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Adrenal venous sampling (AVS) is the key procedure for lateralization of primary hyperaldosteronism (PA) before surgery. Identification of the adrenal veins using computed tomography (CT) and intraoperative cortisol assay facilitates the success of catheterization. Although administration of adrenocorticotropic hormone (ACTH) has benefits such as improving the success rate, some unilateral cases could be falsely diagnosed as bilateral. Selectivity index of 5 with ACTH stimulation to assess the selectivity of catheterization and lateralization index (LI) >4 with ACTH stimulation for unilateral diagnosis is used in many centers. Co-secretion of cortisol from the tumor potentially affects the lateralization by the LI. Patients aged <35 years with hypokalemia, marked aldosterone
excess, and unilateral adrenal nodule on CT have a higher probability of unilateral disease. Patients with normokalemia, mild aldosterone excess, and no adrenal tumor on CT have a higher probability of bilateral disease. Although no methods have 100% specificity for subtype diagnosis that would allow bypassing AVS, prediction of the subtype should be considered when recommending AVS
to patients. Methodological standardization and strict indication improve diagnostic quality of AVS. Development of non-invasive
imaging and biochemical markers will drive a paradigm shift in the clinical practice of PA.
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INTRODUCTION
Primary hyperaldosteronism (PA) is one of the representative
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cially diagnosis of the unilateral subtype, which is treated by
adrenal surgery, is the final and an important step of PA diagnosis. Adrenal venous sampling (AVS) has been used for over 50
years as the standard method to classify the PA subtype [2].
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Since AVS is highly invasive and requires technical proficiency,
adrenal computed tomography (CT) and adrenal scintigraphy
replaced AVS as the first-choice method in the 1990s. However,
the poor specificity of CT and poor sensitivity of scintigraphy,
compared with the excellent specificity and sensitivity of AVS
for detecting aldosterone-producing adenomas (APAs), have led
to the revival of AVS as the gold standard for PA subtype classification and its recommendation by clinical practice guidelines
[3,4] for over 20 years. Along with the awareness of PA as a
common disease [5] and increased implementation of AVS in
clinical practice, various approaches for technical improvement
and standardization of AVS have been conducted. In this review,
the methodological and clinical issues of AVS are reviewed.

HOW TO IMPROVE THE SUCCESS RATE
OF AVS?
To improve the success rate of AVS, it is important to standardize the protocol at each institution depending on the experience
and available facilities [6]. Identification of adrenal vein anatomy by multi-detector row CT prior to AVS is essential [7]. It is
particularly important to confirm the anatomy of the right adrenal vein, for which AVS has a lower success rate compared with
the left adrenal vein. Although both sequential and simultaneous
catheterization and blood sampling have been adopted, no report has shown any difference in the success rate between the
two approaches. Whether to use the adrenocorticotropic hormone (ACTH) or not has been a matter of debate. Use of ACTH
stimulation is generally recommended because of its benefits of
excluding the effect of stress during the procedure and increasing the number of successful cannulations of both adrenal veins
(see next section) [8].
Catheter insertion into the adrenal vein is confirmed by intraprocedural angiography, with special care not to damage the adrenal veins [9], and interventional 3D imaging (DynaCT) during
AVS [10,11]. Intraprocedural measurement of the cortisol level
in the adrenal veins enables judgment of AVS success [12].
More recently, a point-of-care testing device for semiquantitative measurement of cortisol levels on site has been developed
[10,13]. The combination of imaging and a biochemical approach helps improve the success of AVS.

WHAT IS THE AIM OF ACTH
STIMULATION?
For evaluation of the AVS results, fluctuation of the cortisol lev-
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el should be considered. Cortisol is a stress hormone that is secreted in a pulsatile fashion with diurnal rhythm. Since AVS is
commonly associated with physical/psychological stress, cortisol levels may be significantly increased. This can affect the selectivity index (SI) used to evaluate successful cannulation and
the lateralization index (LI) used for lateralization diagnosis
[14]. Therefore, it is recommended to perform AVS without
ACTH stimulation in the morning after rest and sedation for at
least 15 minutes prior to minimize the effects of stress [9]. To
minimize the effects of stress, AVS with ACTH stimulation is
utilized in more than half of referral centers worldwide [15].
ACTH stimulation overwhelms stress-induced fluctuations in
cortisol and aldosterone secretion, maximizes the cortisol level
gradient between the adrenal veins and inferior vena cava, maximizes aldosterone secretion from APAs overexpressing the
ACTH receptor (melanocortin 2 receptor [MC2R]), and improves the success rate of bilaterally selective catheterization
[8,16,17].
On the other hand, the effects of ACTH stimulation on the diagnosis of lateralization are controversial [18]. Some studies
showed that ACTH stimulation led to correct lateralization diagnosis, whereas others showed opposite results [16,19,20]. The
Endocrine Society guideline neither recommends nor opposes
the use of ACTH [3]. We recently demonstrated that ACTH
stimulation decreased the LI and, in 22% of PA patients,
changed the lateralization to bilateral from unilateral diagnosed
without ACTH stimulation [21]. The patients who showed a
change in the subtype from unilateral to bilateral could be divided into two subgroups. The first comprised the patients
(57%) who showed a poor surgical outcome compared with the
patients with a unilateral diagnosis regardless of ACTH stimulation, suggesting that lateralization by AVS with ACTH stimulation is more predictive of surgical outcome compared with AVS
without ACTH stimulation. The unilateral lateralization by AVS
without ACTH stimulation was assumed to be a false positive
result. In contrast, the second subgroup comprised the patients
(43%) who showed clinical and biochemical benefits after surgery and were diagnosed with adrenal adenomas by pathological analysis. This was the case especially when the LI in the absence of ACTH stimulation was greater than 8.3. The difference
between the two subgroups could be attributed to the expression
level of MC2R in the tumor: APAs with decreased expression
of MC2R show an attenuated response of aldosterone secretion
to ACTH and a decreased LI [22].
The method of ACTH stimulation (dosage, time of blood
sampling, etc.) should be determined in advance [17,20]. If it is
Copyright © 2021 Korean Endocrine Society
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given via bolus, the time between ACTH administration and
blood collection should be 15 to 30 minutes, and additional infusion is needed if blood collection is not completed by 45 to 60
minutes after stimulation. The recommended dose of ACTH is
250 µg for bolus administration or 250 µg over 3 to 5 hours (50
to 83.3 µg/hr) for infusion. AVS with ACTH stimulation is recommended, considering its benefits of abolishing the interfering
effects of stress, improving the rate of bilaterally selective catheterization, and identifying APAs with a good surgical outcome,
particularly in low-volume center. Whether to conduct AVS
with or without ACTH stimulation should be determined in individual patients after considering the cost benefit, burden on
the patient, hospital facilities, and health care framework.

WHAT ARE THE CRITERIA FOR
SUCCESSFUL AVS?
The SI, defined as the ratio of the plasma cortisol concentration
in the adrenal veins to that in the inferior vena cava, is used to
assess the selectivity of adrenal catheterization based on a step
up of the cortisol level between the adrenal vein and inferior
vena cava. A questionnaire study on AVS conducted in 24 centers worldwide revealed that approximately 60% of the centers
used a SI cutoff of 2 without ACTH stimulation and of 3 to 5
with ACTH stimulation, although the cutoff values varied
among the centers [15]. A recent meta-analysis demonstrated
that a SI of 1.1 to 3.0 without ACTH stimulation and 3 to 5 with
ACTH stimulation are commonly used cutoff values [8]. In addition, AVS with ACTH stimulation significantly increased the
number of successful cannulations compared with that without
ACTH stimulation [8]. Although the cannulation success rate

without ACTH stimulation decreased when the SI was increased
from 1.1 to 5.0, that with ACTH stimulation was unchanged
when the SI increased above 2 [16]. In contrast, the success rate
based on a SI ≥1.4 without ACTH stimulation was recently
demonstrated to correspond to that based on a SI ≥5 with
ACTH stimulation [23]. Without ACTH stimulation, accurate
lateralization was attained using a SI cutoff value of 1.1, and no
further improvement was attained at higher cutoff values [24].
With ACTH stimulation, however, a SI ≥5 was needed to
achieve accurate lateralization [25]. Comprehensively, the SI
values of 2 without ACTH stimulation and 5 with ACTH stimulation have shown robustness in many centers and are therefore
recommended.
Autonomous cortisol secretion (ACS) is experienced in approximately 30% of patients with APAs [26,27], which could
affect SI. Several steroid metabolites and metanephrines are potential alternative markers verifying the success of adrenal vein
cannulation [28,29]. However, a recent report suggested that an
increased plasma cortisol level does not affect the SI under
ACTH stimulation in PA patients with subclinical Cushing’s
syndrome [30]. Thus, the SI may be adopted even in patients
with cortisol-co-secreting APAs.

WHAT ARE THE CRITERIA FOR
LATERALIZATION?
Determining the laterality of excess aldosterone secretion is the
goal of AVS [3]. Several criteria have been advocated (Table 1).
The LI is defined as the aldosterone to cortisol concentration ratio (A/C) of the dominant side divided by that of the non-dominant side of the adrenal vein. A LI >4 with ACTH stimulation is

Table 1. Definition and Clinical Utility of the Lateralization Criteria
Criteria

Definition

Cutoff value

Clinical significance

Lateralization index (LI)

(PACDOM/PCCDOM)/
(PACNONDOM/PCCNONDOM)

>4 (>2 )

Aldosterone secretion is significantly increased from
dominant side compared with non-dominant side
[3,9,14,30].

Contralateral aldosterone
suppression ratio (CR)

(PACNONDOM/PCCNONDOM)/
(PACIVC or PV/PCCIVC or PV)

<1

Aldosterone secretion is significantly suppressed from
non-dominant side compared with IVC or PV
[3,30,32,35].

AV/IVC ratio

(PACAV/PCCAV)/
(PACIVC or PV/PCCIVC or PV)

Aldosterone secretion from ipsilateral side is significantly
>5.5 (ipsilateral unilateral)
<0.5 (contralateral unilateral) increased or that from contralateral side is suppressed
[40,42].

a

PAC, plasma aldosterone concentration; DOM, dominant side of the adrenal vein; PCC, plasma cortisol concentration; NONDOM, non-dominant side of
the adrenal vein; IVC, inferior vena cava; PV, peripheral vein; AV, adrenal vein.
a
Value without adrenocorticotropic hormone stimulation.
Copyright © 2021 Korean Endocrine Society
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the most widely accepted criterion for unilateral diagnosis. In
the Primary Aldosteronism Surgical Outcome (PASO) study,
which verified the prognosis of unilateral PA and proposed an
international consensus, the LI >4 with ACTH stimulation was
accepted as an indication for unilateral adrenalectomy [31]. The
validity of the LI >4 with ACTH stimulation was verified extensively in adrenalectomized cases and demonstrated as an independent predictor of a biochemical cure and postoperative
outcome at 6 months after unilateral adrenalectomy, even in
older patients [32]. On the contrary, a LI <4 with ACTH stimulation [33] has been demonstrated to substantially overlap with
essential hypertension [34].
The contralateral aldosterone suppression ratio (CLR), which
is defined as the ratio of the aldosterone to cortisol concentrations in the non-dominant adrenal vein divided by that in the inferior vena cava or peripheral vein after ACTH stimulation, is
also employed to define unilateral PA [3,33]. A CLR <1 with
ACTH stimulation has been used to define suppression of contralateral aldosterone secretion [35,36]. However, no previous
reports have demonstrated that the CLR is an independent predictor of unilateral PA. The CLR is recommended to be utilized
in combination with the LI [37,38].
As ACS is expected to affect the lateralization diagnosis as
well as the success of AVS by altering the cortisol levels in the
adrenal veins, the 1 mg Dexamethasone suppression test should
be conducted in patients with PA prior to AVS, especially in patients with an apparent adrenal tumor on CT. An increased cortisol level on the tumor side decreases the A/C, while a decreased
cortisol level on the contralateral side increases the A/C, which
may lead to a decreased LI and an incorrect lateralization diagnosis when using the LI. However, O’Toole et al. [30] reported
that mild ACS had a limited impact on AVS parameters when using the A/C with ACTH stimulation. The ratio of the plasma aldosterone concentration (PAC) in the dominant to that in the nondominant adrenal vein could provide an alternative marker to the
LI, although no standard cutoff value has been established for
this ratio. If correcting the ACS takes a higher priority than correcting the aldosterone excess, which can be managed by mineralocorticoid receptor antagonists, surgical removal of the adrenal
tumor with ACS may be advocated regardless of the PA laterality. In addition, total adrenalectomy of the side of cortisol secretion and partial adrenalectomy of the side of aldosterone secretion could be considered in patients with bilateral adrenal adenomas, which secrete cortisol and aldosterone independently [39].
Comprehensively, a LI of 4 with ACTH stimulation is recommended as the standard cutoff for predicting unilateral disease.
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A LI >2 without ACTH stimulation [9] and a CLR <1 with
ACTH stimulation can be utilized complementarily to enforce
the accuracy of unilateral diagnosis. Caution should be taken in
the case of possible cortisol co-secretion considering its effect
on the lateralization diagnosis.
When AVS is unsuccessful and results from one side of the
adrenal vein and inferior vena cava (or peripheral vein) are
available, the adrenal vein/inferior vena cava (AV/IVC) index,
which is calculated by dividing the aldosterone/cortisol ratio in
the adrenal vein by that in the inferior vena cava, was reported
to be useful for predicting laterality. Pasternak et al. [40] demonstrated that an AV/IVC index of ≤0.5 is predictive of contralateral disease, while that of ≥5.5 is predictive of ipsilateral
unilateral disease. However, a multi-institutional study by Wang
et al. [41] failed to validate the 100% positive predictive value
of this index reported in that study. Strajina et al. [42] reported
that an AV/IVC index ≤0.5 performed well in identifying patients with contralateral unilateral disease, but an index ≥5.5
was not reliable in diagnosing ipsilateral unilateral disease.
When AVS of the left adrenal vein is successful, a combination
of an AV/IVC index <0.5 and aldosterone/cortisol ratio <9 in
the left adrenal vein was shown to predict a right unilateral lesion [43]. The specificity and positive predictive value of the
AV/IVC index, however, requires further validation before it
can be used in place of other criteria.

WHEN CAN WE BYPASS AVS?
No investigation has been conducted to determine a replacement for AVS as the gold standard for subtype diagnosis. However, considering various issues of AVS including invasiveness,
technical requirement, cost, radiation exposure, and limited
availability, it is reasonable to consider alternatives to skip AVS
if applicable (Fig. 1). Patients with very high probability of unilateral disease for adrenal surgery and those with very high
probability of bilateral disease for medical treatment are the
candidates. Patients aged <35 years with spontaneous hypokalemia, marked aldosterone excess, and unilateral adrenal lesions
on adrenal CT scan may not need AVS before unilateral adrenalectomy [3].
A recent study using the PA registry in Japan demonstrated
that 90% of patients aged <35 years with hypokalemia, an elevated aldosterone level, and unilateral disease on CT showed
concordance in the diagnosis by CT versus AVS. The concordance rate was lower in older patients [44]. In addition, the laterality defined by AVS was 100% concordant with the combiCopyright © 2021 Korean Endocrine Society
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PA
confirmed

Key clinical findings

Female
(particularly in older patients)
Normokalemia
High BMI
Mild aldosterone excess
No adrenal nodule on CT

Young (age < 35 years)
Hypokalemia
Severe aldosterone excess
Adrenal nodule on CT

Probability of the
unilateral subtype

Low

High

Level of recommendation
of AVS

Weak

Strong

Treatment of choice

Adrenal surgery without AVS
Medical therapy without AVS
if surgery not desired
if agreed after careful informed consent

Fig. 1. Clinical findings to bypass adrenal venous sampling (AVS) and select the appropriate treatment. As no method has 100% specificity
for subtype diagnosis, AVS is indicated if the patient agrees to undergo AVS. PA, primary aldosteronism; BMI, body mass index; CT, computed tomography.

nation of unilateral disease on adrenal CT and factors including
hypokalemia and a high estimated glomerular filtration rate in
patients aged <40 years. CT findings alone could not confirm
unilateral disease even in young patients [45].
In contrast, patients with a low PAC and aldosterone to renin
ratio (ARR), obesity, female sex, normokalemia, and no adrenal
tumors on CT [46-50] showed a higher risk of bilateral disease.
Approximately 95% of patients with PA with normokalemia
and normal adrenal CT findings had bilateral disease [46]. The
prevalence of obesity was significantly higher in patients with
bilateral PA compared with unilateral PA or essential hypertension [47]. Obesity and female sex were associated with bilateral
PA, particularly in younger males and older females, respectively [48]. Clinical scoring of the subtype based on adrenal nodule
absence on CT, low PAC and ARR, normokalemia, and female
sex was predictive of bilateral PA in the validation cohort of the
JPAS [49].
Nuclear imaging is another option for determining localization. Although scintigraphy using 131I-6beta-iodomethyl-19-norcholesterol as a tracer has been advocated traditionally, this
probe is not specific for aldosterone production and requires
dexamethasone suppression. In addition, its accumulation is affected by tumor size rather than functional activity [51], a limitation of its sensitivity. More recently, however, Yen et al. [52]
reported that 131I-6beta-iodomethyl-19-norcholesterol single
Copyright © 2021 Korean Endocrine Society

photon emission computed tomography (SPECT)/CT with
dexamethasone suppression was useful for detecting APAs in
patients with inconclusive AVS results.
Metomidate, the methylated version of etomidate, which is an
imidazole-based potent inhibitor of steroid 11β-hydroxylase, is
another candidate probe. Although 11C-metomidate positron
emission tomography (PET), targeting CYP11B, has been reported to be useful for PA subtype classification [53], clinical
application of this method is problematic due to the short halflife of 11C and the need for pretreatment with dexamethasone to
block binding of the isotope to cortisol-producing CYP11B. In
addition, Soinio et al. [54] reported that the concordance between AVS and 11C-metomidate PET was 55% in unilateral PA
and 44% in bilateral PA and did not outperform adrenal CT. It
was recently reported that the expression of chemokine receptor
4 (CXCR4), a receptor for inflammatory cytokines, is increased
in aldosterone-producing tissue (particularly APA tissues) and is
well correlated with the expression of CYP11B2. It was also reported that 68Ga-pentixafor PET/CT, targeting CXCR4 expression, is useful for determining the classification and lateralization of PA [55]. In addition, a CYP11B2-specific imaging agent
has been developed [56,57]. Diagnosis by non-invasive imaging, which has excellent sensitivity, specificity, and cost effectiveness, is expected to provide an alternative to AVS.
New biomarkers for non-invasive subtype diagnosis have
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PA
confirmed

Strict indication
✓ Patient opts for surgery
✓ Sufficient explanation of the benefits/risks
✓ Prediction of the subtype
Standardized methodology

Subtype
diagnosis

✓ Identification of the right adrenal vein
(MDCT)
✓ Intraprocedural rapid cortisol assay
✓ ACTH stimulation
Standardized decision criteria

AVS

✓ Successful AVS
SI ≥5.0 (with ACTH)
SI ≥ 2.0 (without ACTH)
✓ Laterality
LI >4 (with ACTH)
LI >2 (without ACTH)
CR <1

Fig. 2. Strategic and organized implementation of adrenal venous sampling (AVS) based on stricter indications and standardized methods
and decision criteria for evaluation of the results. PA, primary aldosteronism; MDCT, multi-detector row computed tomography; ACTH, adrenocorticotropic hormone; SI, selectivity index; LI, lateralization index; CR, contralateral suppression.

been identified. Steroid profiling by liquid chromatograph-mass
spectrometry [58] and detection of increased 18-oxocortisol and
18-hydroxycortisol levels specifically in APAs harboring potassium inwardly rectifying channel subfamily J member 5
(KCNJ5) mutations [59,60] have been proposed as alternative
methods to AVS for classifying the PA subtype. In addition, several microRNAs with differential expression in APA tissues and
circulating blood [61,62] have been demonstrated as potential
biomarkers useful for subtype diagnosis. Further studies to prove
the specificity, sensitivity, and cost effectiveness are needed.

CONCLUSIONS
An updated overview of AVS based on stricter indications and
standardized methods and decision criteria for evaluation of the
results is illustrated in Fig. 2. AVS has various limitations that
could interfere with its versatility and standardization. What is
required for further improvement of AVS for subtype diagnosis?
First, it is necessary to standardize the protocol including the
need for ACTH stimulation and the optimal criteria for interpretation of the AVS results based on analysis of the postoperative
outcome of PA. Second, it is necessary to reduce the invasiveness of AVS and patient burden by decreasing the test duration,
radiation exposure, and complications of AVS. Third, stricter
implementation and consideration of surgical candidacy prior to
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AVS are important to increase its diagnostic efficiency and utility [63]. Sufficient informed consent, including the probability
of the expected subtype leading to the treatment choice, and a
comprehensive decision considering the benefits/costs/disadvantages of AVS are essential before recommending AVS. Finally, development of non-invasive diagnostic methods including non-invasive imaging and biomarkers is expected. Non-invasive methods with comparable or better diagnostic ability, accuracy, safety, test duration, spread ability, cost effectiveness,
and long-term postoperative outcomes compared with those of
AVS will replace AVS as the gold standard, resulting in a paradigm shift in the clinical practice of PA
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