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Introduction: Some aldosterone-producing micro-adenomas cannot be detected
through image inspection. Therefore, adrenal venous sampling (AVS) is often
performed, even in primary aldosteronism (PA) patients who have no apparent adrenal
tumors (ATs) on imaging. In most of these cases, however, the PA is bilateral.

Objective: To clarify the clinical need for AVS in PA patients without apparent ATs, taking
into consideration the rates of adrenalectomy.

Methods: This is a retrospective cross-sectional study assessing 1586 PA patients
without apparent ATs in the multicenter Japan PA study (JPAS). We analyzed which
parameters could be used to distinguish unilateral PA patients without apparent ATs from
bilateral patients. We also analyzed the prevalences of adrenalectomy in unilateral
PA patients.

Results: The unilateral subtype without an apparent AT was diagnosed in 200 (12.6%) of
1586 PA patients. Being young and female with a short hypertension duration,
normokalemia, low creatinine level, low plasma aldosterone concentration, and low
aldosterone-to-renin ratio (ARR) was significantly more common in bilateral than
unilateral PA patients. If PA patients without apparent ATs were female and
normokalemic with a low ARR (<560 pg/ml per ng/ml/h), the rate of unilateral PA was
only 5 (1.1%) out of 444. Moreover, 77 (38.5%) of the 200 did not receive adrenalectomy,
despite being diagnosed with the unilateral subtype based on AVS.

Conclusion: The low prevalence of the unilateral subtype in PA patients without apparent
ATs suggests AVS is not indicated for all of these patients. AVS could be skipped in female
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normokalemic PA patients without apparent ATs if their ARRs are not high. However, AVS
should be considered for male hypokalemic PA patients with high ARRs because the rates
of the unilateral subtype are high in these patients.
Keywords: adrenalectomy, adrenal venous sampling, cardiovascular disease, hyperaldosteronism,
primary aldosteronism
INTRODUCTION

Primary aldosteronism (PA) is characterized by inappropriate
aldosterone production leading to renin suppression, which, if
prolonged and severe, may in turn lead to hypertension and
hypokalemia. The reported prevalence of PA varies, but recent
studies suggest it accounts for about 6% of patients with
hypertension (1). The etiologies of PA include two main
subtypes diagnosed through adrenal venous sampling (AVS):
unilateral, which is often treated surgically, and bilateral, which is
most often treated medically (2). Aldosterone is reported to do
substantial damage to cardiovascular organs under conditions of
high salt intake (3), and previous clinical studies have reported
that the prevalence of cardiovascular disease (CVD) was higher
in PA patients than patients with essential hypertension (4). In
particular, among patients with unilateral PA, which is often
caused by an aldosterone producing adenoma, the prevalence of
CVD is reportedly higher than among those with bilateral PA
(4). And because unilateral PA patients can be treated with
adrenalectomy, a diagnosis of PA subtype is relevant.

However, aldosterone-producing micro-adenomas are not
always detected through image inspection, necessitating the use
of AVS (5, 6). Although AVS is the most reliable method for
accurate determination of PA subtype, it has several limitations,
including its high cost, invasiveness, associated radiation
exposure, and technical difficulty (7–10). On the other hand,
probably because PA screening has become more popular, AVS
is often performed proactively, even in PA patients without
resistant hypertension, a high plasma aldosterone concentration
(PAC) or hypokalemia. Consequently, the rate at which PA
patients are being diagnosed with unilateral PA on AVS is on the
decline and is only about 30% in the multicenter Japan PA study
(JPAS) database (11). There is thus a need to be cautious about the
indication for AVS in PA patients, especially those without ATs.

In the present study, we analyzed which parameters could be
used to distinguish unilateral PA patients without ATs from
bilateral patients. We also assessed the rate of adrenalectomy in
unilateral PA patients.
MATERIALS AND METHODS

Study Design and Patients
This study was conducted as a part of the JPAS and was a
retrospective cross-sectional analysis. A nation-wide PA registry
has been established at 40 centers in Japan, including 21 university
hospitals and 19 city hospitals. We used a dataset valid as ofMarch
2019. PA patients who were diagnosed and underwent AVS
n.org 2
between January 2006 and January 2019 were enrolled. Patients
eligible for enrollment in the JPAS were men and women aged 20-
90 years. Patients whom the investigators deemed unsuitable were
excluded. The clinical characteristics, biochemical findings, results
of confirmatory testing, imaging findings, AVS results, treatments,
surgical findings, and related follow-up data were electronically
collected using the WEB registry system. System construction,
data security, and maintenance of the registered data were
outsourced to EPS Corporation (Tokyo, Japan). The data that
support the findings of this study are available from the
corresponding author upon reasonable request.

From among 4050 PA patients, 1586 were ultimately included
in the present study. The reasons for exclusion of the other 2464
patients were as follows: the patient lacked imaging data or the
imaging revealed an apparent AT (n=2099); AVS was without
ACTH stimulation or was unsuccessful, which means there was a
low selectivity index or no data on the selectivity index (n=285);
or there was not enough data for analysis (n=80).
Diagnosis of PA
The diagnosis of PA was made in accordance with guidelines
from the Japan Endocrine Society and the Japan Society of
Hypertension (12, 13). PA was diagnosed based on positive
case detection when the ratio of the PAC (measured in pg/mL)
to the plasma renin activity (PRA) (measured in ng/mL per h)
was greater than 200, or when the ratio of the PAC to the active
renin concentration (ARC) (measured in pg/mL) was greater
than 40 and there was a positive result from at least one
confirmatory test, such as the captopril-challenge test, saline-
infusion test, furosemide-upright test, or the oral salt-loading
test. Antihypertensive medications were usually changed to Ca2+

channel blockers and/or a−adrenergic blockers, as appropriate,
until a final diagnosis was made.
Subtype Diagnosis
A diagnosis of the PA subtype was made based on an AVS with
ACTH (Cosyntropin) stimulation, the procedures for which have
been described elsewhere (14). Adrenal vein cannulation was
defined as successful if the selectivity index was greater than five
(6). The selectivity index was defined as the ratio of the cortisol
concentration in the adrenal vein to that in the inferior vena
cava. The unilateral PA subtype was diagnosed when the
lateralization index was greater than four. The bilateral PA
subtype was diagnosed when the lateralization index was equal
to or lower than four. The lateralization index was calculated by
dividing the aldosterone-to-cortisol ratio on the dominant side
by that on the non-dominant side.
April 2021 | Volume 12 | Article 645395
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Adrenal Lesions on Image Inspection
The findings on CT scans were evaluated by radiologists at each
institution. An apparent nodule on a CT scan was deemed to be a
nodule if it was greater than or equal to 10 mm in diameter
following a previous report (15). The appearance was determined
to be bilateral normal if the size of the nodule or thickness of
adrenal gland was less than 10 mm on both sides.

Measurements
We collected data on age, sex, smoking habits, drinking habits,
hypertension duration, body mass index (BMI), systolic blood
pressure (SBP), diastolic blood pressure (DBP), proportion taking
oral K+, and various blood tests (K+, creatinine, estimated
glomerular filtration rate (eGFR), aldosterone-to-renin ratio
(ARR), PAC, PRA, fasting blood sugar (FBS), HbA1c (NGSP),
total cholesterol (TC), triglyceride (TG), high density lipoprotein
(HDL) and low density lipoprotein (LDL)). eGFR was calculated
using the following equation: eGFR (mL/min/1.73m2) = 194 x
serum creatinine-1.094 x age-0.287 x 0.739 (if female) (16). Low eGFR
was determined as eGFR <60 mL/min/1.73m2. Hypokalemia was
considered to be present if serum K+ was ≤3.5 mEq/L or when the
patient was taking a K+ supplement at the diagnosis of PA. Oral K+

was administered if hypokalemia was present.
We also investigated the prevalences of clinical complications

such as diabetes mellitus (DM), dyslipidemia, proteinuria, and CVD.
Diagnoses of DM and dyslipidemia were made at each institution
according to those guidelines (17, 18). The prevalence of proteinuria
was defined as +, 2+ or 3+ protein in urinalyses. CVD included
stroke (cerebral infarction, cerebral hemorrhage and subarachnoid
hemorrhage), ischemic heart disease (myocardial infarction and
angina pectoris), and heart failure requiring hospitalization for
treatment. Stroke was confirmed by neurologists and ischemic
heart disease was confirmed by cardiologists.

Assay Methods
PACs were measured using commercial ly available
radioimmunoassays or chemiluminescent enzyme immunoassays.
The reference range for PACs with patients in a supine position was
30-159 pg/mL (SPAC-S Aldosterone kits, Fuji Rebio, Co., Ltd,
Tokyo, Japan) at 37 centers and 30-159 pg/mL (Accuraseed
Aldosterone, FUJIFILM Wako Pure Chemical Corporation,
Osaka, Japan) at 3 centers. PRA was measured using a
radioimmunoassay or enzyme immunoassay. The reference range
for PRA with patients in a supine position was 0.3-2.9 ng/mL/h
(PRA-FR RIA kits, Fuji Rebio, Co., Ltd, Tokyo, Japan) at 23 centers,
0.2-2.3 ng/mL/h (PRA EIA kits, Yamasa, Co., Ltd, Choshi, Japan) at
13 centers, and 0.2-2.7 ng/mL/h (PRA RIA kits, Yamasa, Co., Ltd,
Choshi, Japan) at 3 centers. Plasma ARCs were measured using a
chemiluminescent enzyme immunoassay (Accuraseed Renin
(ARC), FUJIFILM Wako Pure Chemical Corporation, Osaka,
Japan) at 1 center. The reference range for ARCs with patients in
a supine position was 2.5-21.4 pg/mL.

Statistical Analysis
Stata/SE ver. 14 software developed by StataCorp® was used for
statistical analyses. All data are expressed as the mean ± SD for
Frontiers in Endocrinology | www.frontiersin.org 3
normally distributed variables and as the median (25th to 75th
percentile) for variables not normally distributed. Sex, smoking
habits, drinking habits, proportion taking oral K+, hypokalemia,
proteinuria, and histories of DM, dyslipidemia, and CVD were
considered to be binary variables. Student’s t test or the Mann-
Whitney U test was used to compare quantitative variables.
Pearson’s c2 test was used for categorical parameters. Cuzick’s
non-parametric test was used for trends across ordered groups.
Values of P <0.05 were considered to indicate significant
differences. Logistic regression analysis was performed to
determine which parameters correlated with unilateral PA after
adjusting for the patients’ backgrounds. Odds ratios (ORs) for
unilateral PA were expressed as OR ± 95% confidence interval. In
the logistic regression analysis, we included parameters that
significantly differed between unilateral and bilateral PA patients
in the univariate analyses and did not significantly correlate with
each other. We also checked the correlations among these
parameters using the Spearman rank correlation test to avoid
multicollinearity. We considered that multicollinearity could
occur when the Pearson’s or Spearman’s correlation coefficient
r >0.4 and P <0.05. In the analysis of accuracy of unilateral PA
diagnosis, the optimal receiver operating characteristic (ROC)
curve cutoff point for each parameter was determined using the
maximum Youden index. The Youden index was calculated by
subtracting 1 from the sum of the sensitivity and specificity.

Ethics
The study was conducted in accordance with Declaration of
Helsinki Guidelines and the guidelines for clinical studies
published by the Ministry of Health and Labor, Japan, and was
approved by the ethics committee of the National Hospital
Organization Kyoto Medical Center as the project-leading
center and by the institutional ethics committees of the
participating centers. This observational study was registered
as UMIN ID 18756. This study was performed using an opt-out
methodology. The opt out option was presented on the website
and as a notice in a prominent place at each center.
RESULTS

Comparison of Bilateral and Unilateral
PA Cases
Among the 1,586 PA patients without apparent ATs enrolled in
the JPAS study, 200 were diagnosed with unilateral PA and 1386
were diagnosed with bilateral PA (Figure 1; Table 1). There were
more women in the bilateral PA group than in the unilateral PA
group. In addition, significant differences were found between
the two groups with respect to age, drinking habits, hypertension
duration, serum creatinine level, TC, HDL and the rate of
proteinuria. The prevalences of low eGFR and CVD were
higher among unilateral than bilateral PA patients. SBP, DBP,
history of smoking, TG, LDL, FBS, HbA1c, eGFR, and the rates
of DM and dyslipidemia were similar between the two groups.
Among the aldosterone-related parameters, PAC, ARR, and the
rate of hypokalemia were significantly higher and the serum K+
April 2021 | Volume 12 | Article 645395
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level and PRA were significantly lower among unilateral than
bilateral PA patients.

Accuracy of Unilateral PA Diagnosis With
Each Parameter
We next assessed the rates of unilateral PA, taking into
consideration age, hypertension duration, serum creatinine level,
serum K+ level, ARR, and PAC (Table 2). Cuzick’s non-parametric
test for trend demonstrated that the prevalence of unilateral PA
patients significantly increased as age, serum creatinine level, ARR
or PAC increased or serum K+ decreased. We also used ROC curve
analysis to calculate the optimal thresholds for these parameters.
The optimal cutoff value in each parameter and its sensitivity,
specificity, and likelihood ratio (LR) for distinguishing unilateral
from bilateral PA are shown in Table 3. Serum K+, ARR and PAC
had higher positive LRs than age, hypertension duration or serum
creatinine level. Among categorical parameters, male and
hypokalemia had low negative LRs, while hypokalemia, in
particular, had the highest positive LR among these parameters.

We also performed logistic regression analysis to determine
which parameter could contribute to a diagnosis of unilateral PA
after adjusting for variables showing significant differences in the
univariate analyses (Table 4). All parameters were independent
each other; however, because ARR potentially correlates with
PAC and PRA, we selected age, sex, drinking habits, creatinine,
hypokalemia, proteinuria, history of CVD, and ARR as
independent variables. In this logistic regression analysis, male,
long hypertension duration, hypokalemia, and high ARR
significantly increased the odds of having unilateral PA; that
means female, short hypertension duration, normokalemia, and
low ARR were independently more common among bilateral PA
patients than unilateral PA patients.

Efficiency of Diagnosing Unilateral PA
Based on Patients’ Backgrounds
We considered whether we could efficiently distinguish unilateral
PA patients without ATs from other patients based on the results
of the logistic regression analysis (Figure 2). For this analysis, we
FIGURE 1 | Patient selection criteria for inclusion in this study.
TABLE 1 | Backgrounds and clinical complications of patients with bilateral and
unilateral PA without apparent adrenal tumors.

Parameter Bilateral PA patients
n = 1386

Unilateral PA
patients n = 200

P

Age, years 51.8 ± 10.9 53.7 ± 11.3 0.022*
Sex, male, % 43.4 71.5 <0.001*
Body mass index, kg/
m2

25.2 ± 4.1 25.3 ± 4.1 0.784

History of Smoking,
%

32.1 38.2 0.094

History of Drinking, % 52.0 61.3 0.017*
Systolic blood
pressure, mmHg

142.1 ± 17.3 141.8 ± 18.3 0.792

Diastolic blood
pressure, mmHg

87.9 ± 13.1 87.5 ± 13.0 0.676

Hypertension
duration, years

3 (1-10) 10 (4-18) <0.001*

Creatinine, mg/dl 0.73 ± 0.22 0.82 ± 0.23 <0.001*
EGFR, ml/min/1.73m2 79.4 ± 17.2 77.0 ± 21.1 0.087
Low eGFR, % 11.1 16.0 0.043*
Proteinuria, % 7.4 17.0 <0.001*
Total cholesterol,
mg/dl

198 ± 33 188 ± 33 <0.001*

Triglyceride, mg/dl 132 ± 82 123 ± 66 0.184
LDL, mg/dl 116 ± 29 112 ± 29 0.112
HDL, mg/dl 57 ± 17 54 ± 15 0.024*
Dyslipidemia, % 27.9 34.1 0.089
Fasting blood sugar,
mg/dl

106 ± 30 108 ± 29 0.446

HbA1c (NGSP), % 5.9 ± 1.0 5.8 ± 1.0 0.575
Diabetes mellitus, % 18.9 20.7 0.552
Serum K+, mEq/l 3.9 ± 0.4 3.5 ± 0.5 <0.001*
Hypokalemia, % 16.9 62.0 <0.001*
ARR, pg/ml per
ng/ml/h

420 (290-660) 772 (427-1529) <0.001*

PAC, pg/ml 156 (118-213) 228 (164-338) <0.001*
PRA, ng/ml/h 0.4 (0.2-0.6) 0.3 (0.2-0.5) <0.001*
Cardiovascular
disease, %

6.2 10.0 0.045*
Student’s t test was used to compare parametric variables. The Mann-Whitney U test was
used to compare nonparametric variables. Pearson’s c2 test was used for categorical
parameters. Asterisks (*) indicate significant differences (P <0.05). Hypokalemia was
considered to be present if K+ was ≤3.5 mEq/L or when a patient was taking a
potassium supplement. Low eGFR was defined as eGFR <60 ml/min/1.73m2. ARR,
aldosterone-to-renin ratio; EGFR, estimated glomerular filtration rate; HDL, high density
April 2021 | Volume 12 | Article 645395
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did not select hypertension duration because it was unlikely that
the reported duration was sufficiently accurate due to memory
bias. When a PA patient without apparent ATs was female and
did not exhibit hypokalemia, her rate of unilateral PA was only
3.3%. Moreover, the rate decreased to only 1.1% when her ARR
was less than 560 pg/ml per ng/ml/h, which was the optimal cut-
off with the maximum Youden index calculated from the ROC
curve. In fact, only a single female unilateral PA patient
presented with no apparent ATs and laboratory tests showing
normokalemia and ARR less than 300 pg/ml per ng/ml/h. On the
other, when a PA patient without apparent ATs was male and
exhibited hypokalemia, his rate of unilateral PA was 44.3%,
Frontiers in Endocrinology | www.frontiersin.org 5
which increased 54.3% under the condition of ARR ≥560
pg/mL per ng/ml/h.

Clinical Outcomes in Unilateral PA
Patients Without Apparent ATs
Adrenalectomy was performed in 123 of the 200 PA patients
without apparent ATs. After adrenalectomy, unilateral PA patients
without apparent ATs who had postoperative data showed
significant improvement in systolic BP (142.2 ± 17.5 to 130.2 ±
15.1, P<0.001), diastolic BP (87.7 ± 11.4 to 81.1 ± 10.7, P<0.001),
serum K+ (3.4 ± 0.5 to 4.3 ± 0.3, P<0.001), and the number of
antihypertensive drugs (1.35 ± 0.78 to 0.99 ± 0.80, P<0.001) after 6
to 12months of follow-up. The pathological diagnoses in these 123
patients were as follows: 98 adenoma, 13 hyperplasia, 8 unable to
determine whether adenoma or hyperplasia, 3 normal, and 1
unknown. On the other, unilateral PA patients treated with
mineralocorticoid blockers also showed significant improvement
in systolic BP (145.2 ± 19.3 to 136.4 ± 15.4, P=0.006) and serum
K+ (3.6 ± 0.4 to 4.2 ± 0.5, P<0.001), but not in diastolic BP (87.2 ±
13.6 to 86.2 ± 11.5, P=0.590) after 6 to 12 months of follow-up.
TABLE 2 | Rates of unilateral PA patients without apparent adrenal tumors in
each parameter classified by quartile.

Parameter Rates of Unilateral PA (%) P

Age, years <43 10.9 0.022*
44-51 9.6
52-60 15.2
≥61 14.7

HT duration, years <1 5.5 <0.001*
1-3 7.0
4-9 12.3
≥10 23.7

Creatinine, mg/dL <0.6 8.1 <0.001*
0.6-0.70 8.2
0.71-0.83 12.3
≥0.84 21.6

Serum K+, mEq/l <3.6 34.2 <0.001*
3.6-3.8 10.7
3.9-4.0 7.4
≥4.1 5.1

ARR, pg/ml per ng/ml/h <298 6.0 <0.001*
298-442 7.1
443-742 11.2
≥743 26.2

PAC, pg/ml <123 2.6 <0.001*
123-161 9.5
162-225 12.6
≥226 25.4
Cuzick’s nonparametric test was performed to assess trends across ordered groups.
Asterisks (*) indicate significant differences (P <0.05). ARR, aldosterone-to-renin ratio; HT,
hypertension; PA, primary aldosteronism; and PAC, Plasma aldosterone concentration.
TABLE 3 | Optimal cutoff values for each parameter and its sensitivity, specificity and likelihood ratio distinguishing unilateral PA patients without apparent adrenal
tumors from bilateral PA patients.

Parameters Optimal Cutoff Value Sensitivity Specificity Positive Likelihood Ratio Negative Likelihood Ratio

Age, years 55 51.5 60.1 1.29 0.81
HT duration, years 8 93.7 15.2 1.10 0.42
Creatinine, mg/dL 0.74 64.5 58.5 1.55 0.61
Serum K+, mEq/L 3.7 78.9 61.5 2.05 0.34
ARR, pg/ml per ng/ml/h 559 68.0 66.7 2.04 0.48
PAC, pg/ml 223 53.0 77.9 2.39 0.60
Sex, male – 71.5 56.6 1.65 0.50
Low eGFR – 16.0 88.9 1.44 0.94
Proteinuria – 17.0 92.6 2.30 0.90
Hypokalemia – 62.0 83.1 3.67 0.46
CVD – 10.0 93.8 1.61 0.96
April 2021 |
For continuous variables, the optimal cutoff value was determined using the maximum Youden index calculated from the ROC curve. Hypokalemia was considered to be present if K+ was
≤3.5 mEq/L or when a patient was taking a potassium supplement. Low eGFR was defined as eGFR <60 ml/min/1.73m2. ARR, aldosterone-to-renin ratio; CVD, cardiovascular disease;
EGFR, estimated glomerular filtration rate; HT, hypertension; PA, primary aldosteronism; and PAC, plasma aldosterone concentration.
TABLE 4 | Odds ratios and 95% confidence intervals for each parameter to
distinguish unilateral PA patients without apparent adrenal tumors from bilateral
PA patients.

Parameter Odds
ratio

Standard
error

P 95% Coefficient
Interval

Age, years 0.992 0.010 0.414 0.974-1.011
Sex, male 2.899 0.752 <0.001* 1.743-4.822
History of Drinking 1.147 0.237 0.506 0.765-1.720
Hypertension
duration, years

1.045 0.012 <0.001* 1.022-1.069

Creatinine, mg/dL 1.092 0.648 0.882 0.342-3.491
Hypokalemia 5.028 0.994 <0.001* 3.413-7.407
ARR, pg/ml per ng/
ml/h

1.001 0.0001 <0.001* 1.0005-1.001

Proteinuria 1.278 0.374 0.403 0.720-2.269
Cardiovascular
disease

1.035 0.335 0.916 0.548-1.953
Volum
Asterisks (*) indicate significant differences (P <0.05). For the odds ratios, numerators are
the odds in the unilateral PA group; denominators are the odds in the bilateral PA group.
ARR, aldosterone-to-renin ratio and PA, primary aldosteronism.
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DISCUSSION

In the present study, only 200 (12.6%) of the 1586 PA patients
without apparent ATs were diagnosed with unilateral PA. Being
young and female with short hypertension duration,
normokalemia, a low creatinine level, low PAC, and low ARR
was significantly more common in bilateral than unilateral PA
patients. In particular, the rate of female normokalemic unilateral
PA patients without apparent ATs and with ARRs less than 560
pg/ml per ng/ml/h was only 1.1%, and only a single patient
(0.2%) had an ARR less than 300 pg/ml per ng/ml/h. Actually,
hypokalemia, high PAC and high ARR were more common in
unilateral than bilateral PA. This was especially true when PA
patients without apparent ATs were in the highest quartile for
PAC or ARR or in the lowest quartile for serum K+; for that
group the rate of unilateral PA was close to 30%. In previous
reports, sex, serum K+ level, eGFR, PAC, ARR and PAC after a
captopril-challenge test or saline-infusion test, and CT findings
for the adrenal glands were used to predict PA subtype (19–24).
For example, studies by Umakoshi et al. and Kobayashi et al.
emphasized normokalemic PA patients with bilateral normal
results on CT were highly likely to be bilateral PA patients (23,
24). These findings suggest AVS may not be necessary to detect
unilateral PA patients in all cases if we consider the patients’
Frontiers in Endocrinology | www.frontiersin.org 6
backgrounds. In our study, the sensitivities and specificities of
each parameter suggested sex, the serum K+ level, PAC and ARR
could be helpful indicators when assessing the need for AVS in
PA patients without apparent ATs. Therefore, among PA
patients without apparent ATs, AVS is needed for male
hypokalemic PA patients with a high ARR or PAC, given the
high rates of the unilateral PA subtype. Conversely, AVS may be
unnecessary for female normokalemic PA patients without high
ARR due to the low rate of the unilateral subtype among
that group.

A meta-analysis of PA patients has shown that, in Japan, men
comprise a smaller proportion than do women. However, in
other countries, men tend to comprise a higher proportion of PA
patients than do women (25). Genetic mutations associated with
development of aldosterone-producing adenomas have been
reported (26). In particular, ATP1A1 and CACNA1D mutations
have been found in men with small adenomas. In a recent study
reported by Sam et al., about 90% of men with PA did not have
apparent ATs (27). Therefore, in our study, the proportion of men
could have appeared larger because we only investigated patients
with unilateral PA patients without apparent ATs.

It has been reported that the unilateral PA subtype significantly
increases the adjusted odds ratios for CVD, and the incidence of
CVD among unilateral PA patients is significantly reduced by
FIGURE 2 | The prevalence of PA patients in each condition.
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adrenalectomy as compared to medical treatment (4, 28).
Furthermore, adrenalectomy was reported to lower blood
pressure in PA patients, improve their quality of life, and reduce
the incidences of DM and end stage renal disease as compared to
medical treatment (29–32). It may therefore be desirable to treat
unilateral PA patients with adrenalectomy, especially patients at
high risk of CVD. In this study, we found that adrenalectomy was
performed in 123 of the 200 PA patients without apparent ATs. In
other words, 77 of the 200 unilateral PA patients without apparent
ATs did not receive adrenalectomy, despite being diagnosed with
the unilateral subtype. In Adrenal Venous Sampling Stats in
Primary Aldosteronism (AVSTAT) study, about 70% of reasons
for not undergoing adrenalectomy in unilateral PA patients
depended on patient’s decision (33). In addition, some clinicians
decided against adrenalectomy in patients with unilateral PA
subtype because their blood pressure was well controlled, they
were normokalemic, and they did not have definite adrenal
tumors, most of these factors being known prior to AVS. In a
recent study, 40 of 70 patients with AVS-confirmed unilateral PA
and normal findings on adrenal imaging underwent
adrenalectomy; this proportion is not high and similar to that
found in our study (27). Even when their condition has been
adequately explained, some patients choose not to undergo
adrenalectomy after AVS. Another possible explanation for this
low proportion is that improvements in systolic BP and
hypokalemia were achieved by administering mineralocorticoid
blockers to some unilateral PA patients without apparent ATs.
However, the fact that adrenalectomy was not performed in about
40% of them suggests that for a substantial number of clinicians,
there are barriers to surgically treating patients without apparent
ATs unless patients have severe symptoms, like hypokalemia. In
the present study, adrenalectomy resulted in significant
improvement in hypertension and hypokalemia in unilateral PA
patients, even those without apparent ATs. Sam et al. reported that
31 of 36 (86%) PA patients without apparent ATs had complete or
partial responses (27). Therefore, adrenalectomy may be indicated
in unilateral PA patients without apparent ATs.

Our study has several limitations. This is a retrospective
cross-sectional study, which means the incidence of CVD
among PA patients is unknown. We only evaluated the data
from ACTH-stimulated AVS in this study, which means that
bilateral or unilateral diagnostic results may differ in some cases
when using the data from non-stimulated AVS. In this study, we
defined adrenal lesions greater than or equal to 10mm as
apparent nodules because it is difficult to detect lesions smaller
than 10mm in some cases. Therefore, it cannot be ruled out that
some patients in this study may have micro adenomas. In
addition, imaging was not performed in all of our PA patients,
which could introduce selection bias.
CONCLUSION

The percentage of unilateral PA patients without apparent ATs
was 12.6% and adrenalectomy was not performed in 38.5% of
those patients, which suggests AVS is not necessary for all PA
patients without apparent ATs. Especially in female PA patients
Frontiers in Endocrinology | www.frontiersin.org 7
without apparent ATs, AVS could be skipped if they do not have
hypokalemia and high ARR. On the other hand, male PA
patients with hypokalemia or a high PAC or ARR likely need
AVS, given the high prevalence of the unilateral PA subtype
among that group.
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