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Abstract: Aberrant cortisol secretion responses after exogenous stimuli such as upright posture, 

eating a mixed meal or receiving agents influencing aberrant G-protein-coupled receptors in 

adrenal glands, are often observed in patients with bilateral macronodular adrenal hyperplasia 

(BMAH). However, little is known about whether this aberrant response is retained after uni-

lateral adrenalectomy. Here, we describe a 61-year-old postmenopausal Japanese woman with 

unsatisfactorily controlled hypertension who was referred to us for further investigation due to 

her pre-obesity characteristics (body mass index 28.4 kg/m2). Cushing’s signs and serum cor-

tisol at 16.2 µg/dL with undetectable adrenocorticotropic hormone indicated adrenal Cushing’s 

syndrome. Adrenal imaging revealed bilaterally enlarged adrenal glands with 131-I adosterol 

uptake; hence, BMAH was diagnosed. Preoperatively, in vivo screening for aberrant adrenal 

receptors revealed an aberrant response of cortisol secretion on metoclopramide challenge. The 

patient underwent unilateral adrenalectomy; thereafter, glucocorticoid replacement therapy was 

reduced to hydrocortisone 15 mg/day at postoperative day 6. Fasting morning serum cortisol level 

measured at postoperative day 8 was 2.96 µg/dL, suggesting adrenal insufficiency. However, 

following metoclopramide administration serum cortisol level rose to 19.7 µg/dL, indicating 

potential efficient adrenal function. Aberrant cortisol secretory capacity was thus preserved in 

BMAH, even in a state of adrenal insufficiency after unilateral adrenalectomy. Caution should 

be exercised when assessing the hypothalamus-pituitary-adrenal axis, because in this patient, 

a high cortisol level did not guarantee appropriate adrenal function when the patient was chal-

lenged by exogenous stimuli.

Keywords: adrenal glands, Cushing’s syndrome, glucocorticoids, hydrocortisone, 
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Introduction
Bilateral macronodular adrenal hyperplasia (BMAH) is a subtype of adrenal Cushing’s 

syndrome, and is characterized by bilaterally enlarged adrenal glands consisting of non-

pigmented macronodules. The molecular mechanisms of cortisol secretion in BMAH, 

which does not depend on circulating adrenocorticotropic hormone (ACTH) released by 

the pituitary gland, have become clear in the last two decades. It is widely recognized 

that cAMP signaling evoked by activation of aberrant G-protein-coupled receptors 

(GPCRs) in adrenal glands largely contributes to steroid genesis.1 Clinically, this is 

confirmed by aberrant responses of serum cortisol level on challenge by endogenous 

stimuli such as upright posture, eating a mixed meal or exposure to certain chemicals.1 

Previous investigations have demonstrated that metoclopramide, an agent frequently 

used for alleviating gastrointestinal symptoms, stimulates adrenal serotonin type 4 
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receptors in some cases of BMAH, leading to excess cortisol 

in vivo and in vitro.2–8 There are several different treatment 

modalities for patients with BMAH, including unilateral 

adrenalectomy.9 In patients who underwent this operation, 

assessing residual cortisol secretion capacity is clinically 

important in order to avoid unnecessary steroid replacement 

therapy while reducing the risk of adrenal insufficiency or 

crisis. While more than 20 cases of BMAH with aberrant 

responses against metoclopramide have been reported in the 

literature, the impact of metoclopramide on cortisol secretion 

from the remaining adrenal gland in patients after unilateral 

adrenalectomy remains unknown.2,3,5,7,8 Herein, we report 

a Japanese woman with BMAH in whom aberrant serum 

cortisol levels on metoclopramide use were seen despite 

adrenal insufficiency after surgery.

Case description
A 61-year-old postmenopausal Japanese woman was referred 

to us for further investigation of her pre-obese state. She had 

had hypertension, dyslipidemia and osteoporosis for 10 years. 

Hypertension was treated with telmisartan 80 mg/day, and 

amlodipine 7.5 mg/day but was not satisfactorily controlled. 

Home-monitored blood pressure level remained 130–160/70–

90 mmHg. Her family history included hypertension in an 

elderly sister but was otherwise unremarkable. The patient 

habitually smoked a pack of cigarettes per day and consumed 

30 g alcohol daily.

On physical examination, pre-obesity was observed: 

height 147 cm, weight 61.3 kg and BMI 28.4 kg/m2. Addi-

tionally, centripetal obesity, facial plethora, skin atrophy with 

easy bruising, proximal lower limb weakness and mild moon 

face were apparent. Randomly measured serum cortisol at 

16.2 µg/dL (reference range, 6.24–18.0) with undetectable 

ACTH at ,2 pg/mL (reference range, 7.2–63.3) indicated 

adrenal Cushing’s syndrome. Computed tomography and 

single photon emission computed tomography using 131-I 

adosterol revealed bilateral nodules in the adrenal glands. 

Maximum nodule size in the left-side gland was 34 mm with 

strong uptake, and 31 mm with relatively weak uptake in 

the right-side gland (Figure 1). Circadian variation of serum 

cortisol and ACTH levels was abnormal; Cortisol levels were 

11.2, 11.4, 14.5 and 10.8 µg/dL at 0.00am, 6.00am, 0.00pm 

and 6.00pm, respectively, and ACTH was undetectable 

throughout the day. Urinary free cortisol excretion was high at 

380 µg/day (reference range, 11.2–80.3). Reduction of serum 

cortisol level was not seen in overnight dexamethasone sup-

pression tests; morning serum cortisol levels following 1 or 

8 mg dexamethasone administration were 11.3 and 15.3 µg/

dL, respectively. Responses of serum cortisol after eating a 

mixed meal, on intravenously administered glucagon 1 mg, or 

orally administered metoclopramide 10 mg were investigated. 

Additionally, responses against ACTH and gonadotropin-

releasing hormone (GnRH) were assessed using intravenous 

synacthen 250 µg and gonadorelin 0.1 mg, respectively. 

Responses on transitioning to an upright posture could not 

be investigated due to the patient’s refusal because of knee 

pain and lower limb muscle weakness. Results are shown in 

Figure 2. Serum cortisol levels increased only in response to 

Figure 1 Imaging of adrenal glands.
Notes: The arrows indicate the nodule in the right (yellow) and left (red) adrenal 
gland. (A) Image of CT. (B) Merged image of CT and 131-I adosterol SPECT. 
(C) Image of 131-I adosterol SPECT.
Abbreviations: CT, computed tomography; SPECT, single photon emission 
computed tomography.
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ACTH and metoclopramide administration. The increased 

cortisol level following metoclopramide administration was 

239% from a baseline of 11.2 to a peak of 26.8 µg/dL.

Based on the above data, the patient was diagnosed as 

having BMAH and underwent left adrenalectomy. Surgery 

was successful, and the dose of postoperative glucocorticoid 

replacement therapy was uneventfully reduced to hydro-

cortisone 15 mg/day (10 mg after breakfast and 5 mg after 

dinner) at day 6. On the morning of postoperative day 8, prior 

to use of hydrocortisone in the morning, the fasting serum 

cortisol response against oral metoclopramide 10 mg was 

investigated once again. A baseline morning cortisol level of 

2.96 µg/dL strongly suggested adrenal insufficiency, but the 

peak level following administration of metoclopramide was 

at 19.7 µg/dL (representing an increase of 666%, Figure 3). 

On receiving hydrocortisone 15 mg/day, the patient showed 

no signs of adrenal insufficiency thereafter, and was therefore 

uneventfully discharged at postoperative day 10.

Serum cortisol levels prior to hydrocortisone in the morn-

ing were monitored on an outpatient basis on postoperative 

day 72 and 109, when the patient was receiving hydrocor-

tisone 12.5 mg/day (10 mg after breakfast and 2.5 mg after 

dinner). Markedly decreased morning serum cortisol levels 

were repeatedly confirmed, and adrenal insufficiency was 

strongly suggested even at day 109; thus, steroid coverage 

could not be withdrawn (Figure 4). Undetectable ACTH 

at ,2 pg/mL was sustained throughout the observation 

period, which also suggested an unrestored hypothalamus-

pituitary-adrenal (HPA) axis. Meanwhile, the patient’s 

weight was successfully reduced to 53.0 kg with a BMI 

of 24.5 kg/m2, and hypertension is currently controlled at 

120–140/70–90 mmHg with amlodipine 5 mg/day alone.

Discussion
BMAH is a rare subtype of adrenal Cushing’s syndrome, 

and genetic involvement is suggested because of bilateral 

Figure 2 Aberrant responses of cortisol secretion preoperatively.
Notes: Vertical axis indicates serum cortisol level. Horizontal axis indicates time 
course after exogenous stimuli.
Abbreviations: ACTH, adrenocorticotropic hormone; GnRH, gonadotropin-
releasing hormone.
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Figure 3 Cortisol secretion on metoclopramide challenge at postoperative day 8.
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involvement and reports of familial cases. A major genetic 

characteristic is the presence of inactivating mutations of 

ARMC5, a potential tumor suppressor gene; biallelic altera-

tions consisting of an additive pathogenic somatic mutation 

and a germline mutation inactivating ARMC5 result in nodule 

formation in the adrenal glands of BMAH patients.10 Clini-

cally, Cushing’s syndrome of BMAH type is characterized 

by marked bilateral enlargement of the adrenal glands and 

aberrant cortisol secretion responses on challenge with exog-

enous stimuli.1 Previously, several investigators reported that 

this aberrant response is associated with an upright posture, 

eating a mixed meal, ACTH, GnRH, thyrotropin-releasing 

hormone, glucagon, vasopressin and serotonin type 4 

receptor agonists including metoclopramide which was first 

described by Lacroix et al in 1999.2–8 The present case we 

describe here is a patient with BMAH associated with an 

aberrant response of cortisol secretion on metoclopramide 

challenge. Clinical profiles such as age, nodule sizes and 

urinary cortisol excretion in the present case seem similar to 

the previously reported BMAH cases with aberrant responses 

to metoclopramide administration (Table 1).2,3,5,7,8 However, 

this patient highlights two clinically important issues. First, 

metoclopramide-stimulated aberrant cortisol secretion 

responses by the remaining adrenal gland are retained even 

under conditions of adrenal insufficiency in the early post-

operative period. Second, the impact of metoclopramide 

use in such cases has a substantial ability to conceal adrenal 

insufficiency as assessed by morning, or randomly timed, 

serum cortisol level determinations.

In the present case, adrenal insufficiency after left adre-

nalectomy was apparent, and did not recover over the obser-

vation period; thus, morning serum cortisol levels were 2.96, 

4.13 and 2.12 µg/dL on postoperative day 8, 72 and 109. This 

is sufficiently low to predict adrenal insufficiency because a 

recent retrospective cohort study reported that morning serum 

cortisol level was correlated with peak serum cortisol level 

on an insulin hypoglycemia test, with morning cortisol level 

below 4 µg/dL or above 17 µg/dL being highly predictive 

of insufficient and sufficient adrenal function, respectively.11 

Furthermore, another retrospective cohort study reported an 

association between randomly sampled serum cortisol levels 

and the results of ACTH testing. In that study, a cortisol level 

below 5.1 µg/dL predicted a 30 minutes serum cortisol level 

below 20 µg/dL during the ACTH test, indicating insufficient 

adrenal function, with 100% specificity and 35% sensitivity.12 

In contrast, a value exceeding .15.2 µg/dL guaranteed a 

30 minutes value exceeding 20 µg/dL during the ACTH test, 

indicating adequate adrenal function.12 Therefore, it seems 

highly likely that our patient had adrenal insufficiency sus-

tained until at least postoperative day 109.

The postoperative course of adrenal function observed 

in this present case is not a chance event, because a previ-

ous retrospective study reported that postoperative adrenal 

insufficiency following unilateral adrenalectomy in BMAH 

patients was observed in 40% of patients (6 of 15 enrolled).13 

The report also remarked that adrenal insufficiency and the 

following latent adrenal insufficiency persisted for two years 

or more.13 It was also mentioned that the 250 µg synacthen 

test was unreliable for diagnosis of adrenal insufficiency in 

such situations because the cortisol secretory response to a 

challenge of 250 µg synacthen could occur even under condi-

tions of adrenal insufficiency after surgery.13 Similarly, this 

present case indicates that the remaining gland still did have 

substantial cortisol secretory capacity when stimulated via 

an aberrant GPCRs, even though the patient was ordinarily 

adrenal-insufficient.

The 666% increase in the serum cortisol level follow-

ing metoclopramide stimulation observed after surgery is 

of interest. Although the baseline serum cortisol level of 

2.96 µg/dL was strongly suggestive of adrenal insufficiency, 

the peak value of 19.7 µg/dL would indicate sufficient 

adrenal function when measured either in the morning or 

randomly.11,12 In the clinical setting, morning or random 

serum cortisol measurement is frequently used to assess HPA 

axis functionality because it is easy to perform. However, 

the marked fluctuation of serum cortisol level observed in 

this present case suggests that external stimuli associated 

with aberrant cortisol secretion can conceal underlying 

adrenal insufficiency and mislead clinicians assessing the 

HPA axis after unilateral adrenalectomy in BMAH patients. 

Because metoclopramide is frequently used, also after sur-

gery, caution is required to avoid the risk of inappropriate 

withdrawal of steroid coverage. Moreover, habitual use 

of metoclopramide might suppress the hypothalamus and 

pituitary via negative feedback due to cortisol excess, and 

lead to delayed recovery of the HPA axis. Similarly, this risk 

should be considered in all patients with BMAH receiving 

unilateral adrenalectomy, because not only metoclopramide 

but also upright posture or eating a mixed meal, always hap-

pening in daily life, were also reported to induce cortisol 

secretion.3,7,8 To conclude, detailed surveillance of aberrant 

cortisol secretion responses on challenge with exogenous 

stimuli influencing aberrant GPCRs is clinically important 

in BMAH patients.

This report has certain limitations. First, it is an obser-

vational case report of a single patient, and there are several 
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unavailable data, such as results of a vasopressin test, 

a postoperative synacthen test and postoperative urinary 

free cortisol excretion. Further cases with fully-assessed 

pre- and postoperative aberrant responses to exogeneous 

stimuli must be accumulated to assess cortisol secretory 

capacity after surgery in BMAH. Second, cortisol levels 

following metoclopramide stimulation after surgery were 

possibly modified by hydrocortisone use, despite the small 

doses applied (15 mg/day), so underestimates cannot be 

excluded.

Table 1 Review of BMAH cases with paradoxical cortisol secretion response on metoclopramide challenge

Case Author Sex Age
(years)

BMI
(kg/m2)

Function Maleifestation Nodule size 
(mm)

U-Cor
(µg/day)

Degree of 
increase
(%)Right Left

1 Libé R Male 53 31.2 CS Cushing’s sign 35 45 293 133
2 Female 34 30.0 CS Cushing’s sign 45 30 373 180
3 Female 70 25.0 CS Incidentaloma 50 30 122 204
4 Female 45 21.3 SCS Incidentaloma 60 30 44 438
5 Female 37 30.5 SCS Incidentaloma 33 15 26 185
6 Male 59 25.6 SCS Hypertension 30 60 31 426
7 Female 66 27.8 SCS Incidentaloma 14 30 29 209
8 Female 35 27.4 SCS Incidentaloma 26 27 18 180
9 Female 67 28.6 SCS Incidentaloma 14 40 56 209
10 Female 54 28.2 SCS Incidentaloma 18 44 36 137
11 Female 53 26.7 SCS Incidentaloma 35 27 83 310
12 Male 74 23.3 SCS Incidentaloma 20 25 85 160
13 Male 51 20.6 SCS Incidentaloma 27 40 63 206
14 Male 52 27.0 SCS Incidentaloma 55 46 50 138
15 Male 51 24.0 SCS Incidentaloma 40 37 47 183
16 Female 43 22.3 SCS Incidentaloma 45 15 46 154
17 Female 55 33.6 SCS Hypertension 30 24 26 183

18 Bourdeau I Female 51 NA SCS Hypertension, weight gain 44 50 NA 145
19 Male 61 NA SCS NA 61 73 NA 191
20 Male 53 25.3 SCS Hypertension 35 40 NA 300

21 Vezzosi D Female 56 NA CS Hypertension, 
centripetal obesity, facial 
plethora, dorsal fat pad 
supraclavicular fat pad, 
glucose intolerance, mild 
hirsutism

NA NA 34 270

22 Female 54 NA CS Hypertension, centripetal 
obesity, facial plethora, easy 
bruising, diabetes mellitus

NA NA 50 301

23 Feelders RA Female 60 24.4 CS Centripetal obesity, facial 
plethora, muscle weakness, 
easy bruising depression, 
skin atrophy

35 50 199–228 289

24 Female 40 32.8 CS Hypertension, centripetal 
obesity, facial plethora, 
weight gain, muscle 
weakness, easy bruising, 
dorsal fat pad, supraclavicular 
fat pad, depression

50 30 326–652 195

25 Lacroix A Female 63 28.9 CS Hypertension, weight 
gain, muscle weakness, 
numbness, hot flushes, 
decrease in concentration 
and memory

40 40 279 257

Note: Clinical features of cases with BMAH reported to be associated with paradoxical response of cortisol secretion on metoclopramide challenge are shown together 
with the percentage increase of cortisol level.
Abbreviations: BMAH, bilateral macronodular adrenal hyperplasia; BMI, body mass index; CS, Cushing’s syndrome; NA, not applicable; SCS, subclinical Cushing’s syndrome; 
U-Cor, urinary cortisol excretion.
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Conclusion
The aberrant cortisol secretion response after exogenous 

stimulation influencing aberrant G-protein-coupled receptors 

was found to be retained in a patient with BMAH, even in a 

state of adrenal insufficiency after unilateral adrenalectomy. 

Thus, a high serum cortisol level when the patient receives 

such exogenous stimuli does not guarantee efficient adrenal 

function. Caution is thus required for assessing the actual 

status of the HPA axis.

Abbreviations
ACTH, adrenocorticotropic hormone; BMAH, bilateral 

macronodular hyperplasia; BMI, body mass index; GnRH, 

gonadotropin-releasing hormone; GPCRs, G-protein-coupled 

receptors; HPA, hypothalamus-pituitary-adrenal.
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