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Abstract

Context: The detection and management of concomitant pheochromocytoma (PHEO)
and primary aldosteronism (PA) is not well understood.

Objective: To investigate varying presentations and outcomes of cases with coexisting
PHEO and PA to provide an approach to its diagnosis and management.

Methods: We conducted a retrospective case series of adult patients with concomitant
PHEO and PA at Mayo Clinic from 2000-2020 and an additional review of cases before
2000 and from the medical literature. Clinical, biochemical, radiologic, and histologic
parameters were measured.

Results: Fifteen patients (53% men, median age 53 years) were diagnosed with con-
comitant PHEO and PA.The majority presented with hypertension (13, 87%) and hypo-
kalemia (13, 87%), and 6 (40%) presented with symptoms suggestive of catecholamine
excess. All patients who underwent preoperative workup for catecholamine excess (14,
93%) were found to have biochemical levels above the upper limits of normal. Adrenal
vein sampling (AVS) was performed in 9 patients (60%), where 5 (56%) were diagnosed
with bilateral PA, and 4 (44%) with unilateral PA. Patients underwent either unilateral
(12, 80%) or bilateral (3, 20%) adrenalectomy. Biochemical improvement or resolution
of catecholamine excess was confirmed in all cases with documented measurements.
Recurrence of PHEO was not observed. Six patients (40%) displayed persistent PA
postoperatively.
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Conclusion: Concomitant PHEO and PA is a rare but likely underreported condition.
Hypertension with or without hypokalemia should prompt evaluation for PA, while any
indeterminate adrenal mass should be assessed for PHEO. Coexisting disease warrants
consideration of AVS to determine the laterality of PAto ensure appropriate management.

Key Words: pheochromocytoma, primary aldosteronism, concomitant, adrenal vein sampling, hypertension,

hypokalemia

Primary aldosteronism (PA) and catecholamine-secreting
pheochromocytomas (PHEOs) are 2 well-known endo-
crine causes of secondary hypertension. While the preva-
lence of PHEOs in patients with hypertension is low
(0.05%-0.1%) [1], the prevalence of PA is substantially
higher, occurring in around 5% of patients with hyperten-
sion [2] and 20% of those with treatment-resistant hyper-
tension [3, 4]. The simultaneous occurrence of PHEO and
PA is very rare and possibly underreported, with only a
handful of case reports published over the last several dec-
ades [5-13].

The diagnostic approach to PHEO and PA differs.
Although PHEOs may present with symptoms of catechol-
amine surge such as diaphoresis, palpitations, and head-
aches in around 30% of cases, they are most frequently
discovered incidentally on cross-sectional imaging [14].
In contrast, PA is more commonly discovered during the
workup for hypertension. Hypokalemia has been described
in up to 28% of patients with PA [15, 16], typically in more
severe cases. Both PHEOs and PA can present as unilateral
or bilateral adrenal disease, and diagnosing them simul-
taneously may be difficult. The management of coexisting
PHEO and PA is also challenging. If a PHEO is not prop-
erly diagnosed initially, an adrenalectomy for a presumed
aldosterone-producing adenoma without preoperative
adrenergic blockade [11] can result in severe hyperten-
sive crisis [17, 18], which may lead to life-threatening
cerebrovascular hemorrhage or myocardial infarction.
Previous management approaches have included a unilat-
eral adrenalectomy for a suspected PHEO, with subsequent
medical therapy for the coexisting PA when the cure for
PA was not achieved by the initial adrenalectomy, such as
in cases with contralateral or bilateral aldosterone excess
[10, 12].

Much remains unknown of this rare condition, and a
more refined understanding of the case detection, diag-
nosis, and management of coexisting PHEO and PA is
needed. Our objectives were to describe the clinical, bio-
chemical, radiologic, and histologic characteristics of cases
with confirmed concomitant PHEO and PA and to follow
posttreatment outcomes in order to provide an approach to
diagnosis and management.

Materials and Methods

This was a study of adult

(age 218 years) with concomitant PHEO and PA evaluated

retrospective patients
at the Mayo Clinic in Rochester, Minnesota. This study was
approved by the Mayo Clinic Institutional Review Board.
A literature search for additional case reports describing
coexisting PHEO and PA was also performed.

Patients

We identified eligible patients through 3 approaches. First,
we utilized an existent longitudinal adrenal mass data-
base of 7724 patients from 2000-2020 at Mayo Clinic.
A computerized search function was used to identify study
participants with previous documentation of PHEO and
case-detection testing for PA. Subsequent medical record
review was performed to confirm the diagnosis of both
PHEO and PA for each case of interest. The diagnosis of
PHEO was based on histopathology, and the diagnosis
of PA was based on biochemical case-detection guide-
lines [19]. Second, 2 patients known to and treated by a
co-investigator and diagnosed with coexisting disease
prior to 2000 were also included in our study population.
In addition, a literature search for additional case reports
describing concomitant PHEO and PA was performed.
Clinical variables were collected from medical records
(for patients identified as part of the retrospective study)
and from the published case reports. Variables of interest
included: sex; age at diagnosis; presence of symptoms sug-
gestive of catecholamine excess at presentation (ie, head-
aches, palpitations, diaphoresis, and/or anxiety spells);
blood pressure and serum potassium levels at presentation;
biochemical measurements of plasma and urinary fraction-
ated catecholamines and/or metanephrines (and urinary
vanillylmandelic acid); biochemical phenotypes of PHEOs;
screening testing for PA with plasma aldosterone concentra-
tion (PAC) and plasma renin activity (PRA); confirmatory
testing for PA with 24-hour urinary aldosterone excretion;
tumor size(s) based on imaging; site of aldosterone ex-
cess on adrenal vein sampling (AVS) if performed; type of
adrenalectomy and associated histopathology; postoperative
biochemical outcomes of fractionated catecholamines and/
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or metanephrines, urinary vanillylmandelic acid, PAC, and
PRA; and postoperative blood pressure and serum potas-
sium levels. Hypertension was defined as having a systolic
blood pressure (SBP) >140 mm Hg, diastolic blood pres-
sure (DBP) >90 mm Hg, and/or requiring antihypertensive
therapy. Hypokalemia was defined as having a serum potas-
sium concentration <3.5 mEq/L and/or requiring potassium
supplementation or mineralocorticoid receptor blockade.
PAC and PRA were measured via liquid chromatography-
tandem mass spectrometry at Mayo Clinic. A positive case-
detection test for PA was defined by a PAC >10 ng/dL and
a PRA <1 ng/mL/h. A positive confirmatory test for PA was
defined by a 24-hour urinary aldosterone excretion >12 mcg
after oral sodium loading [19]. Positivity for the above tests
was also defined by the clinical documentation of a medical
provider describing biochemical results as consistent with PA
when the numerical values were not recorded. The biochem-
ical phenotypes of PHEOs were classified as adrenergic (epi-
nephrine and metanephrine predominance), noradrenergic
(norepinephrine and normetanephrine predominance),
and/or dopaminergic (dopamine and methoxytyramine

predominance).

Immunohistochemistry

Tissue samples of 8 adrenal glands from the 5 included
patients evaluated and treated at our institution were ana-
lyzed with immunohistochemistry. Formalin-fixed, paraffin-
embedded tissue sections were cut to a thickness of 5 pm.
Immunohistochemistry was performed using primary anti-
bodies against aldosterone synthase (CYP11B2) and tyrosine
hydroxylase as markers for aldosterone and catecholamine
producing cells, respectively. The antibodies used in
immunohistochemistry were as follows: mouse monoclonal
antibody against CYP11B2 (MABS1251 from Millipore/
Sigma, 1:1250) [20] and a rabbit polyclonal antibody
against tyrosine hydroxylase (Provided by Dr. John Porter,
1:15 000) [21]. The reacted slides were counterstained with
Harris hematoxylin and then dehydrated and coverslipped.

Statistics

Categorical data were summarized as numbers and per-
centages, while continuous data were summarized as me-

dians and ranges.

Results
Patients

Out of 7724 patients with adrenal tumors, 638 (8.3%)
were documented as having PHEO, of whom 110 (17.2%)

also underwent biochemical screening for PA with meas-
urements of PRA and PAC. Of the 110 patients with PHEO
who were screened for PA, 13 (11.4%) had a positive case-
detection test, of whom 3 were confirmed to have PA. Of the
110 patients with PHEO, 102 underwent PA screening for
the following reasons: workup for adrenal incidentaloma
(76 %), workup for suspected secondary causes of hyperten-
sion (22%), and other (2%). Two patients who were seen
prior to 2000 by one co-investigator met inclusion criteria
and were also included, culminating in a total of 5 patients
(patients 1-5) with concomitant PHEO and PA from our
single-center retrospective study, Fig. 1. Ten additional case
reports were included from our literature search [5-13],
which correspond to patients 6 to 15. No patients were
documented to have an underlying genetic syndrome.

Single-Center Case Series

Clinical, biochemical, and imaging presentation

Of the 5 patients with confirmed PHEO and PA (4 men,
1 woman), median age at diagnosis was 62 years (range,
59-68). Initial diagnostic evaluation for adrenal pathology
was prompted by the presence of hypertension, symptoms
suggestive of catecholamine excess, and/or the presence
of hypokalemia (Table 1). All 5 initially presented with
hypertension, with 4 (80%) also presenting with symp-
toms suggestive of catecholamine excess. All were taking
antihypertensive medications (range, 1-5 medications)
with 4 demonstrating suboptimal blood pressure control
(SBP 2140 mm Hg and/or DBP 290 mm Hg). All patients
presented with hypokalemia; 2 were treated with potassium
supplementation and 2 were treated with mineralocor-
ticoid receptor antagonists. The median PAC was 22 ng/dL

Adrenal mass database
(n=7724, 2000-2020)

Search of medical
literature databases

Personal patients
seen before

l, inception of the since inception until
adrenal database November 16,
Pheochromocytoma (before 2000) 2019
diagnosis
(n=638, 8.3%)
A

Case detection testing for
primary aldosteronism
(n=110, 1.4%)

v

Positive case detection
testing for primary
aldosteronism

(n=13, 0.2%) Y v
Confirmed Confirmed
¢ pheochromocytoma pheochromocytoma
Confirmed primary and primary and primary
aldosteronism aldosteronism aldosteronism
(n=3, 0.04%) (n=2) (n=10)

Single-center case series of pheochromocytoma and confirmed primary
aldosteronism (n=5) and literature review (n=10)

Figure 1. Flowchart for patient selection.
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(range, 11-45; normal < 10), and the median PRA was
0.6 ng/mL/h (range, 0.6-0.7; normal > 1), as detailed in
Table 1. All patients also displayed biochemical evidence of
catecholamine excess, with plasma and/or 24-hour urinary
fractionated catecholamines and/or metanephrines above
the upper limits of normal.

Abdominal imaging revealed unilateral adrenal tumors
in 2 patients (patients 1 and 2) and bilateral adrenal tu-
mors in 3 patients (patients 3, 4, and 5). The median max-
imum tumor diameter was 33 mm (range, 12-44). AVS was
performed in 3 patients (patients 1, 3, and 4), and demon-
strated bilateral aldosterone excess in all 3 cases (Fig. 2,
Table 1).

Histopathology and therapeutic interventions
Adrenalectomies were performed in 4 patients to treat
PHEO and in 1 patient to treat PA (Fig. 2, Table 2).
Histologic/pathologic ~ examination  using  hema-
toxylin and eosin, tyrosine hydroxylase, and CYP11B2
immunohistochemistry was performed with tissue
sections from 16 formalin-fixed, paraffin-embedded
blocks prepared from 8 adrenals from the 5 PHEO and
PA cases (patients 3, 4, and 5 with bilateral samples and
patients 1 and 2 with right-sided samples). All adrenals
had tyrosine hydroxylase—positive immunoreactivity
within PHEO and, when present, normal adrenal me-
dulla but not within adrenocortical cells.

Patient 1 was found to have a unilateral adrenal
mass concerning for a PHEO and treated with a right
total adrenalectomy. Pathology confirmed a tyrosine

hydroxylase-positive PHEO with marked hemorrhage,

and an adjacent discrete CYP11B2-positive cortical
nodule in the zona glomerulosa (Fig. 3, Panels A and B).
Biochemical resolution of catecholamine excess was con-
firmed postoperatively. He demonstrated persistent PA
(PRA of 0.6 ng/mL/h and PAC of 16 ng/dL) following
unilateral adrenalectomy. He required antihypertensive
therapy to control his blood pressure. Serum potassium
levels were normal, but he required mineralocorticoid re-
ceptor blockade following surgery.

Patient 2 was also found to have a unilateral ad-
renal mass concerning for a PHEO and treated with a
right total adrenalectomy. Pathology confirmed a tyro-
sine hydroxylase-positive PHEO but without concomi-
tant CYP11B2-postive cortical nodules or hyperplasia
(Fig. 3, Panels C and D), possibly indicating a contralat-
eral aldosterone-secreting lesion. Postoperatively, although
biochemical resolution of catecholamine excess was con-
firmed, the patient continued to demonstrate biochemical
evidence of persistent PA (PRA of 0.6 ng/mL/h and PAC of
14 ng/dL). He remained hypertensive (SBP >170 mm Hg),
requiring multiple antihypertensive medications, including
mineralocorticoid receptor blockade to control potassium
levels following surgery.

Patient 3, who was previously reported in the litera-
ture [22], was found to have bilateral adrenal tumors con-
cerning for bilateral PHEOs and underwent a right total
and left subtotal adrenalectomy. Pathology confirmed
bilateral tyrosine hydroxylase-positive PHEOs (Fig. 3,
Panels E and G). The left adrenal exhibited a discrete
CYP11B2-positive nodule, and both adrenals exhibited
aldosterone-producing cell clusters (Fig. 3, Panels F and

Adrenal Vein Sampling performed (patients 1,3,4):
Indicated bilateral aldosterone secretion in all patients

Adrenal Vein Sampling not performed
(patients 2, 5)

/\

/\

Imaging: Bilateral adrenal Imaging: Unilateral
tumors (patients 3,4) adrenal tumor (patient 1)

Imaging: Unilateral Imaging: Bilateral adrenal
adrenal tumor (patient 2) tumors (patient 5)

v v

v ¥

Adrenalectomy: Adrenalectomy:
Bilateral right total and left Unilateral right total

Adrenalectomy: Adrenalectomy:
Unilateral right total Unilateral right total?

subtotal (patient 3)
Bilateral subtotal (patient 4)

¢ A 4

Outcome for primary Outcome for primary
aldosteronism: aldosteronism:
Resolution of hypertension and Persistent hypertension on
hypokalemia (patient 3) antihypertensive therapy
Normokalemia treated with
mineralocorticoid receptor
blockade

Persistent hypertension on
antihypertensive therapy but

Outcome for primary aldosteronism:
Persistent hypertension on antihypertensive therapy
Normokalemia treated with mineralocorticoid receptor blockade
(patients 2, 5)

resolution of hypokalemia
(patient 4)

Figure 2. Diagnostic workup, management, and outcomes in the single-center series of 5 patients. ®Patient 5 required lifelong corticosteroid and
mineralocorticoid replacement after undergoing left total adrenalectomy for subclinical glucocorticoid secretory autonomy 3 years after initial right

total adrenalectomy.
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Table 2. Continued

Postoperative

Postoperative

Postoperative

Final histopathology Postoperative

Type of

Patient

potassium

hypertension”

biochemical outcome

catecholamine excess

adrenalectomy

number

(mEq/L)

of PA*

improved

Potassium 3
On MRA

Yes

PAC: 52.7

Yes

Left: 2.2 cm PHEO, 1.1 cm yellowish tumor composed of lipid

Right total

14 [12]

BP 120/70

PRA: 0.1

laden clear cells, diagnosed as adrenocortical adenoma

On anti-hypertensives

Bilateral PA on AVS

Persistent PA

(mRNA evidence of aldosterone production

Unknown

No

PAC: unknown

Yes

Right: 4 cm PHEO

Right total

15 [13]

potassium
Not on MRA

BP normal

PRA: unknown

Not on anti-hypertensives

Normal PAC/PRA

Resolved PA

Abbreviations: MRA, mineralocorticoid receptor antagonist; PA, primary aldosteronism; PAC, plasma aldosterone concentration; PHEO, pheochromocytoma; PRA, plasma renin activity.

*Postoperative biochemical outcomes of PA described persistence or resolution of PA; PAC normal range <10 ng/dL; PRA normal range <1 ng/mL/h.

Hypertension was defined as systolic blood pressure (SBP) 2140 mm Hg, diastolic blood pressure (DBP) 290 mm Hg, and/or requiring antihypertensive therapy.

Patient 5 required lifelong corticosteroid and mineralocorticoid replacement after undergoing left total adrenalectomy for subclinical glucocorticoid secretory autonomy 3 years after initial right total adrenalectomy.

H). Postoperatively, fractionated catecholamines and/or
metanephrines, PRA (1.2 ng/mL/h), PAC (1.8 ng/dL), and
24-hour urinary aldosterone (2.7 mcg) normalized, con-
sistent with resolved PA. Blood pressure and serum po-
tassium levels also normalized without pharmacotherapy.
There was no biochemical evidence of recurrent PA for at
least 18 years following surgery.

Patient 4 was found to have bilateral adrenal tumors
thought to represent aldosterone-producing adenomas
without initial suspicion for PHEO. Preoperative catechol-
amines showed a normal metanephrine level at 0.34 nmol/L
(normal <0.5 nmol/L) and mildly elevated normetanephrine
level at 1.36 nmol/L (normal <0.9 nmol/L). Due to spirono-
lactone intolerance, the patient underwent bilateral subtotal
adrenalectomy. Pathology and immunohistochemistry re-
vealed a right adrenal tyrosine hydroxylase—positive PHEO
and CYP11B2-positive adenoma (Fig. 3, Panels K and L). The
left adrenal had cortical hyperplasia with a CYP11B2-positive
nodule but no tyrosine hydroxylase—positive cells (Fig. 3,
Panels T and J). Intraoperative and postoperative courses
were uncomplicated. Following surgery, catecholamines and/
or metanephrines, PRA, and PAC (2 ng/dL) normalized, con-
sistent with resolved PA. Blood pressure and serum potas-
sium levels remained normal with antihypertensive therapy
without mineralocorticoid receptor blockade. Nearly 14 years
after surgery, PAC was 6.2 ng/dL and PRA was 2.3 ng/mL/h,
demonstrating no biochemical recurrence of PA.

Patient 5 was also found to have bilateral adrenal tumors.
Asthe right adrenal mass was concerning for PHEO, she was
initially treated with a right total adrenalectomy. Pathology
confirmed a right tyrosine hydroxylase-positive PHEO
and nodular cortical hyperplasia with multiple CYP11B2-
positive aldosterone-producing cell clusters (Fig. 3,
Panels O and P). Postoperatively, fractionated catechol-
amines and/or metanephrines normalized, but the patient
displayed biochemical evidence of persistent PA (PRA of
0.2 ng/mL/h and PAC of 13 ng/dL). Potassium levels re-
mained normal on mineralocorticoid receptor blockade,
but she remained hypertensive (SBP >180 mm Hg) despite
being on multiple antihypertensive medications. She sub-
sequently underwent a left total adrenalectomy 3 years
later due to persistent subclinical glucocorticoid secretory
autonomy, where pathology revealed diffuse nodular cor-
tical hyperplasia that included diffuse CYP11B2-positive
cells (Fig. 3, Panels M and N). She required lifelong gluco-
corticoid and mineralocorticoid replacement thereafter.

Combined Single-Center Case Series and
Literature Review

Of all 15 patients with concomitant PHEO and PA (8
men, 53%), median age at diagnosis was 53 years (range,
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Figure 3. Immunohistochemistry findings of the 5 patients in the single-center series. Tyrosine hydroxylase (TH) and aldosterone synthase (CYP11B2)
immunohistochemistry findings of the adrenal glands from the 5 patients with coexisting PHEO and PA are shown. Adrenal sections from patients 1-5
(P1-P5) were used forTH (Panels A, C, E, G, |, K, M and O) and CYP11B2 (Panels B, D, F, H, J, L, N, P) immunohistochemistry. P1 and P2 underwent uni-
lateral adrenalectomy. P3, P4, and P5 underwent bilateral adrenalectomy. Representative images from multiple formalin-fixed, paraffin-embedded
sections are shown for the right (Rt) and left (Lt) adrenals. Scale bars, 5 mm. Boxes represent aldosterone-producing nodules or aldosterone-

producing cell clusters.

36-68). Initial diagnostic evaluation for adrenal pathology
was prompted by the presence of hypertension, symptoms
suggestive of catecholamine excess, and/or the presence of
hypokalemia (Table 1). Patients 9 and 15 also presented
with abdominal pain. Patients 11 and 14 were known to
have adrenal masses at presentation, but the reasons for
how these were diagnosed were not described. The vast
majority presented with hypertension (13, 87%) and hypo-
kalemia (13, 87%), and 6 (40%) presented with symptoms
suggestive of catecholamine excess. Of the 13 patients who
presented with hypertension, 12 presented with hypo-
kalemia. One patient was found to be “mildly hyperten-
sive” on presentation, and another patient presented with
normotension. The median PAC was 28.8 ng/dL (range,
11-117.1), and the median PRA was 0.255 ng/mL/h (range,
0.004-1.2), as shown in Table 1. All patients with pre-
operative workup for catecholamine excess (14, 93%) were
found to have elevated plasma and/or urinary fractionated
catecholamines and/or metanephrines (or elevated urinary
vanillylmandelic acid) above the upper limits of normal.
Of these 14 patients, 6 (43%) were found to have an ad-
renergic biochemical phenotype, 5 (36%) were found to
have a noradrenergic biochemical phenotype, 1 (7%) was

found to have a mixed adrenergic and dopaminergic bio-
chemical phenotype, 1 (7%) was found to have a mixed
noradrenergic and dopaminergic biochemical phenotype,
and 1 (7%) was found to have an unclear functioning
phenotype (elevated urinary vanillylmandelic acid only).

Of the 14 patients who underwent imaging, 7 (50%)
were found to have unilateral adrenal tumors, and 7 (50%)
were found to have bilateral adrenal tumors. Median max-
imum tumor diameter was 36.5 mm (range, 12-70). Of the
9 patients who underwent AVS, 5 (56%) were diagnosed
with bilateral PA, and 4 (44%) were diagnosed with left-
sided PA, of which 2 were ipsilateral to the PHEO and
2 were contralateral to the PHEO (Table 1). All patients
underwent either unilateral (12, 80%) or bilateral (3,20%)
adrenalectomy to treat their PHEO and/or PA. Of the 14
patients initially found to have biochemical evidence of
catecholamine excess, postoperative fractionated catechol-
amines and/or metanephrines (or urinary vanillylmandelic
acid) normalized or improved in 13 (93%) and was not
measured in 1 patient. Recurrence of PHEO was not ob-
served in any cases.

A total of 6 patients (40%; patients 1, 2, 5, 8, 12, and
14) displayed persistent PA postoperatively (Table 2).
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Three (patients 1, 8, and 14) were found to have bilat-
eral PA on AVS but underwent unilateral right-sided total
adrenalectomy to treat their PHEO, logically resulting in
persistent PA following surgery. One (patient 12) was found
to have left-sided PA on AVS but underwent right-sided
total adrenalectomy to treat his PHEO, logically resulting in
persistent PA following surgery. Two (patients 2 and 5) did
not undergo AVS but were found to have persistent PA fol-
lowing unilateral right-sided total adrenalectomy to treat
PHEOQ, suggesting prior left-sided or bilateral aldosterone
excess. Of the 6 patients with persistent postoperative PA,
5 required long-term mineralocorticoid receptor blockade,
and 1 did not have documentation of requiring mineralo-
corticoid receptor blockade (Table 2).

Discussion

In our study of 15 patients with coexisting PHEO and
PA, 80% initially presented with both hypertension and
hypokalemia, but only 40% displayed symptoms sug-
gestive of catecholamine excess. All patients with pre-
operative catecholamine-related workup demonstrated
biochemical excess with plasma and/or urinary fraction-
ated catecholamines and/or metanephrines (or urinary
vanillylmandelic acid) above the upper limits of normal;
postoperatively, all measured fractionated catecholamines
and/or metanephrines (or urinary vanillylmandelic acid)
normalized or improved, and no recurrence of PHEO was
observed. AVS was performed in 60% of patients (bilateral
aldosterone excess in 56 %, ipsilateral aldosterone excess to
PHEO in 22%, contralateral aldosterone excess to PHEO
in 22%). Six patients were found to have persistent PA fol-
lowing unilateral adrenalectomy to treat PHEO, where 5
required long-term mineralocorticoid receptor blockade,
and 1 did not have documentation of requiring mineralo-
corticoid receptor blockade.

Presentation and Diagnosis

We found that 80% of our patients with concomitant
PHEO and PA initially presented with both hypertension
and hypokalemia. This observed presentation of a more se-
vere phenotype of PA may suggest selection bias, as known
rates of hypokalemia in PA are significantly lower [135, 16].
It is thus possible that the prevalence of coexisting PHEO
and PA is higher than reported because the workup for
PA is typically not pursued in a patient with an adrenal
mass suspected and confirmed to be a PHEO. While clas-
sically known as a disease to present with adrenergic symp-
toms such as headaches, palpitations, diaphoresis, and/or
anxiety spells, PHEOs have more recently been found to
be incidentally discovered on imaging in the majority of

cases, with only around 30% of diagnoses based on pre-
ceding symptoms of catecholamine excess [14]. Our find-
ings appear to support this, as we observed only a minority
(40%) of patients with coexisting PHEO and PA initially
presenting with symptoms suggestive of catecholamine
excess. Therefore, we suggest that all patients presenting
with unexplained hypertension with or without hypo-
kalemia should be screened for PA, while PHEO must be
considered in any patient found to have an indeterminate
adrenal mass (eg, unenhanced computed tomography at-
tenuation >10 Hounsfield units).

Management Implications

Our patients were treated with either unilateral (80%) or
bilateral (20%) adrenalectomy to target their PHEO and/
or PA. While undergoing left adrenalectomy for presumed
PA, patient 13 [11] was noted to have a dramatic increase
in blood pressure to 200/120 mm Hg intraoperatively, sug-
gestive of a concomitant PHEO that was not previously
suspected. Fortunately, the adrenal gland was safely re-
moved, with subsequent pathology confirming coexisting
disease and resulting in the cure of both PHEO and PA. Due
to the observed significant risk of intraoperative hyperten-
sive crisis [17, 18] in the absence of preoperative adrenergic
blockade, the safest management approach for patients
with suspected coexisting PHEO and PA involves strategic
preparation and initial removal for the suspected PHEO,
followed by medical therapy for the concurrent PA if the
cure for PA was not achieved by the initial adrenalectomy,
as seen in patients 12 and 14 with contralateral and bilat-
eral aldosterone excess, respectively [10, 12].

Of the 6 patients (40%) who displayed persistent PA
postoperatively, 3 were found to have bilateral PA on AVS
but underwent unilateral right-sided adrenalectomy to treat
their PHEQ, logically resulting in persistent PA following
surgery; 1 was found to have left-sided PA on AVS but
underwent right-sided adrenalectomy to treat his PHEO,
logically resulting in persistent PA following surgery; and
2 did not undergo AVS but were found to have persistent
PA following unilateral right-sided adrenalectomy to treat
their PHEOQ, suggesting prior left-sided or bilateral aldos-
terone excess. We also found a number of cases (patients
7,10, and 15) [6, 8, 13], where PA resolved following an
isolated right adrenalectomy to treat their PHEO and/or
PA. Additionally, of the 9 patients who underwent AVS,
5 (56%) were diagnosed with bilateral PA and 4 (44%)
with left-sided PA, Table 1. Despite our small sample size,
these findings suggest that PA in the setting of concomitant
PHEO may present unilaterally or bilaterally without a
skewed tendency for one or the other, and regardless of the
laterality of the PHEO. Therefore, to ensure appropriate
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management, AVS may be needed to clearly delineate the
laterality of PA in patients with concurrent disease.

Pheochromocytoma and Primary Aldosteronism

In the medical literature, PHEOs have been reported to
ectopically produce various hormones (ie, adrenocortico-
tropic hormone, corticotropin releasing hormone, parathy-
roid hormone, vasoactive intestinal polypeptide, growth
hormone releasing hormone) resulting in secondary hor-
mone excess syndromes. We observed 2 cases (patients 3 and
4) that demonstrated resolution of AVS-confirmed bilateral
PA following bilateral subtotal adrenalectomy (allowing
for adequate postoperative production of aldosterone and
cortisol), suggesting the possibility of an aldosterone stimu-
lating factor that might have been secreted by the PHEO.
However, we did not observe any cases in which PA resolved
following unilateral adrenalectomy for PHEO, where AVS
had initially demonstrated bilateral aldosterone excess (pa-
tients 1, 8, and 14). Therefore, it remains unclear if there is
any noncoincidental relationship between these 2 conditions
that could be causing excessive aldosterone production.

Strengths/Limitations

This was the largest case series to date in characterizing
the presentations and outcomes of patients with concomi-
tant PHEO and PA. Enrollment of a consecutive patient
cohort at our institution allowed for data sampling to
occur thoroughly with a degree of standardization in diag-
nostic evaluation and disease management. As part of a
retrospective cohort study, our conclusions were limited
to observed associations and susceptible to selection bias
and confounding. Given the rare nature of this condition,
our sample size was also notably small at 15, making it
difficult to find a definitive physiologic or anatomic rela-
tionship between PHEO and PA. Additionally, data for cer-
tain biochemical variables of interest were missing due to a
lack of documentation in earlier medical records. Finally, as
our study population spanned across multiple decades, we
found considerable heterogeneity in the diagnostic workup
and management of this disease, as well as a lack in docu-
mentation of long-term outcomes.

Conclusion

Concomitant PHEO and PA is a rare but likely underreported
condition with only a handful of case reports published over
the last several decades. A previous history of unexplained
hypertension with or without hypokalemia should prompt
evaluation for PA. However, in any patient with an indeter-
minate adrenal mass, PHEO needs to be considered. The

appropriate diagnosis and management of coexisting disease
warrant consideration of AVS to determine the laterality of PA,
preoperative alpha-adrenergic blockade for initial removal of
PHEOQ, and possibly subsequent subtotal adrenalectomy or
lifelong mineralocorticoid receptor blockade for those with
bilateral or contralateral aldosterone excess.

Acknowledgments

This research was supported by the National Institute of
Diabetes and Digestive and Kidney Diseases of the National
Institutes of Health USA under awards K23 DK121888 (to Irina
Bancos) and DK106618 (to William Rainey). The views expressed
are those of the authors and not necessarily those of the National
Institutes of Health USA.

Additional Informations

Correspondence: Irina Bancos, MD, Division of Endocrinology,
Diabetes, Metabolism, and Nutrition, Mayo Clinic, 200 First Street
SW, Rochester, MN 55905, USA. Email: Bancos.Irina@mayo.edu.

Disclosures: Irina Bancos reports consulting with HRA Pharma,
Sparrow Pharmaceutics, and Strongbridge outside the submitted
work.

Data Availability: Some or all datasets generated during and/or
analyzed during the current study are not publicly available but
are available from the corresponding author on reasonable request.

References

1. Pacak K, Del Rivero J. Pheochromocytoma. In: Feingold KR,
Anawalt B, Boyce A, et al., eds. Endotext. South Dartmouth
(MA): MDText.com, Inc.; 2000.

2. Hannemann A, Wallaschofski H. Prevalence of primary al-
dosteronism in patient’s cohorts and in population-based
studies—a review of the current literature. Horm Metab Res.
2012;44(3):157-162.

3. Calhoun DA, Nishizaka MK, Zaman MA, Thakkar RB,
Weissmann P.  Hyperaldosteronism among black and
white subjects with resistant hypertension. Hypertension.
2002;40(6):892-896.

4. Douma S, Petidis K, Doumas M, et al. Prevalence of primary
hyperaldosteronism in resistant hypertension: a retrospective
observational study. Lancet. 2008;371(9628):1921-1926.

5. Hsieh BS, Chen FW, Hsu HC, Chang CC, Chen WY.
Hyperaldosteronism with coexistence of adrenal cortical ad-
enoma and pheochromocytoma. Taiwan Yi Xue Hui Za Zbhi.
1979;78(5):455-451.

6. Wajiki M, Ogawa A, Fukui J, Komiya I, Yamada T, Maruyama Y.
Coexistence of aldosteronoma and pheochromocytoma in an
adrenal gland. | Surg Oncol. 1985;28(1):75-78.

7. Gordon RD, Bachmann AW, Klemm SA, et al. An association of
primary aldosteronism and adrenaline-secreting phaeochromo-
cytoma. Clin Exp Pharmacol Physiol. 1994;21(3):219-222.

8. Nguyen HLT, Luong KV. Coexistence of primary aldoster-
onism and pheochromocytoma in a Vietnamese patient.
Endocrinologist. 1996;6(6):490-493.


mailto:Bancos.Irina@mayo.edu?subject=

12

Journal of the Endocrine Society, 2021, Vol. 5, No. 8

10.

11.

12.

13.

14.

15.

16.

Miyazawa K, Kigoshi T, Nakano S, et al. Hypertension due to
coexisting pheochromocytoma and aldosterone-producing ad-
renal cortical adenoma. Am | Nephrol. 1998;18(6):547-550.
Quiz pageanswers July 2005. Am | Kidney Dis.2005;46(1):e1-€3.
Sakamoto N, Tojo K, Saito T, et al. Coexistence of aldosterone-
producing adrenocortical adenoma and pheochromocytoma in
an ipsilateral adrenal gland. Endocr J. 2009;56(2):213-219.
Ohta Y, Sakata S, Miyata E, Iguchi A, Momosaki S,
Tsuchihashi T. Case report: Coexistence of pheochromocytoma
and bilateral aldosterone-producing adenomas in a 36-year-old
woman. | Hum Hypertens. 2010;24(8):555-557.
Guilbert-Vandal G, Vallée M, Laurin L-P. A rare case of coexisting
pheochromocytoma and hyperaldosteronism discovered as an ad-
renal incidentaloma. | Clin Nephrol Res. 2016;3(1):1029.
Gruber LM, Hartman RP, Thompson GB, et al
Pheochromocytoma characteristics and behavior differ de-
pending on method of discovery. | Clin Endocrinol Metab.
2019;104(5):1386-1393.

Mulatero P, Stowasser M, Loh KC, et al. Increased diagnosis
of primary aldosteronism, including surgically correctable
forms, in centers from five continents. | Clin Endocrinol Metab.
2004;89(3):1045-1050.

Monticone S, Burrello ], Tizzani D, et al. Prevalence
manifestations of primary aldosteronism

and clinical

17.

18.

19.

20.

21.

22.

encountered in primary care practice. ] Am Coll Cardiol.
2017;69(14):1811-1820.

Myklejord DJ. Undiagnosed pheochromocytoma: the anesthesi-
ologist nightmare. Clin Med Res. 2004;2(1):59-62.

Joris JL, Hamoir EE, Hartstein GM, et al. Hemodynamic
changes and catecholamine release during laparoscopic
adrenalectomy  for Anesth  Analg.
1999:;88(1):16-21.

Funder JW, Carey RM, Mantero F, et al. The management of

pheochromocytoma.

primary aldosteronism: case detection, diagnosis, and treat-
ment: an endocrine society clinical practice guideline. | Clin
Endocrinol Metab. 2016;101(5):1889-1916.

Gomez-Sanchez CE, Qi X, Velarde-Miranda C, et al.
Development of monoclonal antibodies against human
CYP11B1and CYP11B2. Mol Cell Endocrinol. 2014;383(1-2):
111-117.

Porter JC. Relationship of age, sex, and reproductive status
to the quantity of tyrosine hydroxylase in the median emi-
nence and superior cervical ganglion of the rat. Endocrinology.
1986;118(4):1426-1432.

Tan GH, Carney JA, Grant CS, Young WF Jr. Coexistence
of bilateral adrenal phaeochromocytoma and idiopathic
hyperaldosteronism. Clin  Endocrinol (Oxf). 1996;44(5):
603-609.



