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Abstract

Background Pheochromocytoma with synchronous ipsilateral adrenal cortical adenoma (PSCA) may present with

mixed clinical, biochemical, and radiological features characteristic to each neoplasm subtype.

Methods All patients with a pathological diagnosis of pheochromocytoma were evaluated for an ipsilateral cortical

adenoma from 1994 through 2015. Retrospectively extracted data included indications for adrenalectomy, diagnostic

workup (biochemical and radiographic), operative characteristics, pathological findings, and postoperative

complications.

Results Sixteen of 413 patients (4%) undergoing adrenalectomy for pheochromocytoma had a PSCA. Median patient

age was 57.7 years (IQR 50.1, 63.1); 50% were male. On imaging, 75% of the adrenal neoplasms were found

incidentally and only 50% were reported to have a synchronous ipsilateral neoplasm based on imaging findings.

Clinically important cortical hormone secretion was diagnosed in 38% of these patients; 25% had glucocorticoid

secretory autonomy; and 13% had primary aldosteronism.

Conclusion Physicians should be aware that adrenal neoplasms with mixed diagnostic findings may represent PSCA.

Evaluation should be performed on this co-occurrence to prevent perioperative complications from resection of an

unexpected secretory cortical neoplasm.

Introduction

The majority of adrenal masses are discovered incidentally

through imaging for reasons unrelated to adrenal diseases

[1, 2]. These incidentalomas may be adrenal cortical

adenomas, pheochromocytomas, or potentially both neo-

plasm types presenting synchronously. When an adrenal

gland presents with both cortical and medullary neoplasms,

diagnostic workup and perioperative care can be chal-

lenging due to the combined characteristics specific to each

tumor subtype. For example, resection of an unexpected

glucocorticoid-secreting cortical neoplasm, even when

subclinical, during adrenalectomy for pheochromocytoma

can lead to postoperative adrenal insufficiency if not

diagnosed and treated appropriately. Conversely, patients

undergoing evaluation for primary aldosteronism may

precipitate a hypertensive crisis during adrenal venous

sampling if catecholamine excess was not diagnosed prior

to the procedure. Given the clinical significance of this co-

occurrence, it is imperative that the incidence and charac-

teristics of the concomitant entity be accurately reported.
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However, the simultaneous occurrence of pheochromocy-

toma and adrenal cortical adenoma has been previously

reported only via isolated case reports [3–12]. Hetero-

geneity in this published data makes it difficult to decipher

useful and generalizable information to be applied in

clinical practice. We aimed to review our experience at a

large tertiary referral center to better understand the clini-

cal and perioperative characteristics of this clinical entity.

We report a case series of 16 patients with pheochromo-

cytoma and synchronous cortical adenoma (PSCA). Our

study aims to describe the incidence, clinical characteris-

tics, diagnostic evaluation, and surgical management of

this co-occurrence.

Materials and methods

The study was reviewed and approved by the Mayo

Foundation Institutional Review Board. All patients

C18 years of age with a pathological diagnosis of

pheochromocytoma from January 1, 1994, through June

30, 2015, were identified using an institutional surgical

pathology specimen database. The final pathology report of

each patient with a pheochromocytoma was reviewed for

the presence of a synchronous ipsilateral adrenal cortical

adenoma. The medical record of each patient with PSCA

was reviewed. Retrospectively collected data included

indications for adrenalectomy, diagnostic workup (bio-

chemical and radiographic), operative characteristics,

pathological findings with immunohistochemical studies,

and postoperative management and complications. Patients

with mixed corticomedullary tumors, cortical hyperplasia

without glandular features, cortical adenoma size less than

3 mm, contralateral tumors without ipsilateral synchro-

nization, and patients diagnosed with each entity

(pheochromocytoma and cortical adenoma) at separate

times were excluded. Figure 1 summarizes the patient

search strategy.

Results

In total, we identified 16 cases of PSCA among 413

patients (4%) who underwent adrenalectomy for

pheochromocytoma. Patient characteristics are summarized

in Table 1. Mean patient age at diagnosis and surgery was

57 years (SD 29–78); 50% were male. Median BMI was

28.5 kg/m2 (IQR 26.8, 30.8). The preoperative presumptive

diagnosis included nine pheochromocytomas (56%), four

cortical adenomas (25%), and three PSCA (19%).

Patient presentation

The clinical presentation was variable (Table 1), with

paroxysmal clinical symptoms of a pheochromocytoma

documented in 13 (81%) patients. At the time of clinical

evaluation, six patients (38%) presented with headache,

seven (44%) with sweating, eight (50%) with palpitations,

Fig. 1 Flowchart of included and excluded patients

Table 1 Demographics and clinical presentation of study population

Characteristic (n = 16) Number of patients

Male sex (%) 8 (50)

Median age at diagnosis in years (IQR) 57.7 (50.1, 63.1)

Body mass index in kg/m2 (IQR) 28.5 (26.8, 30.8)

Symptoms

Headache (%) 6 (38)

Sweating (%) 7 (44)

Paroxysmal hypertension (%) 10 (63)

Palpitations (%) 8 (50)

Non-exertional tachycardia (%) 5 (31)

Abdominal striae (%) 0 (0)

Proximal myopathy (%) 0 (0)

Weight changes (%) 4 (25)

Peripheral edema (%) 0 (0)

Abnormal uterine bleeding (%) 0 (0)
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and five (31%) with tachycardia. Paroxysmal hypertension

was diagnosed in ten patients (63%), whereas sustained

hypertension was diagnosed in nine patients (56%). Two

patients (13%) had diabetes mellitus and six (38%) had

dyslipidemia. Two patients (13%) had hypokalemia. Sig-

nificant weight loss (defined as loss of 5% or more of usual

body weight over 6 months) was seen in three patients

(19%), whereas one (7%) had weight gain (defined as gain

of 5% or more of usual body weight over 6 months). No

patient presented with clinical stigmata of Cushing syn-

drome or androgen excess. Median time from diagnosis to

surgery was 1.0 months (range 0.2–30.8). One patient had

a family history of pheochromocytoma, and none had a

family history of cortical adenoma. Genetic testing was

positive in three of five total patients tested. Diagnoses

included multiple endocrine neoplasia (MEN) type 1,

MEN-2A, and neurofibromatosis type 1 (NF1).

Imaging characteristics

In 12 cases (75%), the initial primary neoplasm was found

incidentally on imaging for an unrelated issue

(nephrolithiasis, diverticulitis, acute abdomen, etc.). Only

eight cases (50%) were reported on imaging to have a

synchronous ipsilateral neoplasm. Three cases (19%) had

an additional contralateral neoplasm. The most common

method of detection for PSCA was an incidental finding on

computed tomography (CT) scan (75%), followed by

intentional CT attempting to identify adrenal neoplasms

(19%) and incidental finding on ultrasound (7%). Other

modalities of imaging included magnetic resonance imag-

ing (MRI, 44%) and 123-I-metaiodobenzylguanidine

scintigraphy (MIBG scan, 38%). Adrenal mass radio den-

sities were above 20 Hounsfield units (HU) in eight

patients with unenhanced CT scans (73%) and below 10

HU in two patients (18%). Mean increase in size per year

during monitoring was 0.8 cm (min 0.01, max 3.0).

Biochemical evidence

Biochemical results for patients with PSCA are summa-

rized in Table 2. Four patients (25%) were diagnosed

preoperatively with clinically relevant autonomous cortisol

overproduction. Two patients (13%) were diagnosed pre-

operatively with primary aldosteronism and both under-

went adrenal venous sampling (AVS). Both of these

patients developed a hypertensive crisis during AVS.

Perioperative management and outcomes

The initial surgical approaches were laparoscopic (81%),

open (13%), and retroperitoneoscopic (6%). All but two

patients (88%) had alpha-adrenergic blockade prior to

surgery, six patients (38%) had beta-adrenergic blockade,

and two (13%) had calcium channel blockade. Of the four

patients diagnosed preoperatively with only cortical ade-

nomas, only two (50%) had alpha-adrenergic blockade

before surgery due to borderline catecholamine levels and

mixed imaging findings. Median hospital stay was 2.5 days

(range 2–6). Intraoperative blood pressures included a

median maximum systolic pressure of 173 mmHg (range

138–289 mmHg), median minimum systolic pressure of

83 mmHg (range 52–140 mmHg), median maximum

diastolic pressure of 94 mmHg (range 70–155 mmHg), and

median minimum diastolic pressure of 47 mmHg (range

28–80 mmHg). The median maximum intraoperative heart

rate was 106 bpm (range 70–151 bpm) and the median

minimum was 49 bpm (range 20–81 bpm). One laparo-

scopic operation was converted to open due to intraoper-

ative hemorrhage. No patient required blood transfusion,

postoperative vasopressor support, an intensive care unit

stay, reoperation, or readmission within 30 days. There

was no other major morbidity and no mortality within

1 year found in the available medical record. Postoperative

management included beta-adrenergic blockers in five

patients (31%), alpha-adrenergic blockers in two (13%),

Table 2 Positive results of diagnostic tests for each hormone-pro-

ducing tumor

Diagnostic test Positive

result (%)

Medullary adenoma: pheochromocytoma

Plasma metanephrine 9/14 (64)

Plasma normetanephrine 13/14

(93)

Urine metanephrine 5/13 (38)

Urine normetanephrine 5/13 (38)

Urine total metanephrines 6/13 (46)

Urine epinephrine 3/12 (25)

Urine norepinephrine 4/12 (33)

Urine dopamine

Adenoma of zona glomerulosa: primary aldosteronism

Elevated plasma aldosterone concentration (PAC)

C15 ng/dL

2/7 (29)

Suppressed plasma renin activity (PRA) 0/6 (0)

Elevated PAC/PRA ratio ([30 ng/dL) 2/6 (33)

Hypokalemia 2/16 (13)

Adenoma of zona fasciculata: cushing syndrome

Dexamethasone suppression test 4/7 (57)

Subclinical cushing syndrome 2/10 (20)

Corticotropin (ACTH) suppressed 2/4 (50)

Adenoma of zona reticulosa: sex-hormone-producing tumor

Serum testosterone 0/4 (0)

Serum dehydroepiandrostenedione sulfate 1/4 (25)
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and a calcium channel blocker in one (7%). Five patients

(31%) were placed on steroid tapers postoperatively. One

patient known to be RET oncogene positive returned with a

recurrent pheochromocytoma on the contralateral side

within 5 years.

Pathological characteristics

Gross pathological evaluation revealed mean pheochro-

mocytoma size was 2.7 cm (range 0.8–4.8) and mean

cortical adenoma size was 1.8 cm (range 0.3–4.4). Eleven

(69%) of the masses were found on the patient’s right side.

Gross specimens were typically characterized by two dis-

tinct lesions (Fig. 2): one in the adrenal medulla that was

reddish brown and soft (pheochromocytoma) and the other

in the adrenal cortex that was yellow and firm (cortical

adenoma). Histologically, all tumors had microscopic

characteristics within the expected pathological range for

both cortical adenomas and pheochromocytomas.

Discussion

Pheochromocytoma with synchronous cortical adenoma

(PSCA) is a rare clinical entity characterized by simulta-

neous tumors in the adrenal medulla and cortex. This entity

is seldom considered in the preoperative differential diag-

nosis of an adrenal mass. Among ten case reports in the

literature, only 60% of the patients were diagnosed with

PSCA preoperatively based on mixed biochemical and/or

imaging findings [3–12]. Current guidelines from the

American Association of Clinical Endocrinologist and

American Association of Endocrine Surgeons published in

2009 recommend biochemical and imaging workup of all

adrenal incidentalomas. Any patient found to have an

incidental adrenal mass should undergo a full biochemical

workup to exclude autonomous glucocorticoid production,

catecholamine excess, and primary aldosteronism. Imaging

is aimed at determining whether the neoplasm has features

suggestive of malignancy. However, if there are mixed

findings on clinical evaluation, biochemical analysis, or

imaging, PSCA should be suspected and fully evaluated.

The most common clinical presentation of PSCA in our

cohort involved characteristics related to pheochromocy-

toma (81%) including paroxysmal hypertension, palpita-

tions, headaches, and generalized sweating. As expected

with this surgical cohort, a diagnosis of pheochromocy-

toma was the presumptive preoperative diagnosis in the

majority of patients. No patients presented with signs or

symptoms that would have been suggestive of Cushing

syndrome despite 25% of patients displaying autonomous

glucocorticoid production on biochemical analysis. Five

patients (31%) presented with medically recalcitrant

hypertension and/or hypokalemia requiring potassium

supplementation with 13% of patients ultimately diagnosed

with primary aldosteronism. Although the hormonal

activity of cortical adenomas in this study was higher

(38%) than reported in previous studies on incidentalomas

(7–10.8%), the hormonal activity in our cases was ascer-

tained after pathological confirmation as opposed to eval-

uating for hormonal activity after finding an incidentaloma

on imaging [13, 14]. Symptoms and signs of adrenal cor-

tical hormone excess should be carefully elucidated during

the initial workup of a suspected pheochromocytoma.

Even in the absence of clinical findings suggesting

cortical hormone overproduction, full biochemical workup

should ensue in patients with an adrenal incidentaloma.

Initial biochemical evaluation for a hormonally active

adrenal mass may include PAC/PRA ratio, plasma free

metanephrines and normetanephrines, and overnight 1-mg

dexamethasone suppression test. At our institution, we

commonly include 24-h urine catecholamines,

metanephrines, plasma free metanephrines, and 24-h urine

cortisol levels. The 1-mg overnight dexamethasone sup-

pression test can be used in patients suspected to have

pheochromocytoma [15]. Another way to screen for sur-

gically relevant subclinical cortisol excess in non-cushin-

goid adrenal adenoma patients is to obtain an ACTH level,

which will be suppressed in cortisol overproduction. Any

patient with significant hypertension may be worked up for

primary aldosteronism with plasma aldosterone and plasma

Fig. 2 Gross specimen of pheochromocytoma and synchronous

cortical adenoma. The gross image discloses a 9.5 g, 5.2 9

3.0 9 1.6 cm adrenal gland with a 2.5 9 1.8 9 1.5 cm reddish

brown pheochromocytoma located in the medulla, and a

4.4 9 2.3 9 1.3 cm yellow cortical adenoma. Both masses are

confined to the adrenal gland
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renin levels. Although none of our patients had suppressed

plasma renin activity (PRA), the diagnosis of primary

aldosteronism was made in 13% of our patients from both

elevated plasma aldosterone concentrations (PAC) (above

15 ng/dL) and elevated PAC/PRA ratios (above 30 ng/dL).

It should be noted that in patients with mixed biochemical

and/or imaging findings, adrenal venous sampling should

only be conducted after biochemical workup for

pheochromocytoma has been excluded to avoid hyperten-

sive crisis during the procedure, as was seen in both of our

cases. Given that many of these cases (19%) had positive

genetic testing for the presence of germline mutations

associated with both types of adrenal tumors, this may have

clued the clinician to suspect a broader presentation than a

pure pheochromocytoma. Thus, the prevalence of PSCA in

otherwise sporadic-appearing, uncomplicated pheochro-

mocytoma patients may be less than what is reported here

(4%). Regardless, any patients with mixed symptoms,

biochemical, and/or imaging findings while pursuing

workup for either a pheochromocytoma or adrenal ade-

noma should have a complete biochemical workup for

PSCA.

In addition to full biochemical evaluation, imaging may

suggest a synchronous adrenal neoplasm. A triple-phase

dedicated adrenal CT scan can best detect subtleties within

the adrenal gland. Non-dedicated CT scans done for other

reasons can easily miss mixed features unless imaging and

biochemical analysis clearly suggest pheochromocytoma in

which case adrenalectomy will be performed regardless the

results of dedicated adrenal CT (in this scenario, bio-

chemical analysis will exclude Cushing’s or primary

hyperaldosteronism). The dedicated adrenal CT will

include thin cuts through the adrenal glands. Phases include

non-contrast-enhanced images, venous phase images, and

delayed phase images. Imaging should be reviewed to

ascertain whether there are mixed features. Pheochromo-

cytoma will typically be hyper-attenuating on non-contrast-

enhanced images compared to cortical adenomas. Fur-

thermore, pheochromocytoma will display with delayed

washout of contrast. Diagnosis of PSCA can be difficult on

imaging alone as the hypo-attenuating cortical adenoma

can be in close association with the pheochromocytoma

and be easily mistaken as heterogeneity of the pheochro-

mocytoma. Characteristics of adrenal masses on non-con-

trast CT, specifically their radiodensity, can help guide

clinicians toward a definitive diagnosis and assist in dif-

ferentiating adrenal adenomas from non-adenomas [16].

Previously, researchers found that the mean pre-contrast

HU value for adrenal adenomas and hyperplasia was 16.2

HU, compared to 38.6 HU for a pheochromocytoma [16].

Although these values are different, when these masses are

in close proximity (as in the case of a PSCA) differentia-

tion via CT may be more difficult. This may explain why

only 50% of our cases were identified as having syn-

chronous neoplasms on the initial scan. Conventional MRI

can also distinguish between a pheochromocytoma and a

cortical adenoma. This was the main modality used to

detect PSCA in 44% of our patients when imaging char-

acteristics on CT scan were mixed or indeterminate.

Although 38% of our patients underwent nuclear imaging

with 123-I-MIBG, this was mainly utilized to confirm

whether the patient had a pheochromocytoma on an inde-

terminate scan after radiological diagnosis of adrenal

adenoma.

Following a complete clinical, radiographic, and bio-

chemical evaluation, patients with PSCA should undergo

alpha-adrenergic blockade followed by beta-adrenergic

blockade. Surgical resection may be recommended for

appropriately selected surgical candidates due to significant

cardiovascular complications from untreated catecholamine

release from the pheochromocytoma in addition to the

possibility of malignancy [17]. Previous studies detailing

the optimal surgical approach for PSCA are lacking, but in

our experience, this entity can be technically resected in a

similar approach as other similarly sized adrenal masses.

Multiple surgical approaches (open, laparoscopic

transperitoneal, retroperitoneoscopic, robotic) have been

described. Laparoscopic adrenalectomies can be performed

via an anterior (transperitoneal) or posterior approach

(retroperitoneal), both of which have equivalent operative

duration, blood loss, time to ambulation and oral intake, and

complication rates when performed by skilled surgeons

[18]. Intraoperative challenges unique to PSCA include

those similar to adrenalectomy for pheochromocytoma. Our

approach to prevent hemodynamic lability was detailed in

the Endocrine Society’s 2014 Clinical Practice Guidelines

and includes preoperative pharmacologic preparation with

combined alpha- and beta-adrenergic blockade, calcium

channel blockers, and/or metyrosine [19].

Postoperative management of patients after resection of

PSCA presents a few unique significant issues—particu-

larly if the synchronous cortical adenoma was not expected

and not fully biochemically evaluated preoperatively to

exclude glucocorticoid autonomy. Following resection of

pheochromocytoma, patients may become hypotensive

secondary to either bleeding, lingering alpha-adrenergic

blockade with vasoplegia, or a combination of both. In

addition, if the synchronous cortical adenoma had some

level of glucocorticoid autonomy, the hypothalamic–pitu-

itary–adrenal axis may be suppressed resulting in sec-

ondary adrenal insufficiency. While no patients in our

cohort who did not receive prophylactic steroid taper

experienced this complication, this remains a relevant

theoretical concern.

The natural history of a PSCA is poorly understood, but

likely recapitulates that of their separate counterparts
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(pheochromocytoma and cortical adenoma). It is interest-

ing to note that 18% of our cohort had a genetic predis-

position to pheochromocytoma which is well within the

range of what would be expected in patients with

pheochromocytoma. However, only 5 of the 16 total

patients underwent genetic testing and, therefore, the rate

of a germline mutation may be much higher than our series

suggests. Several genetic disorders that are associated with

pheochromocytoma, including von Hippel–Lindau (VHL)

syndrome, MEN2, and NF1, have not been reported to be

associated with cortical adenomas. Rather, the pathophys-

iology underlying this co-occurrence may be related to

hormonal signaling.

We do not know whether cortical adenomas developed

in our patients because of a substance produced by the

pheochromocytoma or vice versa. Catecholamine excess

from pheochromocytoma can stimulate b - 1 adrenergic

receptors in the juxtaglomerular apparatus to increase the

release of renin into the circulation [20]. This has been

shown to result in angiotensin release and subsequent

adrenocortical stimulation, leading to cortical hyperplasia

and the autonomous production of aldosterone [21].

Among the stimulating hormones that directly affect

adrenocortical hormone release, only ACTH has been

shown to be produced occasionally by pheochromocytomas

[22]. Adrenocorticotropic hormone was not measured in

our patients with PSCA, so we cannot say with certainty

that this is the definitive mechanism which results in cor-

tical growth. Previous studies have suggested that chro-

maffin cells within the adrenal medulla exert paracrine

control on the adrenal cortex, resulting in stimulation of

steroid synthesis [23]. In contrast, exogenous glucocorti-

coid has been shown to provoke pheochromocytoma crisis,

possibly due to increased catecholamine secretion [24].

Taken together, these corticomedullary interactions may

have contributed to the existence of PSCA in our patients.

We have not encountered a case of a true mixed corti-

comedullary tumor at our institution and suspect that this

entity is likely the misinterpretation of a collision event of

two tumors from separate cortical and medullary back-

grounds. Further research to elucidate the pathophysiology

of this co-occurrence is warranted.

There are several limitations to our study. First, this was

primarily a descriptive study without a control group for

comparison. Additionally, all abstracted data from medical

records were collected retrospectively and non-systemati-

cally as part of routine care, resulting in some aspects of

diagnostic, therapeutic, and side effect outcomes that may

have not been detected. Also, this was a single institutional

experience with a limited sample size. Nonetheless, we

report the largest experience with a rare clinical entity that

has not been previously well described in the literature.

Conclusion

We describe the single largest series of PSCA, a rare but

important clinical condition. In our cohort, nearly 4% of

patients undergoing adrenalectomy for pheochromocytoma

at our institution were found to have a synchronous cortical

lesion. Of patients with PSCA, 25% had autonomous glu-

cocorticoid overproduction and 13% had primary aldos-

teronism. Physicians should include PSCA in the

differential diagnosis for any patient being evaluated for

pheochromocytoma with mixed biochemical and/or imag-

ing findings. In patients with mixed findings, it is impera-

tive to rule out glucocorticoid excess, even if subclinical, as

resection of a cortical adenoma that is autonomously pro-

ducing glucocorticoids may result in postoperative adrenal

insufficiency if not expected and treated appropriately.

Conversely, patients being evaluated for primary aldos-

teronism in the setting of an identified adrenal neoplasm

with mixed findings can be biochemically evaluated for

catecholamine excess if clinical suspicion is high. Missing

a biochemically functional pheochromocytoma, while

unlikely, can potentially result in hypertensive crisis during

AVS or laparoscopic adrenalectomy. Further multi-insti-

tutional studies are indicated to better define this unique

clinical entity.
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