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【 CASE REPORT 】

Coexistence of Pheochromocytoma and Primary
Aldosteronism due to Multiple Aldosterone-producing

Micronodules in the Ipsilateral Adrenal Gland
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Abstract:
A 46-year-old woman was referred for hypertension and a right adrenal tumor. Primary aldosteronism (PA)

was suspected because of the high plasma aldosterone concentration-to-plasma renin activity ratio. However,

a subsequent evaluation revealed coexistent PA and pheochromocytoma. We performed laparoscopic right

adrenalectomy. Histology of the resected adrenal gland confirmed pheochromocytoma and multiple

aldosterone-producing adrenocortical micronodules. Following adrenalectomy, the urinary catecholamine lev-

els normalized, and hyperaldosteronism improved but persisted. Hypertension also improved but persisted and

was normalized with spironolactone. The clinical course indicated that the PA lesions were likely bilateral.

This was a histologically proven case of coexistent pheochromocytoma and PA due to multiple aldosterone-

producing micronodules.
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Introduction

Primary aldosteronism (PA) is one of the most frequent

causes of secondary hypertension, with a reported preva-

lence of 5-10% in hypertensive patients (1). In contrast,

pheochromocytoma is a relatively rare adrenal tumor that

may be potentially lethal if left undiagnosed. Therefore, the

clinical evaluation of secondary hypertension must be per-

formed with caution.

The simultaneous occurrence of PA and pheochromocy-

toma is generally considered extremely rare. This is because

these two lesions arise from different origins: adrenocortical

cells (PA) and chromaffin cells of the medulla (pheochromo-

cytoma). To our knowledge, very few cases of the coexis-

tence of these two diseases have been reported (2-9).

We herein report a case of the coexistence of PA and

pheochromocytoma considered to be present in the ipsilat-

eral adrenal glands. A detailed histological examination of

the resected adrenal gland confirmed the presence of pheo-

chromocytoma and multiple aldosterone-producing mi-

cronodules.

Case Report

A 46-year-old woman was referred to our endocrinology

clinic for the further clinical investigation of hypertension

and a right adrenal tumor. She had been healthy and had no

medication history prior to presentation. The hypertension

had been noted during an annual health checkup three years
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Figure　1.　Radiological findings of the adrenal tumor: (A) abdominal CT, (B) abdominal MRI T1WI 
(in phase), (C) MRI T1WI (out of phase), (D) MRI T2WI, (E) 123I-MIBG scintigraphy, (F) single-
photon emission computed tomography (SPECT). CT: computed tomography, 123I-MIBG: 123I-me-
taiodobenzylguanidine, MRI: magnetic resonance imaging, T1WI: T1-weighted imaging, T2WI: T2-
weighted imaging
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earlier. When she was admitted for surgical removal of an

adenomatous goiter of the thyroid, her blood pressure was

150/95 mmHg, and abdominal computed tomography re-

vealed a right adrenal tumor measuring 20 mm in its great-

est dimension (Fig. 1A). Amlodipine, 5 mg, was subse-

quently administered. She did not have a family history of

hypertension or endocrine diseases. When she came to our

clinic, her blood pressure was 157/105 mmHg, and her

pulse rate was 76 bpm with 5 mg of amlodipine administra-

tion.

The patient’s laboratory findings are shown in Table 1.

She did not have hypokalemia or renal dysfunction. The

plasma aldosterone concentration (PAC) was 139 pg/mL;

plasma renin activity (PRA), 0.5 ng/mL/h; and PAC-PRA ra-

tio (ARR), 278 (Table 2). Therefore, clinically, primary al-

dosteronism was suspected, and a further examination was

subsequently performed, which revealed an ARR of 247 af-

ter the captopril challenge test (normal: <200), PRA of 1.0

ng/mL/h after the furosemide upright test (normal: >2.0 ng/

mL/h), and PAC of 159 pg/mL following the administration

of 2 L of saline (normal: <60 pg/mL) (Table 2). All results

met the positive criteria in accordance with the guidelines

for the diagnosis and treatment of primary aldosteronism of

the Japan Endocrine Society (10); therefore, PA was diag-

nosed.

The patient had no symptoms suggestive of catecholamine

excess, such as palpitations, headache, or sweating. The

plasma adrenaline level was 38 pg/mL (normal: <170 pg/

mL), and the noradrenaline level was 564 pg/mL (normal:

150-570 pg/mL) (Table 2). However, magnetic resonance

imaging (MRI) revealed a 20-mm right adrenal tumor with

low fat content and low intensity on T1-weighted imaging

and high intensity on T2-weighted imaging (Fig. 1B-D).

However, these MRI findings were more consistent with

pheochromocytoma. The urinary fractional metanephrine

level with 24-h urine monitoring was 0.76 mg/day (normal:

0.04-0.2 mg/day), and the normetanephrine level was 0.37

mg/day (normal: 0.1-0.3 mg/day) (Table 2). 123I-

metaiodobenzylguanidine scintigraphy revealed a marked ac-

cumulation in the right adrenal gland (Fig. 1E, F). There-

fore, the patient was diagnosed with pheochromocytoma as

well as PA.

No abnormal findings were detected in the left adrenal

gland by computed tomography or MRI (Fig. 2). We per-

formed a 1 mg dexamethasone suppression test with cau-

tion (11), and the cortisol concentration was suppressed to

0.1 μg/dL after the test. These hormonal findings led to the

diagnosis of the coexistence of PA and pheochromocytoma.

We added doxazosin to the amlodipine, and laparoscopic

right adrenalectomy was performed. The resected right adre-

nal gland contained a 23×20×28-mm brown, well-defined,

round, medullary mass containing intratumoral hemorrhag-

ing (Fig. 3A). Hematoxylin and Eosin (HE) staining subse-

quently revealed that the cells had abundant eosinophilic cy-

toplasm and that the cells were arranged in an alveolar pat-

tern (Zellballen pattern) with rich vascularity and intratu-

moral hemorrhaging (Fig. 3B). These tumor cells were dif-

fusely positive for chromogranin A immunoreactivity

(Fig. 3C), and the Pheochromocytoma of the Adrenal gland

Scaled Score was 1. Therefore, the histopathological diagno-

sis of the mass lesion was pheochromocytoma.

In comparison, there were no significant pathological ab-

normalities detected in the adrenal cortex with HE staining

at ×100 magnification. However, histologically, the zona

glomerulosa demonstrated hyperplasia with no CYP11B2 or

HSD3β immunoreactivity (Fig. 4B, D, F), which was con-
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Table　1.　Laboratory Findings.

WBC 4,400 /μL

RBC 4.43×104 /μL

Hb 13.1 g/dL

Hct 39.1 %

Plt 290×103 /μL

T-Bil 0.51 mg/dL

AST 16 U/L

ALT 11 U/L

ALP 149 U/L

LDH 164 U/L

TP 7.1 g/dL

Albumin 4.3 g/dL

Na 142 mmol/L

K 4.7 mmol/L

Cl 107 mmol/L

Ca 9.2 mg/dL

P 3.1 mg/dL

T-Cho 157 mg/dL

HDL-C 52 mg/dL

Triglyceride 42 mg/dL

BUN 12.1 mg/dL

Creatinine 0.8 mg/dL

Glucose 99 mg/dL

HbA1c 5.4 %

WBC: white blood cell count, RBC: red 

blood cell count, Hb: hemoglobin, Hct: 

hematocrit, Plt: platelet count, T-Bil: to-

tal bilirubin, AST: aspartate aminotrans-

ferase, ALT: alanine aminotransferase, 

ALP: alkaline phosphatase, LDH: lactate 

dehydrogenase, Na: sodium, K: potassi-

um, Cl: chloride, Ca: calcium, P: phos-

phorous, TP: total protein, T-Cho: total 

cholesterol, HDL-C: high-density lipo-

protein cholesterol, BUN: blood urea ni-

trogen, HbA1c: hemoglobin A1c

sistent with the findings of paradoxical hyperplasia associ-

ated with aldosterone overproduction (12, 13). A subsequent

immunohistochemical analysis demonstrated multiple CYP

11B2- and HSD3β-positive nodules (measuring up to 1,000

μm) in the zona glomerulosa (Fig. 4C, D), which was con-

sistent with multiple aldosterone-producing micronod-

ules (13, 14).

Two months after adrenalectomy, the urinary fractional

metanephrine level on 24-h urine monitoring was 0.10 mg/

day, and the normetanephrine level was 0.21 mg/day, sug-

gesting that the catecholamine overproduction had been cor-

rected (Table 2). The ARR was within the normal range, but

the PAC was still high (PAC, 143 pg/mL; PRA, 0.8 ng/mL/

h; ARR, 179) (Table 2). The patient’s blood pressure with-

out medications was 129/83 mmHg 1 month after surgery

but gradually increased to 136/94 and 140/90 mmHg at 2

and 3 months following surgery, respectively. Three months

following surgery, the captopril challenge test was repeated,

indicating an ARR of 218 (normal: <200) (Table 2). Eight

months after surgery, PAC was 103.7 pg/mL with a PRA of

0.4 ng/mL/h and ARR of 259. Therefore, we concluded that

PA had not been clinically cured and initiated therapy with

25 mg spironolactone, which decreased her blood pressure

to 110/70 mmHg. MRI revealed no recurrence two years af-

ter the surgery.

Discussion

We presented a rare case of the coexistence of PA and

pheochromocytoma, which were present in ipsilateral adre-

nal glands. PA was clinically diagnosed by endocrinological

examinations. The results of three different tests met the cri-

teria for PA; however, the patient’s urinary catecholamine

levels were high. MRI suggested pheochromocytoma, and
123I-metaiodobenzylguanidine scintigraphy demonstrated an

increased uptake in the adrenal tumor. Therefore, the patient

was also diagnosed with pheochromocytoma. She was clini-

cally considered to have coexistent pheochromocytoma and

PA. A subsequent detailed histological examination of the

resected tumor clearly demonstrated pheochromocytoma.

However, HE staining at ×100 magnification showed no ab-

normalities responsible for PA in her adrenal gland, al-

though the presence of paradoxical hyperplasia of the zona

glomerulosa was consistent with the clinical findings of PA.

PA has been clinically classified into two subtypes:

aldosterone-producing adenoma and idiopathic hyperal-

dosteronism (IHA). IHA is considered to be caused by hy-

perplasia of the zona glomerulosa (15). However, the de-

tailed pathological characteristics of hyperplasia remain un-

known. Recently, a specific monoclonal antibody against al-

dosterone synthase (CYP11B2) was developed (16). Using

this antibody, it has become possible to detect possible re-

sponsible adrenocortical lesions involved in aldosterone ex-

cess (14, 17). Yamazaki et al. reviewed cases of non-

neoplastic hyperaldosteronism and classified them into two

histologically distinct subtypes based on the distribution of

CYP11B2-positive cells in hyperaldosteronism: multiple

adrenocortical micronodules and diffuse hyperplasia of the

zona glomerulosa (13). Somatic mutations were frequently

detected in CYP11B2-positive cortical micronodules, indi-

cating that the lesions were related to hyperaldostero-

nism (13, 18). The prevalence of multiple adrenocortical mi-

cronodules is considered by no means uncommon and is re-

ported in approximately 10% of surgically removed adrenal

glands harboring PA (19).

The International Histopathology Consensus for Unilateral

Primary Aldosteronism was published recently (14). These

consensus guidelines were developed by 11 pathologists

worldwide and provide recommended criteria for the histo-

pathological diagnosis of unilateral PA. The histopathologi-

cal findings in our case were consistent with multiple

aldosterone-producing micronodules (14), so we considered

this condition to be the responsible lesion causing our pa-

tient’s primary aldosteronism.

Cases of the coexistence of PA and pheochromocytoma
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Figure　2.　Radiological findings of the left adrenal gland: (A-C) Three slices of the abdominal CT 
images; (D) abdominal MRI T1WI (in phase); (E) MRI T1WI (out of phase). CT: computed tomog-
raphy, MRI: magnetic resonance imaging, T1WI: T1-weighted image
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Table　2.　Endocrinological Findings before and after Right Adrenalectomy.

Test Before surgery After 2 months After 8 months

Resting blood sample Baseline Baseline Baseline

PAC, pg/mL 139 143 104

PRA, ng/mL/h 0.5 0.8 0.4

ARR 278 179 259

Adrenaline, pg/mL 38

Noradrenaline, pg/mL 564

Captopril challenge test

Time Baseline 90min Baseline 90min

PAC, pg/mL 170 148 82.1 109

PRA, ng/mL/h 0.5 0.6 0.5 0.5

ARR 340 247 164 218

Frosemide upright test

Time Baseline 120min

PAC, pg/mL 224 541

PRA, ng/mL/h 0.5 1

Saline infusion test

Time Baseline 240min

PAC, pg/mL 0.7 0.7

PRA, ng/mL/h 221 159

Urinary catecholamine 

MN, mg/day 0.76 0.1

NMN, mg/day 0.37 0.21

ARR: aldosterone-renin ratio, PAC: plasma aldosterone concentration, PRA: plasma renin activity, MN: 

metanephrine, NMN: normetanephrine

PAC was measured by radioimmunoassay.

are very rare. Few cases have been reported, to our knowl-

edge, but we found 15 cases among 8 English-language re-

ports (2-9). Among cases with histologically proven lesions

responsible for PA, five involved the coexistence of an

aldosterone-producing adenoma and pheochromocytoma,

and two involved coexistent IHA and pheochromocy-

toma (2-6, 8, 9). Recently, Mao et al. reported five cases of

coexistent pheochromocytoma and PA by conducting a ret-

rospective case series at the Mayo clinic (8). In their report,

the authors first encountered a case in which coexistent PA

was thought to be caused by multiple aldosterone-producing

micronodules (8). Therefore, ours would be the second re-
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Figure　3.　Histopathological findings of the resected tumor consistent with pheochromocytoma. (A) 
Cross section of the adrenal gland showing a 50×40×23-mm brown, well defined, round, lesion; (B) 
Hematoxylin and Eosin staining of the mass lesion. Cells have abundant eosinophilic cytoplasm and 
are arranged in an alveolar pattern with rich vascularity (×100); (C) positive staining for chromo-
granin A (×100).

B CA
HE (x100) Chromogranin A (x100)

200 m 200 m

Figure　4.　Histopathological findings of the resected tumor consistent with multiple aldosterone-
producing micronodules. (A, B, G, H) Hematoxylin and Eosin staining with low-power magnification 
and high-power magnification (×50) in the image in the box in (A) and (G) (respectively); (C, D, I, J) 
CYP11B2 staining with low-power magnification and high-power magnification (×50) in the image in 
the box in (C) and (I) (respectively). The arrows indicate multiple aldosterone-producing micronod-
ules. (E, F) HSD3B staining with low-power magnification and high-power magnification (×50) in the 
image in the box in (E); (K, L) CYP17A staining with low-power magnification and high-power mag-
nification (×50) in the image in the box in (K). HSD3B: 3β-hydroxysteroid dehydrogenase, ZF: zona 
fasciculata, ZG: zona glomerulosa

A C E

B D F
4 mm 4 mm 4 mm

HE (loupe) CYP11B2 (loupe) 

CYP11B2 (x50)

HSD3B (loupe) 

HSD3B (x50)HE (x50)

ZG

ZF

ZG

ZF

500 m 500 m 500 m

ZG

ZF

HE (loupe) CYP11B2 (loupe) CYP17A (loupe) 

CYP11B2 (x50) CYP17A (x50)HE (x50)

ZF
ZG

500 m 500 m 500 m

H J L
4 mm 4 mm 4 mm

ZF
ZGZF

ZG

G I K



Intern Med 62: 2685-2691, 2023 DOI: 10.2169/internalmedicine.1012-22

2690

port of coexistent pheochromocytoma and PA caused by

multiple aldosterone-producing micronodules.

Regarding the mechanisms underlying the simultaneous

occurrence of PA and pheochromocytoma, several hypothe-

ses have been proposed based on the functional correlation

between hyperaldosteronism and pheochromocytoma. Pheo-

chromocytomas secrete a variety of peptides, including

adrenocorticotropic hormone, leading to hyperaldostero-

nism (7). However, PA and pheochromocytoma arise from

different embryological origins: adrenocortical cells and

chromaffin cells of the medulla, respectively. In addition, it

is well known that germline gene mutations are deeply in-

volved in the etiology of pheochromocytoma. In contrast,

somatic mutations, such as in KCNJ5, have recently been

implicated in the autonomous secretion of aldosterone in

PA (20). Thus, gene mutations are involved in the onset of

both PA and pheochromocytoma; however, the involved

genes differ between the two conditions. Overall, these find-

ings suggest that the two lesions in this case may have been

coincidental; however, further investigations are required for

confirmation.

After right adrenalectomy, our patient’s urinary catechola-

mine levels normalized. However, her plasma aldosterone

levels remained high, although they were lower than before

surgery. In addition, the results of the captopril challenge

test three months following surgery remained positive, and

the ARR was also still high at eight months after surgery.

Consistent with these results, her blood pressure levels de-

creased after surgery but gradually increased thereafter. Spi-

ronolactone effectively lowered her blood pressure. These

results indicated the presence of a PA lesion in her contra-

lateral adrenal gland. Among 13 previous multiple adreno-

cortical micronodules cases, 8 were bilateral, in accordance

with the clinical diagnosis made by adrenal venous sampling

(AVS) (13). The present case is also considered to have in-

volved bilateral lesions.

The possibility that an aldosterone-producing adenoma

existed in the left adrenal gland cannot be ruled out. We

also cannot conclude there was bilateral PA based solely on

an immunohistological analysis of one adrenal gland. AVS is

necessary to distinguish unilateral or bilateral adrenal lesions

in PA. However, right adrenalectomy was indicated in our

patient because of the clear existence of a pheochromocy-

toma in the right adrenal gland. Because pheochromocy-

tomas may be lethal, their removal should be prioritized

over that of PA. Notably, because we wanted to avoid the

potential risk of a hypertensive crisis induced by iodinated

contrast media, we decided not to perform AVS. However,

AVS has been performed in several cases of coexistent

pheochromocytoma and PA (4-9). Interestingly, in a recent

review of 15 cases of coexistent pheochromocytoma and

PA (8), AVS was performed for 9 patients. Five (56%) of

the 9 patients were diagnosed with bilateral PA, and the re-

maining 4 (44%) were diagnosed with unilateral PA, sug-

gesting that PA in the setting of coexistent pheochromocy-

toma may present unilaterally or bilaterally. These results

suggest that performing AVS to evaluate laterality before

surgery may help predict the likelihood of resolving al-

dosterone overproduction by unilateral adrenalectomy and

thus be important for ensuring appropriate management in

cases with coexistent disease.

In conclusion, we reported a case of the coexistence of

PA and pheochromocytoma. A detailed pathological evalu-

ation, including CYP11B2 immunohistochemistry, revealed

that the lesions responsible for the PA were multiple

aldosterone-producing micronodules. We concluded that this

was a histologically proven case of coexistent pheochromo-

cytoma and PA due to multiple aldosterone-producing mi-

cronodules, which was proven only by a detailed histopa-

thological evaluation of the resected adrenal gland. This case

also highlights the importance of the histopathological

evaluation of resected adrenal glands associated with secon-

dary hypertension.

Written informed consent was obtained from the patient for

publication of this case report and accompanying images.
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