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Background: Multifocal pheochromocytoma/paraganglioma presenting at an early age is commonly asso- 

ciated with a hereditary syndrome. 

Case Report: A 29-year-old woman was referred for evaluation of multifocal pheochromocy- 

toma/paraganglioma. Interestingly, her family history did not include pheochromocytoma/paraganglioma, 

and comprehensive genetic testing for the well-documented pheochromocytoma/paraganglioma suscep- 

tibility genes was negative. Of note, this patient had a history of a complex cardiac defect resulting in 

cyanotic congenital heart disease and had never undergone operative repair. Thus she lived in a chronic 

hypoxic state with a baseline oxygen saturation of about 80%. Laboratory evaluation found marked in- 

creases in plasma norepinephrine and normetanephrines with normal epinephrine and metanephrines. 

Imaging revealed 4 aortocaval masses and a right adrenal mass. After appropriate preoperative prepa- 

ration she underwent successful resection of each of the neoplasms, with pathologic testing revealing 

multifocal pheochromocytoma/paraganglioma. 

Discussion: This case highlights a growing recognition of the potential development of pheochromocy- 

toma/paraganglioma in patients with cyanotic congenital heart disease. The underlying pathophysiology 

and phenotypic similarities between pheochromocytoma/paraganglioma in patients with cyanotic con- 

genital heart disease and those with mutations that lead to cellular pseudohypoxia are reviewed. 

© 2018 Elsevier Inc. All rights reserved. 
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Introduction 

Pheochromocytomas (PHEOs) and paragangliomas (PGLs) are

neuroendocrine neoplasms arising from chromaffin tissue of the

adrenal medulla and extra-adrenal paraganglia. The clinical pre-

sentation of patients with PHEO/PGL may be indicative of a spo-

radic neoplasm or arising as part of an inherited syndrome with a

known germline mutation. 1 

Cyanotic congenital heart disease (CHD) refers to a group of car-

diac defects that result in hypoxia secondary to compromised pul-

monary blood flow and mixing of pulmonary and systemic venous

blood. Cyanotic CHD is reported to occur in approximately 0.1% of
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ive births, 2 and the majority of patients born in the United States

ndergo repair during childhood to avoid chronic hypoxia. 

Over the last several years there has been an increased under-

tanding of the influence that hypoxia-induced cellular pathways

ave in PHEO/PGL tumorigenesis. 3-5 There is a small body of lit-

rature drawing a potential correlation of hypoxia from cyanotic

HD and the development of PHEO/PGL. 6-10 Herein we report a

ase of a young woman with cyanotic CHD presenting with multi-

ocal PHEO/PGL. We further discuss similarities identified between

hese patients and PHEO/PGL in patients with gene mutations that

ause pseudohypoxia, such as VHL and SDHx . 

ase presentation 

A 29-year-old woman was referred for surgical evaluation of

ntra-abdominal PGL. Prereferral computed tomography (CT) indi-

ated 4 hypervascular, para-aortic masses and a similar appear-

ng right adrenal mass ( Fig 1 , A and B ). She had also undergone

ercutaneous biopsy of the largest lesion, with pathologic testing
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Fig 1. ( A and B ) Computed tomography (CT) showing 4 aortocaval hypervascular masses, a right adrenal mass, and situs inversus anatomy. ( C ) Metaiodobenzylguanidine 

imaging indicated activity in each of the lesions seen on CT but no further sites of disease. 
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evealing “cellular changes consistent with paraganglioma” with

ositive immunostaining for chromogranin A and S100. 

At presentation, her only complaints were mild abdominal dis-

omfort and intermittent diaphoresis; she denied palpitations, se-

ere headaches, and hypertension. Of note, her medical history was

ertinent for complex cyanotic CHD. She was born with situs in-

ersus with congenitally corrected transposition of the great ves-

els, a large ventricular septal defect, and severe pulmonary valvu-

ar stenosis. The family had opted not to have the defect corrected,

nd thus she had lived with chronic cyanosis with a baseline oxy-

en saturation of about 80%. Interestingly, 4 years before refer-

al, she had undergone thoracotomy with resection of a mediasti-

al paraganglioma at an outside institution; no abdominal imaging

as obtained at that time. The patient and her mother denied any

amily history of PHEO/PGL or other endocrinopathies. On physical

xamination she was healthy appearing, with a pulse of 85, blood

ressure of 113/75, and O 2 saturation of 79%. Her neck was supple

ith no cervical masses. Cardiac examination revealed a prominent

ystolic ejection murmur. She had peripheral cyanosis with mild

lubbing and no extremity edema. Her lungs were clear, and the

bdomen was soft and benign with no palpable masses. 

Laboratory evaluation revealed increases in plasma nore-

inephrine of 2021 pg/mL (normal 80–520 pg/mL) and

ormetanephrine of 21.85 mmol/L (0–0.89 mmol/L), normal

lasma epinephrine and metanephrines, and an increased chro-

ogranin A of 451 units (normal 0–95 units). CT examination

f the neck and chest did not indicate any cervical or thoracic
esions. Metaiodobenzylguanidine (MIBG) scan revealed activity 

n the aortocaval and adrenal masses seen on abdominal CT but

dentified no additional lesions ( Fig 1 , C ). Given the presentation

f a young patient with multifocal PHEO/PGL, we were concerned

or a potential germline mutation. Comprehensive genetic testing

or VHL, SDHB, SDHD, SDHA, SDHC, NF1, RET, MEN1, FH, MAX , and

MEM127 was negative. 

In preparation for operating, the patient was initiated on selec-

ive α1 blockade with subsequent β blockade and received preop-

rative volume expansion executed in close coordination with her

ardiologist. She then underwent exploration with performance of

 cortical-sparing right adrenalectomy and resection of the aor-

ocaval masses. At operation, these lesions were well encapsu-

ated and did not demonstrate any substantial peritumoral desmo-

lasia or extension into surrounding soft tissue. On histopatho-

ogic examination the tumors consisted of compact, organized ep-

thelioid cells that stained positive for chromogranin A, neuron-

pecific enolase, and synaptophysin. Aggressive histologic features,

uch as nuclear polymorphism, obvious vascular invasion, or in-

ernal necrosis, were not identified. Her postoperative course was

neventful, and at 1 year after resection, biochemical evalua-

ion and cross-sectional imaging revealed no evidence of recur-

ent disease. Just before the drafting of this manuscript, the pa-

ient underwent a left bidirectional cavopulmonary anastomo-

is from which she has recovered well. At her first postopera-

ive visit after this operation, her resting oxygen saturation was
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Discussion 

PHEO/PGL are rare neuroendocrine neoplasms that arise from

the adrenal medulla and extra-adrenal autonomic paraganglia, re-

spectively. Although the majority of PHEO/PGL are sporadic, up

to 40% may be associated with a hereditary syndrome. 11 For pa-

tients presenting at a young age or with multifocal tumors, a

thorough family history, genetic counseling, and consideration of

an analysis of germline mutations should be pursued owing to

the implications to other family members. 1 Although the asso-

ciation of pheochromocytoma with Von Hippel–Lindau syndrome

(VHL), multiple endocrine neoplasia type 2, and neurofibromato-

sis type 1 (NF1) has been known for some time, a number of

additional PHEO/PGL susceptibility genes have been defined over

the last 2 decades. Most notably, mutations in genes coding for

subunits of the enzyme mitochondrial succinate dehydrogenase

(SDH) have led to characterization of specific hereditary PGL syn-

dromes with well-defined genotype-phenotype correlations. 12 Fur-

thermore, recent genomic expression profiling has led to clas-

sification of PHEO/PGL into the following 4 subtypes based on

driver mutations: a pseudohypoxia cluster including VHL, SDHx ,

and HIF2A ; a kinase signaling cluster including RET, NF1, TMEM127,

MAX , and HRAS ; a Wnt-altered group including WNT4, DVL3 , and

CHGA ; and a cortical admixture subtype. 13 

With our patient’s history of a mediastinal PGL and the hy-

pervascular appearance of the adrenal and para-aortic tumors on

contrast-enhanced CT, the plasma or urinary biochemical evalua-

tion would have been sufficient to make a diagnosis. Our patient

had actually undergone prereferral biopsy. This is an important

point to discuss because of the risk of inciting a hypertensive cri-

sis during needle biopsy of PHEO/PGL; it is important that patients

with a hypervascular adrenal or retroperitoneal mass be evaluated

with plasma or 24-hour urinary fractionated metanephrines and

catecholamines before or in lieu of a biopsy. Biopsy should be re-

served for cases in which there is no clinical or biochemical evi-

dence of catecholamine secretion and only when a tissue diagnosis

will alter the treatment. 

Given the age, distribution of tumors, and biochemical profile of

our patient, we had a high level of suspicion for PGL-4 syndrome

( SDHB mutation). Comprehensive genetic testing, however, did not

reveal a mutation of any SDH subunit gene or other gene muta-

tions known to be associated with PHEO/PGL. Admittedly, we did

not consider chronic hypoxia as the pathogenesis of her tumors

until performing a literature search for PHEO/PGL in patients with

cyanotic CHD. 

A potential association of PHEO/PGL with cyanotic CHD was

first described in 1964 in a case series of 5 patients from the Johns

Hopkins Hospital. 14 Although the cellular physiology that might

lead to development of PHEO/PGL in cyanotic patients had not

been elucidated at that time, the authors postulated that chronic

hypoxia might lead to adrenal medullary hyperplasia. Subsequent

case reports of PHEO/PGL in patients with cyanotic CHD 

6-10 have

led to a growing recognition that their co-occurrence is more than

coincidence. The link between cyanotic CHD and development of

PHEO/PGL is probably best highlighted by Opotowsky et al. 10 In

a population-based analysis, they found that hospitalized patients

with cyanotic CHD had an increased likelihood of PHEO/PGL (odds

ratio 6.0, 95% confidence interval 2.6–13.7, P < .0 0 01) compared

with those without CHD and that noncyanotic CHD patients had

no greater risk (odds ratio 0.9, 95% confidence interval 0.7–1.2,

P = .48). On review of the current literature, there does not ap-

pear to be one particular form of cyanotic CHD that is more closely

associated with development of PHEO/PGL than others. Moreover,

PHEO/PGL has been reported in patients with complex congenital

heart defects as well as ventricular or atrial septal defects (simple

defects) resulting in Eisenmenger syndrome. 6-10 That chronic hy-
oxia may predispose to the development of PHEO/PGL has also

een recognized in reports of carotid body tumors among patients

iving at high altitudes. 15 

Although the mechanisms driving tumorigenesis in patients

ith chronic hypoxia are not fully elucidated, the presenta-

ion is phenotypically similar to those within the pseudohypoxia

HEO/PGL subtype. 13 In the report by Opotowsky et al, 10 patients

ith cyanotic CHD associated with PHEO/PGL presented at a young

ge (median 31.5 years), often had multifocal tumors, and a no-

adrenergic biochemical profile. This presentation is analogous to

hat found in our patient as well as other case reports of cyanotic

HD and PHEO/PGL. 6-9 That these clinical features mirror those of-

en found in patients with VHL or SDHx mutations indicates they

ikely have related molecular pathogenesis. It is well described that

evelopment of PHEO/PGL in patients with VHL or SDHx muta-

ions results from alterations of intracellular oxygen metabolism

hat cause “pseudohypoxia” and subsequent increased stability and

ellular levels of hypoxia-induced factor 2 α (HIF2 α). 3-5 HIFs are in-

olved in upregulation of several processes that result in tumor de-

elopment, such as angiogenesis, cell migration, and degradation of

he extracellular matrix. 5 It is postulated that HIF2 α may influence

ertain chromaffin cell types at different locations or sympathoad-

enal progenitor cells in a way that makes these cells more suscep-

ible to mutations causing cellular hypoxia and affects tumor lo-

ation and the specific catecholamines synthesized. 4 This concept

s reflected in patterns of tumor location and secretion of nore-

inephrine (and dopamine) in patients with VHL and SDHx muta-

ions. In a case reported by Zhao et al 9 of a 30-year-old patient

ith cyanotic CHD and multifocal PHEO/PGL, tissue from the re-

ected neoplasm had marked HIF2 α immunostaining. The role of

IF2 α in PHEO/PGL tumorigenesis has been further confirmed by

he recent identification of somatic HIF2A gene mutations result-

ng in multifocal PHEO/PGL, somatostatinomas, and polycythemia

Pacak-Zhuang syndrome). 16,17 Based on the similarities in clinical

resentation, it seems reasonable to extrapolate that the mech-

nisms driving PHEO/PGL in patients with chronic hypoxia from

yanotic CHD parallel those found with VHL, SDHx , and HIF2A

utations. 

The catecholamine secretory profile of PHEO/PGL is related

o both tumor location and genotype. Whereas PHEOs secrete

oth normetanephrine and metanephrine, PGLs predominantly

ecrete normetanephrine. The enzyme phenylethanolamine N-

ethyltransferase, which converts norepinephrine to epinephrine,

equires cortisol as a cofactor, explaining the noradrenergic secre-

ion found in sympathetic extra-adrenal PGLs. 18 It is important,

owever, to appreciate that unlike sporadic, multiple endocrine

eoplasia type 2 and NF1-associated PHEOs, VHL-associated

HEOs have a predominantly noradrenergic secrotype. This is, in

art, because of decreased expression of phenylethanolamine N-

ethyltransferase in VHL-associated PHEOs. 19 Of note, our pa-

ient did have one intra-adrenal lesion but had normal plasma

pinephrine and metanephrines levels. Moreover, 7 of the 20 pa-

ients in the series by Opotowsky et al 10 had an isolated PHEO

nd in each case had only noradrenergic secretion. These obser-

ations further illustrate that the phenotypic similarities identi-

ed between PHEO/PGL in patients with chronic hypoxia and those

ith VHL and SDHx mutations are likely related to similar alter-

tions at a molecular level. 

Another clinical point worth noting is that the preferred imag-

ng for patients with PHEO/PGL has evolved over the last decade.

lthough the MIBG scan correlated with the CT and intraoperative

ndings in our patient, the functional imaging modality of choice

or a patient like ours or in the setting of an SDHx mutation is

urrently ( 68 Ga)-DOTATATE positron emission tomography/CT. 20,21 

f this study is not readily available, an 18F-fluordeoxyglucose

ositron emission tomography/CT would be preferred over MIBG. 20 
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2  
That hypoxia appears to be the driving mechanism in the devel-

pment of PHEO/PGL in patients with cyanotic CHD raises certain

uestions. For instance, if hypoxia is reversed by correction of the

ardiac anomaly, are patients protected from the future develop-

ent of chromaffin cell neoplasms? Furthermore, if hypoxia is cor-

ected, will established neoplasms regress spontaneously? Based

n previous reports, PHEO/PGL may be diagnosed several years af-

er the operative correction of the cardiac defect and after long

eriods without cyanosis, 7,10 but it is unclear if there is a critical

uration or severity of hypoxia that results in the physiologic in-

ult leading to persistent tumorigenesis. It is also unknown if there

re certain patients with cyanotic CHD who have other factors

redisposing them to the development of PHEO/PGL. Interestingly,

here is at least 1 case of regression of bilateral carotid body tu-

ors identified in a patient with hypoxemic pulmonary disease af-

er treatment and improved oxygenation. 22 Based on the relatively

imited reporting of PHEO/PGL in association with cyanotic CHD

nd chronic hypoxia, these mechanistic questions remain unan-

wered. Continued understanding of the molecular pathogenesis of

HEO/PGL, particularly in patients with VHL, SDHx , and HIF2A mu-

ations, may uncover these and other unknowns in this relatively

nique clinical scenario. 

The present case adds to accumulating evidence suggesting that

atients with cyanotic CHD have an increased risk for develop-

ng PHEO/PGL. Certainly, without screening a large population of

uch patients, it is impossible to understand the true incidence of

HEO/PGL within this group of individuals. We are not aware of

ny reported procedure-related or intraoperative adverse hemody-

amic occurrences in patient with cyanotic CHD with an undiag-

osed PHEO/PGL, but it seems prudent to evaluate for PHEO/PGL

efore invasive procedures or operations in patients with cyanotic

HD, similar to that performed in patients with a new diagnosis

f medullary thyroid cancer. Our patient has recently undergone

eft bidirectional cavopulmonary anastomosis with a resultant im-

rovement in her baseline oxygen saturation, although she remains

ildly hypoxic. Whether improvement of hypoxia at such a late

tage will prevent development of further PHEO/PGL is unclear. For

ow, our plan for this patient is to continue annual biochemical

nd radiographic surveillance. 
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