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Aim: Hypercortisolism is characterized by metabolic disorders and high mortality rates. 
Adrenalectomy and medical therapies are considered major treatment options. However, 
some patients, especially young patients, are strongly against undergoing surgery in case 
of secondary hypocortisolism or relapses that require replacement supplements or pharma-
cological interventions. In such cases, alternative therapies are needed to treat 
hypercortisolism.
Methods: We report a 27-year-old Chinese female with adrenal cortisol-producing ade-
noma. The patient’s circadian rhythm and concentrations of cortisol were abnormal, accom-
panying with an increased 24-hour urinary cortisol level. Computed tomography (CT) 
revealed a nodular soft-tissue mass in the right adrenal gland.
Results: Cortisol hypersecretion from the right adrenal gland was verified by adrenal venous 
sampling (AVS). Adrenal artery ablation was performed. After ablation, long-term follow-up 
showed that the patient’s symptoms subsided and abnormal laboratory test results returned to 
normal without pharmacological treatment.
Conclusion: AVS might be a promising method to aid the diagnosis of cortisol-producing 
adenoma. Adrenal artery ablation is minimally invasive and may be useful for the treatment 
of adrenal adenoma or nodular diseases, especially in patients who cannot undergo surgery.
Keywords: adrenal cortisol adenoma, adrenal artery ablation, adrenal venous sampling, 
Cushing’s syndrome

Introduction
Hypercortisolism, also called Cushing’s syndrome (CS), is characterized by central 
obesity, hypertension, muscle weakness, secondary diabetes, and osteoporosis. Even 
with advances in medical technology, the mortality rate of patients with CS is still 
1.7–4.8-times higher than that of the healthy population.1,2 Therefore, early diagnosis 
and treatment, including restoration of cortisol concentrations and successful treatment 
of hypercortisolism-associated complications, should be emphasized.

As suggested by the Endocrine Society’s Clinical Practice Guidelines,3 the 
treatment of CS varies by etiology. Initial resection is recommended as a first-line 
option for adrenal gland-derived hypercortisolism. In addition, multidisciplinary 
teams of endocrinologists, hypertension experts, and urologists, are necessary to 
provide individualized treatment strategies to patients.

At present, remission and recurrence rates are still unsatisfactory. In patients 
with primary aldosteronism (PA), adrenal venous sampling (AVS) is a precise and 
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safe method that can be used to diagnose PA and identify 
appropriate treatment options; however, AVS is hardly 
used in the context of cortisol-producing adenoma.

Artery ablation is widely adopted in patients with pri-
mary and metastatic carcinoma.4 We have successfully 
treated a number of patients with primary aldosteronism 
using catheter-based adrenal artery ablation. Herein, we 
report a case of adrenal artery ablation to treat unilateral 
adrenal cortisol-producing adenoma and the associated 
follow-up observations. Publication of case details was 
approved by the Ethics Committee of the Daping 
Hospital, Army Medical University.

Methods and Results
Medical History and Biochemical 
Examination
A 27-year-old Chinese female was admitted to hospital 
after experiencing hypertension for almost two years. The 
patient’s blood pressure increased up to 150/100 mmHg 
during pregnancy. The patient did not experience head-
ache, chest pain, nausea, abdominal pain, hyperhidrosis, or 
emaciation. She had no history of alcohol or drug abuse 
and had never used steroids. The patient had no family 
history of hypertension or endocrine disease. The patient 
was prescribed nifedipine sustained-release tablets; how-
ever, medication was discontinued soon after it was pre-
scribed. After discontinuing medication, the patient did not 
monitor her blood pressure.

In November 2018, the patient experienced dizziness 
for no obvious reason and was admitted to the local 
hospital. Upon admission, the patient’s blood pressure 
was 157/99 mmHg and abdominal ultrasound revealed 
bilateral adrenal gland enlargement. Therefore, she was 
admitted to our hospital for further examination. On 
admission, the patient’s blood pressure, body mass index 
(BMI), and waist circumference were 164/107 mmHg, 
27.1 kg/m2, and 93 cm, respectively. The patient also 
presented with typical Cushingoid features, such as 
a flushed and moon face, purple striae, and plethora. 
Nevertheless, there were no signs of edema in the lower 
extremities or unusual bruits in the abdominal aorta.

Results of the patient’s biochemical examination are 
shown in Table 1. Serum potassium and 24-hour urinary 
potassium concentrations were normal. However, circadian 
rhythm and concentrations of cortisol and adrenocorticotro-
pic hormone (ACTH) were abnormal, concomitant with an 
elevated 24-hour urinary free cortisol concentration 

(>1693.93 nmol/24 h, reference range: 160–1112 nmol/24 
h). The patient was administered dexamethasone (1 mg) at 
midnight and the serum cortisol concentration was assayed 
before and after performing the suppression test; however, 
cortisol secretion was not suppressed (before: 798.8 nmol/l; 
after: 848.55 nmol/l). To exclude the possibility of multiple 
endocrine neoplasia (MEN), magnetic resonance imaging 
was performed, which showed no abnormalities. 
Furthermore, adrenal contrast-enhanced CT revealed 
a nodular soft-tissue low-density mass in the right adrenal 
gland (31 × 23 mm; Figure 1). Attenuation values were 30, 
53, 77, and 62 HU during the plain scan phase, the arterial 
phase, the venous phase, and the delayed phase, respectively. 
Based on these results, AVS was performed. The concentra-
tions of cortisol and aldosterone were measured from the 
right adrenal vein (RAV), left adrenal vein (LAV), and infer-
ior vena cava (IVC; Table 2). Samples were collected twice 
and the mean values were calculated. The selectivity index 
(SI) was calculated for aldosterone, and successful catheter-
ization was defined as an adrenal-to-peripheral venous aldos-
terone ratio of >2.5 The SI values were 13.29 (RAV:IVC) and 
23.86 (LAV:IVC), respectively, which suggested successful 
sampling. In addition, lateralization index (LI) values were 
36.9 (RAV:LAV) and 0.03 (LAV:RAV), which indicated 
unilateral hypersecretion of cortisol from the right adrenal 
gland. Based on the aforementioned results, the patient was 
diagnosed with right-sided adrenal gland cortisol-producing 
adenoma.

Adrenal Artery Ablation
Initial resection is recommended as the first-line option to 
treat adrenal adenoma.3 The patient described in this report 
was strongly against surgical resection as she was con-
cerned about postoperative complications, such as second-
ary hypocortisolism and life-long replacement. Hence, with 
the patient’s consent, adrenal artery ablation was performed 
as described previously6,7 with minor modifications.

After application of local anesthesia at the right radial 
artery, an introducer sheath was inserted. A multifunctional 
catheter was positioned and contrast agent was injected at the 
level of the first lumbar vertebrae in preparation for digital 
subtraction angiography. Microcatheters were inserted into 
the inferior branch of the right adrenal artery. The adenoma 
was identified and approximately 1.0 mL of anhydrous etha-
nol was injected through the microcatheter. Digital subtrac-
tion angiography revealed retention of contrast agent in the 
inferior branch; therefore, the suprarenal and middle 
branches were super-selected and 0.75, 1.0 mL of anhydrous 
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ethanol was injected, respectively. During ablation, blood 
pressure monitoring and electrocardiography were per-
formed, and symptoms of discomfort were closely moni-
tored. A sodium nitroprusside micropump was used to 
control the increase in blood pressure and pulse rate. After 
ablation, serum cortisol decreased to 315.1 nmol/L. The 
patient was treated with amlodipine besylate tablets and 
metoprolol succinate sustained-release tablets.

Post-Ablation Follow Up
One month after ablation, the patient’s BMI decreased to 
26.2 kg/m2 and 24-hour ambulatory blood pressure was 
normal without any medication. The serum cortisol concen-
tration and 24-hour urinary free cortisol were 304 nmol/l 
and 78.49 nmol/24 h, respectively. The aldosterone-to-renin 
ratio (ARR), fasting blood glucose (FBG) concentration, 

kidney function, and serum electrolyte concentrations were 
normal (Table 1).

Nine months after ablation, BMI, blood pressure, and 
pulse rate were normal. The circadian rhythm of cortisol 
and ACTH secretion and the 24-hour urinary free cortisol 
concentration were normal. In addition, the ARR, FBG, 
kidney function, and serum electrolytes were within refer-
ence ranges (Table 1). Adrenal non-contrast-enhanced CT 
suggested a decrease in the volume of the cortisol- 
producing adenoma (24 × 20 mm; Figure 2). In addition, 
the CT attenuation value declined to 17.5 HU.

Discussion
The present paper presents a case of successful remission 
in a patient with AVS-confirmed right-sided cortisol- 
producing adenoma after adrenal artery ablation. Adrenal 

Table 1 Biochemistry Examinations

Upon Admission 1 Month 9 Months Reference Values

Weight (kg) 61 59 43 /
BMI (kg/m2) 27.1 26.2 19 <24

WC (cm) 93 91 63 <85 (female); 

<90 (male)
Office-based BP (mmHg) 143/91 119/85 110/66 120/80

Home-based BP (mmHg) 135/85 120/85 105/65 120/80

24-h ambulatory BP (mmHg) 138/95 106/73 100/68 130/80
FBG (mmol/L) 6.0 4.51 4.14 3.6–6.1

K+ (mmol/L) 4.13 4.09 4.01 3.5–5.3
Na+ (mmol/L) 140.9 144.9 142.4 137–147

Cl− (mmol/L) 105.6 108.9 113.7 99–110

Cr (µmol/L) 60.2 46 81 41–73
Urea (mmol/L) 4.76 3.39 4.9 2.6–7.5

UA (µmol/L) 397 332 210 155–367

TC (mmol/L) 6.42 3.38 4.58 3.10–5.72
TG (mmol/L) 2.4 1.59 1.19 0.3–1.7

LDL-C (mmol/L) 4.19 2.58 2.42 1.55–3.12

HDL-C (mmol/L) 1.27 0.96 1.44 1.29–1.55
8:00 ACTH (pg/mL) 6.03 / 39.64 5.08–32.86

16:00 ACTH (pg/mL) 10.05 / 15.65 10.7–30.5

24:00 ACTH (pg/mL) 9.42 / 7.99 5–15
8:00 Cor (nmol/l) 798.8 304 588.73 138.2–773.92

16:00 Cor (nmol/l) 790.5 / 315.1 55.28–386.96

24:00 Cor (nmol/l) 674.42 / 259.82 27.64–259.82
24-h urinary Cor (nmol/24 h) >1693.93 78.49 382.13 160–1112

ALD (pg/mL) 132 123 61.2 Upright: 30–400 

Supine: 30–230 
Average: 70–80

Ren (µIU/mL) 26.14 22.74 2.01 Upright: 4.4–46 

Supine: 2.8–40

Abbreviations: BMI, body mass index; WC, waist circumference; BP, blood pressure; FBG, fasting blood glucose; Cr, creatinine; UA, uric acid; TC, total cholesterol; TG, 
triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ACTH, adrenocorticotropic hormone; Cor, cortisol; ALD, aldoster-
one; Ren, renin.
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adenoma accounts for the majority of cases of ACTH- 
independent CS. Biochemistry examinations concerning 
cortisol secretion and its circadian rhythm, as well as 
imaging examinations are useful diagnostic tools for 
patients with adrenal adenoma. However, imaging exam-
inations to localize lesions are not always consistent with 
pathological changes, which might lead to inappropriate 
treatment. For example, out of 20 patients diagnosed with 
unilateral adrenal tumors by CT, 9 had bilateral cortical 
secretion, which was identified by AVS.8 Cholesterol scin-
tigraphy, which was previously regarded as the gold stan-
dard for adrenal cortical evaluation,9 is not widely used 
nowadays because of its high cost and limited use of 
imaging agents. Therefore, AVS, which is used for the 
diagnosis and subtype confirmation of hyperaldosteronism, 
might be a useful diagnostic tool.5,8,10,11 However, unlike 
PA,10 the concentration of cortisol in adrenal adenoma is 
increased. Therefore, adrenal-to-peripheral venous cortisol 
concentrations cannot be used to confirm a correct catheter 
position. Both adrenaline and noradrenaline can be mea-
sured to confirm successful adrenal vein catheterization.12 

However, the use of catecholamines has been questioned 
due to short-life, unacceptably wide side-to-side differ-
ences, and marked inter-individual variation.13,14 In addi-
tion, catecholamines are secreted from the adrenal medulla 
and may not accurately reflect venous drainage from the 

adrenal cortex.5 Therefore, the AV:IVC aldosterone ratio 
could be used to confirm catheterization after excluding 
aldosterone overproduction.15 Consistent with the SI used 
in PA, successful catheterization is also based on an adre-
nal-to-peripheral vein ratio of aldosterone of >2.5,16 In 
addition, cortisol concentrations corrected by aldosterone 
could diminish asymmetric dilution of different adrenal 
veins.17 As suggested by the Endocrine Society’s Clinical 
Practice Guidelines,3 treatment for CS varies according to 
the etiology and patients’ individual conditions. For adre-
nal adenomas, unilateral adrenalectomy through transper-
itoneal or retroperitoneal laparoscopy performed by 
experienced adrenal surgeons is curative and is therefore 
recommended as a first-line treatment.3,18 However, 
intraoperative or postoperative complications may occur, 
such as the requirement for blood transfusion or organ and 
tissue injury, especially in older patients, patients with an 
increased American Society of Anesthesiologists score, 
and patients with diabetes.19,20 In addition, secondary 
hypocortisolism might occur, and life-long replacement 
therapy may be inevitable.21 For patients who cannot 
undergo resection, medications, such as steroidogenesis 
inhibitors and mifepristone, are recommended.

The patient in this study was strongly against surgical 
treatment; therefore, we performed adrenal artery ablation 
using anhydrous ethanol with the aim of removing the corti-
sol-producing adenoma. After ablation, the cortisol concen-
tration returned to normal. Although the volume of the 
cortisol-producing adenoma decreased slightly, circadian 
rhythm and concentration of cortisol concentration were 
normal and there were no abnormal signs or symptoms, 
even without any pharmacological treatment, which suggests 
that the cortisol-producing adenoma was non-functional.

The decreased CT attenuation value after adrenal artery 
ablation suggested cortisol adenoma necrosis, as microvessel 

Figure 1 Adrenal contrast-enhanced computed tomography at the patient’s first hospital visit. Arrow indicates adrenal adenoma.

Table 2 Adrenal Venous Sampling

RAV LAV IVC

Cor (nmol/l) 22,493.43 1091.78 928.7

ALD (pg/mL) 448 804 33.7
Standard Cor (%) 5020.85 135.79 2755.78

Abbreviations: Cor, cortisol; ALD, aldosterone; RAV, right adrenal vein; LAV, left 
adrenal vein; IVC, inferior vena cava.
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density that determines the attenuation value,22 could be 
reduced by ethanol. There are also several reports that 
describe successful ablation with various agents in the treat-
ment of different types of adrenal mass.23–25 During ablation, 
the feeding arteries are super-selected, which could minimize 
the risk of secondary hypocortisolism. Nevertheless, hypo-
cortisolism might occur because of long-term suppression of 
the hypothalamic–pituitary–adrenal axis. Therefore, in line 
with initial resection, replacement treatment should not be 
neglected postoperatively and regular follow-up visits are 
necessary.

Adrenal artery embolization is performed to manage 
adrenal tumors, acute bleeding from ruptured adrenal tumors, 
traumatic adrenal injury, and aneurysms.6 Ablation is also an 
interventional therapy used to target feeding blood vessels; 
however, the principles and detailed surgical procedures are 
different. Embolization is mainly centered on destroying the 
feeding arteries. Nevertheless, ablation might be more effi-
cient than embolization because it targets feeding arteries, 
lesions, and the associated microvasculature.

Compared with laparoscopy, ablation is minimally 
invasive with an incision of <3 mm. Local anesthetic 
with ablation minimizes the risk of anesthesia-related 
complications; however, there are some limitations of 
this approach. For patients with anatomical variations in 
the adrenal branches, ablation may not be appropriate 
because the microcatheter cannot be targeted. Second, if 
there are a greater number of feeding arteries, ablation 
might be incomplete, leading to recurrence. Imaging 
guided interventional therapies using ethanol is widely 
applied in multiple tumors, and direct injection of ethanol 
could result in tissue necrosis through protein denaturation 
and cytoplasmic dehydration. In addition, ethanol ablation 
can be locally available and low-cost, and can treat 

relatively large lesions up to 5 cm in diameter.26,27 

Therefore, despite its limitations, ablation could be useful 
to resolve hypercortisolism in patients who cannot 
undergo surgery.

Conclusion
The present report describes a patient with CS that under-
went adrenal artery ablation based on the results of AVS; 
therefore, AVS may be useful in patients with adrenal- 
derived ACTH-independent CS, such as adenoma and 
nodular hyperplasia. Adrenal artery ablation might be 
a useful alternative in patients who cannot undergo sur-
gery. The safety and effectiveness of adrenal artery abla-
tion in the treatment of hypercortisolism should be further 
explored in studies with large sample sizes with the pos-
sibility of introducing this approach into the clinic as an 
alternative conventional treatment for CS.

Abbreviations
ACTH, adrenocorticotropic hormone; ACS, autonomous 
cortisol secretion; ARR, aldosterone-to-renin ratio; AVS, 
adrenal venous sampling; BMI, body mass index; CT, 
computed tomography; CS, Cushing’s syndrome; FBG, 
fasting blood glucose; IVC, inferior vena cava; LAV, left 
adrenal vein; LI, lateralization index; PA, primary aldos-
teronism; RAV, right adrenal vein; SI, selectivity index.
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