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The importance of adrenal venous sampling in ACTH-independent
Cushing syndrome: A case report and literature review
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Abstract. Independent Cushing's adrenocorticotropic
hormone (ACTH) syndrome can have several causes, including
adrenal carcinoma or simple adrenal hyperplasia. Although
the distinction between malignant and benign can be effec-
tively made through imaging investigations, in the situation
where there are bilateral formations, their hormonal activity
is impossible to appreciate via non-invasive techniques. The
present study includes the presentation of a clinical case on
the basis of which a literature review was made. The clinical
case pertains to a 32-year-old patient with ACTH-independent
Cushing's syndrome and bilateral adrenal tumor formations
leading to the utility of adrenal venous sampling to avoid
bilateral adrenalectomy. A literature review was subsequently
conducted focusing on articles pertaining to the PICO criteria
in order to describe: The diagnosis of adrenal tumor masses,
the decision on the type of surgery and most importantly,
the impact of adrenal venous sampling in avoiding surgical
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resection. These interventions severely limit the patients'
quality of life.

Introduction

Cushing's syndrome (CS) is considered a rare and chal-
lenging disorder (1,2). It can be classified by the level of
adrenocorticotropic hormone (ACTH) in two major subtypes:
ACTH-independent with autonomous production of corticoid
hormones, and ACTH-dependent with peripheral hyper-
production of corticoid hormones which is dictated by the
pituitary gland through hypersecretion of ACTH (3). It is
highly important to exclude exogenous causes, more specifi-
cally the administration of steroid hormones. There are three
major situations which lead to CS: Adrenal adenomas, adrenal
carcinomas, and adrenal hyperplasia, excluding a pituitary
origin of the syndrome (4,5).

In all these situations, the standard treatment is surgical
resection of the adenomatous gland when there is unilateral
involvement or bilateral suprarenalectomy, when both glands
have functional active adenomas (6). Bilateral adrenalectomy
is associated with a decrease in the patient's quality of life,
requiring mineralocorticoid and glucocorticoid replacement
therapy. Therefore, effective investigations are crucial to
diagnose preoperatively the origin of hyperproduction of the
adrenal gland. The computed tomography scan can identify
bilateral adrenal adenomas, with three possible scenarios:
Hyperproductive bilateral cortisol tumors, adrenal macronod-
ular hyperplasia or hyperproductive unilateral cortisol tumor,
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and a non-functional contralateral tumor (6). In the case that
primary hyperaldosteronism adenoma is suspected, adrenal
scintigraphy is considered a safe and effective diagnostic
solution (7).

Currently, the gold standard diagnostic tool for patients
with bilateral adrenal adenoma and ACTH-independent CS is
bilateral adrenal venous sampling and the dosage of cortisol
levels. Value comparison provides definitive results in 99.9%
of cases (8). This diagnostic procedure is an invasive one
that involves a number of risks for the patient and limitations
for the physician. The method is based on left adrenal vein
cannulation which is difficult intervention due to the fact that
the vein is often narrow with a sinuous route being difficult to
locate.

Research methods

This paper exemplifies the importance of this diagnostic
procedure through a clinical case described in the next para-
graph. To perform a pertinent review of the literature on the
described topic, successive searches were obtained from the
PubMed database between 1 January, 1995 and 1 October,
2020 using the keywords: ‘Adrenal vein sampling’ AND
‘adrenal mass imaging” AND ‘ACTH non-dependent Cushing
syndrome’. The search was refined for original articles and
rare clinical cases written only in English. A total of 43 articles
were identified. After manual selection that met the PICO
criteria, 13 articles were eliminated as such: Incomplete data
(4 articles), 7 articles did not have the full text available and
2 articles did not incorporate a study on bilateral suprarenal
adenomas and as such were not introduced in the analysis.
A total of 30 articles were selected and 22 were selected for
discussion, which will be described in detail subsequently in
the study.

The study was conducted according to the World Medical
Association Declaration of Helsinki, using a protocol approved
by the local Bioethics Committee from ‘Prof. Dr. Agrippa
Ionescu’ Clinical Emergency Hospital (Bucharest, Romania).
The patient previously signed informed written consent about
hospitalization, treatment and a future publication of data.

Case presentation

This is the case of a 32-year-old female patient who presented
to the hospital for progressive weight gain over the previous
6 months. The clinical examination identified an abdominal
distribution of adipose tissue, cutaneous fragility, stretch
marks on the abdomen and lower limbs, hirsutism, and oligo-
menorrhea.

Common laboratory tests confirmed the presence of
leukocytosis with neutrophilia and hypoglycemia (unusual),
hypercholesterolemia and D-vitamin insufficiency, which are
characteristic (9).

The hormonal profile was obtained: Blood cortisol values,
23.05 ug/dl (6.7-22.6); cortisol values at 24:00 h,4.56 ug/dl. The
circadian rate of cortisol hormone secretion was maintained.
ACTH value was 1.21 pg/ml and urinary free cortisol (UFC)
value was 1,448 nmol/24 h [52.48 ug/dl]. The values obtained
after the 1 mg overnight dexamethasone test were: Cortisol,
10.47 pug/dl [288.9 nmol/l]; follicle-stimulating hormone

(FSH), 5.72 mUI/ml; luteinizing hormone (LH), 6.04 mUI/ml;
estradiol, 28.6 pg/ml and prolactin (PRL), 13.16 ng/ml, indi-
cating intact hypophyseal ovarian axis. Osteopenia was also
confirmed.

After the 24-h blood pressure monitoring was performed,
the presence of a dipper profile was confirmed: The average
diurnal value was 126/80 mmHg and nocturnal value of
100/71 mmHg.

A glucose tolerance test was performed which revealed
glycemia value of 75 mg/dl at 2 h. Echocardiography excluded
the presence of atrial myxoma or other cardiovascular
abnormalities.

The abdominal contrast-enhanced computed tomography
scan showed nodular lesions in the adrenal glands-7 mm on the
right and 37 mm on the left which were probably adenoids with
low lipid substrate (32 HU-Hounsfield unit densities) (Fig. 1).

Subsequent head magnetic resonance imaging showed the
hypophysis with low 3-4 mm hypocaptant areas in the right
and left adenohypophysis with non-homogeneous loading with
intravenous contrast (possibly suggesting microadenomas).

The diagnosis of an ACTH-independent CS was confirmed
due to adrenal adenomas.

In order to accurately identify the hyperproductive
adenoma for surgical resection, supra-selective hormone
dosage from both of the suprarenal veins was obtained and the
lateralization index was calculated. Firstly, the right femoral
vein was used as an entry point, after that the right suprarenal
vein was catheterized followed by the left suprarenal vein and
blood samples for hormone dosage were obtained (Fig. 2).

The following cortisol values were confirmed: Right
adrenal vein, 5.91 pug/dl and left adrenal vein, >60 pg/dl. These
values confirmed the ACTH-independent CS due to a left
adrenal adenoma. Surgery was decided and a left laparoscopic
adrenalectomy was performed in January, 2018 (Table I).

The 1-year follow-up was favorable. The patient was
started on supplements with vitamin D and the osteoporosis
was recovered completely.

Current diagnostic criteria and surgical treatment options

The use of high-resolution imaging has led to an increased
rate of incidental detection of unilateral adrenal masses,
which most commonly are benign non-functioning adrenal
adenomas. Patients with bilateral adrenal masses are rarely
encountered. Patients with bilateral adrenal tumors can present
different clinical manifestations ranging from asymptomatic
to multi-organ dysfunctions (10).

In the patient with ACTH-independent Cushing's
syndrome, CT examination is the initial imaging procedure
with first intention. Abdominal MRI should be conducted
when there is ambiguity as it is not cost-effective. A retrospec-
tive study that included 99 patients (48 women and 51 men)
reported the imaging characteristics of their 122 adrenal
masses (10). Patients were either operated on to obtain a
tissue sample from the tumors or were enrolled in a follow-up
program with regular CT evaluations (10). CT scan images
were recorded from all the patients, both native (without
intravenous contrast substance) and after administration of
120 ml of intravenous contrast substance (10). Subsequently,
the images were analyzed after mean attenuation, calculating
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Figure 1. Abominal CT with IV contrast: Similar nodular lesions in both of the adrenal glands were identified.

Figure 2. Radiologic aspect during catheterization of the suprarenal veins.

Table I. Postoperative cortisol values.

Date Cortisol (133-537 nmol/l)
02.2018 8 nmol/1=0.28 pg/dl
02.2018 106.3 nmol/1=3.85 ug/dl
03.2018 141.7 nmol/1=5.13 pug/dl
03.2018 148.4 nmol/1=5.37 pug/dl
04.2018 272.2 nmol/1=9.86 ug/dl

05.2018 Stop Prednisone 360 nmol/1=13.04 ug/dl

relative percentage washout (RPW) and absolute percentage
washout (APW) (10).

The specificity and sensitivity of identifying malignant
tumors with these criteria were 98 and 100%, respectively. The
attenuation of 43 HU was used as the threshold to distinguish
benign from malignant lesions. Thus, the surgical approach
must be guided by imaging suspicion (10).

Adrenal hyperplasia is a common cause of this disease (11).
This is followed by infection, metastasis or lymphoma, while
bilateral tumors usually evolve as pheochromocytomas (12,13).
Tian et al highlighted the etiologies of bilateral adrenal lesions
in a study performed on 260 patients. Authors of that study
showed that bilateral adrenal hyperplasia was identified in

75 cases, followed in frequency by bilateral adrenal adenomas,
metastatic carcinoma, discordant bilateral adrenal lesions,
bilateral pheochromocytomas, among others. A mere
5 patients were diagnosed with CS which consisted of only 2%
of all cases (12). Zhou et al described in their study 18 patients
with bilateral adrenal masses from 565 patients with adrenal
tumors. Of the 18 patients, only 1 patient presented CS (14).

The therapeutic management of patients with bilateral
adrenal masses and CS is challenging for the endocrinolo-
gist, but also for the general surgeon. Surgical excision of the
adrenal glands must be avoided in the absence of a certain
diagnosis. Macronodular bilateral adrenal hyperplasia in a
patient with ACTH-independent Cushing syndrome is one of
the rarest causes of cortisol hyperproduction (5).

When a patient is diagnosed with bilateral adrenal
masses, it is crucial to determine whether both have hormonal
activity. High-resolution imaging does not bring important
data regarding the differentiation between a hyper-functional
adenoma and a non-functional one. Direct hormonal dosing
from the adrenal vein has been reported as an effective way
to differentiate these tumor masses in ACTH-independent
Cushing syndrome (15).

Less than 2% of all cases of hypercorticism exist in the
form of two concomitant adrenal mass tumors, therefore the
possibility that only one of the tumors was responsible for
the Cushing syndrome was high in our patient (16).
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However, improvements have been made and The Society
of Endocrinology recommends ultra-selective hormone
dosage of blood obtained directly from both the adrenal
veins as a standard diagnostic technique when such cases
are encountered (5). However, few studies have described the
utility and effectiveness of this technique. The vast majority of
published articles on this subject are case studies, while major
prospective randomized trials are lacking.

However, Funder et al demonstrated the effectiveness of
this diagnostic technique, using a relatively small batch of
only 10 patients. Their study made a reference to the threshold
values for cortisol dosage. Thus the ratio between cortisol
values from the adrenal vein (AV) and peripheral vein (PV)
>6.5 is highly suggestive of a hyperproductive adenoma,
whereas a ratio value <3.3 is consistent with the presence of a
non-functional nodule. Regarding the percentage of lateraliza-
tion, those authors identified that the presence of a gradient
>2.3 suggests the presence of a unilateral hyperfunctional
tumor while the presence of a gradient <2 raises the suspicion
of hyperproductive bilateral nodules (16).

The results of this groundbreaking study have recently
been questioned by Acharya et al (17) who, using criteria
of Funder et al (16), failed to confirm the lateralization of
adrenal adenomas, probably due to patient selection criteria
as mentioned in the study (17). Instead, the group focused
on the morphology identified at the computer tomography
scan, and surgically excised accordingly the larger suprarenal
multinodular gland, thus avoiding a life-altering bilateral
suprarenalectomy. The final results were satisfactory. Identical
results were obtained and discussed by Iacobone et al (18) and
Debillon et al (19). From our point of view, long-term confir-
mation of the effectiveness of this method is required; however,
the authors from the aforementioned studies did not report a
proper follow-up. Additionally, it is imperative to study the
improvement of the quality of life of the patients (20).

The contraindications of this procedure are coagulation
disorders (21), blood hypertension, contrast substance allergy,
pregnancy and kidney failure (22). The association between
Cushing's syndrome and chronic kidney disease (CKD) is
known and accepted by researchers (23), and is presented in
many studies. The presence of blood hypertension leads to
hypertensive nephrophathy (24,25).

Unilateral adrenal venous sampling has been employed by
multiple endocrinology societies as the optimal diagnostic tool
when bilateral adenomas are encountered and associated with
an ACTH-independent CS (16,26).

Scintigraphy has a limited usage as frequently both of
the adenomas capture the tracer and the clinician cannot
distinguish which of them needs resecting (27).

In our case, the resection was performed by a multidis-
ciplinary team, which encompassed a general and vascular
surgeon. Postoperatively, the parietal wounds after laparos-
copy were treated with a gel with polyhexanidine, due to its
antiseptic properties (28).

Although the adrenal venous sampling technique is reserved
for diagnosis it is nonetheless an invasive procedure. Thus,
attention needs to be paid to the possible immediate complica-
tions and the medical staff should be prepared if they arise (29).

Complications may be severe, so it is highly important to
have a vascular surgery department in the center where the

investigation is performed. The complications encountered
when this procedure is performed include hemorrhage with
retroperitoneal hematoma, adrenal infarction and hematoma
at the puncture site (30,31).

The risk of rupturing the adrenal vein during this procedure
is <1% (32).

In conclusion, when bilateral adrenal tumors are encoun-
tered a differential diagnosis is difficult to obtain. In the case
of an associated ACTH-independent Cushing syndrome, scin-
tigraphy has a limited utility. Hormone dosage from venous
blood of both adrenal veins is a key step in confirming the
presence of a lateral secretion of cortisol. Due to the rarity of
this pathology, it would be necessary to have an international
database in order to obtain data with the statistical value that
would allow optimization of the therapeutic management of
these patients. In our case, the intervention was performed
by a multidisciplinary team, general and vascular surgeons.
Postoperatively, the parietal wounds after laparoscopy were
treated with a gel with polyhexanidine, due to its antiseptic
properties. Although this technique is reserved for diagnosis it
is nonetheless an invasive procedure, and attention should be
paid to the possible immediate complications and the medical
staff should be prepared if they arise.
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