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Abstract 

Background  Currently, there is a scarcity of cases and diagnostic data regarding ectopic adrenocortical adenomas, 
particularly in relation to their impact on gonadal function and localization diagnostic techniques. We report a typical 
case of ectopic adrenocortical adenomas and the data of treatment follow-up, and review the literature of 31 avail-
able cases of ectopic adrenocortical adenomas.

Case presentation  A 27-year-old Chinese female patient was admitted to our hospital for hypertension, hypergly-
caemia and primary amenorrhea. The patient was functionally diagnosed with ACTH-independent CS and hypogon-
adotropic hypogonadism. Radiological evaluations, including Computed Tomography (CT) and functional imaging, 
identified a mass at the left renal hilum. Histological assessments post-surgical excision confirmed the mass to be 
an ectopic adrenocortical adenoma. A subsequent 3-month follow-up showed no signs of disease recurrence, a swift 
recovery of the cortisol axis was observed, with a partial recuperation of the gonadal axis. Review: Our literature 
review shows that the most common ectopic areas of cortisol adenomas are renal hilum and hepatic region. The 
most positive biomarker is Melan A, and only a few cases have been diagnosed with functional localization.

Conclusion  Ectopic adrenocortical adenomas may be asymptomatic in the early stage and can impact gonadal 
function. Physicians who treat hypogonadism must be aware of the need to test cortisol levels and perform func-
tional localization in patients with lumps present.

Keywords  Ectopic adrenocortical adenoma, Cushing’s syndrome, Hypogonadotropic hypogonadism, Functional 
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Background
Cushing’s syndrome (CS) is a chronic pathological 
hypercortisolism, which can be either endogenous or 
exogenous [1]. Endogenous CS can be divided into 
adrenocorticotropic hormone (ACTH)-dependent 

(pathological increase in ACTH secretion promotes 
cortisol production) or ACTH-independent (exces-
sive autonomous secretion of cortisol by adrenal tissue) 
[2]. ACTH-independent CS accounts for about 20% of 
endogenous causes, more commonly caused by adrenal 
adenoma, adrenal cortical carcinoma, and in rare cases, 
by nodular adrenal hyperplasia or primary pigmented 
nodular adrenal disease [3]. The occurrence of functional 
ectopic adrenal cortical adenoma, is a seldom-seen ori-
gin of autonomous CS and defined as isolated benign 
adrenal cortical tissue outside orthotopic adrenal glands. 
These adenomas predominantly localize in areas such as 
the renal hilum, vertebral body, and liver, with a minority 
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found in the gastric antrum and ovaries. Such presenta-
tions often culminate in classical manifestations of CS. 
Upon diagnosing CS via pertinent hormone assays and 
other diagnostic measures, it becomes imperative to 
ascertain its etiology. Especially, discerning the function-
ality of adrenal tumor holds pivotal importance in direct-
ing toward a definitive surgical intervention.

While it’s recognized that elevated cortisol levels can 
have repercussions on gonadal function, the specific 
influence of hypercortisolemia on gonadal glands in 
patients with ectopic adrenocortical adenoma remains 
ambiguous, given the rarity of such cases. Drawing from 
investigations centered around pediatric and adolescent 
CS, we aim to elucidate its impact on the gonadal axis. 
This report encompasses a review of ectopic adrenocorti-
cal adenoma cases, integrating insights from our clinical 
encounters with functional ectopic adrenocortical ade-
noma with hypogonadotropic hypogonadism.

Case presentation
A 27-year-old Chinese female patient from a southern 
Chinese town presented with primary amenorrhea, hav-
ing not menstruated before the age of 18 in 2014. She was 
chromosomally identified as 46, XX, and ultrasonogra-
phy indicated an infantile uterus. She was diagnosed with 
primary amenorrhea and showed menstrual onset when 
treated artificial menstrual cycle therapy with estradiol 
1 mg and dydrogesterone 10 mg. Over the past 6 months, 
she experienced hair loss, fatigue, polydipsia, nocturia, 
palpitations, thin and reddened skin, muscle weakness, 
difficulty standing up from a squatting position, dark-
ened periorbital skin pigmentation, and increased blood 
pressure. Antihypertensive medications did not effec-
tively control her blood pressure. She had no history of 
smoking or alcohol consumption. Physical examina-
tion revealed: height 160  cm, weight 68  kg, BMI 23.44, 
blood pressure 147/103  mmHg, pulse 128  bpm, and 

temperature 36 °C. She exhibited a moon face, a plethora 
of appearance, coffee-colored periorbital pigmentation, 
thin cheek skin with visible superficial blood vessels, buf-
falo hump, central obesity, and ecchymosis on the shin. 
Neurological examination was unremarkable.

The summary of the patient’s laboratory tests is shown 
in Tables  1 and 2. Both the low-dose dexamethasone 
suppression test (DST) and the high-dose DST failed to 
suppress cortisol production. The decreased gonadotro-
pins and sex hormones indicated ACTH-independent CS 
accompanied by hypogonadotropic hypogonadism.

Gynecological ultrasound examination results are 
summarized in Table  3. No obvious abnormalities were 
observed in the pituitary MRI. Contrast-enhanced 
abdominal computed tomography (CT) showed slender 
bilateral adrenal glands without any nodules or hyper-
plasia. A soft tissue density shadow measuring approxi-
mately 2.9 × 1.8 cm was observed in the left renal hilum. 
The somatostatin receptor PET/CT whole-body imaging 

Table 1  Changes in hormone levels

 At the time of admission, artificial menstrual cycle therapy had been discontinued for 4 months; After the operation, oral prednisone 12.5 mg was gradually reduced. 
Three months post-surgery and the withdrawal of glucocorticoid therapy; LH: luteinizing hormone; FSH: Follicle-stimulating Hormone; UFC: urinary-free cortisol; NA: 
not available

Variables Reference range Age 18 At admission After surgery 3-month 
follow-up

ACTH (pg/ml) (8AM) 7.00–64.00 NA 2.86 4.79 76.38

Cortisol (ug/L) (8AM) 37.0–194.0 NA 191.0 < 0.8 33.0

24 h UFC (ug/24 h) 4.3–176.0 NA 360.0 NA < 1.0

LH (IU/L) 1.80–11.78 1.64 0.97 NA 2.55

FSH (IU/L) 3.00–8.10 2.26 2.98 NA 4.60

E2 (pg/mL) 21.0–251.0 7.5 < 10.0 NA < 10.0

P (ng/mL) < 0.30 0.61 0.20 NA < 0.10

T (ng/mL) 0.11–0.57 31.07 0.57 NA 0.08

Table 2  Laboratory values

WBC White Blood Cells, NE Neutrophils, HGb Hemoglobin, HCT Hematocrit, PLT 
Platelets, AST Aspartate aminotransferase, ALT Alanine aminotransferase, Cr 
Creatinine, INR International Normalized

Test Result Reference range

WBC (109/L) 7.56 3.5–9.5

NE (109/L) 5.34 1.8–6.3

HGb (g/L) 135 115–150

HCT (%) 41.7 35–45

PLT (109/L) 258 125–350

AST (U/L) 30 8–40

ALT (U/L) 33 5–35

Total bilirubin (μmol/L) 7.5 5.1–19.0

Urea (mmol/L) 4.20 2.9–8.2

Cr (μmol/L) 58.7 44.0–106.0

INR 0.89 0.80–1.20
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(68Ga-DOTA-TATE imaging) showed abnormal tracer 
accumulation in the left renal hilum soft tissue mass 
(Fig. 1) indicating a somatostatin receptor-positive lesion. 
This led to the suspicion of an ectopic adrenal cortical 
adenoma at the left renal hilum.

During hospitalization, the patient was administered 
30  mg of nifedipine sustained-release tablets, 5  mg of 
linagliptin, 10  mg of dapagliflozin, and 0.25  μg of calci-
triol daily. Upon completion of the required examina-
tions, she underwent laparoscopic tumor resection. The 
tumor was 2.5 × 2.0 × 1.0 cm in size and yellow–brown in 
color. Histopathological examination confirmed it to be 
an ectopic adrenal cortical adenoma. Immunohistochem-
ical staining showed: a-Inhibin(+), Calretinin(+), Mel-
anA(+), Syn(+), CgA(−), CD99(−), s-100(−), EMA(−), 
CK8/18(−), P53(weakly positive in some areas), and 
Ki67(LI: about 1%). One week after surgery, the morn-
ing plasma cortisol level dropped to < 0.8  ug/L and the 
plasma ACTH level rose to 4.79 pg/ml. After the opera-
tion, the patient was given oral prednisone 12.5 mg eve-
ryday, which was gradually reduced. No obvious adverse 
reactions occurred after strict adherence to the medi-
cation regimen and regular review. Three months post-
surgery and the withdrawal of glucocorticoid therapy, 

the level of blood cortisol was 33.0  ug/L, ACTH was 
76.38  pg/ml. 68Ga-Pentixafor PET/CT imaging (CXCR4 
receptor imaging) did not reveal any significant abnor-
mal concentrations. In our case, three months after the 
surgery to remove the ectopic cortisol adenoma and after 
the hypercortisolemia state, a follow-up revealed some 
recovery of the gonadal axis. The level of LH and FSH 
increased, and the GnRH excitation test could be excited. 
The ACTH excitation test was not fully excited, suggest-
ing that the function of the adrenal cortex needs to be 
further restored. The patient had urgent fertility needs 
and relatively deficient ovaries. We subsequently gave 
GnRH pulse therapy, and the gonads gradually recovered 
and menstruation gradually appeared regularly.

Literature review
To date, 31 cases of ectopic adrenal cortical adenomas 
have been reported (Table  4), of which 10 were ectopic 
adrenal cortical adenomas outside the renal hilum 
(33.3%), followed by the vertebral region (30%) and liver 
area (33.3%). Individual cases were found in the gas-
tric antrum and ovaries. The patient’s age ranged from 
5 months to 75 years, with the largest diameter ranging 
from 8.5 to 8.8 cm. Among them, 19 were non-functional 
ectopic adrenal cortical adenomas. Most of cases are 
pathological diagnosis after operation, but lack of endo-
crine function assessment. In the cases with detailed 
pathological results, the positive rates of biomarkers 
expressed in adrenal cortical cells were: Melan A (79%), 
A-inhibin (63%), CYP17 (11%), CYP11B1 (5%), SF-1 (5%); 
The positive rates of these markers were Syn (68%), CD56 
(16%), HSD3B2 (5%).

Discussion
Ectopic adrenocortical adenomas is an extremely rare 
cause of ACTH-independent CS. The localization 
diagnosis, especially the functional localization diag-
nosis, is very important for the subsequent treatment 
of the disease but is often overlooked due to the dis-
ease’s insidious onset. Among the 31 reported cases, 
only a few performed functional localization diagnos-
tics. Our case involves a 27-year-old Chinese female 
with ACTH-independent CS and primary amenorrhea 
due to gonadotropin deficiency. This is the first case to 
use 68Ga-DOTA-TATE for the functional localization 
diagnosis of an ectopic adrenal cortical adenoma. Post-
tumour resection follow-up using 68Ga-pentixafor PET/
CT confirmed complete removal of the cortisol-produc-
ing tumour, with subsequent recovery of adrenal and 
gonadal function. Thus, early diagnosis must include 
functional localization tests, which effectively identify 
high-endocrine adrenal lesions, enabling early diagnosis 

Table 3  Gynecological B-mode ultrasound

The patient was given artificial menstrual cycle therapy from 2014–6

NA not available

Date(Year-month) Uterine size 
(L × W × T cm)

Ovarian size (L × W cm)

2014–6 1.6 × 1.0 × 1.3 Poor display

2015–4 3.0 × 1.6 × 2.3 Left 1.5 × 0.8 Right 1.8 × 1.2

2017–9 3.1 × 1.8 × 2.7 Left 1.5 × 0.6 Right 1.3 × 0.7

2023–6 2.6 × 2.2 × 1.9 NA

Fig. 1  68Ga-DOTA-TATE-PET/CT images show a mass with significant 
enhancement in the left renal hilum (arrows)
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Table 4  The case reports of ectopic adrenocortical tumor

HDDST high-dose dexamethasone suppression test, AVS Adrenal venous blood sample, SRS Somatostatin receptor scintigraphy, CT Radiological evaluations using 
Computed Tomography, Pathological findings(+) Pathological immunohistochemical tests were positive biological markers, Pathological diagnosis Biomarkers for 
immunohistochemical testing were not reported in detail in this case, NA not available

Nr Age (y) size(cm) Location Cortisol 
level 
detection

HDDST Adrenal gland preoperative 
localization

Pathological findings(+)

1 [10] 57 3.1 × 2.7 Left renal hilum Elevated Uninhibition Atrophy CT, AVS, 18F-FDG PET/
CT

Pathological diagnosis

2 [5] 27 2.7 × 2.7 Left renal hilum Elevated NA Atrophy CT Melan A, a-Inhibin, Vimen-
tin, NSE, Ki67 < 1%

3 [29] 60 2.3 × 2.3 Right renal hilum NA NA Normal CT, MRI Pathological diagnosis

4 [7] 63 3.5 × 3.5 Left renal hilum Elevated Uninhibition Normal CT, MRI Lots of smooth endoplas-
mic reticulum and mito-
chondria with tubular 
cristae

5 [8] 38 3.5 × 5.3 Left renal hilum Elevated Uninhibition Atrophy Not described Pathological diagnosis

6 [9] 53 3.5 × 3.0 Left renal hilum Elevated Uninhibition Atrophy CT Melan A, CYP17, HSD3B2

7 [30] 37 2.9 × 2.8 Right renal hilum Elevated NA Normal CT Syn, CD56, Vimentin, 
Ki67 < 2%

8 [31] 33 3.5 × 3.5 Left renal hilum NA NA Normal CT, MRI CYP11B1, CYP17

9 [8] 47 1.7 × 1.5 Left renal hilum NA NA Normal CT, MRI Vimentin, Syn, CD56, 
Chromogranin

10 [32] 57 2.3 × 2.2 Left renal hilum NA NA Normal CT, MRI SF-1, Melan A, Syn, 
Ki67 < 3%

11 [33] 72 2.0 × 3.0 The lesser curvature 
of the stomach

NA NA Normal CT, Fibergastros-copy Melan A, CD34,

12 [34] 8 1.9 × 2.4 L2 NA NA Normal MRI Pathological diagnosis

13 [35] 16 2.5 × 1.9 L2
Cauda equina

NA NA Normal X-ray Lots of smooth endoplas-
mic reticulum and mito-
chondria with tubular 
cristae

14 [36] 27 3.0 × 2.0 Cauda equina NA NA Normal CT a-Inhibin, Melan A, Syn

15 [37] 27 3.6 × 2.3 Medullary cone NA NA Normal MRI a-Inhibin, Melan A, Syn

16 [38] 44 2.5 × 2.5 L1 NA NA Normal MRI Melan A, a-Inhibin, Syn, 
Ki67 < 3%

17 [39] 5 mo 6.0 × 1.5 T10–L2 NA NA Normal MRI a-Inhibin, Melan A, Syn

18 [40] 1 5.5 × 2.0 T12–L1, L3–L4 NA NA Normal CT, MRI a-Inhibin, Syn, Vimentin,

19 [41] 8 6.0 × 2.8 L 3–L5 Normal Uninhibition Normal NA Melan A, Syn, CD56, 
Ki67 < 3%,

20 [42] 46 3.0 × 2.5 T12–L1 NA NA Normal MRI a-Inhibin, Melan A, Syn, 
Vimentin, Ki67 < 1.5%

21 [13] 40 5.7 × 4.2 Right ovary Elevated Uninhibition Atrophy CT, AVS, SRS Pathological diagnosis

22 [6] 55 2.5 × 2.5 Right lobe of the liver NA NA Normal CT, MRI Pathological diagnosis

23 [43] 66 1.5 × 1.5 Right lobe of the liver NA NA Normal CT Pathological diagnosis

24 [44] 62 3.0 × 3.0 Right lobe of the liver NA NA Normal CT Pathological diagnosis

25 [45] 45 2.5 × 2.5 Right lobe of the liver NA NA Normal CT, MRI Pathological diagnosis

26 [46] 56 3.4 × 3.4 Right lobe of the liver NA NA Normal CT, MRI a-Inhibin, Melan A, Syn,

27 [46] 75 4.5 × 2.2 Right lobe of the liver NA NA Normal CT a-Inhibin, Melan A

28 [46] 64 2.6 × 2.6 Right lobe of the liver NA NA Normal CT Melan A, a-Inhibin, Syn

29 [47] 75 2.5 × 2.5 Right lobe of the liver NA NA Normal CT Melan A, a-Inhibin

30 [48] 44 8.8 × 8.5 Right lobe of the liver NA NA Normal CT a-Inhibin, Melan A, Syn, 
Ki67 < 3%,

31 [47] 59 1.5 × 1.5 Right lobe of the liver NA NA Normal 18F-FDG-PET/CT, CT, 
MRI

Pathological diagnosis
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and treatment to prevent abnormal gonadal axis develop-
ment due to delayed treatment.

Localization diagnosis of ectopic cortisol adenoma
During embryonic growth, ectopic adrenal tissue can 
exist along the path from the gonad to the adrenal gland. 
It is reported that 50% of newborns and 1% of adults have 
ectopic adrenal tissue [4], and the clinical characteristics 
of ectopic adrenal tissue are determined by its hormonal 
secretion status. Most ectopic adrenal tissues will atro-
phy; a small part may proliferate, leading to increased 
cortisol secretion [5]. Ectopic adrenal cortical adenoma is 
an extremely rare cause of ACTH-independent CS. Com-
mon anatomical locations of published ectopic adrenal 
tissue include the cisterna chyli, kidneys, broad ligament, 
epididymis, and testicles. The brain, lungs, and stomach 
are also rare sites for ectopic adrenal tissue [6]. Besides, 
in most children, the onset of CS is insidious. Metabolic 
conditions like hyperglycemia and hypertension may go 
unnoticed. Hypertension is found in 58–85% of adults 
[7] and rather less frequently (47–49%) in children [8, 9] 
with Cushing’s syndrome. Therefore, the patient in this 
case was not diagnosed at an early stage.

The localization diagnosis of CS holds paramount 
importance for subsequent treatment and the preven-
tion of disease progression. Screening and diagnostic 
tests for CS assess cortisol secretory status: abnormal cir-
cadian rhythm with late-night salivary cortisol (LNSC), 
impaired glucocorticoid feedback with overnight 1  mg 
DST or low-dose 2-day dexamethasone test (LDDT), and 
increased bioavailable cortisol with 24-h urinary free cor-
tisol (UFC). In this setting, the sensitivity of all tests is 
higher than 90%; the highest sensitivity rates are obtained 
with DST and LNSC and the lowest with UFC. Specificity 
is somewhat lower than sensitivity, with LNSC being the 
most specific and DST and UFC being the least specific 
[10].

CT scanning is a sensitive method for localizing ectopic 
adrenal tumors. More than 70% of adrenal cortical ade-
nomas contain a high intracellular lipid content. When 
CT values are less than 10HU, they can be determined 
as lipid-rich adrenal adenomas, eliminating the need for 
further imaging studies. If the intracellular lipid content 
of the adenoma is relatively low and cannot be deter-
mined by CT, MRI can better detect lesions within the 
fat. Studies indicate that when unenhanced CT reveals 
adrenal lesions with CT values between 10-20HU, 62% of 
the lesions can be determined as lipid-rich adrenal ade-
nomas through quantitative chemical shift MRI [11, 12].

For the treatment of functional ectopic adrenal tissue, 
radical excision surgery is the recommended approach. 
However, confirming the hormonal secretion status 
of the tumor pre-surgery poses a challenge. Selective 

venous sampling is a highly sensitive method for local-
izing various neuroendocrine tumors, distinguishing the 
functional status of adrenal tumors, and determining the 
functional dominant side. Adrenal venous blood sam-
pling (AVS) can be used to localize high-functional nod-
ules in patients with ACTH-independent CS. There have 
been two reported cases from Peking Union Medical 
College Hospital using venous blood sampling to locate 
ectopic adrenal cortical adenomas: one was a 57-year-old 
female with a left renal hilum tumor associated with CS 
[10], and the other was a 40-year-old female with a right 
ovarian tumor associated with CS [13]. Both were suc-
cessfully guided to undergo surgical treatment. Its most 
crucial and widespread use is to localize primary aldo-
steronism (PA) [14], with detection sensitivities and spe-
cificities of 95% and 100%, respectively [14, 15]. However, 
adrenal venous blood sampling has technical challenges. 
Success rates vary significantly between institutions, 
ranging from 42 to 96% [16], and depend on the physi-
cian’s skills and experience, with inconsistent operational 
methods and result assessments.

68Ga-DOTA-TATE is a selective somatostatin receptor 
PET tracer used to assess the functional imaging of well-
differentiated neuroendocrine tumors (NETs) which is 
solid tumor that originate from peptide-capable neurons 
and neuroendocrine cells. It has become the preferred 
imaging modality for initial diagnosis and localization of 
unknown primary tumors [17]. Currently, this technique 
is mainly used for ectopic ACTH-dependent CS. One 
study showed that of 27 children and adolescents with 
ACTH-dependent CS who had 68Ga-DOTA-TATE-PET/
CT done, 18 (66%) had positive results [18]. However, 
there have been no reports of its use for the localization 
diagnosis of ectopic adrenal cortical adenomas. In our 
case, a preoperative 68Ga-DOTA-TATE-PET/CT showed 
a positive somatostatin receptor lesion in the left renal 
hilum area. Histopathological examination confirmed 
this lesion to be an ectopic adrenal cortical adenoma. It 
suggests that 68Ga-DOTA-TATE-PET/CT can be used to 
identify ectopic adrenal cortical adenoma.

Ectopic adrenal cortical adenoma may be classified as 
NETs. Immunohistochemical staining serves as a vital 
tool for distinguishing the nature of such tumors. SF-1 is 
deemed the most reliable and specific biomarker indica-
tive of adrenal origin, and another widely used biomarker 
with high specificity and sensitivity is Melan A [19]. 
According to the 2022 WHO Classification of Endo-
crine and Neuroendocrine Tumors, the vast majority of 
NETs express biomarkers such as INSM1, CgA, and Syn 
[20]. In our analysis of 31 cases of ectopic adrenal corti-
cal adenomas, the presence of adrenal origin biomarker 
SF-1 (0/0), Melan A (15/15) and for biomarkers indica-
tive of neuroendocrine tumor origin CgA (0/12), Syn 
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(13/13), INSM1 (0/0)-with parenthetical notation indi-
cating that (number of cases positive for the biomarker/
total number of cases tested for the biomarker). Among 
all cases, Melan A demonstrated a 100% positive rate for 
adrenal origin, whereas CgA showed a 0% positive rate, 
and INSM1 was not tested. Although Syn showed a 100% 
positive rate in our cases, it is also frequently detected 
in adrenal cortical tissues, suggesting its lower specific-
ity for NETs [19]. Therefore, despite potential indica-
tions of NETs, these cases cannot be definitively classified 
as NETs based on current definitions. Immunohisto-
chemical staining of ectopic adrenal cortical adenoma 
in our case showed: a-Inhibin(+), Calretinin(+), Mel-
anA(+), Syn(+), CgA(−), CD99(−), s-100(−), EMA(−), 
CK8/18(−), P53(weakly positive in some areas), and 
Ki67(LI: about 1%). These findings also do not suffice for 
a NETs classification.

Beyond 68Ga-DOTA-TATE-PET/CT, recent reports 
indicate that the CXCR4-specific PET tracer 68Ga-pen-
tixafor demonstrates tremendous potential in identifying 
functional adrenal cortical adenomas. 68Ga-pentixafor 
PET/CT, with an SUVmax > 8.6, offers a 100% accuracy 
rate in distinguishing patients’ functional cortisol adeno-
mas from adrenal hyperplasia and non-functional adrenal 
adenomas [21]. This method effectively identifies high-
endocrine adrenal lesions, especially smaller lesions that 
are difficult to detect and distinguish on conventional 
CT imaging, guiding precise lesion resection. For multi-
ple adrenal lesions, it can determine the dominant side 
with endocrine function, guiding the surgical decision of 
patients with multiple adrenal lesions. After tumor resec-
tion, it can also serve as a method to judge the efficacy 
of surgical treatment. In our case, since our unit did not 
have the conditions to perform 68Ga-pentixafor PET/CT 
at the time of diagnosis, this examination was not per-
formed before surgery. Three months after the operation, 
a follow-up 68Ga-pentixafor PET/CT was performed, 
and no lesions with high focal uptake were found. At this 
time, the patient did not have a recurrence of CS, con-
firming that the cortisol tumor in the patient’s body had 
been completely removed. In addition, 68Ga-pentixafor 
PET/CT can be used to inspect aldosterone-producing 
tissues. Some studies have shown that the sensitivity of 
68Ga-pentixafor PET/CT in detecting aldosterone adeno-
mas can reach between 88 and 100%, with a specificity 
ranging from 78.6 to 92% [21].

The impact of hypercortisolism on the gonads
In our case, the patient had persistent symptoms of hypo-
gonadotropic hypogonadism, primary amenorrhea, and 
ovarian dysplasia before surgery. After surgical removal 
of the cortisoloma to relieve the hypercortisolemia state, 
the GnRH excitation test could be excited, indicating 

partial but low recovery of gonadism, considering that 
the low LH and FSH levels in the patient in the past may 
be related to the inhibition of GnRH secretion from the 
hypothalamus by high cortisol levels since childhood. 
After all, in most children, the onset of CS is insidious. 
Metabolic conditions like hyperglycemia and hyperten-
sion may go unnoticed in the absence of overt CS symp-
toms and signs. Reports have shown that the average 
duration of symptoms before the diagnosis of pediatric 
CS ranges from 1.7 to 2.5 years [22]. Excess cortisol can 
impact gonadal hormones through various mechanisms, 
such as reducing the release of hypothalamic GnRH and 
pituitary LH. It can also decrease the gonadal response 
to LH and the concentration of LH receptors. In rhesus 
monkeys, supraphysiological doses of prednisolone sup-
press the secretion of gonadotropins, but this suppres-
sion is almost entirely reversed by intermittent GnRH 
infusion, indicating that cortisol can suppress GnRH 
secretion [23]. Under certain conditions, high levels of 
glucocorticoids produced via the HPA axis result in a 
reduction in the synthesis and release of gonadal hor-
mones, inhibiting follicular development and ovulation 
in female animals [24]. Studies have shown that when 
glucocorticoid levels exceed normal levels, they act 
through glucocorticoid receptors to downregulate LH 
receptor expression in the ovaries [24]. Both women with 
Cushing’s disease and those undergoing long-term sup-
raphysiological glucocorticoid treatment have a reduced 
LH response to GnRH, suggesting that glucocorticoids 
also suppress pituitary gonadotropin’s response to hypo-
thalamic input [23].

Ectopic CS in children accounts for less than 1% of 
CS and is 80 times less frequent than Cushing’s disease 
[25]. Continuous hypercortisolemia will gradually affect 
the function and development of the gonads and related 
organs. In our case, the most evident symptoms were 
amenorrhea and underdeveloped uterus. Amenorrhea 
is one of the primary symptoms of pediatric CS. A ret-
rospective study analyzed 59 children and adolescents 
with endogenous CS of various causes; 78% presented 
with primary/secondary amenorrhea, 38% with preco-
cious puberty, and 3% with delayed puberty [26]. Ele-
vated cortisol levels suppress estrogen’s effects on the 
uterus. Studies have shown that hypercortisolism sig-
nificantly inhibits uterine growth stimulated by estro-
gen. Firstly, cortisol might suppress uterine growth by 
inhibiting estrogen’s direct pro-growth effects on the 
genome. Secondly, cortisol might suppress the secretion 
of estrogen-dependent growth factors or induce uter-
ine cell resistance to these growth factors. It might also 
be achieved by reducing the concentration of estrogen 
receptors [27]. In one series of 45 women with Cush-
ing’s disease, 33% presented with amenorrhea, which was 
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associated with higher serum cortisol levels and lower 
estradiol and sex hormone-binding globulin levels [28]. 
Although some cases in this study had elevated andro-
gen levels, amenorrhea was not related to serum andro-
gen levels. Therefore, amenorrhea in Cushing’s disease is 
more likely mediated by cortisol-suppressing GnRH than 
by hyperandrogenism.

In our case, three months after the surgery to remove 
the ectopic cortisol adenoma and after the hypercorti-
solemia state, a follow-up revealed some recovery of the 
gonadal axis. The patient had urgent fertility needs and 
relatively deficient ovaries. We subsequently gave GnRH 
pulse therapy, and the gonads gradually recovered and 
menstruation gradually appeared regularly.

Conclusion
Ectopic adrenocortical adenomas are a rare condition, 
with only 31 cases reported to date. The majority of these 
cases were identified through the detection of ectopic 
masses via CT or MRI, followed by surgical resection 
and subsequent histopathological examination confirm-
ing the diagnosis of ectopic adrenocortical adenomas. 
Functional localization diagnostics were conducted in 
only a few cases. Due to the insidious nature of the symp-
toms in the early stages of the disease, which can eas-
ily be overlooked, a delay in detection may significantly 
impact the patient’s reproductive function. Therefore, it 
is imperative to perform functional localization tests for 
early diagnosis, and postoperative assessment of gonadal 
function is crucial to facilitate appropriate interventions 
to promote the restoration of gonadal function.
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