma multisystem crisis is a rare, acute,

and severe complication of these tumors. Lability in

blood pressures with hypertension and/or hypotension,

cardiogenic shock, signs of acute coronary syndrome,

high fever, sepsis, hemoptysis, encephalopathy, acute

abdominal pain, vomiting, and abnormal liver function

are some of the presenting features which are often

nonspecific and vague (15-17). Hence, the diagnosis

of a PMSC can be significantly delayed unless the

Image 2: Adrenal tumors with bilateral pheochromocytoma. A, Photomicrograph of the enlarged, hemorrhagic adrenal mass (left) and a
smaller adrenal nodule (right). Note the bright yellow rim of adrenal cortex around both tumors. B, Histologic sections from the right adrenal
tumor show a neoplastic cell proliferation in Zellballen pattern. C, Sections of the larger left adrenal tumor show sheet-like proliferation of
neoplastic cells. These cells demonstrate oval, hyperchromatic nuclei, mild to moderate nuclear pleomorphism, and abundant amphophilic
granular cytoplasm. Hematoxylin and eosin, �100.
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Image 3: Granulomatosis with histoplasmosis. A, Section of the left lung lobe demonstrates a conglomerate of epithelioid granulomas;
Hematoxylin and eosin, �40. B, Gomori methenamine silver (GMS) stain highlights small intra- and extracellular fungal organisms,
morphologically consistent with histoplasmosis; �400. C, Right liver lobe lesion demonstrates necrotizing granulomatosis. Note the bile
staining in the center of the necrotic lesion and the surrounding multinucleated giant cells and chronic inflammation. This lesion contained
GMS-positive fungal organisms (not shown). D, Histologic section of the spleen demonstrates nonnecrotizing granulomas with multi-
nucleated giant cells. C and D, Hematoxylin and eosin, �40.

Image 4: Pulmonary changes and myocarditis. A, Section of the lung shows blood vessels with medial hypertrophy and dilatation. The
background shows vascular congestion and pulmonary edema. Hematoxylin and eosin, �40. B, Section of the left ventricle shows
lymphocytes and neutrophils infiltrating the myocardium. Also note the enlarged cardiomyocyte nuclei; Hematoxylin and eosin, �100.
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clinical suspicion for an underlying pheochromocy-

toma is high.

In the presented case, the decedent showed multiple

manifestations of NF1 including bilateral pheochro-

mocytomas which are extremely unusual. Evidence

of acute hemorrhage into the larger pheochromocy-

toma with corresponding markedly elevated serum

catecholamines, and the overall clinical findings sup-

ported PMSC in this patient. The association between

NF1 and structural defects in the cardiovascular and

pulmonary systems are known (2-4). Her autopsy

revealed multiple lung and heart pathologies including

pulmonary hypertension, apical bullae, interstitial

fibrosis, cardiac hypertrophy, and myocarditis. It is

believed that catecholamine excess resulting from

pheochromocytoma plays a role in the pathogenesis

of myocarditis and certain cardiomyopathies (10,14).

The postmortem finding of disseminated histoplasmo-

sis in the decedent was unexpected. Histoplasmosis,

endemic to the Mississippi and Ohio River valleys,

is caused by the fungal organism Histoplasma capsu-
latum. Symptomatic disease is uncommon and acute

pulmonary histoplasmosis, where patients may present

with fever, malaise, headache, weakness, and myalgia

is often self-limiting (18,19). Clinical manifestations

of chronic cavitary pulmonary histoplasmosis and dis-

seminated histoplasmosis are extremely rare (<1%).

The former is known to associate with preexisting lung

diseases such as emphysematous bullae, and the latter

in immunocompromised states. In severe cases,

patients can present with a sepsis-like clinical picture

with hypotension, disseminated intravascular coagula-

tion, renal failure, and acute respiratory distress (18).

Apart from having NF1, the decedent appeared other-

wise immunocompetent. It can be speculated that the

catecholamine excess contributed to masking of the

severity and dissemination of her infection. While his-

toplasmosis superimposed on already compromised

lungs may explain her presenting respiratory symp-

toms, the findings of necrotizing and cavitary granu-

lomatous disease involving multiple organs indicated

the chronicity of the infection that appeared dispropor-

tionate to the patient’s stated relatively short duration

of her illness.

What triggers a pheochromocytoma to enlarge, hemor-

rhage, and lead to PMSC is not completely understood.

Drugs including metoclopramide and certain anes-

thetic agents, as well as abdominal trauma are some

of the causative factors (20). Sparse reports describe

that bacterial infections and sepsis could trigger cate-

cholamine release from a pheochromocytoma that

could then develop into a PMSC (21-23). Interestingly,

pro-inflammatory cytokines such as interleukin-6 are

secreted in high amounts from pheochromocytomas

involved in PMSC (24). The same cytokines are

induced by systemic infections as well. Our histologic

examination of the adrenal tumors did not reveal direct

involvement by histoplasmosis or granulomatous dis-

ease. Serum or immunohistochemical evidence of

tumor cytokines was also not tested. However, it is

very likely that pro-inflammatory cytokines from the

patient’s disseminated infection played a significant

role in causing the pheochromocytoma to grow and

hemorrhage. Ours is the first report of a disseminated

fungal infection which potentially induced PMSC.

CONCLUSION

This case underscores the value of a comprehensive

postmortem examination in NF1 patients with sudden

death. Although there are no clear recommendations

for screening of pheochromocytomas in patients with

NF1, this report emphasizes the importance of close

clinical follow-up of these patients especially in the

setting of unexplained hypertension. Early detection

and removal of an adrenal tumor can avert severe com-

plications of pheochromocytomas. Our case also illus-

trates that pheochromocytomas can potentially mask

infections causing them to progress into severe

disease.
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