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ABSTRACT
Adrenal vein sampling (AVS) is the current recommended procedure for identifying unilateral subtypes of primary aldosteronism

(PA), which are amenable to surgery with the potential for cure. AVS is a technically challenging procedure usually undertaken by

interventional radiologists at tertiary centres. However, there are numerous variations in AVS protocols relating to patient prep-

aration, sampling techniques and interpretation which may impact the success of AVS and patient care. To reduce practice

variations, improve the success rates of AVS and optimise patient outcomes, we established an Australian and New Zealand AVS

Working Group and developed evidence‐based expert consensus recommendations for the preparation, performance and inter-

pretation of AVS. These recommendations can be used by all healthcare professionals in a multidisciplinary team who look after the

diagnosis and management of PA.

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited and is not used for commercial purposes.

© 2024 The Author(s). Clinical Endocrinology published by John Wiley & Sons Ltd.

The second to second last authors are listed in alphabetical order.

31 of 100Clinical Endocrinology, 2025; 102:31–43
https://doi.org/10.1111/cen.15139

https://doi.org/10.1111/cen.15139
http://orcid.org/0000-0003-4620-4976
http://orcid.org/0000-0002-0748-2300
http://orcid.org/0000-0001-6052-6096
mailto:Jun.yang@hudson.org.au
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1111/cen.15139
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcen.15139&domain=pdf&date_stamp=2024-10-03


1 | Introduction

Primary aldosteronism (PA), the most common endocrine
cause of hypertension, is potentially curable when caused by a
unilateral aldosterone‐producing adrenal adenoma that may
be surgically resected. In contrast, bilateral subtypes of PA
require lifelong targeted medical treatment. The distinction
between these two subtypes is important as surgery is associ-
ated with lower all‐cause mortality, fewer adverse cardiovas-
cular outcomes and lower risk of progression to chronic
kidney disease (CKD) when compared to medical therapy in a
meta‐analysis of 15,541 patients from 16 studies [1]. Adrenal
vein sampling (AVS) is the current recommended procedure
for subtyping [2].

AVS involves the cannulation of both adrenal veins and
measuring aldosterone and cortisol concentrations com-
pared to peripheral samples to determine the source
of aldosterone excess. It is technically challenging and
usually undertaken by interventional radiologists, with a
higher success rate observed in centres with focussed
expertise [3, 4].

There are numerous variations in AVS protocols relating
to patient preparation, sampling techniques and interpre-
tation which may impact the success of AVS and patient
care [5]. The need for uniform AVS guidelines was high-
lighted in a recent survey of endocrinologists and inter-
ventional radiologists from around Australia and New
Zealand [5].

To address this need, we established an Australian and New
Zealand AVS Working Group to develop evidence‐based expert
consensus recommendations for the preparation, performance
and interpretation of AVS with the aim of reducing practice
variations, improving success rates and optimising patient
outcomes.

The Working Group comprised of 11 endocrinologists, 2 en-
docrine nurses, 3 interventional radiologists, 5 chemical
pathologists, 1 nephrologist and 3 consumers. Relevant clinical
questions were answered through a comprehensive literature
review, using the PICO (Patient, Problem or Population,
Intervention, Control or Comparison, Outcome) strategy. In
view of limited high‐quality evidence in the form of rando-
mised controlled trials or systematic reviews with meta‐
analyses in the AVS field, the Working Group agreed to
develop updated practical consensus recommendations, based
on evidence, expertise and previous consensus statements
[2, 6], without using the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) frame-
work. The final draft recommendations were circulated for
endorsement by the Endocrine Society of Australia (ESA) and
the Royal College of Pathologists of Australasia Chemical
Pathology Advisory Committee (CPAC).

These recommendations can be used by all healthcare profes-
sionals in a multidisciplinary team who look after the diagnosis
and management of PA, in healthcare settings where AVS is
available. A patient handout was also developed with input
from consumers with lived experience.

2 | Part 1—Preparation for AVS

2.1 | Who Should be Referred for AVS?

Rationale: AVS is currently considered the gold standard for
identifying surgically curable PA [2, 7–11]. However, AVS is
invasive and time‐consuming, with limited access in many parts
of the world.

Recommendations: In accordance with the Endocrine Society
Guidelines for PA, people with a confirmed diagnosis of PA
who are considering the option of adrenalectomy and are
appropriate surgical candidates should be referred for AVS ir-
respective of adrenal imaging findings [2, 12, 13].

Exceptions to this include:

I. People aged < 35 years with florid PA (aldosterone
> 550 pmol/L, suppressed renin, spontaneous hypoka-
laemia) and a solitary unilateral adrenal nodule on
imaging. This group may proceed to imaging‐guided
surgery without AVS with a very high likelihood of bio-
chemical cure [2, 14–20]. Some centres extend this ex-
ception to age < 45 years [21] or any age [22] if there is a
normal contralateral gland on imaging.

II. Those with certain confirmed germline mutations (rare,
< 5% of cases) [23].

a Chimeric CYP11B1/CYP11B2 gene (Familial Hyperaldoster-
onism Type I, FH‐I).

b Germline mutation of CLCN2 (FH‐II), KCNJ5 (FH‐III),
CACNA1H (FH‐IV).

III. Adrenal lesion suspicious for adrenal cortical carcinoma.

There should be no upper age limit to offering AVS if surgery is
considered a feasible therapeutic option [24–26].

2.2 | How Should the Patient and Referring
Doctor be Educated About AVS?

Rationale: The patient and referring doctor should receive suf-
ficient education about AVS to ensure a clear understanding
about the role, risks and benefits of AVS.

Recommendation: In the absence of specific literature, a patient
handout based on information sheets from health services in
Australia and New Zealand and expert opinions from this
Working Group was developed (Figure 1).

2.3 | How Should Patients be Prepared for AVS?

Rationale: Patient preparation is important to minimise con-
founding factors and obtain meaningful results from AVS.

Recommendation: Patients should have their medications,
plasma potassium and renin concentration assessed 4–6 weeks
before AVS. Hypokalaemia should be corrected, renin should be
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low/suppressed and, where feasible, interfering medications
withdrawn (≥ 4−6 weeks for mineralocorticoid receptor an-
tagonists and diuretics, and ≥ 2 weeks for ACE‐inhibitors and
angiotensin II receptor blockers) before AVS.

Summary of evidence: The recommendation is based on current
guidelines and knowledge of the physiological effects of the
confounding conditions [2, 6, 27, 28]. Hypokalaemia suppresses
aldosterone production while medications which stimulate
renin production may increase aldosterone production from the
unaffected adrenal gland and mask lateralisation [27]. Miner-
alocorticoid receptor antagonists may be continued in selected
patients to avoid uncontrolled hypertension and severe hypo-
kalaemia, if they have low/suppressed renin [29–31].

2.4 | When and How Should Pre‐AVS Adrenal
Imaging be Performed?

Rationale: The right adrenal vein is difficult to cannulate.
Adrenal CT can be used to localise the adrenal veins [32], and to
help exclude the rare adrenocortical carcinoma [33, 34] but is
not accurate alone for subtyping [12].

Recommendation: Contrast‐enhanced thin‐slice CT scans
should be performed before AVS to localise the adrenal veins.

Summary of evidence: The right adrenal vein can be localised by
CT [32]. More sophisticated imaging techniques on modern CT
and MRI scanners, and in the case of CT, optimisation of the

FIGURE 1 | Adrenal vein sampling—plain language information for patients.
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contrast enhancement phase, have increased the reliability of
visualisation of the right adrenal vein [35–38]. These methods can
improve AVS success rates and reduce radiation dose [39–41].

3 | Performance of AVS

3.1 | Should AVS be Performed via a
Simultaneous or Sequential Approach?

Rationale: Both sequential and simultaneous AVS are used in
practice [4] with theoretical advantages and disadvantages to
each approach.

Recommendation: Simultaneous sampling is recommended,
where possible, to avoid biological variations in cortisol
and aldosterone production over time. If sequential
sampling is used, the right adrenal vein should be cannu-
lated first to minimise the time between sampling the two
sides (< 5 min).

Summary of evidence: There are limited retrospective studies
with conflicting results. A comparison of simultaneous and
simulated sequential sampling results at baseline and 15 min
after the start of AVS found simultaneous sampling more
accurate for lateralisation [42] but a difference was not found
in two other studies where adrenal vein samples were

FIGURE 1 | (Continued)
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collected within 5 min [43, 44]. Hence, in sequential AVS, the
right adrenal vein should be cannulated first to minimise the
time elapsed between two sides, as the left adrenal vein is
easier to cannulate.

3.2 | Should AVS be Done With, Without or Both
Pre‐ and Post‐ACTH Stimulation?

Rationale: ACTH stimulation during AVS improves the rate of
successful adrenal vein catheterisation, but its impact on la-
teralisation is debated.

Recommendation: ACTH stimulation is recommended, but
it may reduce lateralisation rates. In centres that perform
AVS both before and after ACTH stimulation, discordant
lateralisation may reflect asymmetric bilateral disease.
Greater value is placed on the post‐ACTH lateralisation index,
with consideration of the patient's clinical, biochemical and
radiological parameters.

Summary of evidence: Studies have consistently demon-
strated an increase in catheterisation success with ACTH
administration, due to enhanced gradient between adrenal
vein and peripheral vein cortisol concentrations, leading to
improved ability to recognise successful cannulation with a
reduction in the proportion of nondiagnostic studies [45–50].
ACTH stimulation can also prevent sampling during a qui-
escent phase of aldosterone production (discussed in
Section 3.9).

In contrast, lateralisation can be discordant in up to 40% of
subjects when comparing pre‐ and post‐ACTH stimulated
results [47, 48, 50–57]. Patients who only lateralized pre‐
ACTH experienced less biochemical cures than those with
concordant lateralisation [57]. Patients with discordant AVS
results tend to have milder disease (lower rate of hypokalae-
mia, lower aldosterone concentration) compared to those with
concordant results [47, 48, 56, 57]. One study suggested that
simultaneous bilateral AVS performed both pre‐ and post‐
ACTH stimulation maximises the identification of surgically
curable PA [58] while another reported that the loss of later-
alisation post‐ACTH stimulation (with LI < 2) was associated
with lack of surgical cure [54]. Indeed, a large multicentre
study of 283 patients found that the odds of achieving a sur-
gical cure for PA was 13.3‐fold lower in those with exclusive
pre‐ACTH lateralisation versus those with concordant later-
alisation both pre‐ and post‐ACTH [59]. Therefore, to reduce
the possibility of unnecessary adrenalectomy, greater value
may be placed on the poststimulation LI with a minimum of
two required for lateralisation, whilst considering other char-
acteristics suggestive of unilateral PA such as contralateral
aldosterone suppression, suppressed baseline renin with
markedly elevated aldosterone concentrations and a history of
hypokalaemia [22]. In the only RCT comparing ACTH versus
non‐ACTH stimulated AVS, there was no difference in can-
nulation success or surgical outcomes [60], although the study
was conducted in an expert centre in China and may not be
generalisable. To maximise outcome data for decision making,
several expert centres conduct AVS both before and after
ACTH stimulation [50, 51, 54, 61].

3.3 | What Is the Role of Point of Care (POC)
Testing During AVS to Assess Cannulation Success
in Real Time?

Rationale: Cannulation of adrenal veins is technically chal-
lenging with reported success rate as low as 30% in some cen-
tres [62]. Higher cortisol concentration in the samples drawn
from the adrenal veins relative to the peripheral vein or inferior
vena cava (IVC) is an indication of adrenal vein cannulation
success in individuals without autonomous cortisol production
[28, 63]. Rapid POC measurement of cortisol with real‐time
feedback to the radiologist may allow catheter position
readjustment and immediate sample recollection as needed,
thereby potentially improving the success of AVS.

Recommendation: Rapid cortisol assays can be used to improve
adrenal vein cannulation success, particularly for less experi-
enced operators, and AVS performed without ACTH stimulation.

Summary of evidence: A systematic review and meta‐analysis
including 3485 patients from 11 studies found that bilateral
adrenal vein selectivity was significantly higher for AVS performed
with intraprocedural cortisol measurements compared with rou-
tine AVS (84% vs. 64%, 95% confidence interval: 1.27−1.59,
p<0.01), especially for non‐ACTH‐stimulated AVS [64].

The improvement in AVS cannulation success rate with POC
cortisol was most evident in less experienced centres, although
potential ‘training effect’ (acquisition of skill by the operators
over time) could not be excluded [62, 65–68]. However, even in
a tertiary centre with experienced operators, cannulation suc-
cess rate increased from 81% to 93% with POC cortisol [69] and
cost saving was demonstrated in another centre [67]. The turn‐
around time for a POC kit was approximately 5 min [70] while
others employing laboratory analysers reported turn‐around
time of 0.5−2 h [65, 69, 71, 72].

3.4 | What Are the Options for Sedation or
Analgesia During AVS?

Rationale: Interventional radiologists may administer intra-
venous anxiolytics before procedures for patient comfort. Se-
datives affect cortisol and possibly aldosterone production and
may impact AVS results [73–75].

Recommendation: When sedation is required during AVS,
ACTH stimulation should be used to overcome the suppressive
effect of midazolam or fentanyl on cortisol production.

Summary of evidence: Two studies which evaluated the effect of
low‐dose intravenous midazolam (1−2mg) and fentanyl
(25−50mg) on AVS outcomes reported a reduction in cortisol
levels post‐sedation in non‐ACTH‐stimulated AVS while the
effect was abolished following ACTH infusion [76, 77]. Low
adrenal vein cortisol concentration could lead to the false
assessment of ‘failed cannulation’, especially if POC cortisol is
used to determine cannulation success in real time. The effect of
sedation on aldosterone remains unclear, as the two studies
reported either lower or comparable aldosterone levels follow-
ing sedation.
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3.5 | How to Perform AVS in Patients With
Contrast Allergy?

Rationale: Of patients undergoing AVS, 2.6%−4% have a history
of iodinated contrast allergy [78, 79] who may require pre-
medication with glucocorticoids and anti‐histamines [80].
Glucocorticoids can diminish ACTH release leading to reduced
cortisol production [42, 78].

Recommendation: Immunology opinion should be sought to
determine the most appropriate premedication regimen. If
glucocorticoid premedication is required, dexamethasone with
ACTH stimulation is recommended.

Summary of evidence: Dexamethasone has negligible cross‐
reactivity with cortisol assays as compared to prednisone,
hydrocortisone or methylprednisolone [79, 81, 82]. ACTH
stimulation is recommended with dexamethasone to over-
come suppression of basal cortisol and aldosterone secretion
[79, 81]. Two to three doses of 6−8 mg dexamethasone can
be given starting 10−12 h before AVS [79, 81]. In patients
who require other glucocorticoids, adrenal androgens,
DHEA and metanephrine could be measured instead of
cortisol to assess selectivity and lateralisation [83–87].
The use of gadolinium contrast for people with iodine
allergy has been reported in case studies [88, 89] but con-
trast volume should be minimised to avoid nephrogenic
systemic fibrosis [90].

3.6 | How to Perform AVS in Patients With CKD?

Rationale: Patients with preexisting CKD with eGFR <60mL/min/
1.73m2 are known to be at increased risk of contrast‐induced
nephropathy [91], yet AVS cannot be performed reliably without
contrast guidance.

Recommendation: The use of IV contrast in AVS in patients with
CKD should be managed similar to other procedures [92], focussing
on minimal contrast volume and referral to an expert centre.

Summary of evidence: The risk of IV contrast media‐related
acute kidney injury is likely to be negligible for patients with
eGFR > 45 mL/min/1.73 m2, and negligible to low for eGFR
30–45. For those with eGFR < 30, periprocedural hydration
with intravenous saline should be considered [92]. A single
centre study reported 96% procedural success in 25 patients
with CKD (eGFR < 60), who received peri‐ and in-
traprocedural sodium bicarbonate infusion [93]. The mean
volume of contrast given was 37 mL (range, 10–250 mL;
median, 25 mL). Contrast‐induced acute kidney injury was
only documented in two patients, one who received 250 mL of
contrast and another with Stage V CKD, whose renal function
returned to baseline within 4 weeks.

Several techniques have been reported to reduce contrast
volume, including POC cortisol testing [94], pre‐AVS adrenal
vein localisation with CT [41] and multipurpose catheter
[95]. Referring patients with CKD to an expert centre
has theoretical advantages of higher likelihood of success
(see Section 3.8).

3.7 | What Are the Complications of AVS and
How to Prevent/Manage Them?

Rationale: AVS is an invasive procedure requiring informed
consent from patients. Clinicians should be aware of their
local complication rates in comparison to the international
literature.

Recommendation: Complications from AVS are uncommon,
including adrenal vein rupture and adrenal haemorrhage.
In the case of adrenal haemorrhage, symptomatic manage-
ment is required together with an assessment of adrenal
function. Increased operator expertise may help minimise
complications.

Summary of evidence: AVS complications are uncommon
with a median rate of 0.85% (IQR 0, 1.4%) based on retro-
spective series [4, 41, 55, 66, 72, 94, 96–111]. The most re-
ported complications are adrenal vein rupture and adrenal
haemorrhage but also include contrast extravasation, peri‐
adrenal haemorrhage, femoral puncture site complications
and allergic reaction. A retrospective study focusing
on adrenal haemorrhage reported a complication rate of
approximately 0.8% with risk factors including sampling of
the right adrenal vein and older age [103]. Rates of adrenal
vein rupture have been reported to correlate inversely with
radiologist experience [4].

Adrenal haemorrhage should be considered if chest, abdominal
or back pain develops during or following the procedure. Non‐
contrast CT is recommended for diagnosis. Conservative man-
agement is usual with analgesia as required [103]. Adrenal
function should be assessed if there is a bilateral adrenal hae-
morrhage or contralateral adrenalectomy is planned. Repeat
AVS after adrenal haemorrhage has been reported to be per-
formed safely in two patients [103].

3.8 | What to do in the Setting of Inconclusive
AVS Results Due to Unsuccessful Cannulation of
One or Both Adrenal Veins?

Rationale: Unsuccessful cannulation of the adrenal veins,
especially the right adrenal vein, is more common with lower
experience [112].

Recommendations: Repeating the study following adrenal vein
localisation by CT, ideally by operators who perform at least 15
procedures per year, utilising POC cortisol measurements and/
or ACTH stimulation, is recommended. If AVS is unilaterally
selective, the adrenal vein/IVC indices may be useful for sub-
typing in conjunction with clinical, biochemical and radiologi-
cal characteristics.

Summary of evidence: A learning curve of 20–32 cases has been
well described in AVS [72, 101, 102]. Success rates of AVS im-
proved from 50%−60% to 80%−95% after 30−50 procedures are
performed, with > 15–25 procedures needed per year to main-
tain a success rate of ~95% over 8 years [62, 101, 108]. If < 20
procedures are performed annually, these should be performed
by a single operator [61, 101].
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Adrenal vein localisation by CT before AVS (see Section 2.4),
POC cortisol testing (see Section 3.3) and ACTH stimulation
(see Section 3.2) can improve cannulation success.

Following the failure of right adrenal vein cannulation, a study
of 36 ACTH‐stimulated AVS procedures proposed a left adrenal
vein aldosterone/cortisol:IVC aldosterone/cortisol ratio > 5.5
for diagnosing ipsilateral unilateral PA and ≤ 0.5 for contra-
lateral unilateral PA, achieving 100% specificity [113]. However,
subsequent studies did not validate these ratios [111] or only
found the ratio of ≤ 0.5 to be useful [114, 115]. An ensuing study
of 987 AVS procedures suggested decision limits of > 2.55 or
≤ 0.96, but the specificity was lower at 85% [116]. Another study
of 455 patients proposed decision limits of > 17.05 and < 0.15 to
achieve 100% specificity (in unstimulated AVS), although those
could be lowered to > 3.60 and < 0.70 when combined with CT
findings of a unilateral adrenal nodule > 10mm [117]. Hypo-
kalaemia, high aldosterone concentration, suppressed renin and
a unilateral adrenal adenoma also support the diagnosis of
unilateral PA [22].

Alternative subtyping strategies, including algorithms, functional
imaging and steroid metabolite profiling, may supplement AVS
in the future [118–123].

3.9 | What to do in the Setting of Apparent
Bilateral Aldosterone Suppression (ABAS)
During AVS?

Rationale: ABAS can occur when aldosterone secretion is qui-
escent, super‐selective cannulation fails to collect venous
effluent from an aldosterone producing adenoma, aberrant
venous drainage is present, or there is ectopic secretion [122].

Recommendation: Review cross‐sectional imaging of venous
anatomy to identify aberrant venous drainage and/or repeat
AVS, preferably with ACTH stimulation. There are insufficient
and contradictory findings to recommend the use of super‐
selective cannulation.

Summary of evidence: Aldosterone secretion varies up to
fourfold within minutes during sampling studies. ACTH stim-
ulation may reduce stress‐induced fluctuations and increase
aldosterone secretion from an aldosterone producing adenoma.
ABAS occurs between 2.6% [124], 9.5% [125] and 18% [126] of
studies without ACTH stimulation and between 2.05% [125]
and 7.6% [126] after ACTH stimulation. Repeating AVS may be
technically successful in 80% of cases [124].

To detect aberrant venous drainage, a late venous scan can be used
to map venous anatomy. In a study of 20 cases of ABAS, two had
repeat studies with identifiable anomalous venous drainage [126].

Super‐selective cannulation may allow sampling of all draining
portions of the adrenal gland, including the hypersecreting
segment, with four of six procedures technically successful in
one series following ABAS on initial AVS [127]. However,
dilution of the blood sample with low aldosterone concentration
from the left inferior phrenic vein [126] or super‐selective
cannulation of the right adrenal vein may cause ABAS [128].

4 | Part 3—Interpretation of AVS

4.1 | How Should Cannulation Success be Assessed?

Rationale: The concentration of adrenal hormones decreases
exponentially according to distance from the adrenal glands.
The current gold standard for cannulation success is based on
the measured cortisol with the assumption that production is
stable bilaterally throughout sampling. A high selectivity index
(SI), calculated as the cortisol concentration in the adrenal vein
divided by the cortisol concentration in the IVC, indicates
adequate cannulation.

Recommendation: For unstimulated AVS, an SI cut‐off ≥ 2 is con-
sidered successful cannulation [2, 6, 129–131]. For ACTH‐
stimulated AVS, an SI cut‐off ≥ 5 reflects successful cannulation
[28, 132, 133] although some consider an SI≥ 3 to be sufficient
[6, 129].

Summary of evidence: The recommendations are based on expert
consensus and retrospective data (summarised in [134]) as there
are no prospective outcome‐based diagnostic studies. Prospective
studies to assess PA surgical outcomes using paired SI and la-
teralisation indices (LI) found that non‐stimulated SI≥ 2 and
LI≥ 2 or poststimulated SI≥ 5 and LI≥ 4 led to 80%−90% bio-
chemical success following adrenalectomy [48]. Unstimulated
SI≥ 2 is supported by multiple studies and guidelines [28, 131]
while ACTH‐stimulated SI recommendations range from ≥ 3 to
≥ 5 with ≥ 5 being more common [2, 28, 135–137].

Cortisol is not the ideal selectivity marker, due to its relatively low
adrenal to peripheral gradient in the absence of ACTH stimula-
tion, and the potential for interference by sedation (see Section 3.4)
or adrenal Cushing's (see Section 4.3). Other adrenal hormones
have been explored, including androstenedione, DHEA, 17‐α‐
hydroxyprogesterone and metanephrine (see Section 4.3), but
these require validation before routine use [83, 85, 138].

4.2 | How Should Lateralisation be Assessed?

Rationale: Determining the laterality of excess aldosterone secre-
tion and identifying surgically curable disease is the main aim of
AVS. Several parameters have been utilised to determine later-
alisation including: (1) LI calculated as the aldosterone to cortisol
ratio on the dominant side divided by the same ratio on the
nondominant side; (2) contralateral suppression ratio (CSR) cal-
culated as the aldosterone to cortisol ratio on the nondominant
side divided by the same ratio in the IVC; (3) AV/IVC ratio cal-
culated as the aldosterone to cortisol ratio in either adrenal vein
divided by the same ratio in the IVC. There is variability in how
these parameters are used to determine lateralisation.

Recommendation: Following successful bilateral adrenal vein
cannulation, aldosterone production is considered lateralized
when the aldosterone‐cortisol ratio on one side is at least
fourfold higher than the contralateral side (i.e., LI≥ 4), irre-
spective of ACTH‐stimulation.

Summary of evidence: The recommendations for LI ≥ 4 is
based on expert consensus. A study of 40 non‐PA hypertensive
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patients demonstrated that none had LI ≥ 4 in AVS [139].
However, even patients with LI≥ 4 may experience lack of
biochemical cure after adrenalectomy due to asymmetric
bilateral disease [59]. In cases where the LI is between 2 and 4,
additional features may support the diagnosis of unilateral PA.
These include biochemical characteristics of florid PA
(PAC > 550pmol/L, renin < 5mU/L, hypokalaemia) or con-
tralateral suppression with CSR < 1 in AVS [140–142]. A
number of studies reported that LI > 4 pre‐ACTH is crucial for
predicting surgical cure while LI could be as low as > 2 post‐
ACTH stimulation [54, 58]. The AV/IVC ratio is not widely
used for lateralisation but may be useful in patients with
unilaterally selected AVS (see Section 3.8). The lateralisation
result should be prioritised over adrenal imaging for decision
making regarding adrenalectomy as it is associated with
higher rates of biochemical cure following surgery [143], even
in the context of bilateral or contralateral adrenal adenomas
[59]. However, no procedure is perfect and even AVS showing
lateralisation may lead to lack of surgical cure, especially
in people of African background and where there is loss of
lateralisation post‐ACTH infusion [59].

4.3 | How to Interpret AVS Results in Patients
With Autonomous Cortisol Secretion?

Rationale: Concomitant autonomous cortisol secretion, as
defined by a morning cortisol > 50 nmol/L following a 1 mg
overnight dexamethasone suppression test, occurs in approx-
imately 5%–18% of patients with PA [144–149] and may con-
found the interpretation of AVS results [130, 150]. In the case
of increased cortisol production from an adrenal adenoma
with contralateral cortisol suppression, cannulation may be
deemed unsuccessful on the contralateral side when it is
actually successful, while the aldosterone to cortisol ratio on
the side of the adenoma may be low and therefore mask la-
teralisation [144].

Recommendation: Mild autonomous cortisol excess as indicated
by cortisol concentration of 50−137 nmol/L post 1 mg dexa-
methasone overnight has not been reported to significantly alter
cannulation or lateralisation outcomes during AVS. However,
individuals with cortisol > 137 nmol/L post 1 mg dexametha-
sone suppression may require the measurement of additional
markers, such as plasma metanephrine, during AVS to assess
for selectivity and lateralisation.

Summary of evidence: Two retrospective studies (one case‐
control, one cohort) suggested that the SI, LI and CSR were
not significantly altered in individuals with autonomous
cortisol secretion, with and without the use of ACTH stim-
ulation [145, 151]. However, individuals with cortisol
> 137nmol/L (5 ug/dL) post 1 mg DST, had significantly
lower LI [151]. Current evidence suggests that the measure-
ment of plasma metanephrine, which displays minimum
fluctuation during stress and a higher adrenal‐peripheral
gradient compared to cortisol [152], is useful in these cases to
assess selectivity and lateralisation. Suggested thresholds
include SI > 12 and LI > 4 where metanephrine replaced
cortisol in the calculation of SI and LI, although validation is
required [87, 138, 149, 153–155].

5 | Conclusion

A harmonised and evidence‐based approach to AVS should
improve the standard of AVS and lead to better patient outcomes
across centres. It may also equip centres for upscaling AVS to
meet increased demand given the increased recognition of PA as
a common secondary cause of hypertension. The lack of high‐
level evidence for these recommendations stresses the need for
quality clinical trials which may be facilitated by standardised
procedures across centres. Given the key role that AVS plays in
identifying surgically curable PA, further efforts to optimise the
procedure, in addition to identifying accurate alternative sub-
typing strategies for low‐resource health settings, are warranted.
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