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ABSTRACT

Current clinical guidelines from the US Endocrine Society state
that adrenal venous sampling (AVS) may not be necessary in pa-
tients younger than 35 years with marked aldosteronism and a
solitary adrenal adenoma on imaging. At the time when the
guidelines were published, only one study supported the state-
ment, a study thatincluded 6 patients younger than 35 years, all
of whom had unilateral adenoma on imaging and unilateral pri-
mary aldosteronism (PA), according to AVS. Since then, to our
knowledge, four additional studies have been published that
provide data on concordance between conventional imaging and
AVS among patients younger than 35 years. In these studies, 7 of
66 patients with unilateral disease on imaging had bilateral dis-
ease, according to AVS. We find it, therefore, reasonable to con-
clude thatimaging studies alone inaccurately predict laterality in
asignificant number of young patients with PA and that available
data challenge the current clinical guidelines.

Adrenal venous sampling (AVS) is recommended for patients with
primary aldosteronism (PA) who are considered to be candidates for
surgery to distinguish between unilateral and bilateral aldosterone
overproduction and thereby to identify those who are suitable for
unilateral adrenalectomy [1]. In fact, by using conventional imaging
alone, the specificity for diagnosing unilateral PAin a patient with uni-
lateral adenomais only 57 % [2]. Current clinical guidelines from the
US Endocrine Society, however, state that AVS may not be necessary
in patients younger than 35 years who have marked aldosteronism
(i.e., p-aldosterone>831 pmol/L and spontaneous hypokalemia) and
a solitary unilateral adrenal adenoma on imaging [1]. As a support
forthe statement, references for five studies are provided [3-7]. Three
of these studies do not specifically provide any data from young pa-
tients with PA [3-5], and one study provides only data on patients
younger than 40 years, where one of 6 patients with unilateral ade-

noma on imaging had bilateral PA according to AVS [6]. Thus, at the
time when the guidelines were published, only one study supported
thatyoung patients can skip AVS; in that study, imaging was accurate
in demonstrating unilateral PAin all six patients younger than 35 years
[7], and the quality of the evidence was considered to be very low [1].
However, only adrenalectomized patients were included in the study,
with some patients possibly having unilateral adenoma on imaging,
butwith bilateral PA on AVS, and therefore not treated surgically, may
not have been included. In addition, of interest was that imaging in-
accurately supported unilateral PA in 6 of 15 patients aged between
35 and 40 years [7]. In this context, it should be mentioned that in
2014, an international expert consensus statement questioned
whether patients with PAyounger than 40 years actually need AVSin
the presence of unilateral adenoma onimaging [8]. However, in a re-
cent meta-analysis, the sensitivity for diagnosing unilateral PAon CT
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Patients with PA, age 26 - 40 years
(n=45)

Unilateral lesion on imaging
(n=25)

Bilateral lesions/normal glands
on imaging (n=20)

Unilateral PA on AVS Bilateral PA on AVS
(n=20) (n=5)

Unilateral PA on AVS Bilateral PA on AVS
(n=5) (n=15)

> Fig. 1 Flowchart showing the results from adrenal imaging and adrenal vein sampling (AVS) in 45 patients aged between 26-40 years that were

diagnosed at the Sahlgrenska University Hospital between 2005 and 2019.

in patients 40 years or younger was 71 %, and the specificity was only
79 %, meaning that 21 % of the patients might have undergone un-
necessary adrenalectomy if AVS would not have been used [2].

Since the current clinical guidelines from the US Endocrine So-
ciety were launched in 2016, four additional studies have been pub-
lished that provide data on concordance between conventional im-
aging and AVS among patients younger than 35 years [9-12]. In
addition, one further study has reported surgical outcomes follow-
ing adrenalectomy in patients <35 years where the diagnosis of
unilateral PA was based on AVS or only imaging [13].

In a study from Japan by Umakoshi et al. [9], three of 30 patients
younger than 35 years at diagnosis, all with hypokalemia, plasma
aldosterone >440 pmol/L, and unilateral adenoma on CT, had bi-
lateral PA according to AVS. In addition, 8 of 39 patients aged be-
tween 35 and 40 years had unilateral adenoma and bilateral PA on
AVS. In another large multicenter study [13] comprising 60 adre-
nalectomized patients aged <35 years, adrenalectomy was, accord-
ing to the Primary Aldosteronism Surgical Outcomes (PASO) crite-
ria [14], biochemically successful in 8 patients, partial in 1 and ab-
sentin 2, of 11 patients with a unilateral adrenal mass on imaging
where AVS had not been performed preoperatively. However, 5 of
these 11 patients had severe phenotype, all with complete bio-
chemical success postoperatively. Also, all 26 patients who had un-
dergone AVS preoperatively had complete biochemical success fol-
lowing adrenalectomy, both patients with (n=17) and without
(n=9) severe phenotype [13].

We have recently analyzed data from 45 patients 40 years or
younger that underwent AVS at our institution between 2005 and
2019 [10]. Of 25 patients with unilateral adenoma on imaging, 5
had bilateral PA according to AVS (> Fig. 1). Similarly, 5 of 20 pa-
tients with either bilateral lesions or normal adrenal glands had uni-
lateral PA according to AVS (> Fig. 1). Interestingly, two of five pa-
tients with unilateral adenoma and bilateral PA on AVS were treat-
ed surgically with unilateral adrenalectomy [10]. Postoperatively,
one had partial, and in the other, absent biochemical success ac-
cording to PASO [14]. This contrasts with the study by Umakoshi
et al., where five patients with unilateral adenoma on imaging and
bilateral PA on AVS were treated surgically. Four of these had com-
plete biochemical success, and one had partial success [9].

In our study, 16 of 45 patients were 35 years or younger at di-
agnosis [10]. Of these sixteen patients, two had discordant results
between imaging and AVS, one had unilateral adenoma on imag-
ing (19 mm) and bilateral PA, according to AVS, and one had appar-
ently normal adrenal glands on imaging and unilateral PA accord-
ing to AVS.

We are aware of two more recently published studies that ad-
dressed the same topic [11, 12]. In these studies, two of 13 and one
of seven patients younger than 35 years, respectively, had a well-
defined adenoma on CT and bilateral PA according to AVS.

Thus, to our knowledge, only six studies have been published to
date that have investigated whether conventional imaging alone
can distinguish unilateral from bilateral PA among patients young-
er than 35 years (> Table 1) [7,9-13]. Taken together, 7 of 66 pa-
tients with unilateral disease on imaging had bilateral disease, ac-
cording to AVS. In addition, in the study by Williams et al. [14], 2 of
11 patients <35 years with a unilateral adrenal mass on imaging,
who did not undergo AVS preoperatively, had absent biochemical
success following adrenalectomy.

Although based on data from a limited number of patients, we
find it reasonable and fair to conclude that imaging studies alone
inaccurately predict laterality in a significant proportion of young
patients with PA, or 10 % to be more exact. The available data,
therefore, challenge the current clinical guidelines suggesting that
AVS may not be necessary in young adults with PA[1].

There are more reasons why we question the current guidelines.
First, complications in connection with AVS are rare and most often
mild [15-17]. For instance, in a large international study with in-
formation from 2604 AVS conducted at 20 centers, the overall rate
of adrenal vein rupture, a dreaded and serious complication, was
only 0.6 % [17]. We, therefore, consider it less harmful to perform
an AVSin young patients with PA rather than to perform potential-
ly unnecessary unilateral adrenalectomy. The major limitation of
AVS, however, is that it is a technically demanding procedure with
alow success rate in non-specialized centers, and is not widely avail-
able. Second, PA is still an uncommon disease in young patients,
the proportion being 3-8% [7,9-11]. Thus, with current guide-
lines, only a small number of patients would be spared from AVS.
Third, exceptions to the main recommendation, i. e., that young
patients with visible adrenal adenoma do not need AVS pose a risk
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> Table 1 Summary of currently available studies that have examined the
concordance between conventional adrenal imaging and adrenal venous
sampling (AVS) and or surgical outcome, in patients aged 35 years or
younger with primary aldosteronism.

Author, year, Main findings

country

Lim, 2014, Five patients <35 years; imaging and AVS

USA concordant in all. Only adrenalectomized patients
included.

Umakoshi, Three of 30 patients <35 years with unilateral

2018, Japan disease on imaging had bilateral disease on AVS.

Williams, Two of 11 patients <35 years with a unilateral

2018, adrenal mass on imaging, did not undergo AVS
International preoperatively, had absent biochemical success
following adrenalectomy. All five patients with
severe phenotype and an adrenal mass on imaging
had complete biochemical success.

Gkaniatsa, One of 11 patients <35 years with unilateral disease
2021, Sweden on imaging had bilateral disease on AVS.
Lee, 2021, Two of 13 patients <35 years with unilateral disease

Korea on imaging and severe phenotype had bilateral
disease on AVS.

Kaur, 2022,
New Zealand

One of 7 patients <35 years with unilateral disease
on imaging had bilateral disease on AVS.

that the guidelines can be interpreted “liberally” and used to jus-
tify bypassing AVS in, e. g., slightly older patients, patients with
“suspected” small nodules and/or patient who do not quite meet
the criteria for marked aldosteronism (e. g., p-aldosterone>831
pmol/L and spontaneous hypokalemia).

So, in our opinion, AVS should be performed in young adults with
PA at centers that have access to an experienced interventionist, just
as in patients who are 35 or 40 years or older. However, given the
limited access to AVS in general, new methods for identifying pa-
tients with unilateral disease are urgently needed. One promising
alternative is 11C-methomidate PET-CT [18], although its diagnos-
tic value in young patients with PA has not yet been investigated.
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