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Primary Aldosteronis

An Expert Consensus Statement on Use of Adrenal Vein
Sampling for the Subtyping of Primary Aldosteronism

Gian Paolo Rossi, Richard J. Auchus, Morris Brown, Jacques W.M. Lenders, Mitsuhide Naruse,
Pierre Francois Plouin, Fumitoshi Satoh, William F. Young Jr

Abstract—Adrenal venous sampling is recommended by current guidelines to identify surgically curable causes of
hyperaldosteronism but remains markedly underused. Key factors contributing to the poor use of adrenal venous
sampling include the prevailing perceptions that it is a technically challenging procedure, difficult to interpret, and can
be complicated by adrenal vein rupture. In addition, the lack of uniformly accepted standards for the performance of
adrenal venous sampling contributes to its limited use. Hence, an international panel of experts working at major referral
centers was assembled to provide updated advice on how to perform and interpret adrenal venous sampling. To this end,
they were asked to use the PICO (Patient or Problem, Intervention, Control or comparison, Outcome) strategy to gather
relevant information from the literature and to rely on their own experience. The level of evidence/recommendation
was provided according to American Heart Association gradings whenever possible. A consensus was reached on
several key issues, including the selection and preparation of the patients for adrenal venous sampling, the procedure
for its optimal performance, and the interpretation of its results for diagnostic purposes even in the most challenging
cases. (Hypertension. 2014;63:151-160.) ® Online Data Supplement

Key Words: adrenal vein sampling m aldosterone m diagnosis m hyperaldosteronism m hypertension

Primary aldosteronism (PA) is highly prevalent among
patients with drug-resistant hypertension' and may be
diagnosed in >11% of the patients referred to specialized
hypertension centers.? PA is also quite common, albeit usually
unrecognized, in the unselected hypertensive patient popu-
lation seen by general practitioners.> Therefore, consensus
exists that PA constitutes the most common endocrine form of
hypertension. Compelling evidence indicates that PA carries
an increased risk of damage to target organs of high blood pres-
sure with ensuing cardiorenal complications.*> Accordingly,
early identification of affected patients and early institution
of specific treatment are keys for prevention of cardiovascular
events and reversal of damage.>¢

Most patients with PA have either bilateral idiopathic
hyperplasia (idiopathic hyperaldosteronism [IHA]), opti-
mally treated with lifelong mineralocorticoid receptor (MR)
blockade (with spironolactone, canrenone, potassium canre-
noate, or eplerenone), or a unilateral aldosterone-producing
adenoma (APA), which may be treated with unilateral adre-
nalectomy.” Hence, the distinction between the cases of PA
attributable to IHA and those that are attributable to a unilateral

overproduction of aldosterone, largely represented by APA, is
essential for selecting the most appropriate treatment.”® To
this end, the current clinical practice guidelines advocate use
of adrenal vein sampling (AVS) with measurement of plasma
cortisol concentration (PCC) and plasma aldosterone concen-
tration (PAC).™ However, even though AVS may appear as a
straightforward diagnostic test,'*'?itis used only in few centers
worldwide. Even some major referral centers do not use AVS
routinely as shown by a recent large survey, the Adrenal Vein
Sampling International Study (AVIS).!* This underutilization
is likely to be attributable to the misconception, largely based
on anecdotal experiences and retrospective observational
studies,'? that AVS is technically challenging, invasive, risky,
and not always necessary, despite abundant evidence to the
contrary." Furthermore, the lack of accepted standards for the
performance of AVS and of established criteria for interpreta-
tion of its results creates additional hesitancy for appropriate
use in many patients with PA. Therefore, in spite of the guide-
lines recommendations,™ too many PA patients are denied
curative adrenalectomy because of the lack of demonstration
of lateralized aldosterone excess,'* or undergo adrenalectomy
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without such demonstration, which may result in removal of a
functionally normal adrenal gland.”!*

A panel of internationally recognized experts was therefore
assembled with the aim of providing updated practical sugges-
tions on how to select the patients for AVS, how to perform the
procedure, and on how to interpret its results. They were asked
to use the PICO (Patient or Problem, Intervention, Control or
comparison, Outcome) strategy’ to gather relevant informa-
tion from the literature using search terms (see Table S1 in the
online-only Data Supplement) and to use the American Heart
Association gradings of level of evidence/recommendation.'®
Herein, we report the consensus that was reached on several
issues concerning the performance and interpretation of AVS
for the diagnosis of the surgically curable subtypes of PA.

Selection of Patients for AVS
AVS is an invasive and expensive test, and appropriate patient
selection is essential. Because AVS is aimed at subtyping of
PA and not at confirming this diagnosis, an unequivocal bio-
chemical diagnosis of PA should be made before considering
AVS. Multiple studies have shown that the accuracy of imag-
ing tests, such as adrenal computed tomography (CT) and
MRI, in localizing the source of aldosterone excess is poor
because aldosterone-producing microadenomas and most
bilateral lesions are CT- and MRI-undetectable.'” Therefore,
in line with international experience that AVS helps to distin-
guish between unilateral and bilateral aldosterone excess, both
the US Endocrine Society and the Japan Endocrine Society
guidelines recommend that AVS be performed in all patients
who have the diagnosis of PA and who want to pursue surgical
management.”>!” As a prerequisite for adrenalectomy, AVS is
not indicated where either the patient prefers lifelong medical
treatment with an MR antagonist or the physician considers the
risks of surgery to outweigh the benefits, for example, because
of the patient’s age. AVS is also not generally required if, in
a patient with PA, surgery is already mandated by the size of
the adenoma or other radiological features suspicious of adre-
nocortical carcinoma (Figure 1). On the premise that nonfunc-
tioning adrenocortical adenoma (so-called incidentaloma)
is infrequent in young people, another subgroup in which
AVS might not be needed includes young patients (eg, <40

Is the patient seeking long-term cure of hypertension and
hypokalemia with adrenalectomy?

YES NO

carcinoma) or is adrenalectomy out of question because the
patient is not a candidate for general anesthesia or surgery or

( Is adrenalectomy indicated (large tumor size, adrenocortical
because he/she has HF-1 or FH-III?

NO YES AVS
not
v . > necessary
Does the patient accept a 20%- | YES
50% chance of having the wrong

adrenal removed?

| Nno
t Inform the patient of the

possibility of unsuccessful AVS [ Perform AVS ]
and of a 0.5%risk of

complications

Figure 1. The flow chart shows the key questions to be asked
before performing adrenal venous sampling (AVS).

years of age) with marked PA of recent onset, as evidenced
by spontaneous hypokalemia, and a clear-cut unilateral cor-
tical adenoma on computed adrenal imaging.'® However,
even for young patients, bilateral aldosterone secretion can-
not be excluded without AVS. Moreover, young patients with
a family history of hypertension and stroke before 50 years
of age should undergo long polymerase chain reaction test-
ing for familial hyperaldosteronism type I (FH-I, also known
as glucocorticoid-remediable aldosteronism) before consid-
ering AVS. AVS is not indicated in those with proven FH-I
or FH-III, the latter attributable to germline mutations in the
KCNIJ5 potassium channels.'? Moreover, unilateral aldoste-
rone excess from a small CT-undetectable APA in the adrenal
gland contralateral to a CT-detectable nonfunctioning adrenal
mass cannot be reliably identified without AVS.

Several studies have documented preoperative characteris-
tics associated with cure of hypertension following unilateral
adrenalectomy. For example, surgical cure of hypertension has
been associated with the following: young age,?'** shorter dura-
tion of hypertension (eg, <5—10 years), fewer antihypertensive
medications (eg, <2), higher preoperative blood pressure, pre-
operative normal renal function, body mass index <25 kg/m?,
female sex, lack of a family history of hypertension,*?¢ and no
evidence of vascular remodeling.”” These preoperative charac-
teristics serve to guide the clinician and the patient in discuss-
ing realistic expectations of surgical outcomes. Where health
resources are limited, some selection policy may also be neces-
sary to pre-empt the view that, if 5% of the hypertensive popu-
lation has unilateral PA, the surgical approach is simply not
feasible.”®? Nearly all patients with unilateral PA benefit from
the surgical approach as evidenced by improved hypertension
control, even if hypertension is not cured,’?'’ and by long-
term regression of left ventricular hypertrophy.® Realistically,
in most public healthcare systems, priority will be given to (1)
young patients, who are the most likely to become normoten-
sive with adrenal surgery and gain the most in life-years off
treatment and (2) the patients with resistant hypertension (or
antihypertensive drug intolerance), whose absolute risk of car-
diovascular complications is the highest. The latter patients are
less likely to become normotensive with adrenal surgery, but
nevertheless their blood pressure can become controlled and
therefore their cardiovascular risk reduced.

Key Points

Patients with established PA should undergo AVS when adre-
nalectomy is considered. Exceptions are as follows:

 patients aged <40 years with marked PA and a clear uni-
lateral adrenal adenoma and a normal contralateral adre-
nal gland on computed imaging;

e patients at unacceptable high risks of adrenal surgery
(eg, multiple comorbidities in elderly patients);

 patients suspected of having an adrenocortical carcinoma;

e patients with proven FH-I or with FH-III.

Preparation of the Patient and
Performance of AVS
Performing AVS requires standardized operational procedures
used by an interdisciplinary team. Careful preparation of the
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patient for the procedure and standardization of the conditions
for its performance are key steps to the success of AVS. Most
of the recommendations to follow are based on (1) published
analyses, more retrospective than prospective, of factors
appearing to influence technical success and accuracy and (2)
knowledge of factors that by influencing aldosterone secretion
might confound interpretation. Recognition that PA has been
historically underdiagnosed, and AVS underused, requires
some pragmatic simplification of the requirements that have
not been shown to be essential, to maximize the number of
patients whom the specialized centers can serve.

If cosyntropin is not used, AVS is best performed in the morn-
ing so as to avoid false-negative results attributable to diurnal
fluctuation in adrenocorticotropic hormone, which has a more
variable effect on many APAs than on the contralateral adrenal.
Some centers conduct AVS as an outpatient procedure, in which
case time should, if possible, allow for the patient to be kept in
the supine position for 1 hour before AVS.'"'? Hypokalemia, if
present, should be corrected with oral or intravenous potassium
supplements before AVS because hypokalemia decreases aldo-
sterone secretion and may potentially mask a unilateral APA.

Discontinuation of platelet aggregation inhibitors is not
necessary. Careful adjustment of the antihypertensive agents
before and during AVS is important. Peripheral o -adrenergic
receptor blockers (eg, doxazosin mesylate, prazosin hydro-
chloride, and terazosin hydrochloride) and the long-acting
dihydropyridine or nondihydropyridine calcium-channel
blockers (verapamil) are recommended because these agents
negligibly affect renin secretion.” In stage 3, and drug-resistant
hypertensive patients, multiple agents may be necessary for
achieving blood pressure control before successful AVS can be
achieved in these patients. Thus, in these patients, angiotensin
I—converting enzyme inhibitors, angiotensin II type 1 receptors
blockers, diuretics, and B-adrenergic blockers may be used as
long as renin is suppressed. If the patient lateralizes, the result
is usually valid regardless of medications or serum potassium
status. However, if AVS does not lateralize in patients treated
with these agents, the AVS results should be interpreted with

Multi-detector CT

g

A\
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caution because there are no studies supporting the feasibil-
ity of using these agents during AVS. Of particular concern
in terms of validity is the presence during the test of elevated
renin or hypokalemia (class of evidence/recommendation IIB).
Wherever possible, MR antagonists should be avoided because
they have the potential to allow a rise in renin secretion, which
can stimulate aldosterone secretion from the unaffected side,
thus minimizing the lateralization.

Consensus exists that in patients previously on MR antago-
nists or amiloride, such agents should be withdrawn (for MR
antagonists >4 weeks but better 6 weeks, probably less for
amiloride) before AVS. This withdrawal entails a small clini-
cal risk in patients with resistant hypertension who, however,
are unlikely to benefit from subsequent adrenalectomy unless
their blood pressure control is substantially lowered by MR
blockade. Therefore, some centers use plasma renin measure-
ment to decide whether to perform AVS without withdrawing,
or downtitrating, the MR antagonists: they consider the finding
of low renin (eg, a direct renin <25 mU/L or a plasma renin
activity <0.60 ng/mL per hour) as evidence for unlikely stimu-
lation of the contralateral adrenal cortex at a level sufficient to
confuse interpretation of lateralization and use an independent
measure of lateralization. In addition, one center has used the
C-metomidate positron emission tomography—CT to confirm
the validity of AVS performed on limited MR blockade.?!

Catheterization of the left adrenal vein is achieved in almost
100% of the cases if the catheter tip is positioned either at or
distal to the orifice of the left inferior phrenic vein to avoid a
major dilution effect; in contrast, that of the right adrenal vein
is more difficult owing to its small size and its draining directly
into the inferior vena cava (IVC) at various angles or directly
into a small accessory hepatic vein.'®!! Hence, prior knowl-
edge of the right adrenal vein anatomy can facilitate catheter-
ization in difficult cases.*> Contrast-enhanced multidetector
CT may be helpful before AVS not only for detecting adre-
nocortical nodules but also to identify the right adrenal vein
and delineate its anatomy (in the venous phase), including its
position and relationship to surrounding structures (Figure 2).

DSA

Figure 2. A and B, The contrast-enhanced
v multidetector computed tomography (CT)
v images show right adrenal vein (white
v arrow) that drains to accessory hepatic vein
(black arrows) before entering inferior vena
cava (arrowheads). C, Digital subtraction
angiography (DSA) image confirms the
anatomy of these veins before the super-
selective adrenal venous sampling (white
arrow) that meets accessory hepatic
vein (black arrows). Black arrowheads
indicate the position of inferior vena cava.
D, The contrast-enhanced MDCT images
show right adrenal vein (white arrow) that
directly drains into inferior vena cava.
E, The contrast-enhanced MDCT images
show right adrenal vein (white arrow)
that drains into accessory hepatic vein
(black arrowhead).
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In =10% of the patients, the ascertainment of selectivity and
thus the success rate of AVS can be affected by dilution from
accessory vein blood flow. In the cases with prior identifica-
tion on CT of the right adrenal vein draining into accessory
hepatic vein, selective cannulation of the right adrenal vein
by using appropriate catheters should be undertaken instead
of sampling from the common trunk of accessory hepatic and
right adrenal vein (Figure 2).3>3 In this way experienced radi-
ologists can avoid cannulation of small independent accessory
hepatic veins instead of the right adrenal vein.*

Key Points
AVS should be performed

* by a multidisciplinary team in centers with extensive
expertise;

e after an hour of supine rest if AVS is performed without
cosyntropin stimulation;

e after correction of hypokalemia;

e after adjustment of antihypertensive medications.

Minimizing Stress During AVS
Emotional and pain-related stress, which activates the hypo-
thalamic—pituitary—adrenal axis with ensuing adrenocorti-
cotropin-induced cortisol release from both adrenal glands,
can be a major confounder of AVS results because it might
lower the PAC/PCC ratio and thus has the potential to obscure
lateralization.

A recent study investigated the effect of stress on the selec-
tivity index (SI, the ratio of PCC in an adrenal vein and in the
infra-adrenal IVC). It showed that a stress reaction (1) occurs
in most patients when starting AVS; (2) waned rapidly, usu-
ally in less than 15 minutes; (3) increases the SI on both sides
at the beginning of the procedure; and (4) is likely to influ-
ence also the lateralization index (LI) values when using the
sequential AVS.* Therefore, the authors concluded that simul-
taneous catheterization should be preferred, and precautions
to minimize stress should be systematically exploited.* To
the latter end, measures to be adopted both before and during
AVS entail explanation of the procedure to the patient, reas-
surance by the doctor and nurses, and use of benzodiazepines
and local anesthesia before venipuncture. Allowing the patient
to rest quietly for 215 minutes before the blood sampling in
a friendly environment with psychological assistance can also
be useful during the procedure. At variance with this, the AVIS
showed that only 1 of the 20 participating centers enlisted the
systematic use of some of these measures.'* Additional mea-
sures aimed at either over-riding stress effects by maximally
stimulating cortisol release from both adrenals or minimizing
stress effects on the PAC/PCC ratio by simultaneously sam-
pling from both adrenal veins are discussed later.

In summary, available evidence indicates that a stress reac-
tion can affect both the SI and LI. If cosyntropin is not used,
then when starting AVS, stress minimization measures should
be taken with a level of evidence/recommendation class 11B.

Key Points

* Emotion- and pain-related stress affects cortisol and
aldosterone secretion;

¢ therefore, stress can increase the SI, but it can lower the LI;

* when AVS is performed without cosyntropin stimula-
tion, procedures should be implemented to prevent and
treat emotion- and pain-related stress.

Performance of AVS: Bilaterally Simultaneous
or Sequential Catheterization?

Given that secretion of aldosterone is pulsatile, there are
chances of creating artificial gradients between the adrenal
glands when the sequential blood sampling technique is used,
particularly if the radiologist is not proficient or fast enough.
Bilaterally simultaneous AVS can avoid this,* but may slightly
increase, at least theoretically, the risk of adrenal vein throm-
bosis because it increases the time of catheter’s obstructing
the vessel lumen until the contralateral vein is successfully
catheterized. This potential risk depends on the skill and expe-
rience of the radiologist who performs the procedure, in line
with the finding that there is a significant inverse correlation
between the number of procedures performed by each single
radiologist and the rate of complications.”® Thus, a trained
vascular radiologist should do all procedures in the majority
of the centers where the limited number of AVS performed
yearly renders this feasible.

The AVIS showed that almost two thirds of the centers use
the sequential technique with cosyntropin (synthetic adreno-
corticotropic hormone 1-24) stimulation (see later), whereas
the rest used the bilaterally simultaneous technique with no
stimulation.'® This finding could be anticipated because when
cortisol secretion is maximally stimulated during cosyntropin
infusion, the time difference between blood sampling from
one side and the other does not matter, at least as far as the
assessment of selectivity is concerned. Conversely, if AVS
is performed without cosyntropin stimulation, simultaneous
blood sampling is likely to be crucial.

Key Points

e The pulsatile pattern of secretion of cortisol and aldo-
sterone can generate time-related variability in hormone
concentrations in the adrenal vein blood;

e cosyntropin stimulation and bilateral simultaneous sam-
pling can minimize this time-related variability com-
pared with sequential sampling without cosyntropin
stimulation;

* outcome data supporting one approach over the other are
not available.

Pharmacological Stimulation During AVS
Stimulation with a continuous cosyntropin infusion (50 pg/h
started 30 minutes before sampling) or a bolus (250 pg) during
AVS is currently used at many centers.*** There are 3 reasons
for using this stimulation: (1) enhancing the PCC gradient
between the adrenal vein and the IVC and thus increasing the
SI values and confidence of successful sampling; (2) reducing
stress-induced fluctuations in cortisol and aldosterone secre-
tion during sequential AVS; and (3) increasing aldosterone
secretion from APA.%-38

To assess the value of pharmacological stimulation dur-
ing AVS, original articles that investigated patients with
PA, before and after exposure to pharmacological agents,

Downloaded from http://hyper.ahajournals.org/ at UNIV PIEMORIENTAA VOGADRO on January 15, 2014


http://hyper.ahajournals.org/
http://hyper.ahajournals.org/

alongside the experts’ experience, were reviewed in terms of
the SI, the LI (Table), and of the decision to perform adre-
nalectomy. Nine potentially relevant reports were identified,
8 using cosyntropin and 1 metoclopramide. These articles are
discussed in the online-only Data supplement and summa-
rized in Table S2.353-4¢

In summary, in keeping with the theoretical premises, the
bulk of the data indicate that cosyntropin increases the SI,
thus facilitating the ascertainment of selective catheteriza-
tion. Accordingly, in the AVIS, centers that systematically
used cosyntropin were found to use higher cutoff values for
the SI than centers that used baseline (unstimulated) values.
Moreover, these major referral centers were almost equally
split into those that use and those that do not use cosyntropin
stimulation,'® probably because conclusive evidence for the
superiority of either approach to determine lateralization of
aldosterone excess is lacking. In fact, no randomized study
has yet investigated whether use of cosyntropin stimulation
is associated with improved or worsened outcome, defined as
remission of hypertension and hypokalemia as end points. In
the absence of definitive data, each center should use a consis-
tent protocol and the following suggestions are provided: (1)
if cosyntropin stimulation is not used, then bilateral simulta-
neous AVS should be performed; and (2) if cosyntropin stimu-
lation is used, then higher SI and LI values are indicated.

Key Points

» Cosyntropin stimulation during AVS facilitates the as-
sessment of selective adrenal vein catheterization;

* there is no conclusive evidence that cosyntropin stimula-
tion leads to a better outcome than unstimulated AVS.

Assessment of Successful Catheterization

In the early years of AVS, retrograde injection of contrast
medium in the adrenal vein to obtain a venogram was used
to confirm the success of catheterization and to visualize
the abnormal vascular tree that can be a feature of an APA.
This procedure carried an increased risk of adrenal vein rup-
ture, thus contributing substantively to the perceived risk of
AVS."12 With the availability of CT and MRI, adrenal venog-
raphy is no longer indicated. Nevertheless, injection of a small
amount of dye with a gentle pressure is still used to visualize
the adrenal vein and thus confirm the correct positioning of
the catheter tip.

Rossi et al AVS in Hyperaldosteronism 155

For left AVS, the tip of the catheter should be placed beyond
the orifice of the left inferior phrenic vein but including all
the left adrenal tributaries. For right AVS, the right adrenal
vein should be distinguished from the accessory hepatic vein.
In cases with the right adrenal vein draining into accessory
hepatic vein, the tip of a suitable catheter should be confirmed
as located in the right adrenal vein and not the hepatic venous
tributaries. Confirmatory injection of very small amount
of contrast should be performed just before and after blood
extraction. The most popular technique to confirm the success
of selective adrenal vein catheterization entails calculation of
the ratio of concentrations of cortisol from an adrenal vein
and the infra-adrenal IVC or a peripheral vein, defined as SI
(Table),* based on the assumption that cortisol is exclusively
secreted from the adrenal cortex and, with few exceptions (see
later), is not generally overproduced in APA. Therefore, the
finding of a concentration gradient between a blood sample
in a vein supposedly draining the adrenal cortex and the IVC,
or a peripheral vein, indicates the placement of the catheter’s
tip into the adrenal vein. Given its high rate of production and
easy assay, the most widely used hormone is cortisol, although
attempts to use epinephrine,*’ metanephrine, and also chromo-
granin A have been made.*

Although the use of SI might seem straightforward, the
AVIS showed that even though most major international refer-
ral centers used the SI to assess selectivity, some analyze their
results using absolute hormonal values without prior assess-
ment of the selectivity and correction for the degree of sample
dilution; moreover, there was considerable variability in the SI
cutoff values used.” Some general considerations can, how-
ever, be made: the cutoffs were lower at centers that perform
AVS without pharmacological stimulation (see later) than at
those that use cosyntropin stimulation.

As a rule of thumb, the higher the cutoff chosen to estab-
lish selectivity, the lower the proportion of AVS studies that
can be defined as bilaterally selective and vice versa. Thus,
too restrictive criteria may lead to exclude a proportion of
otherwise successful studies from diagnostic use, whereas
conversely the use of too permissive SI cutoffs may com-
promise the diagnostic accuracy of AVS. Moreover, as the
SI increases, the confidence of the interpretation increases.
In some cases where unilateral aldosterone production is
extremely high, a low SI will suffice and give the correct
interpretation, but in cases when the production is modest,
it may lead to the wrong conclusion. Although the need for

Table. Definitions and Features of the Selectivity Index, the Lateralization Index, and the Contralateral Suppression Index

Definition Formula

Clinical Significance

Comment

Selectivity index PCC,,,/PCC,,

side

PAC, _/PCC, :PAC

Dom Dom* Nondom'

Lateralization index /PCC,

Nondom

Contralateral PAC,.,..son/PCCiongom-PAC,/PCC
suppression index

Values greater than the cutoff confirm that the
blood sample was obtained from the adrenal
vein. bilaterally selective.

Values greater than the cutoff evidence
lateralized aldosterone excess.

Values lesser than the cutoff indicate ipsilateral
suppression and suggest contralateral
aldosterone overproduction.

Use of increasingly restrictive cutoffs markedly
decreases the number of AVS studies that are

Adoption of a high cutoff results in exclusion of a
fairly large number of patients, who can be cured,
from adrenalectomy.

0On the right side, the adrenal vein commonly shares
egress in the IVC with accessory hepatic veins which
can generate artificial aldosterone suppression.

AVS indicates adrenal vein sampling; Dom, dominant side, for example, side with higher PAC; IVC, inferior vena cava; Nondom, nondominant side, for example,
side with lower PAC; PAC, plasma aldosterone concentration; and PCC, plasma cortisol concentration.
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a trade-off between too restrictive and too permissive cutoffs
has been clearly shown,* and then repeatedly confirmed,**
this concept needs to be considered rather than adhering
strictly to a specific value.

Based on the experience gained and the AVIS results, we
suggest use of an SI 22.0 for AVS performed under unstimu-
lated conditions and >3.0 for AVS performed during cosyn-
tropin stimulation. One caveat is that some studies used AVS
results to validate the diagnosis and to justify these cutoff val-
ues, rather than the biochemical response to surgery.*#-!

In summary, AVS studies that are not bilaterally success-
ful should not be used to establish lateralization. Accordingly,
prior verification of bilateral selectivity is a prerequisite to
the use of the data for diagnostic purposes. Nonetheless, rec-
ognizing the fact that many studies are not bilaterally selec-
tive and yield equivocal results, a following section has been
devoted to the clinical decision making in these difficult cases.

Key Points

* Successful AVS should be determined by calculating
the SI;

* AVS studies that are not bilaterally successful should not
be used to establish lateralization;

* the cutoff value for the SI should be >2.0 under unstimu-
lated conditions;

* the cutoff value for the SI should be >3.0 during cosyn-
tropin stimulation.

Intraprocedural PCC Assay

Given that the hormonal data are normally not available until
well after AVS is completed, and therefore allow judgment of
the selectivity achieved only retrospectively, some centers use
contemporaneous PCC measurement during AVS. This gives
the radiologist immediate feedback on whether selective blood
sampling from each adrenal vein was achieved; if not, further
attempts of selective catheterization can be undertaken before
removing the catheters, avoiding the need for future catheter-
ization.>** Although this approach can improve the success
rate, particularly during the radiologist’s learning curve, it is
feasible only at centers where PCC can be measured rapidly,
which implies a suitable logistic organization and a dedicated
laboratory technician standing by.**

Key Point

e Rapid intraprocedural cortisol measurement confers
the advantage of drawing a repeat blood sample after
catheter repositioning in case of unsuccessful initial
catheterization.

Interpretation of AVS and Assessment of
Lateralization
The operational diagnostic index for assessment of lateraliza-
tion of aldosterone hypersecretion is the LI, calculated from
the PAC and PCC in both adrenal veins and defined as the
ratio of the higher (dominant) over the lower (nondominant)
PAC/PCC ratio (Table).®> PCC values from adrenal venous
blood are used for correction of the adrenal aldosterone levels
because of inevitable dilution of the samples by nonadrenal
blood, even if every effort is made to avoid dilution effects

such as blood flow from the accessory hepatic vein and the
inferior phrenic vein (see above).’*

According to the AVIS, the majority of the large referral
centers perform AVS by sequential sampling with cosyntro-
pin stimulation' to minimize stress-mediated fluctuations in
aldosterone secretion**® and to improve selectivity.’> Because
APAs are heterogeneous in terms of response to adrenocor-
ticotropic hormone,*?*3! cosyntropin can exert a confound-
ing effect on aldosterone secretion, thus increasing the risk
of misclassification. In addition, different doses (very low,*"!
intermediate, and high dose) and protocols (bolus injection,
continuous infusion, or a combination of both) of cosyntro-
pin administration have been used. Although the very low
dose was shown to be ineffective in releasing cortisol and
aldosterone, it is not clear yet which type of administration
is optimal.

Some studies have demonstrated lowered diagnostic accu-
racy using cosyntropin stimulation,3*3" whereas others did
not.>*> Therefore, at present, there is no consensus on whether
or not to use cosyntropin stimulation. Cosyntropin stimulation
(bolus and continuous infusion) is a reasonable alternative in
combination with the sequential technique, particularly if the
simultaneous technique is not available with a level of evi-
dence/recommendation class IIB.

Regarding the interpretation of AVS results, evidence for
optimal diagnostic accuracy of LI cutoffs should come from
prospective studies in patients undergoing unilateral adre-
nalectomy regardless of the AVS results and in which the
different LI are thereafter linked to postsurgical cure of hyper-
aldosteronism rather than only high blood pressure, which
is a composite phenotype. Unfortunately, no such prospec-
tive randomized controlled studies are available.” The AVIS
showed that most referral centers use LI cutoffs derived from
observational studies with values that ranged between 2.0
and 4.0 depending on cosyntropin stimulation, higher cutoffs
being selected after cosyntropin stimulation.'® Although data
from the available observational studies show that outcome
in terms of cure/improvement of blood pressure is similar for
LIs varying between 2.0 and 5.0, we advise an LI cutoff of
4.0 during cosyntropin stimulation and of 2.0 for unstimulated
AVS as the criteria to document lateralization of aldosterone
excess. 337435760 A recent study comparing 10 different LI
criteria to determine lateralization®® found no significant dif-
ferences in clinical outcome for all criteria: the most accurate
criterion for correctly identifying lateralization was 4.0 during
cosyntropin stimulation; without cosyntropin an LI >2.0 in
combination with an SI >2.0 performed best.

It is worth considering that the choice of more restrictive
(higher) cutoffs, with and without stimulation, undoubtedly
leads to selection of a population with a higher chance of being
cured with adrenalectomy. The drawback of this approach
may preclude the chances of cure to some potentially curable
patients who have LI below these high cutoffs.

To allow use of AVS studies that were not bilaterally selec-
tive, and in which therefore the LI cannot be calculated, and
assuming that theoretically the secretion of aldosterone should
be suppressed from the side contralateral to an APA, some
studies have made an attempt to use a contralateral aldoste-
rone suppression (PAC/PCC ratio of the nondominant adrenal
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vein less than the peripheral PAC/PCC ratio, Table) as an addi-
tional criterion to assess lateralization.

There are several caveats: not all studies have provided con-
vincing evidence by the so-called 4 corners criteria of outcome
after adrenalectomy to assess the accuracy of AVS criteria.
Ideally, outcome should be assessed using postsurgical nor-
malization of both aldosterone secretion, which consistently
occurs after curative adrenalectomy,®' and blood pressure,
which may not fall if the patient has concomitant essential
hypertension and vascular remodeling.?” Verification of these
outcomes was obviously impossible in the patients who are
not operated because they show no lateralization of aldoste-
rone secretion at AVS.*¢' Both strength and quality of evi-
dence are low (level of evidence/recommendation class I1B).

Key Points

¢ Lateralization of aldosterone secretion should be deter-
mined by the LI;

e for assessing lateralization, there is no compelling evi-
dence for the use of cosyntropin stimulation in terms of
outcome;

¢ in the AVIS, most centers used LI between 2.0 and 4.0
under unstimulated conditions and between 2.6 and 4.0
during cosyntropin stimulation; 100% of centers used
baseline, unstimulated LI values >2.0.

Clinical Decision Making Based on Equivocal
AVS Results

In the AVIS, the most commonly used cutoff values for AVS
performed with cosyntropin stimulation were SI of 23.0 to
5.0 for successful sampling and an LI of >4.0 for lateraliza-
tion, with no centers using LI cutoff <2.0.!* For studies with-
out cosyntropin, these cutoff values were generally lower by a
factor of =2, but the decision-making principles are the same.
Consequently, AVS studies with cosyntropin are considered
equivocal when the LI is 2.0 to 4.0. When 1 or both SI val-
ues are <3.0, the study is technically unsuccessful, but can
information still be salvaged? Should all of these patients be
managed medically?

AVS is particularly difficult to assess because the true result
will often never be known. False negatives are rarely rein-
vestigated; aldosterone/renin ratio is likely to fall when any
adrenal is removed, and moreover, persisting hypertension can
be attributed to many factors. Thus, only persistent hypokale-
mia or documented unsuppressible PAC in the setting of low
renin after adrenalectomy would be the definitive evidence of
incorrect lateralization. Because APAs are mostly benign, and
many patients can be controlled medically, false negatives are
less serious than false positives, and it is appropriate that diag-
nostic thresholds are generally high. Ambiguous cases can
often be resolved by repeating the investigation. Where medi-
cal control is poor, hence increasing the benefit/risks from
surgery, it is open to the clinician to lower the threshold for
recommending surgery.

When choosing among the several diagnostic options and
therapeutic interventions, the critical parameters to estimate
clinically the likelihood of an APA and how much the patient
might benefit if adrenalectomy is performed. Predictors
of APA include hypokalemia, higher serum and urinary
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aldosterone, and age <50 years at diagnosis. Cure of hyper-
tension occurs in 30% to 60% of patients with PA,>6242762
and predictive factors for persistent hypertension include
age, number of antihypertensive medications, duration of
hypertension, obesity, and vascular remodeling.*27%5 Tn a
young patient with hypokalemia and with difficulty to con-
trol hypertension of recent onset, the potential for significant
impact of surgical cure of PA is high. In addition, unilateral
adrenalectomy can be beneficial in some patients with bilat-
eral aldosterone production,® which cautions against reliance
on cross-sectional imaging with CT and MRI when AVS is
equivocal. Conversely, medical management with spironolac-
tone or eplerenone is an effective treatment of APA and its
complications,>%7 g0 the choice of medical management is
never an incorrect treatment strategy.

When the SI is <3.0 with cosyntropin (<2.0 unstimulated),
the suboptimal sampling is usually on the right side. One caveat
is that APA sometimes cosecrete cortisol,®® particularly those
>3 cm in size, which suppresses cortisol production from the
contralateral adrenal, lowers the SI, and inflates the PAC/PCC
ratio on that side. In these cases with relatively large adrenal
tumors, biochemical assessment for hypercortisolism such
as dexamethasone suppression testing should be performed
before AVS to avoid such quandaries, and if convincingly pos-
itive, the adrenal with the tumor should be removed without
the guidance of AVS. In all other cases without large adrenal
tumors, when AVS yields an SI of <3.0, our advice is not to
use the data, and certainly not to use the data from the side
with the SI <3.0. In some instances, however, incomplete data
can provide sufficient information to guide clinical care. For
example, when the PAC/PCC ratio in the adequately sampled
adrenal vein specimen is convincingly lower than that of the
IVC (contralateral suppression), the majority of aldosterone
presumably derives, by exclusion, from the unsampled adre-
nal vein. Removal of the latter adrenal is justified,* although
only if the likelihood of APA is high and that of persistent
hypertension is low as suggested by young age, short duration
of hypertension, a markedly elevated PAC and aldosterone/
renin ratio, and normal renal function.

Secondary criteria for lateralization in these equivocal AVS
cases are under study and not yet developed to the level of
consensus, but the absolute value of the PAC/PCC ratio and
measurement of additional steroids are promising approaches.

APA tends to produce the hybrid steroids, 18-hydroxycorti-
sol and 18-oxocortisol.*’ Furthermore, the ratio of the precur-
sor 18-hydroxycorticosterone (18OHB) to aldosterone tends
to be 1.5 to 3 on the side of an APA and >5 on the contra-
lateral side.® The assays for all these steroids, however, are
not routinely available, and the data are derived from small
studies. Consequently, the use of these steroids to establish
lateralization is based on anecdotal experience or limited data
rather than large, replicated studies and thus carries a low
level of evidence (class IIB). Concentrations of 18OHB and
hybrid steroids in peripheral blood samples might provide a
means to identify patients who are likely to have APA and
therefore to lateralize on AVS. In 1 study, serum 180OHB,
18-hydroxycortisol, and 18-oxocortisol before and after saline
infusion were all higher in patients with APA than those with
THA or essential hypertension™; likewise, the serum levels
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of parathyroid hormone and of autoantibodies for the type
1 angiotensin receptor were all higher in patients with APA
than those with [HA or essential hypertension, with only small
overlap between values for patients with APA and THA.”'"
Consequently, peripheral blood values for these substances,
in combination with clinical criteria such as hypokalemia or
lack thereof,'®* might be used to characterize which patients
will benefit most from AVS when access to AVS and resources
are limited.

Key Points

* When AVS results are equivocal, it is crucial to estimate
using identified predictors the likelihood of an APA and
the probability that the patient would benefit if adrenal-
ectomy were performed;

e because APAs are mostly benign, and many patients can
be controlled medically, false negatives are less serious
than false positives, and it is appropriate that diagnostic
thresholds are generally high.

Safety and Management of Complications

It is advised that AVS be performed in the specialized refer-
ral centers with sufficient throughput and expertise. However,
the limited number of specialized centers for this technically
demanding procedure may result in missed opportunities for
optimal surgical management in many patients who have no
access to AVS. Hence, it is also recommended that appropriate
training programs and certification of proficiency in perform-
ing AVS for radiologists be implemented.

The major complication of AVS includes adrenal vein rup-
ture, although dissection, infarction, thrombosis, and subse-
quent intraglandular and periadrenal hematoma have also been
reported.'’ These complications are only occasionally associ-
ated with complete and permanent adrenal insufficiency, but
they can be curative if occurring in the adrenal gland harbor-
ing the APA. Clinically, adrenal vein rupture is characterized
by a sequential appearance of persistent pain during or after
catheterization, which increases in intensity and requires
larger doses of analgesics for 24 to 48 hours.'' If suggested by
the clinical findings, confirmation of the diagnosis by CT and
MRI and careful monitoring of vital signs should be applied.
The complications usually resolve with conservative treat-
ment and do not carry any sequelae, although they can render
subsequent laparoscopic adrenalectomy more difficult attrib-
utable to extensive retroperitoneal adhesions.

Early studies suggested a wide range of AVS complication
rates varying between <0.2% and 13%.''7637737> Compared
with the higher rate of complications reported in those previ-
ous studies, a recent global multicenter study involving major
referral centers, the AVIS, demonstrated that the rate of adrenal
vein rupture was 0.61%." This decrease is likely attributable,
at least in part, to avoiding routine adrenal venography and
minimizing the injection volume for anatomic confirmation
of the adrenal vein catheterization. Complications are more
common at the right than left adrenal vein, mainly because of
the anatomic diversity and complexity. Although the compli-
cation rate does not seem to depend on the methods of cath-
eterization, such as sequential or bilateral simultaneous, and

the use of cosyntropin stimulation," it was found to differ sig-
nificantly among centers, even among major referral centers.
Adrenal vein rupture was inversely related to the number of
AVS performed by each radiologist and the number of AVS
performed per center, thus clearly indicating that the compli-
cation rate depends on the expertise of the radiologist and the
experience of each center."

Key Points

* Appropriate training programs and certification of radi-
ologists proficient in AVS should be implemented;

e in experienced hands, AVS is a safe procedure with a
very low complication rate;

* adrenal vein rupture is one of the main complications;

e generally, there are no long-term sequelae of
complications.

Conclusions

The high diagnostic accuracy and the very low rate of com-
plications support the suggestion that AVS should serve as
the gold standard diagnostic test for the subtyping of PA.
With some exceptions, therefore, this procedure should be
systematically used before referring a patient with unequivo-
cal evidence of PA to the surgeon. Following the suggestions
that are herein summarized will render AVS a rewarding
diagnostic test both for the doctor and, more importantly,
for the patient.

Perspectives

The development of techniques for a more accurate phe-
notypic characterization of the PA patients based on use of
biomarkers as hybrid steroids, 18OHB, serum parathyroid
hormone and autoantibodies to AT-1 (type 1 angiotensin 2)
receptors, as well as of the '"C-metomidate positron emission
tomography—CT will provide tools to identify which patients
will benefit most from AVS.

Disclosures
None.
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Novelty and Significance

What Is New?

Primary aldosteronism is the most common endocrine form of hyperten-
sion and is attributable to unilateral causes, most commonly an aldoste-
rone-producing adenoma or unilateral adrenocortical hyperplasia, in up
to two thirds of all cases.

The identification of such unilateral causes requires adrenal vein sam-
pling (AVS) and can lead to surgical cure of hypertension.

AVS is technically challenging, difficult to interpret, and perceived as
an invasive and risky test. However, recent surveys have shown that
it is safe. Moreover, procedures have been developed to achieve an
accurate diagnosis.

e Knowledge that was generated in the last decade is key for a more ratio-

This article provides updated information on how to perform and
interpret AVS to achieve an accurate diagnosis of lateralized forms
of primary aldosteronism.

What Is Relevant?

nal use of AVS in clinical practice.

Summary
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An Expert Consensus Statement On Use of Adrenal Vein Sampling (AVS)
For The Subtyping Of Primary Aldosteronism

Gian Paolo Rossi,! Richard Auchus,? Morris Brown,3 Jacques W.M. Lenders,* Mitsuhide Naruse,5 Pierre Francois Plouin,® Fumitoshi Satoh,”
William F. Young, Jr.8

Supplemental Data

Pharmacologic stimulation during AVS

To assess the value of pharmacologic stimulation during AVS original papers that investigated patients with PA, before and after
exposure to pharmacologic agents were reviewed in terms of the selectivity index (SI), the lateralization index (LI, see later),! and/or of the
decision to perform adrenalectomy. Ten potentially relevant reports were identified, nine using cosyntropin and one metoclopramide
(Supplemental Table 2).1-10

These papers are briefly herein summarized in terms of effect of the stimulation on the SI and the LI. Rossi et al. and Seccia et al.
showed that high-dose (250 g i.v. as a bolus) 12 and intermediate dose (50 pg/h)?2 cosyntropin increased the percentage of patients with
selective studies (using 1.10 as cutoff for SI), while the very low dose (250 pg i.v.) was ineffective in raising either cortisol or aldosterone.2
The increase of the SI came at the expense of a reduced accuracy of the LI (see later). Studies from Japan by Nakamura et al. and Satoh et al.
also found that cosyntropin administration, as intravenous bolus increased the SI and thus the rate of successful adrenal vein cannulation.**
The increased SI with cosyntropin was confirmed also by other studies,” but some were small,”8 thus precluding any conclusions in favor
or against use of this stimulation. At variance with all these findings and the theoretical expectations, in 114 patients submitted to
simultaneous bilateral AVS with a baseline SI > 2.0 Mathur et al reported that the aldosterone/cortisol ratio on each side over the
peripheral aldosterone/cortisol ratio fell after cosyntropin bilaterally.® Therefore, this study is unique also in that it provided no evidence
that cosyntropin stimulation improves the assessment of selectivity and the decision making in PA patients.6

The only study using metoclopramide, a DA, dopaminergic antagonist that increases aldosterone but not cortisol release, was too
small to provide any solid conclusions on usefulness of this agent.1® Thus, in summary the majority of the studies indicate that cosyntropin
stimulation increases the SI value, thus facilitating the ascertainment of selectivity of catheterization.

As regards the effect of cosyntropin on the LI the results of available studies were far less consistent: the average LI value decreased
with cosyntropin in four studies,!-38 (and even led to wrong lateralization 3% and 13% with high-dose and intermediate-dose cosyntropin,
respectively);? it remained unchanged in two studies, including that using metoclopramide, %10 and showed a highly variable behavior in
other three studies.*#¢7 No pertinent data were reported in one additional study,> while Mathur et al. found that the LI did not change
significantly in the cases that lateralized on the right, but increased in the cases that lateralized to the left.6 Overall the proportion of
patients that could be defined as lateralized increased only slightly (from 95% to 98%).



Therefore, available studies do not provide evidence that cosyntropin stimulation improves the decision-making in PA, as there were
no AVS-independent success criteria.
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S1. Supplemental Table 1: Key words used in the PICO strategy for the search of the relevant literature.

P = population



Hyperaldosteronism

Primary aldosteronism
Secondary hypertension
Endocrine hypertension
Hypertension with Hypokalemia
Aldosterone/Renin ratio

ntervention

Adrenal vein sampling

Adrenalectomy

Stimulation test with ACTH or cosyntropin
Dynamic test

Test with Metoclopramide
Antihypertensive agents
Mineralocorticoid receptor antagonists

C = Comparator

Scintigraphy

NP59 Scintigraphy
Computed Tomography
Nuclear magnetic resonance
Phlebography

O = outcome

Diagnosis

Adrenalectomy

Accuracy

Cure of high blood pressure
Cure of Hypokalemia

Cure of Hyperaldosteronism

T = time

Years: from 1965 to 2013




S2. Supplemental Table 2: Pharmacologic stimulation during AVS.

Authors / Year

N. with stimulation
(and successful

Simultaneous
catheterization

Stimulation protocol

Effect on Sl

Effect on LI

AVS*)
Cosyntropin
8 + 250-pg bolus followed by 250 pg infused .
Carr et al./ 2004 11(2) yes over 10-15 min Raised Decreased
Harvey et al./ 2008 63 (19) yes 250-ug IV_bqu.'_s followed by a6.25ug v Raised NR
infusion over 15 min
Monticone et al.%/ 36 (25) No 50 pg/h continuous infusion Raised or no change No change
2012 40( 33) 250-pg bolus Raised No change
6 250-ug bolus followed Decreased (right)t No change (right)

Mathur et al.”/ 2010 114(114) yes by 150 pg/h infusion No change (left) Raised (left)
Nakamura et 21 (21) yes 250-ug bolus Raised Decreased
al.%2011
Rossi et al.'/ 2008 46 (25) yes 250-ug bolus Raised Decreased
Satoh et al .*/ 2007 87(12) yes 250-pg bolus Raised Variable

47( 25) 250-pug bolus Raised Decreased
Seccia et al.¥ 2009 14 (6) yes 100-ug bolus followed by a 50 ug/h Raised No change

6 (4) ~_ nfusion No change No change
7
;’gggmoto etal./ 10 (8) yes 0.1-pg bolus followed by a 250-ug bolus Raised Variable
Metoclopramide

Wau et al. *% 2001 23 (20) I1 yes 10-mg bolus NR No change

AVS, adrenal venous sampling; Sl, selectivity index; LI, lateralization index; NR, not reported.
* success was defined as a Sl bilaterally at least 2.0. T This study used a SI 1.20. With a SI > 2.0 only 2 AVS were bilaterally selective. I In this
study the selectivity of catheterization could be assessed by using the aldosterone-to-cortisol ratio in the adrenal vein / aldosterone-to-cortisol ratio
in the inferior vena cava. [ In this study the cutoff for SI was not defined.






