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Abstract

Adrenal vein sampling (AVS) is required to distinguish unilateral (U) from bilateral (B) 

aldosterone sources in primary aldosteronism (PA), and cortisol is used for AVS data 

interpretation, but cortisol has several pitfalls. In this study, we present the utility of several other 

steroids in PA subtyping, both during AVS, as well as in peripheral serum. We included PA 

patients who underwent AVS at University of Michigan between 2012–2018. We used mass 

spectrometry to simultaneously quantify 17 steroids in adrenal veins (AV) and periphery, both at 

baseline and after cosyntropin administration. PA was classified as unilateral (U) or bilateral (B) 

based on a lateralization index (LI) ≥ or < 4, respectively, separately for baseline and post-

cosyntropin administration. Of 131 participants, AV catheterizations was deemed failed in 28 (21 

%) patients (36 AVs) at baseline. Eight steroids demonstrated higher AV/periphery ratios than 

cortisol (p < 0.01 for all); 11β-hydroxyandrostenedione (11OHA4), 11-deoxycortisol (11dF) and 

corticosterone rescued most failed baseline catheterizations. Lateralization was generally 

consistent when using these alternative steroids. Based on pre- and post-cosyntropin data, the 

remaining 103 patients were classified as: U/U, 37; B/B, 32; U/B, 20; B/U, 14. Discriminant 

analysis of multi-steroid panels from peripheral serum showed distinct profiles across the four 

groups, with highest aldosterone, 18-oxocortisol and 11-deoxycorticosterone in U/U patients. In 

conclusion, 11OHA4 and 11dF are superior to cortisol for AVS data interpretation. Single-assay 

multi-steroid panels measured in peripheral serum are helpful in stratified PA subtyping and have 

the potential to circumvent AVS in a subset of PA patients.
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Introduction

Primary aldosteronism (PA) is traditionally subtyped into unilateral forms, most commonly 

aldosterone producing adenoma (APA), or bilateral hyperaldosteronism (BHA).1 Accurate 

PA subtyping is essential for guiding clinical management. Unilateral PA can be cured or 

improved by unilateral adrenalectomy, while BHA requires life-long medical therapy.1 

Adrenal vein sampling (AVS) is recommended by expert guidelines for PA subtyping.1,2 

AVS protocols and criteria for data interpretation have varied between referral centers, 

leading to heterogeneity in selecting PA surgical candidates.3,4

Cortisol is used in all steps of AVS results interpretation. Disadvantages of using cortisol 

include longer half-life relative to aldosterone and fluctuations during the procedure, 

particularly important in the absence of cosyntropin stimulation. Furthermore, mild 

autonomous cortisol excess is relatively common in patients with PA,5,6 which can lead to 

cortisol suppression in the contralateral adrenal gland and alter AVS results. Recent studies 

have proposed alternative biomarkers for AVS data interpretation, including metanephrines, 

androstenedione (A4), dehydroepiandrosterone (DHEA), 17α-hydroxyprogesterone 

(17OHP), and 11-deoxycortisol (11dF).7–11 A4, DHEA and 17OHP, however, are also 

produced by the gonads, and the latter has cyclical variations in reproductive age women. In 

contrast, 11β-hydroxyandrostenedione (11OHA4) is produced primarily and abundantly in 

the adrenal glands,12,13 and we therefore hypothesized that 11OHA4 could be a valuable 

biomarker for adrenal vein catheterization.

Beyond the variability in protocols and data interpretation among expert centers, additional 

AVS drawbacks, including its high cost, scarce availability and technical challenges, have 

recently driven efforts to develop non-invasive PA subtyping methods, such as steroid 

biomarkers measured in peripheral serum.8,14 Peripheral 18-oxocortisol (18oxoF) and 18-

hydroxycortisol (18OHF) have been shown to perform well in identifying APAs in Asian 

patients, who have a high prevalence of KCNJ5 mutations.14 The utility of these hybrid 
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steroids was, however, poor when used alone in Europeans,8 who display a variety of 

somatic aldosterone-driver mutations.15 In such populations, multi-steroid panels hold more 

promise in PA subtyping based on peripheral blood tests.8 Herein, we present the 

performance of a broad spectrum of steroid biomarkers in AVS data interpretation and PA 

subtyping.

Patients and Methods

Study Participants

We included patients who underwent AVS at the University of Michigan for PA subtyping 

between April, 2012 and July, 2018. The diagnosis of PA was ascertained in accordance with 

the Endocrine Society guidelines.1 Additional inclusion criteria comprised: written informed 

consent from participants, and available serum left after completion of clinical assays. The 

study was conducted with University of Michigan Institutional Review Boards approval. The 

data that support the findings of this study are available from the corresponding author upon 

reasonable request.

AVS- Protocol and Data Interpretation

Simultaneous AVS was performed prior to and after 0.25 mg cosyntropin administration, as 

previously described.16 Samples were first stored at 4 °C for clinical assays and 

subsequently frozen at −80 °C until used for liquid chromatography-tandem mass 

spectrometry (LC-MS/MS) steroid measurement. Catheterization was considered successful 

when the selectivity index (SI=AV/IVC cortisol concentrations) was ≥ 2 prior to and ≥ 5 

after cosyntropin administration, respectively. PA was classified as unilateral (U) or bilateral 

(B) based on a lateralization index (LI = aldosterone/cortisol ratio between the dominant and 

contralateral AVs) was ≥ or < 4, respectively, separately for pre- and post-cosyntropin 

administration. A contralateral index (CI), defined as (aldosterone/cortisol)non-dominant AV / 

(aldosterone/cortisol)IVC < 1 defined contralateral suppression. Clinical laboratory cortisol, 

aldosterone and plasma renin activity were measured with immunoassays, as previously 

reported.16

Steroid Quantification by Liquid Chromatography-Tandem Mass Spectrometry

We used LC-MS/MS to quantify 17 Δ4 steroids in a single assay, including: aldosterone, 

18OHF, 18oxoF, 11-deoxycorticosterone (DOC), corticosterone, cortisol, cortisone, 11dF, 

A4, 11OHA4, 11-ketoandrostenedione (11KA4), testosterone (T), 11β-hydroxytestosterone 

(11OHT), 11-ketotestosterone (11KT), progesterone (Prog), 17OHP, and 16α-

hydroxyprogesterone (16OHP). Steroid extraction and LC-MS/MS quantitation were 

performed as recently decribed.17 The assay performance for four steroids not previously 

published (aldosterone, 18oxoF, 18OHF, and 16OHP) are presented in Supplemental Table 

S1. For steroid quantitation in AV serum, 5–10 μL aliquots were used (dilution 10 and 20-

fold for pre- and post-cosyntropin, respectively); and 100 μL aliquots were used to measure 

steroids in peripheral serum (no dilution, both pre- and post-cosyntropin).
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Statistical analysis

Comparison of continuous variables between the dominant and contralateral AV was done 

with paired t test. Kruskal-Wallis with Dwass-Steel pair-wise comparison were performed 

for comparison of continuous variables across multiple groups. Linear correlation between 

continuous variables were assessed by the Spearman correlation test. Predictions of binary 

responses using a panel of steroids were done using regularized (penalized) logistic 

regression analysis with elastic nets penalties. The penalty parameters were chosen by cross-

validation to achieve the best prediction. Receiver-operating characteristics were used to 

characterize the prediction performance. Linear and quadratic discriminant analysis was 

used on multi-class classification problems. Analyses were performed using SAS 9.4. (Cary, 

NC) and R-3.4.3 (Foundation for Statistical Computing, Vienna, Austria). Statistical 

significance was determined atαlevel of 0.05 for two-tailed tests.

Results

During the study period, 131 patients (81 men, median age 57 years) meeting all entrance 

criteria were recruited. Demographic and clinical characteristics of study participants are 

presented in Table 1. In total, 54 patients underwent unilateral adrenalectomy within our 

institution. Based on the primary aldosteronism surgical outcomes (PASO ) criteria,18 

clinical benefit was achieved in 87% of patients: cure in 16 (30 %) and partial clinical 

success in 31 (57%) patients; clinical benefit was absent in 7 (13%) patients. Biochemical 

follow up was available in 47 (87 %) patients. Of these, biochemical cure was achieved in 43 

(91.5%) patients; one patient had partial biochemical benefit, and three patients had no 

biochemical benefit following adrenalectomy.

Performance of steroids as indicators of AV catheterization

Based on clinical data, 28 (21 %) patients had an SI < 2 prior to using cosyntropin in at least 

one AV, including 8 patients with bilateral SI < 2 (Fig. 1). Of the 17 steroids measured, 8 

steroids demonstrated significantly higher SI than cortisol, both before and after 

cosyntropin: 11OHA4, 11dF, corticosterone, 16OHP, 17OHP, A4, DOC and Prog (p < 0.01 

for all, compared to cortisol; Fig. 2). Prior to cosyntropin administration, 11dF, 

corticosterone and 11OHA4 demonstrated the highest SI (medians of 23, 18.7 and 18.6, 

respectively), while the median baseline cortisol SI was 4.1 (Fig. 2). Importantly, 30/36 

(83%) AV samples with a clinical pre-cosyntropin SI < 2 were above the threshold of 2 

when using 11OHA4 and corticosterone, and in 29/36 (80.6%) AV samples SI was 

minimum 2 when using 11dF. After cosyntropin administration, SI was amplified in all of 

these 8 steroids, and achieved the highest values for 16OHP, Prog, DOC, and 17OHP, all 

with median SI > 200, while the median SI for cortisol was 49 (Fig. 2).

PA Lateralization

Of the 103 patients in whom catheterization was deemed successful both before and after 

cosyntropin based on clinical laboratory data, lateralization was concordant pre- and post-

cosyntropin stimulation in 69 patients (37 U/U and 32 B/B), while 34 patients had discrepant 

lateralization results (20 U/B and 14 B/U) (Fig. 1). Of the 28 patients with failed 

catheterization pre-cosyntropin based on clinical laboratory cortisol, 17 patients were 
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diagnosed with bilateral PA and 11 with unilateral PA based on post-cosyntropin clinical 

laboratory data (Fig. 1). When lateralization was adjudicated based on consistent LI for at 

least 6 of 9 LC-MS/MS–measured steroids, including cortisol and the 8 steroids with SI 

performance superior to cortisol, results differed from clinical laboratory data-based 

lateralization in 12 patients. Of these, a single case with B/B clinical data classification was 

considered U/U based on steroids measured by mass spectrometry, and this patient did not 

undergo adrenalectomy. The other 11 cases had partially discordant classification (only pre- 

or post-cosyntropin) between clinical and LC-MS/MS-derived LI. Three such patients, all 

with LC-MS/MS unilateral classification (vs. bilateral based on clinical data LI), underwent 

surgery and all three had complete biochemical resolution of PA.

Overall, clinical laboratory LI correlated tightly with LI based on LC-MS/MS measurements 

using as denominators cortisol and the 8 steroids with SI superior to cortisol (r2 ≥ 0.75, p < 

0.001 for all, and the correlation of cortisol-based LI was tightest with A4, 11OHA4 and 

11dF (Fig. 3). Paired comparison of LI across steroids, showed that without cosyntropin, 

11OHA4 and A4 were significantly higher than clinical LI (p = 0.02 and 0.04, respectively), 

while after cosyntropin, LI was overall similar across all steroids used.

Steroid profiles in PA subtypes

Within-group comparison of steroids in the dominant vs. the contralateral AV revealed that 

in the U/U group not only aldosterone, but also 18oxoF, 18OHF and DOC were higher in the 

dominant AV both pre- and post-cosyntropin stimulation (Table 2). Conversely, in the U/B, 

the same four steroids were significantly higher in the dominant AV only at baseline, while 

in the B/U group, they were significantly higher only after cosyntropin stimulation (Table 2).

Across-group comparisons of steroids showed that aldosterone and 18oxoF were 

consistently highest in the U/U group, not only in the dominant AV (pre- and post-

cosyntropin), but also in peripheral serum, both at baseline and after cosyntropin stimulation 

(Table 2). DOC and 18OHF were also overall highest in the U/U group, reaching statistical 

significance when compared with the B/B patients in the dominant AV, both before and after 

cosyntropin stimulation (Table 2). These results suggest a gradient of PA severity across 

groups, ranging from most severe PA in U/U cases to mildest in the B/B cases. Conversely, 

in the contralateral AV, cosyntropin-stimulated aldosterone, 18OHF and 18oxoF were 

highest in the B/B group as compared with the other 3 groups (Table 2), consistent with a 

mechanism of contralateral suppression for unilateral cases.

Discriminant analysis incorporating all steroids measured in peripheral serum demonstrated 

specific profiles to the 4 groups, as shown in Fig. 4A. Multi-steroid receiver operating 

characteristic (ROC) curve analysis showed poor discriminatory power of peripheral steroids 

measured pre-cosyntropin between patients classified as either U or B based on pre-

cosyntropin data alone (AUC = 0.586). When PA subtyping incorporated both pre- and post-

cosyntropin AVS data, the discriminatory power between the U/U and B/B groups of the 

same steroid panel in peripheral serum was improved to an AUC of 0.768 at baseline, and 

0.907 after cosyntropin stimulation (Fig. 4B).
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Discussion

The first major finding of our study is that several steroids are superior to cortisol for 

ascertaining AV catheterization. Of these, 11dF, 11OHA4, and corticosterone displayed the 

highest unstimulated gradients between AV and periphery. These findings are particularly 

relevant for centers that do not use cosyntropin, as such protocols have been associated with 

high rates of AV catheterization failure19–21. A report of four PA patients suggested that 

11dF might be superior to cortisol in establishing AV catheterization.10 In a larger study, 

Eisenhofer and colleagues had previously proposed A4 and DHEA as alternatives to 

cortisol8. In addition to A4, Ceolotto et al also proposed 17OHP, although this study was 

limited to a small number of patients, and steroids were measured by immunoassays.9 We 

found that 17OHP and 16OHP achieved particularly dramatic SI values after cosyntropin 

stimulation, but more modest values at baseline. Other disadvantages of 17OHP are that this 

steroid also derives from the gonads and increases during the luteal phase in reproductive 

age women, which might decrease SI. We have previously shown that 11OHA4 has higher 

AV and peripheral circulation concentrations than A4.12,13 Furthermore, in contrast with its 

precursor A4, 11OHA4 is produced almost exclusively by the adrenals. Notably, 83% of 

samples deemed unsuccessful based on clinical laboratory SI < 2 would have been 

interpretable (SI ≥ 2) if 11OHA4 or corticosterone were used instead of cortisol. Because, 

unlike corticosterone, 11OHA4 and 11dF are not within the mineralocorticoid pathway and 

both are adrenal-specific, we suggest these two steroids as the preferred candidates for AV 

catheter placement ascertainment during AVS, particularly so when cosyntropin is not used.

Overall, lateralization was consistent across clinical and LC-MS/MS assays for the steroids 

with good SI performance, both in the absence and presence of cosyntropin. A previous 

multi-center study, which included centers with heterogeneous AVS protocols (one with and 

two without cosyntropin) found strong positive correlations between LIs obtained from 

radioimmunoassays and LC-MS/MS assays of cortisol, A4, and DHEA.8 Taken together, 

these results demonstrate that LI remains reliable when using alternative steroids and 

suggest that the optimal steroid(s) to normalize aldosterone values during AVS should be 

guided mainly by their performance and advantages for SI, as discussed above.

The second important finding of our study is the performance of multi-steroid panels 

measured in peripheral serum for PA subtyping. The hybrid steroids 18oxoF and 18OHF 

have been previously proposed as biomarkers of APA and showed promising sensitivity and 

specificity (0.83 and 0.99, respectively) in Japanese PA patients.14 These steroids, however, 

had rather modest discriminatory power between APA and BHA in a European population.8 

It is now recognized that the synthesis of 18oxoF and 18OHF is highest in patients with 

APAs harboring KCNJ5 mutations,22 due to the co-expression of CYP11B2 and CYP17A1 

in such tumors.23 KCNJ5 mutations are highly prevalent in Japanese and East Asian PA 

patients,24–26 while European and American populations display a wider variety of 

aldosterone-driver mutations,23,27 explaining the differences in APA/BHA discriminatory 

power differences among these populations. Expanding to a 12-steroid panel measured in 

peripheral serum, Eisenhofer and colleagues reported accurate APA vs BHA discrimination 

is 80% of 216 European PA patients.8 An important caveat of this initial study is the 

different AVS protocols used in the participating centers, either only without or only with 
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cosyntropin. As discussed above, we and others have found that some patients display 

discrepant lateralization results during AVS performed with and without cosyntropin.19,28 

Our study suggests that PA patients with discrepant pre- and post-cosyntropin lateralization 

have intermediate disease severity as compared with patients with robust lateralization 

regardless of the protocol used, and that these groups display distinct steroid profiles in 

peripheral serum. Furthermore, logistic regression analysis demonstrated poor performance 

of peripheral serum steroids for distinguishing between cases classified as unilateral or 

bilateral based on pre-cosyntropin AVS data alone; in contrast, the discrimination was 

greatly improved for subtypes with consistent AVS lateralization pre- and post-cosyntropin. 

Notably, the highest discriminatory performance between U/U and B/B groups was achieved 

by peripheral measurement of cosyntropin-stimulated steroids (AUC of 0.9). Previous 

studies conducted in China29 and Japan30 utilized cosyntropin stimulation after 

dexamethasone suppression and demonstrated less overlap of aldosterone concentrations 

between patients with APA or BHA than that observed at baseline. A small Japanese study 

subsequently reported that the distinction between APA and BHA based on peripheral 

serum-aldosterone concentrations alone is better after cosyntropin stimulation, without prior 

dexamethasone suppression.31 Noninvasive dynamic testing for PA subtyping appears 

promising but needs to be confirmed in larger, ideally prospective studies. The identification 

of BHA with a peripheral blood test would circumvent the need for AVS in many PA 

patients.

In summary, we have developed a multi-steroid panel that could offer two advantages to PA 

subtyping. First, we propose 11OHA4 and 11dF, two adrenal-specific steroids, as superior to 

cortisol for reliably establishing AV catheterization during AVS, particularly for centers that 

do not use cosyntropin and in cases where cortisol-based SI is inadequate. Second, we found 

that cases with inconsistent lateralization between pre- and post-cosyntropin appear to be 

overall less severe than those with consistent unilateral aldosterone dominance and display 

distinct steroid profiles in peripheral serum. While the long-term evolution and surgical 

benefit for these intermediate subtypes remains to be determined, incorporating both pre- 

and post-cosyntropin data for PA subtyping is likely to be valuable, and adds yet another 

need for more reliable SI parameters. The main limitations to our study are its retrospective 

design, limited number of cases with discrepant lateralization and incomplete post-operative 

follow up data. Nonetheless, our study is the first to incorporate both pre- and post-

cosyntropin AV and peripheral serum datasets, which along with multi-steroid profiling 

using LC-MS/MS reveals four-tiered rather than binary PA subtypes. Larger, multi-center 

studies, with prospective follow up of patients, including a large number of PA patients with 

discordant pre-and post-cosyntropin AVS lateralization are needed to establish the clinical 

significance of the four-tiered system of PA subtyping and the best management approach 

for each subtype.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Perspectives:

AVS is currently an essential tool for identifying patients with PA who could benefit from 

unilateral adrenalectomy. Cortisol has been used for AVS data interpretation, but its 

numerous pitfalls can lead to unreliable results in many patients. Steroid panels measured 

with highly accurate mass spectrometry assays can serve dual purposes: 1) adrenal-

specific steroids that are not normally produced by APAs, such as 11β-

hydroxyandrostenedione, could facilitate accurate AVS data interpretation; 2) after 

validation in larger studies, steroid fingerprints measured in peripheral serum will be able 

to identify patients who would benefit from adrenalectomy, and as such, eliminate the 

need for invasive and costly tests in all other PA patients.
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Novelty and Significance:

What Is New

• We have used a panel of 17 steroids measured in a single small serum aliquot 

to assist with subtyping of primary aldosteronism (PA).

• We have found that the adrenal specific steroids 11β-hydroxyandrostenedione 

(11OHA4), 11-deoxycortisol (11dF) and corticosterone are superior to 

cortisol as indicators of adrenal vein catheterization. Using these three 

steroids, 80% of cases deemed failed based on the current standard-of-care, 

cortisol, are valid.

• We have found that based on baseline and cosyntropin stimulated adrenal vein 

sampling results, PA subtyping can be stratified in four groups with distinct 

steroid profiles, both in adrenal veins, as well as in periphery.

What Is Relevant?

• 11OHA4 and 11dF are the ideal candidates for adrenal vein data 

interpretation in PA patients.

• Multi-steroid profiling can assist in PA subtyping and, in future, will likely 

circumvent the need for adrenal vein sampling in many PA patients.

Summary

Using mass-spectrometry, we demonstrate the utility of a multi-steroid panel in PA 

subtyping. Compared to cortisol, 11OHA4 and 11dF have superior adrenal vein/periphery 

gradients and allow the interpretation of adrenal vein sampling data in most patients. PA 

subtyping spans a gradient of severities, marked by distinct steroid fingerprints.
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Figure 1. Aldosterone lateralization of study participants
Based on LC-MS/MS lateralization across 6/9 steroids, LI different from clinical LI, as 

follows: a, 3 patients were classified as bilateral; b, 4 patients were classified as unilateral; c, 

6 patients were classified as unilateral.
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Figure 2. Comparison of selectivity index (SI) using cortisol and alternative steroids
Figure illustrates the standard-of-care, cortisol, and all steroids with SI higher than cortisol 

(p < 0.01 for all). The boxes represent the interquartile range, the horizontal line marks the 

median, and the whiskers mark the 10–90 percentiles.

11OHA4, 11β-hydroxyandrostenedione; 11dF, 11-deoxycortisol; 17OHP, 17α-

hydroxyprogesterone; 16OHP, 16-hydroxyprogesterone; A4, androstenedione; DOC, 11-

deoxycorticosterone; Prog, progesterone.
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Figure 3. Correlation between lateralization indices (LI) based on correction of aldosterone to 
cortisol vs. alternative steroids.
11OHA4, 11β-hydroxyandrostenedione; 11dF, 11-deoxycortisol; corticost, corticosterone; 

17OHP, 17α-hydroxyprogesterone; 16OHP, 16-hydroxyprogesterone; A4, androstenedione; 

DOC, 11-deoxycorticosterone; Prog, progesterone.
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Figure 4. Performance of a 17-steroid panel measured in peripheral serum for PA subtyping.
A. Discriminant analysis between four PA subtypes at baseline and after cosyntropin 

stimulation. B. Receiver-operating characteristics curves for PA subtyping according to 

baseline and/or cosyntropin stimulated AVS results.

Grey line: baseline peripheral serum, to distinguish U vs. B PA subtyping based on baseline 

AVS results alone. Blue line: baseline peripheral serum for distinguishing PA subtypes based 

on both baseline and cosyntropin AVS data (U/U vs. B/B). Red line: cosyntropin-stimulated 

peripheral serum for distinguishing PA subtypes based on both baseline and cosyntropin 

AVS data (U/U vs. B/B).

Turcu et al. Page 15

Hypertension. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Turcu et al. Page 16

Table 1.

Characteristics of study participants

PATIENT CHARACTERSTIC UNILATERAL N=37 BILATERAL N=32 DISCORDANT N=34 TOTAL N=131 p

Sex (M/%) 21 (57%) 19 (59%) 25 (74%) 81 (62%) 0.30

Age 52 [45–58] 50 [45–61] 50 [46–60] 57 [42–65] 0.98

sBP (mmHg) 150 [139–161] 160 [139–189] 156 [137–171] 156 [140–174] 0.15

dBP (mmHg) 90 [78–99] 89 [79–94] 86 [80–93] 88 [79–96] 0.50

ATC/DDD index 4.3 [2.3–5.6] 5.2 [1.7–7.1] 6.2 [3.4–8.4] 5 [2.7–7.1] 0.05

H/o hypokalemia (%) 97% 84% 94% 89% 0.12

PAC (ng/dL) 36 [25–61] 24* [18–33] 26* [22–40] 28 [22–40] 0.0007

PRA (ng/mL/hr) 0.2 [0.1–0.6] 0.3 [0.1–0.7] 0.4 [0.1–0.6] 0.3 [0.1–0.6] 0.86

ARR 105 [53–371] 86 [33–185] 74 [51–219] 89 [45–245] 0.24

Data are expressed as medians [interquartile range]. sBP, systolic blood pressure; dBP, diastolic blood pressure; ATC/DDD index, standardized 
daily defined dose of antihypertensive medications; PAC, plasma aldosterone concentration; PRA, plasma renin activity; ARR, PAC/PRA ratio; 
H/o, history of.

*
p < 0.05, compared with unilateral
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