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Background: Unilateral primary aldosteronism is surgically curable. The goal of this study was to examine 

outcomes based on preoperative imaging findings. 

Methods: We performed a retrospective analysis of patients with primary aldosteronism who under- 

went adrenal vein sampling. Patients were classified by imaging as localized (unilateral adrenal mass) or 

nonlocalized (no mass/bilateral masses). Outcomes were assessed as complete, partial, or absent clinical 

success. 

Results: Of 446 patients, 74.9% were localized. There were no significant demographic or biochemical 

differences between groups; however the imaged tumor size was larger (median 1.3 vs 1.2 cm, P = .038), 

and rates of lateralizing adrenal vein sampling were higher (79.0% vs 62.2%, P < .001) in the localized 

group. Of 289 patients who underwent adrenalectomy, adenoma was the most common finding in both 

groups (79.7% vs 80.3% respectively, P = .447), but median tumor size was larger in localized patients 

(1.5 vs 1.0 cm, P < .001). Equivalent rates of partial (94.6% vs 91.7%, P = .456) and complete (8.7% vs 9.8%, 

P = .801) clinical success were observed. At long-term follow-up, nonlocalized patients experienced partial 

reversal of clinical improvement. 

Conclusion: Primary aldosteronism patients with nonlocalizing imaging but lateralizing adrenal vein sam- 

pling benefit from adrenalectomy. Regardless of imaging findings, adrenal vein sampling is indicated to 

determine whether patients may be surgically curable. 

© 2018 Elsevier Inc. All rights reserved. 
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ntroduction 

Primary aldosteronism (PA) is the most common cause of sec-

ndary hypertension in the United States, affecting approximately

0% of the hypertensive population and up to 23% of patients with

esistant hypertension. 1–3 Diagnosis is predicated on biochemi-

al testing of plasma aldosterone (PAC) and plasma renin activity

PRA), where an aldosterone to renin ratio (ARR) of greater than

0 is highly suggestive of PA. 4 

After a biochemical diagnosis is confirmed, cross-sectional

maging studies are typically performed to determine the cause of

A. 5 PA may be unilateral in up to half of cases and amenable

o surgical cure; causes include aldosterone-producing adenoma
✩ Presented at the 2018 Annual Meeting of the American Association of Endocrine 

urgeons. 
∗ Corresponding author: 3400 Spruce Street, 4 Silverstein Pavilion, Philadelphia, 

A 19104. 

E-mail address: heather.wachtel@uphs.upenn.edu (H. Wachtel). 

fi  

a  

r  

e  

i  

fi

ttps://doi.org/10.1016/j.surg.2018.04.077 

039-6060/© 2018 Elsevier Inc. All rights reserved. 
nd unilateral adrenal hyperplasia. 6 Bilateral adrenal hyperplasia

BAH) is managed medically with mineralocorticoid antagonists

nd potassium supplementation. 

Although cross-sectional imaging technology continues to im-

rove, the diagnostic performance of computed tomography (CT)

can and magnetic resonance imaging (MRI) is highly variable in

he detection of unilateral causes of PA and may be particularly

imited in detection of small adenomas; moreover, imaging can-

ot differentiate between an incidental, nonfunctional adrenal ade-

oma and a functional tumor. 6 

Adrenal venous sampling (AVS) is considered the standard

f care for subtype differentiation in PA because 40%–50% of

atients might be inappropriately managed, based on imaging

ndings alone. 7,8 However, reliable AVS is not universally avail-

ble, and many published studies are limited by selective AVS

eferral or high AVS failure rates. The goal of this study is to

xamine a large PA cohort evaluated with both AVS and imag-

ng and to compare outcomes in patients, based on imaging

ndings. 

https://doi.org/10.1016/j.surg.2018.04.077
http://www.ScienceDirect.com
http://www.elsevier.com/locate/surg
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Fig 1. Consort diagram of study population. 
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Methods 

Patients 

Institutional review board approval was obtained from the Uni-

versity of Pennsylvania (Philadelphia). Patients who were evaluated

at the Hospital of the University of Pennsylvania (1997–2017) with

a diagnosis of PA and successful AVS were identified for inclusion

in this study. A biochemical diagnosis of PA was defined as an ele-

vated PAC in the setting of a suppressed PRA level, with an ARR of

greater than 20 (ng/dL)/(ng/mL/hr). Confirmatory testing was per-

formed at the discretion of the evaluating clinician, as clinically in-

dicated, consistent with Endocrine Society Guidelines. 9 Of 474 pa-

tients identified, 446 (94.1%) underwent diagnostic AVS and were

included in the final study population ( Fig. 1 ). Of the 28 patients

who were excluded from the final study cohort, only 3 had AVS

attempted but unsuccessful. Eight patients’ masses met size crite-

ria for surgery, based on imaging (adrenal mass ≥4 cm) regardless

of functional status, and 17 failed to undergo the recommended

study. 

Variables 

Retrospective chart review was performed. Clinical and demo-

graphic data were analyzed. Standard blood pressure (BP) criteria

were used, normal mean arterial pressure (MAP) was 70–110 mm

Hg and hypertensive MAP was > 110 mm Hg. Patients were classi-

fied by imaging as localized (unilateral adrenal mass with a nor-

mal contralateral adrenal gland) or nonlocalized (no mass or bi-

lateral masses). Outcomes were assessed as complete, partial, or

absent clinical success, consistent with the published definitions. 10 

Hypokalemia was defined as serum potassium below normal lev-

els, as assessed by individual laboratory normal range. Preoperative

serum potassium levels were assessed on potassium supplemen-

tation. Postoperative serum potassium levels were assessed before

hospital discharge, as described later in this report. Availability of

postoperative renin and aldosterone levels was limited and was not

assessed as a formal outcome measure. 

Clinical management 

Patients were managed with a multidisciplinary team consist-

ing of surgery, nephrology, interventional radiology, and in consul-

tation with the referring clinician. At the time of surgery, patients

were maintained on continuous telemetry monitoring. Medication

management was performed in consultation with nephrology and
he referring physician, and medication regimens were tailored to

he clinical situation. Potassium supplements were stopped at the

ime of surgery, and serum potassium levels were assessed daily

hile patients were admitted. On discharge, patients monitored

nd recorded blood pressure two to three times daily. Patients

ere evaluated two to three weeks postoperatively in the surgical

linic and at that time were transitioned to the care of nephrology

r the referring physician for further management. Postoperative

enin and aldosterone levels were evaluated at the discretion of

he referring clinician. 

VS 

AVS was performed using the modified Mayo protocol, as pre-

iously published. 11,12 AVS was considered technically successful

ith a selectivity index ([SI] defined as adrenal/caval cortisol) of

5. AVS was considered lateralizing with a lateralization index ([LI]

efined as higher aldosterone/cortisol [A/C] ratio/lower A/C ratio)

f ≥4. Patients with lateralizing AVS were referred for surgical

anagement. 

tatistics 

Group comparisons were performed using the χ2 test,

ilcoxon rank sum test, paired Student t test, or Fisher exact

est, as appropriate. Univariate analysis was performed. Sensitivity,

pecificity, positive predictive value (PPV) and negative predictive

alue (NPV) were calculated to determine the relationship between

maging and the presence of an adenoma on final surgical pathol-

gy. Statistical analysis was performed using STATA 12.1 (STATA

orporation, College Station, TX). A P value of .05 was considered

ignificant. 

esults 

ohort characteristics 

Of 446 patients with primary hyperaldosteronism and diagnos-

ic AVS, 60% ( n = 268) were male ( Table I ). The mean age was 53.5

11.0 years, and median patient body mass index (BMI) was in the

bese range, at 31.6 kg/m2 (IQR [interquartile range] 27.3–36.6).

he median duration of patient-reported hypertension was 10.0

ears (IQR 5.0–18.0), and patients were on a median number of 3

ntihypertensive medications (IQR 2–4). At the time of evaluation,

he majority 63.5% ( n = 283) of patients were hypokalemic. The
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Table I 

Demographic and clinical characteristics of 446 patients with primary hy- 

peraldosteronism and adrenal vein sampling 

N, median, or mean 

Mean age, years (SD) 53.5 (11.0) 

Male sex (%) 268 (60.1) 

Median BMI, kg/m2 (IQR) 31.6 (27.3–36.6) 

Median duration of hypertension, years (IQR) 10.0 (5.0–18.0) 

Hypokalemia (%) 283 (63.5) 

Median serum potassium level, mmol/l (IQR) 3.8 (3.4–4.2) 

Median antihypertensive medications (IQR) 3 (2–4) 

Mineralocorticoid receptor antagonist use (%) 265 (59.4) 

Median PAC, ng/dl (IQR) 27.0 (17.8–40.9) 

Median PRA, ng/ml/hr (IQR) 0.2 (0.1–0.4) 

Median ARR, (ng/dl)/(ng/ml/hr) (IQR) 124.2 (67.5–233.5) 

Tumor laterality on imaging 

Right (%) 111 (24.9) 

Left (%) 223 (50.0) 

Bilateral (%) 22 (4.9) 

None (%) 90 (20.2) 

Median tumor size on imaging, cm (IQR) 1.3 (1.1–1.9) 

Lateralizing AVS (%) 333 (74.7) 

Median lateralization index (IQR) 8.7 (3.3–20.8) 

SD , standard deviation 
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edian ARR was markedly elevated, at 124.2 (ng/dL)/(ng/mL/hr)

IQR 67.5–233.5). 

On cross-sectional imaging, 74.9% ( n = 334) patients had evi-

ence of a unilateral mass. A total of 39 patients had unilateral

asses less than 1 cm in size; the median tumor size in this sub-

roup was 0.8 cm. Bilateral masses were present in 4.9% ( n = 22),

nd no masses were identified in 20.2% ( n = 90). The median tu-

or size on imaging was 1.3 cm (IQR 1.1–1.9). AVS lateralized in

4.7% ( n = 333) of patients, consistent with a unilateral source of

ldosterone secretion. The median lateralization index was 8.7 (IQR

.3–20.8). 

ocalization status 

Patients were classified as localized ( n = 334) or nonlocalized

 n = 112) by cross-sectional imaging findings, and group compar-

sons were performed ( Table II ). There were no differences be-

ween localized and nonlocalized patients in age (mean 53.9 vs

2.4 years, respectively; P = .236) or sex distribution (male 60.8%

s 58.0%, P = .608). BMI trended toward lower values in the local-

zed group as compared with the nonlocalized group (31.3 vs 34.5),

lthough this did not achieve statistical significance ( P = .147). The

edian duration of patient-reported hypertension was 10 years

n both groups ( P = .519), and there was no significant difference

n the number of antihypertensive medications that patients were

aking (3 medications in localized group vs 4 medications in non-

ocalized group, P = .140). 

Biochemical profiles were similar between groups, with the ma-

ority of patients having evidence of hypokalemia (75.4% in the lo-

alized group vs 73.4% in the nonlocalized group, P = .706), and the

edian ARR being similar between localized and nonlocalized pa-

ients (125.2 vs 118.9 [ng/dL]/[ng/mL/hr], P = .499). 

In the localized group, AVS changed management in 29.6%

 n = 99). AVS was discordant from imaging in 8.4% ( n = 28), lat-

ralizing to the contralateral side of the imaged mass. AVS was

onlateralizing in 21.3% ( n = 71). The PPV of localization on imag-

ng for lateralization to the ipsilateral side on AVS was 67.7%, with

1.0% sensitivity and 27.3% specificity. In patients 40 years of age

r younger, a population in whom it has been suggested that

VS may not be necessary because of the higher predictive value

f imaging, the PPV was 84.4%, with 77.6% sensitivity and 41.7%

pecificity. 
onlocalized patients 

Patients were considered nonlocalized if cross-sectional imag-

ng identified bilateral adrenal masses (19.6%, n = 22), or no adrenal

asses (80.4%, n = 90). The median tumor size detected on imaging

as significantly larger in the localized group (1.3 cm) as compared

ith patients with bilateral tumors in the nonlocalized group (1.2

m, P = .038). Patients with localization by imaging had signifi-

antly higher rates of lateralizing AVS (79.0% vs 62.2%, P < .001)

nd significantly higher median lateralization index levels (10.2 vs

.0, P < .001) when compared with nonlocalized patients. 

perative findings 

Of the 333 patients with lateralization on AVS, 289 underwent

drenalectomy at our institution; the remainder were excluded

rom the final analysis. The median lateralization index in the

urgical cohort was 12.4 (IQR 6.5–24.2). Adrenalectomy was per-

ormed laparoscopically in 96.2% ( n = 278) of cases; 5 cases were

erformed open, and 6 required conversion from laparoscopic to

pen surgery ( Table III ). Although the distribution of final surgical

athology was similar between localized and nonlocalized patients,

ith a single cortical adenoma being the most common finding in

oth groups (79.7% vs 80.3% respectively, P = .447), tumor size was

ignificantly larger in the localized group (1.5 cm vs 1.0 cm, P <

001). A dominant adenoma in the setting of adrenal hyperplasia

as present in 15.9% of localized patients vs 11.5% of nonlocalized

atients; cortical hyperplasia without adenoma in 4.0% of localized

nd 8.2% of nonlocalized patients. 

The combination of localization on preoperative imaging and

ateralizing AVS had a 79% sensitivity but only 33% specificity for a

ortical adenoma on final pathology (PPV 96%, NPV 8%). In patients

0 years of age or younger, the sensitivity was similar at 77%, with

 PPV 97%; specificity was 50% and NPV was 8%. 

ostoperative outcomes 

Adrenalectomy was associated with a significant decrease in

lood pressure and number of antihypertensive medications. In the

urgical cohort, the mean MAP decreased 107.8 mm Hg preopera-

ively to 97.3 mm Hg 6 to 12 months after surgery ( P < .001), and

he mean number of antihypertensive medications similarly de-

reasing from 3.4 to 2.0 ( P < .001) during the same period. Of note,

t a median follow-up time of 24 months, the mean MAP stayed

table at 97.3 mm Hg, but the mean number of antihypertensive

edications decreased slightly to 1.9. Although the overall rate of

omplete clinical success was relatively low (9%, n = 26), the over-

helming majority of patients (93.9%, n = 155) experienced partial

linical success. 

utcomes by localization status 

Clinical outcomes were evaluated by localization status. Equiva-

ent rates of complete clinical success (8.7% vs 9.8%, P = .801) were

een in localized and nonlocalized patients, respectively, and the

ajority of patients in both groups had long-term partial clini-

al success (94.6% vs 91.7%, P = .456). Within the cohort of 289

atients who underwent adrenalectomy, 76.5% ( n = 221) were hy-

okalemic before surgery. Within the hypokalemic group, before

ospital discharge, resolution of hypokalemia off potassium sup-

lementation was observed in 90.5% ( n = 199). There was no dif-

erence in rates of resolution of hypokalemia between the local-

zed (89.1%) and nonlocalized (95.7%, P = .260) groups, and median

erum potassium levels were equivalent (localized 3.8 mmol/L [IQR

.4–4.2]; nonlocalized 3.9 mmol/L [IQR: 3.5–4.3], P = .126). 
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Table II 

Group comparisons of clinical characteristics in localized and nonlocalized patients 

Localized ( n = 334) Nonlocalized ( n = 112) P value 

Mean age, years (SD) 53.9 (10.8) 52.4 (11.4) .236 

Male sex (%) 203 (60.8) 65 (58.0) .608 

Median BMI, kg/m2 (IQR) 31.3 (27.2–35.9) 34.5 (27.8–37.8) .147 

Median duration of hypertension, years (IQR) 10 (7–20) 10 (5–16) .519 

Hypokalemia (%) 214 (75.4) 69 (73.4) .706 

Median serum potassium level, mmol/l (IQR) 3.8 (3.4–4.2) 3.9 (3.5–4.3) .126 

Median antihypertensive medications (IQR) 3 (2–4) 4 (2–5) .140 

Mineralocorticoid receptor antagonist use (%) 197 (66.8) 68 (72.3) .314 

Median PAC, ng/dl (IQR) 27.5 (18.0–41.0) 23.0 (17.0–39.9) .228 

Median PRA, ng/ml/hr (IQR) 0.2 (0.1–0.4) 0.2 (0.1–0.3) .761 

Median ARR, (ng/dl)/(ng/ml/hr) (IQR) 125.2 (70.6–232.0) 118.9 (58.3–233.5) .499 

Tumor laterality < .001 

Right (%) 111 (33.2) –

Left (%) 223 (66.8) –

Bilateral (%) – 22 (19.6) 

None (%) – 90 (80.4) 

Median tumor size on imaging, cm (IQR) 1.3 (1.1–1.9) 1.2 (0.9–1.5) .038 

Lateralizing AVS (%) 263 (79.0) 69 (62.2) < .001 

Median lateralization index (IQR) 10.2 (3.7–23.4) 5.0 (2.0–11.4) < .001 

SD , standard deviation 

Table III 

Operative findings in 289 patients undergoing adrenalectomy, by localization status 

Localized ( n = 228) Nonlocalized ( n = 61) P value 

Operative approach .706 

Laparoscopic (%) 217 (95.2) 61 (100.0) 

Open (%) 5 (2.2) 0 (0.0) 

Laparoscopic converted to open (%) 6 (2.6) 0 (0.0) 

Median tumor size, cm (IQR) 1.5 (1.0–2.0) 1.0 (0.7–1.5) < .001 

Pathology .447 

Adenoma (%) 181 (79.7) 49 (80.3) 

Adenoma in the setting of hyperplasia (%) 36 (15.9) 7 (11.5) 

Nodular hyperplasia (%) 9 (4.0) 5 (8.2) 

Normal adrenal (%) 1 (0.4) 0 (0.0) 

Tumor laterality on pathology .010 

Right (%) 89 (39.0) 35 (57.8) 

Left (%) 139 (61.0) 26 (42.6) 
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Within the group of 61 nonlocalized patients who underwent

surgery, 4 required future potassium supplementation, likely be-

cause of the recurrence of PA; all 4 had initial resolution of hy-

pokalemia. On the most recent follow-up, 2 of the 4 had resumed

mineralocorticoid receptor antagonists. 

Although there was no significant difference in preoperative

MAPs between localized and nonlocalized patients (107.5 mm Hg

vs 108.5 mm Hg, respectively; P = .587), localized patients re-

quired significantly fewer antihypertensive medications (3.3 vs 3.9,

P = .006) to maintain this BP ( Table IV ). Both groups had improved

BP control on fewer medications at the initial postoperative ap-

pointment, 2 weeks after surgery, and there was no significant dif-

ference between groups ( Fig 2 ). From 6 to 12 months after surgery,

however, the groups diverged. Although both groups maintained

improved BP control (mean MAP 97.1 mm Hg in localized pa-

tients vs 98.1 mm Hg in nonlocalized patients, P = .730), localized

patients required significantly fewer antihypertensive medications

(1.3 vs 2.0, P = .019). This trend was even more prominent at long-

term follow up, with localized patients maintaining or improving

on BP control, with mean MAP 96.1 mm Hg, and nonlocalized pa-

tients experienced partial reversal of previous improvements, with

a mean MAP increase to 101.3 mm Hg and a mean number of an-

tihypertensive medications increasing to 2.4. 

Discussion 

It has been more than 60 years since Conn described PA in

a report of a single case. 13 The understanding of the prevalence,
athophysiology, diagnosis, adrenal pathology, and treatment of PA

as changed markedly in recent decades. PA was considered to

e a rare cause of surgically correctable hypertension 50 years

go, accounting for as low as 0.05% of cases, and no more than

% of cases of refractory hypertension. 14 Recent reports conclude

hat 10%–20% of patients with refractory hypertension have PA. 1,2 

 multicenter Italian study reported that 11.2% of 1,125 consec-

tively screened patients referred for hypertension had PA. 3 Hy-

okalemia, once thought to be a cornerstone of the diagnosis of

A, has been found to be less common than previously believed.

n the Italian study, < 10% of patients were hypokalemic. This shift

n understanding may contribute to increased prevalence of PA. In

ddition to now being recognized as a relatively common cause of

ypertension, several studies have clearly documented that long-

erm end-organ damage is significantly increased in patients with

A compared with patients with essential hypertension. 15,16 

Because of the awareness of the increased prevalence and ap-

reciation of the harmful effects of PA, minimally invasive proce-

ures now allow surgical correction of PA to be accomplished with

ow morbidity and expense. The benefits of surgical correction of

he abnormal biochemical profile in PA has been well documented

y our group and others. 17–19 The decrease or elimination of anti-

ypertensives significantly improves the quality of life for patients

nd decreases end-organ damage over time and is the most cost-

ffective strategy. 20,21 All studies identify early intervention in the

ourse of the disease as a key variable to maximize beneficial out-

omes. 17,19 , 22 Because PA is virtually never associated with malig-

ant adrenal pathology, the only goal of surgical therapy is to re-
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Table IV 

Postoperative outcomes, by localization status 

Localized ( n = 231) Nonlocalized ( n = 61) P value 

Preoperative 

Mean MAP, mm Hg (SD) 107.5 (13.2) 108.5 (14.5) .587 

Mean number AHM (SD) 3.3 (1.3) 3.9 (1.7) .006 

2 weeks postoperative 

Mean MAP, mm Hg (SD) 99.6 (11.3) 103.4 (11.7) .112 

Mean number AHM (SD) 1.8 (1.3) 2.0 (1.5) .441 

6–12 month follow-up 

Mean MAP, mm Hg (SD) 97.1 (9.7) 98.1 (9.4) .730 

Mean number AHM (SD) 1.8 (1.3) 2.8 (2.0) .019 

Long-term follow-up 

Median follow-up, months (IQR) 20.0 (6.0, 68.0) 33.0 (16.0, 50.0) .292 

Mean MAP, mm Hg (SD) 96.1 (10.1) 101.3 (13.7) .014 

Mean number AHM (SD) 1.7 (1.4) 2.4 (1.7) .029 

Resolution of hypokalemia (%) 155 (89.1) 44 (95.7) .260 

Median serum potassium level, mmol/l (IQR) 3.9 (3.7–4.3) 3.9 (3.7–4.2) .733 

Partial clinical success (%) 122 (94.6) 33 (91.7) .456 

Complete clinical success (%) 20 (8.7) 6 (9.8) .801 

SD , standard deviation; AHM , antihypertensive medications 
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erse the clinical profile. The two choices for treatment are medical

anagement, which does not reverse long-term side effects and

as associated medication side effects or surgical correction of PA. 

After establishing the definitive biochemical diagnosis of PA, de-

ermining the pathologic processes in the adrenal tissue causing

his abnormality is determined by a combination of cross-sectional

maging and AVS. Many groups, including our own, have reported

hat changes in surgical management when performing AVS af-

er cross-sectional imaging can be as high as 50% of patients. 7,8 

he most recent published guidelines from the Endocrine Society

ecommend performing AVS in all patients with PA except those

ounger than 35 years of age with an imaged adrenal mass > 1.0

m. 9 The primary focus of the current study is the specific patient

opulation with PA who have no evidence of localizing adrenal ab-

ormality on a CT scan. Although practice guidelines would rec-

mmend performing AVS for this group of patients, the reality of

imited access to AVS and the assumption that this large group of

atients have BAH after negative imaging by managing physicians

eans that this population defaults to medical management. 

At our large referral center, 90 patients out of a population of

46 (20.2%) had definitive PA and no evidence of adrenal pathol-

gy on CT or MRI. In this group of 90 patients, 61 had lateraliza-

ion on AVS, leading to successful minimally invasive adrenalec-

omy in all 61 patients. Greater than two-thirds of the imaging

egative patients (67.8%) benefitted from AVS, which accounts for

3.7% of the total population. Although this number seems to be a

elatively small subset of a large group of PA patients at a tertiary

eferral center, it bears emphasis that the majority of patients with

A are referred into our system by outside cardiologists, nephrolo-

ists, endocrinologists, and primary care physicians. It remains un-

nown how many patients with PA and negative imaging are never

eferred for AVS because of the assumption that these patients

ave BAH. If managing physicians were aware that more than two-

hirds of imaging negative patients could benefit from minimally

nvasive surgery for a unilateral cause of PA, imaging negative pa-

ients would likely account for a higher proportion of the total

ohort. 

Analysis of the demographics, biochemical profile, clinical pro-

le of hypertension, and treatment are essentially identical be-

ween the localized and nonlocalized groups of patients with PA

 Table II ). Somewhat surprising is the equivalence of pathologic

ndings of a distinct adenoma in patients who were localized

79.7%) versus nonlocalized (80.3%) as with negative imaging the

athologic diagnosis of unilateral hyperplasia would be expected

o be significantly higher. The fact that the median tumor size is
ignificantly smaller in the nonlocalized group ( P < .001, Table III )

s completely expected; however, the median tumor size of 1.0 cm

ay be surprising in patients with negative imaging. 

One potential criticism of this study is that a more directed

ne-cut CT or MRI imaging protocol could have possibly identified

esions in a portion of the nonlocalized group, as surgical pathol-

gy demonstrated that small tumors were present in this group.

he response to that criticism would have 2 components. First,

he negative imaging report that defines this patient population is

he information given to referring physicians managing this patient

opulation, and therefore initial referral decisions are based on

ondedicated imaging. Second, the current study is not an imaging

rotocol in that no patient had additional cross-sectional imaging

ith an alternative technique, which also reflects our institutional

ias to perform AVS on virtually all patients regardless of imaging

esults. 

A second difference between these two patient populations is

hat, despite immediate equivalent postoperative benefit, the non-

ocalized patients seem to derive less long-term benefit measured

y need for antihypertensive medications at greater than 6 months

ostoperatively and becoming more divergent at later points. One

ossible explanation for this finding is that these are not equiva-

ent patient populations. The nonlocalized patients required signif-

cantly more antihypertensives preoperatively and, although hav-

ng reported similar duration, the disease may have had increased

everity reflected only by number of medications. A second more

nteresting explanation may be that this image negative group has

 subset of patients with asymmetric BAH. The pathology data sug-

est that there are twice as many patients with nodular hyper-

lasia without an adenoma in the nonlocalized group. One limi-

ation of this study is that we do not have biochemical profiles

n the patients with long-term follow-up to comment on the pos-

ible biochemical recurrence of PA. Recent data on the histology

f PA suggest a polyclonal or multifocal process, even in patients

ho have a dominant aldosterone-producing adenoma. Staining for

ldosterone synthase with CYP11B2 suggests multiple nests of in-

reased aldosterone in the zona glomerulosa, with cases of a clear

ransition to a dominant adenoma. 23,24 Because we virtually never

perate for BAH, we do not know whether a similar process is oc-

urring bilaterally. 

A recently reported randomized trial for patients with PA, com-

aring CT with AVS, argued that there is no benefit for AVS. 25 

he SPARTACUS trial (Subtyping Primary Aldosteronism: A Ran-

omized Trial Comparing Adrenal Vein Sampling and Computed

omographic Scans) randomized 180 patients with PA and hy-
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Fig 2. ( A ) Postoperative blood pressure and ( B ) antihypertensive medication outcomes, by localization status. Statistically significant difference between groups at individual 

time points is denoted by ∗ . 
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pokalemia to either CT or AVS with no crossover. Exactly half of

each arm ended up having surgery, with a slightly higher cure rate

in the AVS arm. The authors concluded that there was no role for

obtaining the expensive and challenging AVS in PA. This study has

been criticized on many fronts. First, because it is a random assign-

ment trial, each arm would have identical pathology, so the overall

incidence of unilateral cause of PA should be the same. Given our

data, one would expect that one-third of the 45 patients in the CT

arm may have a positive AVS and benefit from surgery. There was

a trend toward long-term benefit in the AVS arm, but the lack of

significance is likely attributable to low patient number. 

An Italian study, screening for PA in patients with refrac-

tory hypertension in 14 centers, included 5 locations where AVS

was performed and 9 where it was not available. 3 In the cen-
ers where AVS was available the final pathologic diagnosis was

3% adenoma and 37% BAH. Conversely, in the centers with no

VS and imaging only, the findings were reversed, with only 32%

denomas and 68% BAH. Although nonrandomized, there is no

eason to believe that the patient population at any of the lo-

ations would be different. These results support our contention

hat there are large populations with PA who have unilateral dis-

ase that are denied the prospect of beneficial surgery without

VS. 

This study is inherently limited because of its retrospective na-

ure. A subset of this study population has been previously pub-

ished; this study adds 101 patients with diagnostic AVS, of whom

2 underwent adrenalectomy. 8 Outcomes were assessed as clinical

esolution, and therefore the increase in antihypertensive medica-
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ions observed in the nonlocalized cohort may reflect either essen-

ial hypertension or biochemical recurrence, as discussed earlier in

his report. Furthermore, granular data on individual medications

nd dosages were not analyzed in this data set. These represent

urther potential areas of study. 

In summary, more than two-thirds of patients with PA and

egative cross-sectional imaging have clear lateralization on AVS

nd benefit from adrenalectomy. Although cross-sectional imag-

ng is often recommended after initial biochemical diagnosis and

VS may be performed selectively based on imaging findings, this

tudy indicates that all PA patients should be referred to a cen-

er performing AVS, regardless of imaging. Our group has argued

hat AVS may even precede CT as the initial diagnostic maneuver. 12 

lthough Endocrine Society guidelines agree with performing AVS

n the large majority of these patients, 9 it is possible that nega-

ive imaging is equivalent to a diagnosis of BAH in the minds of

anaging physicians. This report provides objective data that im-

ge negative patients with PA should be referred to experienced

enters for AVS. 

In conclusion, PA accounts for a large portion of patients with

efractory hypertension in the United States. These patients suffer

ignificant morbidity even with medical management. Minimally

nvasive adrenalectomy is an extremely safe and well-tolerated

rocedure that has been shown to be highly beneficial. All patients

ith PA and negative imaging should have AVS to allow surgery in

he subgroup of this population with unilateral disease. 
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With your data, can you tell me which one of those hypotheses

s more likely, that there is a disease process in which the tumors

et bigger and bigger, and you catch them in the later stages, or is

t that there’s a spectrum of disease, with patients that are differ-

nt from the very beginning? 

Dr. Heather Wachtel : I think it’s a really interesting question

nd you are really getting to the crux of the physiology. I have

een keeping our databases for only a short time, but we have ac-

ually seen a trend over time toward smaller tumors. When I first

tarted, the median tumor size was 1.8 cm. It’s now 1.5 cm in our

perative patients. I was actually very surprised when I analyzed

he data and there wasn’t a discrepancy between the two groups
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in terms of the duration of hypertension, since that’s what I was

expecting. 

I think there’s been some stellar work in parallel to what’s hap-

pening with primary hyperparathyroidism, where we are catching

the disease at earlier stages and potentially finding smaller tumors.

But I also think there’s this entity that we haven’t really well char-

acterized, which may potentially be asymmetric hyperplasia of the

adrenal glands. We do see a trend toward lower lateralization in-

dex and they may be recurring a little bit earlier. I think if we car-

ried out this study after another couple of years, we would find

that more of these patients are recurring with nodularity on the

contralateral side. So they probably had asymmetric hyperplasia,

and removing one adrenal gland unmasked that and they are prob-

ably going to recur. 

Honestly, I think we still made a difference for them and we

have improved their blood pressure control. Dr Lubitz at MGH has

done some fantastic work showing that this is cost-effective for

patients even if they get a very small improvement in their blood

pressure measurements. 

So, I hope that we are still doing good by doing these opera-

tions, but I think that our understanding of this disease process

will continue to evolve. 

Dr. Barbra Miller (Ann Arbor, MI): 

You have highlighted one of the limitations of your study,

which is not having the biochemical data to document cure. We

have found that information to be incredibly important. We pre-

sented our work at the IAES meeting in Basel over the summer,

and we looked at what our criteria for cure were early on in 2005

and 2010. Now that the PASO criteria have come out, there’s a very

big difference in the cure rates contingent on definitions. And the

key, I think, is the biochemical cure, not just the apparent clinical

cure. We have got to document aldosterone and renin levels after-

ward, and we know those change over time, as well. It’s important

to follow things, out not only at 2weeks but 3 to 6 months and

then finally at a year, because it will change over time. 

As for some of your patients, I think you had eight, that had

tumors that were greater than 4 centimeters, we have also found

that you can have co-secretion of cortisol, especially as the tumors

get bigger. This can throw off your AVS, so you have to consider

that when you are thinking about which gland to take out, and

whether or not you are going to actually cure their hyperaldos-

teronism. It may be coming from the other side and they may have

bilateral secretion. 

I wanted to know if you checked routinely what their corti-

sol levels were, or whether you did a dexamethasone suppression

test? 
My second question regards your documentation of the blood

ressure and changes in medication. Just categorizing the number

f medications doesn’t take into account the dosage or the drug

ype. And I would encourage everyone as we go forward in re-

orting this information to truly understand what the impact is

n blood pressure medication. The World Health Organization has

 daily drug dosage calculator that you can use that takes all of

hat into account. 

I will say that we have been doing IHC on our tumors, and a

ot of the adenomas that are on the side that we take out actu-

lly don’t have aldosterone-producing cells in them. They are else-

here in that gland. So, just because there’s an adenoma and they

ateralized to that side doesn’t mean that’s exactly where the al-

osterone is coming from. 

Dr. Heather Wachtel: Those are very interesting and impor-

ant points. In addressing your first question, we do routinely

end all functional studies for any large adenomas where we

on’t have documentation of functional status. So, part of our

outine workup for a functional study includes metanephrines

o rule out pheochromocytoma, renin activity, and aldosterone

evels, to investigate possible hyperaldosteronism. We also do

ortisol and ACTH levels, and then, at the discretion of the

eferring clinician, we will work with them to perform a dex-

methasone suppression test. We don’t routinely order those

urselves. 

We only send androgens selectively in conjunction with a sus-

icious clinical picture. 

Dr. Barbra Miller (Ann Arbor, MI): But did any of your patients

o-secrete cortisol? 

Dr. Heather Wachtel : None of the patients in this study co-

ecreted cortisol. We actually have a separate database for our

ushing’s patients as well. 

Dr. Barbra Miller (Ann Arbor, MI): Do you check that in every-

ody? 

Dr. Heather Wachtel : We check cortisol for every adrenal mass.

Dr. Barbra Miller (Ann Arbor, MI): But not dexamethasone sup-

ression tests on everybody? 

Dr. Heather Wachtel : Not dexamethasone suppression on ev-

rybody. We would not do that if they had a paired ACTH and cor-

isol which are completely normal and no clinical signs or symp-

oms of Cushing’s syndrome. 

Dr. Barbra Miller (Ann Arbor, MI): I would say that you are

robably missing out on some of those patients, especially the

nes with bigger adrenal masses. 

Dr. Heather Wachtel : It’s possible we may be, and I think that’s

n important point moving forward. 
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