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Abstract

Primary bilateral macronodular adrenocortical hyperplasia (PB-
MAH) is a heterogeneous disorder, with clinical spectrum ranging
from subclinical to severe overt Cushing syndrome (CS). Armadillo
repeat containing 5 (ARMCS5) mutations, found in 20-55% of cases,
are often associated with more severe disease, and specific geno-
types may correlate with distinct phenotypes. A 60-year-old woman
was admitted with a 1-year history of progressive weight gain and
hypokalemia, alongside a 13-year history of refractory hypertension.
She exhibited classic CS features and metabolic complications, in-
cluding hypertension and diabetes. Laboratory tests revealed elevat-
ed cortisol, suppressed adrenocorticotropic hormone (ACTH), and
positive low- and high-dose dexamethasone suppression tests. Con-
trast-enhanced computed tomography (CT) showed bilateral irregu-
lar macronodular adrenal masses. Adrenal venous sampling (AVS)
demonstrated no lateralization (lateralization index < 4). Whole-
exome sequencing of peripheral blood leukocytes identified a novel
ARMCS5 mutation (c.534_555dup, p.Ser186Profs*19). A right adre-
nalectomy was performed in 2023. Although symptoms improved,
cortisol levels remained significantly elevated. Consequently, a left
adrenalectomy was performed 15 months later in 2024, which led
to marked improvement in her CS symptoms, biomarker levels, and
metabolic complications. This case report describes a novel ARMCS
mutation site in a PBMAH patient who ultimately required bilateral
adrenalectomy. While AVS combined with CT can help determine
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the dominant side for surgery, patients with ARMC5 mutations and
symmetrically sized tumors often require bilateral adrenalectomy
for cure.
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Introduction

Primary bilateral macronodular adrenocortical hyperplasia
(PBMAH) is a clinically heterogeneous disorder character-
ized by bilateral adrenal macronodules > 1.0 cm with variable
cortisol secretion, ranging from asymptomatic subclinical hy-
percortisolism to overt Cushing syndrome (CS) [1]. It is also
named bilateral macronodular adrenocortical disease accord-
ing to the updated World Health Organization (WHO) Clas-
sification of Endocrine and Neuroendocrine Tumors (2025).
Overt cases present with classic features including weight
gain, proximal myopathy, reddish striae, facial plethora, buf-
falo hump, skin fragility, easy bruising, and hyperandrogen-
ism, along with metabolic complications (hypertension, dia-
betes, venous thromboembolism) and skeletal manifestations
(osteopenia, osteoporosis) [2]. Most symptomatic patients are
diagnosed between 40 and 60 years of age, often after years
of subtle progression [1], while milder cases are frequently
detected incidentally during abdominal imaging for unrelated
conditions [2].

The bilateral nature and occasional familial occurrence
suggest a genetic basis [2], with germline mutations in tu-
mor suppressor genes (MENI, APC, FH) causing syndromic
forms associated with various neoplasms [2, 3]. Armadillo
repeat containing 5 (ARMCJ5) mutations occur in 20-55% of
PBMAH cases [1, 4, 5] and correlate with more severe pheno-
types including earlier onset, larger nodules (> 4 cm), higher
cortisol levels, and greater need for surgical intervention [2, 4].
Emerging evidence suggests that certain clinical features may
be mutation-specific [6].

The management of patients with PBMAH has consistent-
ly posed clinical challenges, particularly regarding the choice
between unilateral and bilateral adrenalectomy, as well as the
prevention and management of postoperative adrenal crisis.
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Table 1. The Main Laboratory and Hormone Expression Profile

Time Baseline One week after right Six months after right One month after left
adrenalectomy adrenalectomy adrenalectomy

Serum cortisol 8 am (ng/dL) 27.29 14.4 133 0.9

Serum cortisol 4 pm (pg/dL) 29.56

Serum cortisol 0 am (pg/dL) 23.65

Serum ACTH 8 am (pg/mL) 1.25 <1 <15 6.0

Serum ACTH 4 pm (pg/mL) <1

Serum ACTH 0 am (pg/mL) 1.3

Urinary cortisol (1g/24 h) 866 748.8 555.8 29.7

HbAlc (%) 9.1 5.7% 6.1%

Fasting blood glucose (mmol/L) 9.84 6.71 5.72

Serum potassium (mmol/L) 3.05 4.36 3.96

ACTH: adrenocorticotropic hormone; HbA1c: glycated hemoglobin.

For patients with significant asymmetry in bilateral nodule
size, recent guidelines recommend prioritizing the resection
of the larger adrenal gland to reduce the risk of postoperative
adrenal crisis. However, for patients with bilaterally similar
nodule sizes, it remains uncertain whether unilateral adrenal-
ectomy can achieve effective cure.

Therefore, we report a novel germline ARMCS5 mutation site
in a PBMAH patient, who ultimately required bilateral adrenal-
ectomy for cure. This case highlights the importance of genetic
testing, appropriate surgical plans and continuous follow-up.

Case Report
Clinical features

A 60-year-old woman was admitted to our hospital with pro-
gressive weight gain and hypokalemia for 1 year, weight in-
creased from 67 kg (body mass index (BMI): 25.8 kg/m?) to
77 kg (BMI: 29.7 kg/m?), blood potassium fluctuated between
3.05 and 3.79 mmol/L, coexisting with refractory hyperten-
sion for 13 years (150 - 180/80 - 90 mm Hg), taking four
kinds of oral antihypertensive drugs including diuretics for 1
year. In addition, she had obviously high blood glucose lev-
els, with fasting blood glucose levels higher than 10 mmol/L
and postprandial glucose levels higher than 17.4 mmol/L,
and with poor response to anti-diabetic treatment including
continuous subcutaneous insulin pump. Physical examina-
tion revealed characteristic CS features, including moon
facies, centripetal obesity, abdominal subcutaneous hemor-
rhages and peripheral edema with cutaneous ecchymoses.
Biochemical evaluation demonstrated markedly elevated se-
rum cortisol levels and significantly increased urinary free
cortisol (UFC) excretion (Table 1). In addition, her plasma
adrenocorticotropic hormone (ACTH) levels were markedly
suppressed at all time points (< 1.5 pg/mL). The results of
low-dosed dexamethasone suppression test (LD-DST) and
high-dosed dexamethasone suppression test (HD-DST) were

both positive (Table 2). ACTH-independent hypercortisolism
was suggested by the above results. Contrast-enhanced com-
puted tomography (CT) showed bilateral adrenal multiple ir-
regular macronodular masses (right adrenal: 5.7 X 5.0 x 5.6
cm, left adrenal: 5.8 X 4.9 x 6.4 cm) (Fig. 1). Positron emis-
sion tomography/computed tomography (PET/CT) revealed
multiple nodules in the bilateral adrenal masses, with mutual
fusion and uneven increase in fluorodeoxyglucose (FDG)
metabolism. Adrenal venous sampling (AVS) was conduct-
ed to evaluate the predominant side of cortisol production
(Table 3). Selectivity indexes (SI) were 4.15 and 8.38 in the
left and right adrenals, respectively, indicating the success of
AVS cannulation (SI cutoff of 2.0) [7]. However, there was
no predominant side according to the lateralization index (LI
= 2.65, SI cutoff of 4) (Table 2). According to approximately
equivalent sizes on both sides, we conducted a multidiscipli-
nary discussion with experts from the Department of Urology
and the Department of Radiology. Based on the patient’s CT
imaging and vascular observations during AVS, it was sug-
gested that the right adrenal gland might have more abundant

Table 2. The Results of LD-DST and HD-DST

LD-DST HD-DST

Serum cortisol baseline (ng/dL) 27.29 27.29
Serum ACTH baseline (pg/mL) 1.25 1.25
Urinary cortisol baseline (png/24 h) 866 866
Serum cortisol day 2 (ng/dL) 29.4 38.84
Serum ACTH day 2 (pg/mL) <1.0 <1.00
Urinary cortisol day 2 (ng/24 h) 3,621.0 3,503.1
Serum cortisol day 3 (pg/dL) 33.67 34.79
Serum ACTH day 3 (pg/mL) <1.0 <1.00
Urinary cortisol day 3 (ng/24 h) 2,731.1 4,623.7

ACTH: adrenocorticotropic hormone; LD-DST: low-dose dexametha-
sone suppression test; HD-DST: high-dose dexamethasone suppres-
sion test.
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Figure 1. CT scans before operation. CT images of the patient before adrenalectomy. (a) Image of plain CT scan. (b) Image
of arterial phase of contrast-enhanced CT. (c) Image of venous phase of contrast-enhanced CT. (d) Image of delayed phase of
contrast-enhanced CT. The red arrows point to the position corresponding to bilateral adrenal nodules on both sides. CT: com-
puted tomography.

blood supply. In consideration of the patient’s preferences her serum and UFC levels reduced significantly (Table 1).
(she strongly demanded unilateral surgery), the urology team During the follow-up, the CS symptoms improved, especially
proceeded with the right adrenalectomy first. Pathological the blood pressure and glucose levels, with only nifedipine
examinations and immunohistochemical staining revealed and dapagliflozin for treatments. Blood potassium levels
adrenal nodular hyperplasia (Fig. 2). One week after surgery, increased to normal. Symptoms including subcutaneous ec-

Table 3. Biochemical Results of AVS

Inferior vena cava Left adrenal Right adrenal SI left SI right LI L/R ratio LI R/L ratio
Cortisol (ng/dL) 23.71 104.4 79.45 4.4 3.35 2.65 0.38
Aldosterone (pg/mL) 138.81 576.71 1,163.29 4.15 8.38

S| = cortisol or aldosterone (right or left adrenal)/cortisol or aldosterone (inferior vena cava); LI = cortisol or aldosterone (one side)/cortisol or aldos-
terone (another side). L/R: left/right; R/L: right/left; AVS: adrenal venous sampling.
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Figure 2. Representative gross and microscopic images of the adrenalectomy specimen. (a, b) Gross images showing a large
adrenal nodule with appearance resembling a piece of ginger. (c, d) Corresponding microscopic images (x 10).

chymosis, limb edema and insomnia disappeared. However,
the serum and urinary cortisol levels remained consistently
higher than normal during the 6-month and 1-year postop-
erative follow-up, with ACTH still suppressed lower than
normal (Table 1). After our repeated recommendations, the
patient ultimately decided to undergo a second surgery and
underwent left adrenal subtotal resection.

Identification of the mutations

Whole exome sequencing was conducted on peripheral
blood leukocytes. A novel heterozygous germline mutation
in ARMCS5 (¢.534_555dup, p.Ser186Profs*19) was identified
in peripheral blood leukocytes. This mutation will result in a
frameshift mutation in the amino acid encoding the protein
from position 186 (serine mutation to proline), and translation
is terminated after a frameshift mutation of 18 amino acids.
None of her family members had any history of endocrine dis-
ease, and all of them refused to have their genes tested.

Ethics approval

All procedures were carried out in accordance with the ethical
standards of the institutional research committee and with the
1964 Helsinki Declaration and its later amendments or compa-
rable ethical standards. This study was reviewed and approved
by the Ethics Committee in the Beijing Luhe Hospital.

Discussion

PBMAH is an autosomal dominant disorder marked by the
presence of multiple bilateral adrenal nodules, often de-
scribed as having “a bunch of grapes appearance [7].” In this
case, we describe a PBMAH patient exhibiting pronounced
CS manifestations, such as facial rounding, truncal obe-
sity, skin bruising, peripheral swelling, and common meta-
bolic disturbances including elevated blood pressure and
impaired glucose metabolism. Sizes of bilateral tumors are
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similar, both larger than 5 cm. No dominant side was found
by AVS. A novel pathogenic mutation site in ARMC5 was
confirmed by whole exome sequencing (c.534 555dup,
p-Ser186Profs*19). Right side of total followed by left sub-
total adrenalectomy was conducted for this patient.

In our patient, PBMAH was diagnosed according to four
key criteria [8]: 1) Clinical features of CS, such as truncal
obesity, high blood pressure, violaceous striae, and hypergly-
cemia; 2) Biochemical confirmation of hypercortisolism, evi-
denced by heightened plasma cortisol, elevated UFC, loss of
diurnal cortisol variation, and low ACTH; 3) Imaging findings
of bilateral adrenal macronodules (> 1.0 cm) on CT; 4) His-
topathological evidence of nodular adrenal hyperplasia. The
markedly reduced ACTH levels aided in differentiating PB-
MAH from ACTH-dependent etiologies (e.g., Cushing disease
or ectopic ACTH production) [9, 10]. Bilateral macronodules
and obviously larger adrenal glands help distinguish PBMAH
from other ACTH-independent disorders presenting with CS
and bilateral adrenal involvement, such as primary pigmented
nodular adrenal disease (PPNAD).

PBMAH displays marked clinical variability, presenting
with a spectrum of cortisol secretion ranging from subclini-
cal to overt CS. A significant proportion of PBMAH cases go
undiagnosed until overt CS develops, while subclinical forms
often escape detection unless adrenal enlargement is inciden-
tally noted during imaging studies [11]. This diversity reflects
the condition’s wide phenotypic spectrum. Mounting evi-
dence indicates clear genotype-phenotype associations in PB-
MAH [11], with ARMC5 mutation carriers typically showing
carlier disease onset, higher rates of overt CS, and increased
hypertension prevalence [11]. This report of a patient with an
ARMC5 mutation who presented with severe CS and meta-
bolic complications (hypertension and diabetes), corroborates
the link between this genotype and aggressive phenotypes.
Current studies demonstrate that adrenal mass size correlates
with both cortisol levels and CS severity [12, 13]. Notably,
considerable adrenal enlargement appears necessary for the
development of hypercortisolism, which explains why overt
CS primarily occurs in PBMAH patients with large adrenal
masses [14]. Furthermore, the intensity of cortisol hyperse-
cretion in ARMC5-mutated PBMAH patients correlates with
age at clinical presentation [15].

The ARMCS5 gene, located at chromosome 16p11.2, com-
prises six exons and has over 80 documented mutations with-
out established hot spots [2]. These mutations are detected in
up to 55% of surgically treated PBMAH patients [11, 16]. Our
case revealed a novel heterozygous germline ARMCS5 muta-
tion (¢.534 555dup, p.Ser186Profs*19) in exon 3 of transcript
NM 001288767.1. This frameshift mutation alters the protein
sequence from position 186 (serine to proline substitution) and
introduces premature termination after 18 aberrant amino ac-
ids, potentially leading to truncated protein production or non-
sense-mediated mRNA decay. Notably, the Human Gene Mu-
tation Database (HGMD) documents multiple loss-of-function
variants downstream of this mutation site associated with
clinical manifestations including diabetes mellitus. Accord-
ing to Knudson’s “two-hit” hypothesis for tumor suppressors
[1], complete ARMCS inactivation would require a secondary
somatic mutation complementing the germline defect. Sup-

porting this, previous studies have identified nodule-specific
somatic ARMC5 mutations in adrenal tissues [1, 17], suggest-
ing their potential role in macronodule formation, though the
precise mechanisms underlying mutation-mediated PBMAH
pathogenesis remain to be fully elucidated.

The management of PBMAH depends on cortisol secre-
tion status. Patients without biochemical evidence of hyper-
cortisolism at diagnosis should undergo active surveillance
with annual clinical and biochemical evaluations. Conversely,
patients manifesting overt CS or clinically significant hyper-
cortisolism-related complications (e.g., hypertension, dia-
betes mellitus, osteoporosis) require consideration of thera-
peutic intervention. Medical management options include
steroidogenesis inhibitors (metyrapone, ketoconazole [18]),
glucocorticoid receptor antagonists (mifepristone [19]), and
adrenolytic therapy (mitotane [20]). While bilateral total
adrenalectomy has traditionally been the definitive surgical
treatment for PBMAH with CS [21], it necessitates lifelong
glucocorticoid and mineralocorticoid replacement and carries
inherent risks of adrenal insufficiency crises. Unilateral adre-
nalectomy offers reduced perioperative risks [22] but may be
complicated by recurrent hypercortisolism [14, 23]. Emerg-
ing evidence supports adrenal-sparing approaches involving
total resection of the larger gland with contralateral subtotal
adrenalectomy as a potentially superior option [24]; however,
surgical decision-making remains challenging regarding both
selection of the initial side for resection and determination of
optimal residual tissue volume. AVS could help localize pre-
dominant cortisol secretion sides and guide the decision of
adrenalectomy. However, AVS may not be able to effectively
distinguish the dominant secretory side for PBMAH patients
with ARMC5 mutations and bilateral nodules of similar sizes,
like the patient in our case.

Among the more than 10 reported cases with ARMC5 mu-
tations, management has involved either unilateral or bilateral
adrenalectomy. A summary of the clinical features from these
representative cases is provided here (Supplementary Material
1, jocmr.elmerjournals.com).

Conclusions

In conclusion, a novel ARMCS5 mutation site was found in our
patients, who presented with similarly sized bilateral adrenal
macronodules, severe CS symptoms, and serious metabolic
complications. Although the patient initially strongly preferred
unilateral surgery, long-term clinical follow-up indicated that
bilateral surgery was necessary to achieve definitive cure.
This case indicates that AVS combined with CT image could
be helpful to determine the dominant side for adrenalectomy;
however, patients with ARMCS5 mutation and similar tumor
sizes usually require bilateral adrenalectomy for cure.

Supplementary Material

Suppl 1. Recent cases of primary bilateral macronodular adre-
nal hyperplasia (2020 - 2025).
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