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Abstract
Adrenal venous sampling (AVS) is the gold standard test for distinguishing between unilateral and bilateral primary
aldosteronism (PA); however, AVS requires advanced and time consuming technique. The needs for AVS have been
increasing due to the increased utilization of screening for PA. An efficient selection of unilateral PA, such as aldosterone-
producing adenoma (APA), before AVS is useful to avoid undesirable AVS in bilateral PA, such as idiopathic
hyperaldosteronism. In this study, 40 patients who received all three confirmatory tests, including the captopril challenge
test, furosemide upright test and adrenocorticotropin (ACTH) stimulation test (AST), and who were diagnosed as having PA
by AVS were recruited. Subjects were diagnosed as having unilateral aldosterone excess (n= 22) or bilateral aldosterone
excess (n= 18) by AVS. All patients with unilateral PA underwent an operation and were finally diagnosed with APA.
Major differences were detected in serum potassium level, basal plasma aldosterone concentration (PAC), presence of
adrenal tumor, and AST results between the two groups. The PAC/cortisol ratio at 120 min in the AST showed the highest
diagnostic capability for distinguishing the subtypes of PA according to a receiver operating characteristic (ROC) curve
analysis (area under the ROC curve was 0.956). At a cutoff value of 1.20 for the PAC/cortisol ratio at 120 min on the AST,
the sensitivity was 95.5%, and the specificity was 88.9%. This sufficiently high sensitivity suggests that the PAC/cortisol
ratio at 120 min in the AST could be useful for the screening of patients with PA who are suitable for AVS.
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Introduction

Primary aldosteronism (PA) is the most common cause of
endocrine hypertension. The incidence of PA in hyperten-
sive patients is high but ranges widely, from 3.2 to 21.7%
[1]. Moreover, PA is associated with a higher risk of car-
diovascular events and renal damage than essential hyper-
tension [2–4]. Thus, early detection and treatment of PA is
crucial. The diagnostic guidelines for PA from the Japanese
Endocrine Society (JES) recommend the measurement of

the plasma aldosterone concentration (PAC)/plasma renin
activity (PRA) ratio (ARR) in patients who are initially
diagnosed with hypertension [5]. Recently, the Task Force
of the Endocrine Society, which is an international com-
mittee that includes the JES and the Japanese Society of
Hypertension (JSH), recommended a screening test,
namely, ARR, for high-risk groups of hypertensive patients
and those with hypokalemia [6]. If the ARR is higher than
20 (the units of PAC are in ng/dL), the guidelines recom-
mend referral to a specialized institution for a definitive
diagnosis [5, 6]. Regardless of the criteria for target sub-
jects, patient referrals have been increasing due to the
increased dissemination and awareness of the ARR in
Japan.

At least two of three confirmatory tests, including the
captopril challenge test (CCT), furosemide upright test
(FUT), and saline infusion test are recommended to reach a
definitive diagnosis for referred patients [5]. The adreno-
corticotropin (ACTH) stimulation test (AST) is not suffi-
cient as a confirmatory test of PA [7], but the AST is useful
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for identifying aldosterone-producing adenoma (APA)
[8–10]. We have been using the AST to confirm aldosterone
hypersecretion in the basal state and normalization of
aldosterone secretion after operation. Adrenal venous sam-
pling (AVS) is recommended as a gold standard test for
reaching a final diagnosis of the PA subtype [5, 6]. How-
ever, AVS requires advanced and time consuming techni-
que, so the efficient selection of patients with unilateral PA
such as APA before the AVS is useful to avoid undesirable
AVS in patients with bilateral PA, such as idiopathic
hyperaldosteronism (IHA). Recently, many efforts have
been devoted to identifying alternative tests to substitute for
the AVS or to provide a validation for patients who are
undergoing elective AVS, but adequate tests with sufficient
accuracy have not been identified [11]. The objective of this
study was to identify a more useful marker for distin-
guishing the subtype of PA to reduce the number of patients
undergoing unnecessary AVS.

Methods

Study patients

We retrospectively analyzed the medical records of patients
who were diagnosed with PA by confirmatory tests
including AST and localization by AVS from July 2011 to
March 2018. The saline infusion test has not been enforced
due to its troublesome procedure. Forty patients who met all
eligibility conditions were recruited. This study was a ret-
rospective study without intervention and was approved by
the Ethical Committees of the University of Miyazaki. All
patients who were included in the study underwent contrast
CT imaging.

Diagnostic procedure for PA

Patients with an ARR greater than 20 and who were
expected to have surgery were admitted to our hospital. All
patients were put on Ca-channel blocker(s) and/or an alpha-
blocker before the examination. Oral potassium supple-
mentation was administered as necessary. The patients were
fed 10 g of sodium chloride per day in the hospital. All
basal blood sampling for the confirmatory tests were carried
out at 08:00 to 08:30 after an overnight fasting. Plasma
concentrations of hormones were measured using a com-
mercially available laboratory testing service (BML, Tokyo,
Japan).

Captopril challenge test

Patients took 25 mg of captopril after 60 min of rest in a
supine position. Blood samples were obtained before and

after taking captopril. An ARR greater than 20 at 60 min
after captopril administration was considered positive. The
baseline PAC and PRA values in the CCT were used as
basal values for this analysis.

Furosemide upright test

After 30 min resting in a supine position, patients were
administered 1 mg/kg of furosemide (up to 60 mg) by an
intravenous injection and maintained in a standing position
for two hours. PRA values <2.0 ng/ml/h at 120 min after
furosemide loading were considered positive.

ACTH stimulating test

After 30 min of rest in a supine position, patients were
administered 250 μg of synthetic ACTH by an intravenous
injection. Blood samples were obtained before and 30, 60
and 120 min after loading. A ratio of PAC to cortisol that
was higher than 0.85 at the time of peak concentration of
aldosterone (PACmax/cortisol) after the ACTH injection was
considered to be positive.

Adrenal venous sampling

AVS was performed by expert radiologists. To confirm the
correct localization of the microcatheter tip to the right
adrenal vein, CT imaging was performed during the
operation in all patients [12]. Following basal sampling
from the bilateral adrenal veins, 250 μg of ACTH were
administered by an intravenous injection. After 30 min of
waiting, the second sampling was performed from the
adrenal veins. According to the JES guidelines [5], an
adrenal venous cortisol concentration greater than 200 μg/
dL after the ACTH stimulation was considered to be evi-
dence of an adequate catheterization for the AVS.
An adrenal venous aldosterone concentration higher than
1400 ng/dL after the ACTH stimulation was considered to
be evidence of aldosterone hypersecretion. The lateraliza-
tion of the hypersecretion of adrenal vinous aldosterone was
the primary criterion for the diagnosis of the bilateral or
unilateral PA subtypes. Additionally, the lateralized ratio
(comparison of aldosterone/cortisol ratio on both sides of
the adrenal vein; higher/lower side <2.6) and contralateral
ratio (comparison of aldosterone/cortisol ratio on the lower
side of the adrenal vein/inferior vena cava; over 1.0) were
used for the diagnosis of bilateral PA.

Statistical analysis

All statistical analyses were performed using SPSS Statis-
tics, version 22 (IBM Japan, Tokyo, Japan). After the
confirmation of normal distributions for all variables, the
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significance of the differences between unilateral PA and
bilateral PA was evaluated by an unpaired t test or Χ2 test.
The relationship between variables was analyzed using a
simple correlation analysis. A receiver operating char-
acteristic (ROC) curve was generated, and the area under
the curve (AUC) was calculated to determine the best
marker for detecting the subtype. Data are expressed as the
means ± SD, and a value of P < 0.05 was the criterion for
statistical significance.

Results

The final diagnosis of laterality was determined by obvious
aldosterone hypersecretion in AVS. All patients who were
diagnosed with unilateral PA underwent a laparoscopic
adrenalectomy and were finally diagnosed as having APA
based on the pathological diagnosis. In addition, all operated
patients were postoperatively reexamined by the AST, and
the normalization of aldosterone secretion was confirmed
(Fig. 1). The baseline characteristics of the patients and a
summary of the confirmatory tests are shown in Table 1.
Patients with unilateral PA that were confirmed as having
APA after their operation were accompanied with severe
hypokalemia than patients with bilateral PA. The PAC,

Fig. 1 Results for the ACTH stimulation test. The oversecretion of aldosterone completely disappeared after operation. PAC: plasma aldosterone
concentration. *P < 0.05, **P < 0.01, between the two groups

Table 1 Patient characteristics

Unilateral PA Bilateral PA P value

N 22 18

Male/Female 14/8 7/11 0.12

Age (y) 53.4 ± 10.7 47.7 ± 13.0 0.14

SBP (mmHg) 139.4 ± 12.3 141.4 ± 12.2 0.62

DBP (mmHg) 82.8 ± 10.1 85.3 ± 10.3 0.43

Serum potassium (mEq/L) 3.20 ± 0.65 3.79 ± 0.43 0.001

BNP (pg/mL) 60.6 ± 89.4 14.3 ± 13.3 0.057

PAC (ng/dL) 33.6 ± 20.9 14.0 ± 3.2 <0.001

PRA (ng/mL/h) 0.35 ± 0.23 0.49 ± 0.29 0.097

ARR 150.0 ± 179.6 39.2 ± 29.4 0.011

Adrenal tumor on CT (%) 21/22 (95.5) 7/18 (38.9) <0.001

PAC/PRA at 60 min on CCT 122.5 ± 184.0 36.6 ± 32.6 0.059

PRA at 120 min on FUT 0.79 ± 0.67 1.34 ± 0.73 0.017

ACTH stimulation test

PACmax/F 2.99 ± 1.56 1.78 ± 0.41 0.002

PAC/F at 120 min 2.16 ± 1.29 0.97 ± 0.25 <0.001

PAC at 60 min 69.0 ± 41.5 42.8 ± 11.4 0.014

PAC at 120 min 57.3 ± 44.0 27.6 ± 7.8 0.005

BNP brain natriuretic peptide, PAC plasma aldosterone concentration,
PRA plasma renin activity, ARR aldosterone renin ratio, CCT captopril
challenge test, FUT furosemide upright test, ACTH adrenocortico-
tropin, F cortisol
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ARR, and incidence of adrenal tumor were significantly
higher in the unilateral group, and the PRA after loading in
the FUT was significantly lower in the unilateral group.
The results for the AST, including the post operation values,
are illustrated in Fig. 1. PAC and the PAC/cortisol ratio were
significantly higher at every timepoint for the AST in the
unilateral group. Consequently, the PACmax/cortisol ratio
was significantly higher in the unilateral group (Table 1).

To determine the best predictor for detecting the unilateral
PA, an ROC curve analysis was conducted, and the AUCs
were compared (Table 2). Serum potassium, presence of
adrenal tumor and the recommended confirmatory tests such as
CCT and FUT have a low ability to distinguish between the PA
subtypes. In contrast, the AST showed a higher ability to dis-
tinguish between the PA subtypes. Several markers, including
previously reported markers [8–10], are summarized in
Table 2. In particular, the PAC/cortisol ratio at 120min showed
an extraordinarily high AUC (0.956) compared to the other
markers. The ROC curves for each of the markers in the AST
are illustrated in Fig. 2. The ROC curve for the PAC/cortisol
ratio at 120min surpassed that of the other markers at all
points. Using the ROC curve analysis, a cutoff value of 1.20
was set for the PAC/cortisol ratio at 120min in the AST.
Among patients with unilateral PA, 21 of 22 patients had ratios
above the 1.20 cutoff (sensitivity of 95.5%), and 16 of 18
patients with bilateral PA had ratios below 1.20 (specificity of
88.9%) (Fig. 3).

Discussion

The purpose of this study was to identify a predictor of
unilateral PA for an efficient and desirable AVS that is
connected to a curable operation. There have been some

reports suggesting that the AST is useful for the determi-
nation of APA [8–10] but that its accuracy was insufficient
[11]. We identified a more useful marker and cutoff value,
namely, a PAC/cortisol ratio of 1.20 at 120 min in the AST,
with sufficiently high sensitivity (95.5%) for the determi-
nation of APA. The AST is a convenient and safe test, so
the use of the AST to select for patients with APA prior to
the AVS is versatile and beneficial in clinical practice.

According to previous reports, APA showed a higher
response to ACTH stimulation than IHA [8–10, 13]. Consistent
with these findings, in our study the unilateral group showed a
significantly higher response than the bilateral group (Fig. 1).
Additionally, the unilateral group showed prolonged response
to ACTH stimulation and maintained a high level of PAC at
120min (mean difference between 0min and 120min was
22.0 ng/dL). In contrast, the bilateral group returned to near the
basal level at 120min (mean difference between 0min and
120min was 8.5 ng/dL). The serum concentration of cortisol
was highest at 120min and was slightly higher in the bilateral
group than in the unilateral group (28.3 vs. 25.8 μg/dL. P=
0.076). Consequently, the PAC/cortisol ratio in the bilateral
group was lowest at 120min with the lowest dispersion
(Fig. 1). Thus, the PAC/cortisol ratio at 120min was chosen as
the distinguishing marker for the subtype of PA. The PAC/
cortisol ratio at 0min also showed a high AUC in the ROC
curve analysis (Table 2). However, there were many overlaps
between the two groups and thus the ratio showed low speci-
ficity (sensitivity of 95.5%, specificity of 44.4%, at a cutoff
value of 1.84).

PAC was suppressed more strongly by 1 mg dex-
amethasone in the APA group than in the non-PA and IHA

Table 2 Area under the ROC curve (AUC)

Variable AUC 95% CI

Serum potassium 0.764 0.608 - 0.920

PAC 0.920 0.836 - 1.000

ARR 0.857 0.735 - 0.979

Adrenal tumor on CT 0.783 0.629 - 0.937

PAC/PRA at 60 min on CCT 0.787 0.643 - 0.931

PRA at 120 min on FUT 0.772 0.622 - 0.923

ACTH stimulation test

PACmax/F 0.847 0.729 - 0.965

PAC/F at 0 min 0.927 0.845 - 1.000

PAC/F at 120 min 0.956 0.890 - 1.000

PAC at 60 min 0.831 0.698 - 0.964

PAC at 120 min 0.870 0.759 - 0.981

PAC plasma aldosterone concentration, ARR aldosterone renin ratio,
PRA plasma renin activity, ACTH adrenocorticotropin, F cortisol

Fig. 2 Receiver operating characteristic (ROC) curves of the para-
meters of the ACTH stimulation test. PAC plasma aldosterone con-
centration, F cortisol
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groups [8, 14–16]. PAC has a circadian rhythm, with levels
rising in the morning and declining at night. This circadian
rhythm was prominent in the patients with APA [17] and the
rhythm in the APA patients was depended on endogenous
ACTH [15, 16]. These data indicate that aldosterone secre-
tion is more dependent upon endogenous ACTH in the APA
group than in the IHA group. Therefore, it is convincing that
the APA group showed a greater reaction to exogenous
ACTH stimulation than did the IHA group. Conversely,
patients with a higher response to exogenous ACTH may
secrete more aldosterone via endogenous ACTH and suffer
from the adverse effects of excess aldosterone. Indeed, the
PACmax/cortisol ratio in the AST showed a fairly strong
association with hypokalemia in this study (Fig. 4). These
data suggest that careful assessment and follow-up are
needed for patients showing a high response in the AST.

Two of the 18 patients with bilateral PA showed a PAC/
cortisol ratio at 120min that was above the cutoff value in the
AST (Fig. 3). These patients had no adrenal nodules and
seemed to have IHA, but they may have harbored bilateral
microadenomas or a unilateral microadenoma with con-
tralateral hyperplasia. Considering the balance between very
high sensitivity and adequate specificity, the cutoff value for
the PAC/cortisol at 120min seems to be superior to other
parameters for distinguishing the PA subtype using the AST
[8–11]. Recently, Umakoshi et al. reported that the combi-
nation of a unilateral nodule on a CT and hypokalemia were
useful indicators for the selection of preferable patients for
AVS [18]. However, individual AUCs of adrenal nodules
(AUC 0.782) or hypokalemia (AUC 0.764) were relatively
low and the AUC of the combination of an adrenal nodule
and hypokalemia was also insufficient in our cohort (AUC
0.813). Moreover, the AST can distinguish between unilateral

and bilateral disease in patients with normokalemia without
obvious adrenal nodules (PAC/cortisol at 120 min was 1.3
and serum potassium was 4.0 mEq/L), although this was
demonstrated in one patient. Only 1 of 22 patients with APA
that was confirmed by a pathological examination showed a
value below the cutoff. This patient showed a low basal PAC
(13 ng/dL) and marginal responses to confirmatory tests
(PAC/PRA at 60min in the CCT, 18; PRA at 120min in the
FUT, 1.5 ng/ml/h). The patient also had normokalemia
(potassium level, 4.0 mEq/L) and showed only a limited
improvement in blood pressure after operation. A higher body
mass index (BMI) and lower contralateral index in the AVS
after ACTH stimulation are reported as predictors for poor
blood pressure response after operation [19]. This patient had
a relatively high BMI (24.0) but a relatively low contralateral

Fig. 3 Scattergram of the PAC/F ratios of the bilateral PA and unilateral PA groups at 120 min in the ACTH stimulation test. Open circles
indicated out of cutoff value. PAC plasma aldosterone concentration, F cortisol, PA primary aldosteronism

Fig. 4 Relationship between the PACmax/cortisol ratio in the ACTH
stimulation test and serum potassium. PAC: plasma aldosterone
concentration
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index (0.3). This may suggest that a low responder in the AST
can be observed without an operation. However, the repeated
use of the AST would be necessary for low responders to
avoid overlooking latent APA.

There are several limitations in this study. We considered
performing AVS even if the patients showed positive
response in only the AST. Such patients may be diagnosed
with essential hypertension at other facilities. The final
diagnosis was dependent upon obvious aldosterone hyper-
secretion in the AVS. The guidelines for PA are still evol-
ving, and the details for this diagnosis are not unified among
academic societies such as the JES and JSH. As a result, the
patient population may be heterogeneous among facilities.
The number of the patients was relatively small in the
present study, and it was performed at a single facility. A
study with a larger number of patients and at multiple
facilities is warranted in the future. Finally, pathological
examinations were not applied for bilateral lesions, so the
diagnosis of IHA may not be correct in some cases.

In conclusion, patients who were suspected to have PA
and who had PAC/cortisol ratios of 1.20 or less at 120 min
in the AST can be excluded from the AVS because they are
most possible to be bilateral PA. The use of this parameter
for patient selection would be useful for minimizing the use
of the AVS in cases where it would be unnecessary and/or
undesirable.
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