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Abstract

Background Distinguishing between unilateral and bilat-
eral adrenal lesions is mandatory for surgical treatment of
primary aldosteronism (PA). Adrenal venous sampling
(AVS) is considered the gold standard for identification and
localization of the lesion or lesions causing PA. The objec-
tive of the present study was to determine the usefulness of
AVS in PA patients.
Patients and methods From January 2001 to October 2011,
86 patients with the biochemical diagnosis of PA were retro-
spectively analyzed. The study group included 45 males and 41
females with a mean age of 50.7 & 12.6 years, and all patients
underwent adrenal computed tomography (CT) and AVS.
Results The catheterization success rate of AVS was
82.69 % (86/104). In addition, AVS revealed bilateral
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lesions in 15/75 patients with unilateral abnormalities
diagnosed by CT. These patients underwent medical
treatment instead of surgery. One patient had an adrenal
mass on the right side, but AVS localized the lesion on the
left side. This patient underwent left adrenalectomy. Fur-
thermore, AVS revealed a unilateral lesion in 2/5 patients
with bilateral abnormalities demonstrated by CT. These
patients underwent unilateral adrenalectomy. Finally, AVS
demonstrated localization in 1/6 of patients with no CT
abnormalities who were subjected to surgery. Fifty-three
patients with unilateral lesion and one patient with bilateral
hypersecretion underwent surgical removal of the affected
gland(s). All patients had resolution of hypokalemia and
clinical improvement of hypertension.

Conclusions Many patients (19/86, or 22.09 %) would
have been inappropriately managed if decision making had
been based solely on CT findings. Therefore, AVS is rec-
ommended before determining definitive PA management.

Introduction

Primary aldosteronism (PA) is a rare endocrine disease
with a prevalence of 0.5-2.0 % in hypertensive patients
[1]. In recent years, regardless of clinical symptoms
stemming from hypertension or hypokalemia, patients are
generally diagnosed with PA by biochemical screening,
and PA is even discovered incidentally in normokalemic
patients [2]. Because PA is a common cause of correctable
secondary hypertension, diagnosis of the disease is extre-
mely important, especially in patients with uncontrollable
hypertension resulting from PA.

Proper diagnosis of PA is crucial for the appropriate
management of patients and for improvement of their survival
outcomes, lowering the cardiovascular risk and preventing
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fetal complications [3—6]. Treatment options, including sur-
gery and mineralocorticoid receptor antagonist-based phar-
maceutical therapy, are selected based on the location of the
lesion. Therefore, imaging and biochemical laboratory tech-
niques [e.g., computed tomography (CT), magnetic resonance
imaging (MRI), and adrenal venous sampling (AVS)] are
currently in wide use as standard examinations for patients
with suspected or confirmed PA [7, 8].

Especially AVS has been reported as the gold standard
for the localization of the lesion(s) responsible for PA [9—
11]. Young et al. reported that unilateral abnormality on
CT revealed the isolated contralateral lesion on AVS, and
AVS revealed the localization of the lesion in the
patient(s) who had bilateral adrenal nodules [12]. The aim
of the present study was to investigate the value of AVS as
a diagnostic option for patients with PA.

Patients and methods
Study design and patients

From January 2001 to October 2011, 104 patients with PA
that was identified by screening with the PAC to PRA ratio
were found retrospectively. Computed tomography and
AVS were performed simultaneously in these patients to
localize the lesions. All diagnostic tests were performed at
a single institution, the Seoul National University Hospital.
Institutional Review Board approval was obtained for this
retrospective study, and informed consent was obtained for
all studies and procedures.

Among the 104 patients, one was excluded due to
technical failure in the cannulation of the right adrenal vein
resulting from the acute angle of entry of the catheter.
Seventeen additional patients were excluded as a result of
biochemical failure, i.e., dilution of the samples. Therefore,
the catheterization success rate of AVS was 82.69 % (86 of
104 patients). The clinical data from these 86 patients
(45 males and 41 females with a mean age of 50.7 £ 12.6
years) were retrospectively analyzed from the patients’
electronic medical records.

At the initial diagnosis of PA, 97.7 % of the patients (84
of 86) presented with hypertension, and 74.4 % of the
patients (64 of 86) had hypokalemia. Hypertension was
defined when a patient’s systolic blood pressure was more
than 140 mmHg or when the diastolic blood pressure was
more than 90 mmHg, according to the Seventh Report
of the Joint National Committee. The mean serum potas-
sium level for the 86 patients was 3.1 mmol/L [range:
1.9-4.4 mmol/L; standard deviation (SD): 0.5].

Both PRA and PAC were measured in 85 of 86 patients.
If the PAC/PRA ratio was greater than 30, PA was sus-
pected, and further investigations were performed to

localize the lesion [13, 14]. The mean PAC was 349.5 ng/
dL (range: 11.9-1,880 ng/dL; SD: 305.2), and the PAC/
PRA ratio ranged from 81 to 18,800. Sixty-six percent of
the patients (57 of 86) underwent saline loading tests. After
infusion of 2 L of saline for 4 h, all patients had an
unsuppressed PAC above 10 ng/mL [15]. The mean PAC
after the saline loading test was 297.6 ng/dL (range:
7.2-1,640 ng/dL, SD: 316.5) (Table 1). A total of 54
patients underwent surgical treatments; clinical character-
istics, a description of the surgical treatment, and the type
of pathology are shown in Table 2.

CT imaging

Computed tomography images with a slice thickness of
5 mm were obtained using 4-channel (MX 8000, Philips
Medical Systems, Cleveland, OH), 16-channel (Sensation
16, Siemens, Erlangen, Germany), or 64-channel (Bril-
liance 64, Philips Medical Systems) CT scanners. Forty-
five seconds after infusion of the contrast medium, arterial
phase images were obtained. Delayed phase images were
obtained at 3—15 min after acquisition of the arterial phase
images. An adrenal mass was diagnosed when washout of
contrast medium was observed in the delayed phase at
15 min after the arterial phase.

Adrenal venous sampling

Computed tomography as a method to assess lesion
localization can lead to selection of an inappropriate
treatment option due to its high frequency of false positive
and false negative results [16]. Therefore, in the present
study, all patients underwent AVS and CT simultaneously.
Infusion of cosyntropin (Synacthen, 50 pg/h), a synthetic
derivative of adrenocorticotropic hormone, was initiated
30 min prior to the procedure. Blood samples were
obtained from the bilateral adrenal veins and the inferior
vena cava (IVC) for cortisol and aldosterone measure-
ments. Successful AVS (i.e., correct identification of uni-
lateral versus bilateral lesions) was determined by at least a

Table 1 Clinical characteristics of 86 patients

Male:female (%)
Age*
Hypertension (%)

45:41 (52.3:47.7)
50.7 £ 12.6 (20-75)
84/86 (97.7 %)
3.1+ 0.5 (1.9-4.4)
349.5 & 305.1 (11.9-1,880)

Serum potassium, mmol/L?

Plasma aldosterone concentration
(PAC), ng/dL?

Plasma renin activity (PRA),
ng/mL/h*

PAC/PRA ratio®

0.5 £ 1.7 (0.1-14.1)

2,579 £ 3,163.8 (81-18,800)

 Presented as mean =+ standard deviation (range)
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Table 2 Clinical characteristics, description of surgical treatment,
and type of pathology in 54 patients who underwent surgical
operations

Male:female (%) 28:26 (51.9:48.1)

Age® 49.3 £+ 11.3 (26-73)
53/54 (98.1)

3.1 +£0.5(2.0-4.2)

Hypertension (%)
Preoperative serum potassium,
mmol/L?

Plasma aldosterone concentration 405.3 £ 330.3 (14.3-1,880)

(PAC), ng/dL®

Plasma renin activity (PRA), 2.4 + 13.5 (0.1-99)

ng/mL/h*
PAC/PRA ratio® 3,214.3 + 3,573.8 (81-18,800)
Operation
Open adrenalectomy, n (%) 3 (5.6)
Laparoscopic adrenalectomy, 49 (90.7)
n (%)
Robotic adrenalectomy, n (%) 2 (3.7
Pathology
Adrenal adenoma, n (%) 46 (85.2)
Adrenal hyperplasia, n (%) 59.3)
Adrenal neoplasm with low risk 3(5.5)

malignancy, n (%)

? Presented as mean =+ standard deviation (range)

threefold elevation in adrenal vein cortisol levels compared
with IVC cortisol levels [9, 17-19].

Localization criteria were defined as follows: (1) the
aldosterone/cortisol (A/C) ratio of the dominant adrenal
vein (i.e., on the side of the lesion) was more than four
times the A/C ratio of the non-dominant adrenal vein, and
(2) the A/C ratio of the non-dominant adrenal vein was less
than that of the IVC.

Statistical analysis

All values are given as the mean £ SD. The results were
subjected to statistical analyses performed with SPSS
Statistics (version 19, SPSS Inc., Chicago, IL) to ascertain
means.

Results

Eighty-seven percent of the patients (75 of 86) presented
with unilateral adrenal abnormalities on CT scans, and
5.8 % of the patients (5 of 86) presented with bilateral CT
abnormalities. The remaining six patients had no abnormal
CT findings in either adrenal gland.

Among the 75 patients who presented with unilateral CT
abnormalities, 60 individuals (80 %) also presented with
unilateral AVS lesions, and 50 of these patients underwent
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unilateral adrenalectomy. However, adrenalectomy was not
performed in 10 patients with unilateral CT abnormalities
and concordant AVS results. Three of these patients
refused the operation, and the follow-up of one patient was
lost due to the patient’s noncompliance. Three patients
were still waiting for the operation at the time of study
write-up. Among the remaining three patients, one under-
went AVS while taking an aldosterone receptor blocker
and a f-blocker. Pharmaceutical therapy with these oral
anti-hypertensive medications could not be terminated
because the patient was afflicted with severe heart failure;
therefore, the endocrinologist decided to continue a min-
eralocorticoid receptor antagonist in the patient’s drug
arsenal, and to follow-up with the patient after a short-term
interval. An additional patient previously underwent a left
nephrectomy and adrenalectomy due to advanced renal cell
carcinoma, and the adrenal lesion was located in the right
adrenal gland. In this case, the endocrinologist decided to
maintain medical therapy in order to avoid adrenal insuf-
ficiency. The final patient presented with a discordant result
in regard to the side of the lesion. The CT results indicated
that the lesion was located on the right side, whereas AVS
localization indicated that the lesion was located on the left
side. The endocrinologist again decided to maintain med-
ical therapy, and to follow up with the patient after a short-
term interval.

Fifteen patients with CT results of unilateral abnor-
malities had AVS results of bilateral lesions. Medical
therapy was applied for these patients instead of surgical
intervention.

In 5 of 86 patients (5.81 %), CT scans revealed bilateral
abnormalities, and AVS results indicated bilateral lesions
in three of these patients, corresponding to the CT findings.
Among these three patients, one underwent bilateral sub-
total adrenalectomy, because bilateral hypersecretion was
strongly suspected. Histology revealed that this patient had
bilateral adrenal cortical adenoma postoperatively. The
AVS revealed unilateral lesions for the remaining two
patients, and unilateral adrenalectomy was performed.

The AVS study demonstrated that one of the six patients
with no CT abnormalities in fact had a unilateral lesion,
and that the remaining five patients had bilateral hyper-
plasia. The one patient with a unilateral lesion revealed by
AVS underwent unilateral adrenalectomy.

Therefore, the results of the present retrospective anal-
ysis show that 22.09 % of the patients (19 of 86) would
have been inappropriately managed based on CT findings
alone (Fig. 1).

In the 75 patients who presented with a unilateral
adrenal mass and a normal contralateral adrenal gland on
CT scans, further analysis was performed according to the
size of the lesion, the patient’s age, and the AVS results.
Fifty-nine patients had adrenal masses larger than 1 cm in
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Fig. 1 Diagram of the changes
in treatment of primary
aldosteronism (PA) patients
according to the results of
computed tomography and
adrenal venous sampling

Unilateral Abnormality

Bilateral Abnormality No Abnormality

n=75 n=5 n=6
AVS AVS AVS
Unilateral Bilateral Unilateral Bilateral Unilateral Bilateral
localization Hyperplasia || localization | | Hyperplasia | Localization || Hyperplasia
n=60 N=15 n=2 n=3 n=1 n=5
Discordant Vedical
unilateral E0a Surge
localization Treatment nfzry Surgery
localizatio = n=1
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diameter, and the others (16 of 75) had adrenal masses
smaller than 1 cm in diameter.

Six of the 16 patients with adrenal masses smaller than
1 cm were younger than 40 years of age at the time of
diagnosis and had concordant CT and AVS results. The
other 10 patients were older than 40 years of age. The CT
scans and AVS showed concordant results for 6 of these 10
patients and discordant results for the remaining 4 patients.

In the 59 patients with adrenal masses larger than 1 cm,
9 patients were younger than 40 years of age at the time of
diagnosis, and 50 patients were older than 40 years old of
age. The AVS results showed bilateral lesions for 9 of the
50 patients who were older than 40 years of age. These
results were discordant with the CT results, and the patients
did not require surgical therapy. The AVS and CT results
were congruent for the remaining 41 patients older than
40 years. In addition, AVS indicated bilateral lesions for 2
of the 9 patients who were younger than 40 years of age,
whereas the AVS and CT results were in agreement for the
other 7 patients in this age group.

A total of 53 patients underwent unilateral adrenalec-
tomy according to the results of lesion localization revealed
by AVS. An additional patient underwent bilateral adre-
nalectomy according to the AVS result of bilateral hyper-
secretion. Among these 54 patients, hypertension was
cured in 88.9 % of the patients (48 of 54) and improved in
11.1 % of the patients (6 of 54) during postoperative
clinical follow-up. Additionally, 98.1 % of the patients (53
of 54) showed postoperative normalization of hypokale-
mia. One patient could not be evaluated for postoperative
potassium levels because of loss to follow-up in the

outpatient department. The mean postoperative potassium
level among the other 53 patients was 4.03 mmol/L (range:
2.8-5.7 mmol/L, SD: 0.5 mmol/L), and the median follow-
up period was 523 days (range: 11-2,586 days).

Discussion

The aim of the present study was to determine the value of
AVS as a diagnostic tool to aid in choosing an appropriate
treatment option for patients with PA. The treatment option
is determined according to the localization of the lesion,
and thus diagnostic tests for localization are of utmost
importance. The present retrospective analysis of 86 PA
patients contributes to our understanding of CT inaccuracy
in the assessment of lesion localization, which can conse-
quently have a negative impact on PA management.
Adrenalectomy of the affected gland should be offered to
patients with unilateral PA, whereas patients with a bilat-
eral source of excess aldosterone secretion should undergo
pharmaceutical therapy, including treatment with mineral-
ocorticoid receptor antagonists [20].

In contrast to CT, several studies report the reliability of
AVS as a test for localization in patients with PA. Zarnegar
et al. report that AVS should be used whenever CT findings
are equivocal, or when both adrenal glands are abnormal
[21]. Schwab et al. further report that, in their clinical
experience, AVS is the superior test when compared with
CT for subtype identification of PA, as well as for deter-
mination of occult hypersecretion from the adrenal gland
[19]. Moreover, recent studies indicate that AVS should be
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performed routinely rather than selectively in patients with
PA. Mathur et al. [22] stated that 50 % of PA patients
would have been inappropriately managed based on CT
findings alone, and therefore, patients with biochemical
evidence of PA who are considering adrenalectomy should
first undergo AVS. Additionally, Ishidoya et al. report that
because nearly one-fourth of patients with unilateral PA
had a negative CT finding, routine AVS should be per-
formed in patients with unilateral adrenal aldosterone
hypersecretion [23]. In light of these previous studies, the
present study retrospectively analyzed PA patients who
underwent simultaneous AVS and CT so as to evaluate the
concordance and discordance between the AVS and CT
results.

It must be emphasized that AVS is a difficult procedure
to perform in the clinical setting, and that considerable
expertise is required in the interpretation of AVS results. In
fact, Kline et al. declared that AVS may not always be the
so-called gold standard for diagnosing PA due to different
systems for the interpretation of results [24]. Moreover, the
invasiveness and technical complexity of the procedure
have created a situation in which many clinicians will only
implement AVS in certain PA patients, and if anatomical
variations in the adrenal vein are present, such as the
unusual variant of left adrenal venous drainage directly into
the IVC, the AVS procedure becomes even more arduous
[25, 26].

The known major complications of AVS include adrenal
vein rupture and subsequent intraglandular and widespread
periadrenal hemorrhage, adrenal infarction, and adrenal
vein thrombosis [27]. Based on their considerable multi-
center clinical experience, Vonend et al. [28] recommend
that (1) AVS interpretation should be limited to a few select
radiologists so as to increase their expertise; (2) written
standard operating AVS procedures should be in place; (3) a
rapid cortisol assay should be performed immediately fol-
lowing initiation of the AVS procedure; and (4) prompt
feedback should be offered to technical personnel in order
to accelerate the learning curve and to overcome the inva-
siveness of the procedure. In the present study, there were
three cases of adrenal vein injury and subsequent small
hematoma. Although all three patients recovered without
any additional treatment, careful monitoring of vital signs
was applied in all cases.

The present study documented that 22.09 % (19/86) of
the patients would have been inappropriately managed if
the treatment decision had been based solely on CT find-
ings. Two patients who had bilateral abnormalities on CT
scans were shown to have unilateral lesion localization
following AVS; these patients came close to medical
treatment instead of surgery. Additionally, 15 patients who
had unilateral abnormalities on CT scans but bilateral
abnormalities following AVS, almost underwent surgery
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instead of medical treatment. One patient who had no
abnormality on CT were shown to have a unilateral lesion
revealed by AVS: this patient also came close to medical
treatment instead of surgery. Finally, one patient with a
right side abnormality on CT revealed localization to the
left side following AVS. This patient underwent left
adrenalectomy. Not only is adrenalectomy an irreversible
event, but it is also inappropriate with respect to the
patient’s clinical outcome in the case of bilateral disease.

According to the exacting approach for lesion laterali-
zation adopted by the current analysis, adrenalectomy was
performed on 53 patients with unilateral PA and one
patient with bilateral adrenal adenoma revealed by AVS.
All of the patients who underwent surgical treatment were
either cured or demonstrated improvement in their hyper-
tensive status. Furthermore, abnormal potassium levels
were normalized during the postoperative period.

Some clinicians recommend that AVS should be
reserved for a subset of patients for whom CT findings are
equivocal, both adrenal veins are abnormal, or preoperative
imaging studies cannot definitively lateralize the lesion
[21, 25]. In addition, some clinicians recommend that when
the patient is younger than 40 years old, has a normal
contralateral adrenal gland, and presents with an adrenal
adenoma larger than 1 cm in diameter, no further imaging
or evaluation is needed, and the patient should be referred
for surgical treatment [16]. However, according to our
analysis, AVS showed evidence of bilateral abnormalities
in two patients younger than 40 years who had an adrenal
mass larger than 1 cm. These AVS results were discordant
with the CT results, which showed a unilateral adrenal
mass. This suggests that AVS should be performed in all
patients with PA planning to undergo adrenalectomy,
regardless of the CT results.

Of course, this study is not without limitations. First,
these results were deduced from a retrospective analysis of
clinical data, and therefore, this study was not a double-
blinded, prospective study. Second, selection bias existed
in the current analysis, and this non-randomized study also
included a relatively small number of patients. A future
analysis involving a large number of subjects is required to
secure the justification for performing AVS in all PA
patients considering adrenalectomy. Third, the success rate
of AVS in this series was relatively low (82.69 %). How-
ever, before September 2006, the success rate was only
54.54 % (12 of 22 patients analyzed). An interim analysis
of AVS data was next performed at our institution (Seoul
National University Hospital), and an active discussion for
improving the success rate of AVS was initiated among
endocrinologists, radiologists, and endocrine surgeons. As
aresult of these discussions and the use of a relatively strict
definition of AVS localization criteria, the success rate
climbed to 90.24 % (74 of 82 patients) between October
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2006 and October 2011. Thus, we found that the success
rate of AVS could be improved by using a multidisci-
plinary approach.

In conclusion, the results of the current analysis suggest
that patients with PA who are considering adrenalectomy
would benefit from undergoing AVS preoperatively. The
present data indicate that AVS will allow the medical team
to obtain the correct localization of the lesion, preventing
inappropriate treatment. However, to establish AVS as a
standard preoperative protocol, additional multicenter
clinical experience should be collected and analyzed.

Conflict of interest The authors have no conflicts of interest or
financial ties to disclose.
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