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Abstract

Introduction Patients undergoing unilateral adrenalectomy for primary aldosteronism (PA) may have a solitary
adenoma, unilateral hyperplasia, or multiple adenomas on final pathology. This study investigated whether the
underlying pathological diagnosis was associated with differences in clinical presentation and postoperative
outcomes.

Methods A retrospective cohort study of patients undergoing unilateral adrenalectomy for PA from 2004 to 2015 at
our institution was performed. Baseline clinical and laboratory parameters, as well as postoperative biochemical and
hypertension cure rates, were compared across the three aforementioned pathological groups.

Results Of 206 patients who met criteria for inclusion, 152 (73.8%) had a single adenoma, 33 (16%) had unilateral
hyperplasia, and 21 (10.2%) had multiple unilateral adenomas. Patients with unilateral hyperplasia were more likely
to be male (81.2% vs 57.9%, P = .03), undergo left-sided adrenalectomy (78.8% vs 47.4%, P < .01), and had a lower
median adrenal venous sampling lateralization index (9.8 vs 19.8, P = .04) compared to those with solitary, but not
multiple unilateral adenomas. No differences were seen in age, duration of hypertension, preoperative plasma
aldosterone levels, plasma renin activities, 24-h urinary aldosterone excretion, serum potassium concentrations, and
the number of preoperative antihypertensive medications across all three pathological groups. All patients achieved
biochemical cure following adrenalectomy, and no significant differences in the rates of hypertension cure or
improvement were observed in comparisons across pathological subtype.

Conclusions Clinical presentation and postoperative outcomes are similar regardless of underlying pathology in
patients with PA. Because one in four patients may harbor unilateral hyperplasia or multiple adenomas, total
unilateral adrenalectomy should be performed as the operation of choice over adrenal-sparing approaches.

Introduction

An earlier version of this work was presented as a podium
presentation at the American College of Surgeons Clinical Congress,
Washington, DC, October 16-20, 2016.
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shariq.omair@mayo.edu

Department of Surgery, Mayo Clinic, 200 First Street S.W.,
Rochester, MN 55905, USA

Division of Endocrinology, Diabetes, Metabolism, and
Nutrition, Mayo Clinic, Rochester, MN, USA

Primary aldosteronism (PA) is the most common cause of
secondary hypertension and has a prevalence of 5-20% in
the hypertensive population [1, 2]. It is a syndrome char-
acterized by excess aldosterone production and renin sup-
pression, resulting in hypertension and potentially
hypokalemia. Patients with PA are at increased risk of
cardiovascular and renal sequelac when compared with
age-, sex-, and blood pressure (BP)-matched patients with
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essential hypertension, thus highlighting the importance of
early diagnosis and appropriate therapy [3-5].

Once a diagnosis of PA has been established, making the
distinction between unilateral and bilateral disease is
essential, as the former can be cured by surgical removal of
the affected adrenal gland. Conversely, patients with bilat-
eral disease are treated medically with mineralocorticoid
receptor (MR) antagonists because neither the aldosterone
hypersecretion nor the hypertension is alleviated by unilat-
eral adrenalectomy in this scenario. Traditionally, unilateral
disease has been synonymous with an aldosterone-produc-
ing adenoma, while bilateral disease is most commonly
associated with idiopathic adrenal hyperplasia. However, in
recent years, other forms of unilateral PA have been
described, including unilateral adrenal hyperplasia [6—10]
and multiple unilateral adrenal adenomas [11-13]. While
unilateral hyperplasia was previously believed to be a very
rare subtype of PA [9], recent data suggest that this entity is
more common than previously thought, with an incidence of
around 10-36% in various series [6, 7, 10, 14—16]. On the
other hand, studies describing multiple unilateral adenomas
in patients with PA are mostly limited to case reports or
small institutional series [11, 12, 17, 18].

Few studies have explored whether differences in
histopathological diagnosis have an impact on clinical
presentation, biochemical evaluation, and postoperative
outcomes following unilateral adrenalectomy for PA
[6, 7, 10, 16, 19]. However, these studies involved com-
parisons between patients with single adenomas and uni-
lateral hyperplasia only, or analyzed unilateral hyperplasia
and multiple adenomas together in one group, despite the
two being recognized as distinct pathological entities
[20, 21]. Therefore, we sought to investigate whether
clinical presentation and postoperative outcomes in
patients with PA differ according to the presence of a
solitary adenoma, unilateral hyperplasia, or multiple uni-
lateral adenomas on final pathology.

Methods

We performed a retrospective review of all adult patients
undergoing unilateral adrenalectomy for PA at Mayo
Clinic, Rochester, MN, between January 2004 and
December 2015. Data were collected on patient demo-
graphics, clinical presentation, biochemical values, and
postoperative follow-up. All preoperative laboratory vari-
ables and BP readings were obtained from the most recent
outpatient clinic visit prior to adrenalectomy. We excluded
patients with concomitant glucocorticoid secretion, those
who underwent partial adrenalectomy, those with adrenal
venous sampling (AVS) results demonstrating non-later-
alization of aldosterone hypersecretion (i.e., a lateralization
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index [LI] of <3), and those without postoperative bio-
chemical evaluation of aldosterone levels.

The aldosterone-to-renin ratio (ARR) was used as a case
detection test for PA in hypertensive patients in the setting
of spontaneous hypokalemia (potassium <3.6 mEq/L),
with a plasma aldosterone concentration of >10 ng/dL and
a suppressed plasma renin activity of <1 ng/mL/h. In those
patients who did not have spontaneous hypokalemia, PA
was confirmed by an inability to suppress aldosterone
excretion with an oral sodium loading test. If plasma renin
activity was not suppressed, spironolactone and eplerenone
were discontinued at least 4 weeks before evaluation.
Patients on preoperative potassium supplements or a MR
antagonist with a documented serum potassium of <3.6
mmol/L before initiating this medication were also defined
as having preoperative hypokalemia. The nadir potassium
was defined as the lowest serum potassium concentration
recorded during a patient’s diagnostic workup.

Once a diagnosis of PA was confirmed, all patients
underwent adrenal-directed abdominal imaging with com-
puted tomography (CT) or magnetic resonance imaging
(MRI). In patients younger than 35 years, if imaging
demonstrated a definitive unilateral adenoma with normal
contralateral adrenal morphology, unilateral adrenalectomy
was performed. In patients older than 35 years, or in those
with bilateral abnormalities or normal-appearing adrenals
on imaging, AVS was performed, as previously described
[22], during continuous cosyntropin infusion (50 pg/h
started 30 min before sequential sampling of the adrenal
veins and continued throughout the procedure). Selective
catheterization of the adrenal veins was confirmed based on
an adrenal vein to inferior vena cava (IVC) cortisol gra-
dient of >5:1. We calculated the LI by dividing the adrenal
vein aldosterone-to-cortisol (A/C) ratio on the dominant
side by the A/C ratio on the nondominant side. A LI of >3
indicated unilateral aldosterone excess and was used as a
potential indication for adrenalectomy. We also calculated
the contralateral suppression index (CSI) by dividing the
adrenal vein A/C ratio of the nondominant side by the IVC
A/C ratio.

Surgical pathology slides were independently reviewed
by two pathologists in order to categorize patients into one
of three histopathological diagnosis groups: Single ade-
noma was defined as a solitary, well-circumscribed,
encapsulated adrenocortical clear-cell adenoma compress-
ing the non-neoplastic uninvolved adrenal gland; multiple
unilateral adenomas were defined as the presence of two or
more adenomas within the same adrenal gland; and uni-
lateral adrenal hyperplasia was defined as the presence of
diffuse hyperplasia of cells, resembling those of normal
zona glomerulosa, with or without macro-micronodules
composed of nests of clear cells.
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Biochemical cure (complete biochemical success) in this
study was defined as correction of hypokalemia (if present
pre-surgery) and a postoperative aldosterone level of <5
ng/dL, typically checked the day after adrenalectomy.
Hypertension cure (complete clinical success) was defined
as a BP of <140/90 mm Hg without the need for any
antihypertensive medications. Hypertension improvement
(partial clinical success) was defined as similar BP on
fewer antihypertensive medications or a reduction in BP
with either the same amount or less antihypertensive
medications. Absent clinical success was defined as
unchanged or increased BP levels with either the same
amount or an increase in antihypertensive medication.
Postoperative BP measurements were obtained from the
latest outpatient follow-up appointment.

All values are reported as mean =+ standard deviation
(SD) or median (interquartile range, IQR) when appropri-
ate for continuous data and percentages for categorical
data. To evaluate for differences in outcomes between the
three histopathological groups, we used Fisher’s exact test
or Pearson’s y2 test for discrete data and the analysis of
variance or Kruskal-Wallis tests for continuous data.
Individual subgroup comparisons were performed, using
Tukey or Steel-Dwass post hoc tests, if the overall P value
for the comparison across the three groups was <0.05. Due
to the exploratory nature of this study, statistical adjust-
ment for multiple outcome comparisons was not carried
out. All statistical analyses were performed using JMP
software (version 11.0; SAS Institute, Inc, Cary, NC). The
study protocol was reviewed and approved by the Institu-
tional Review Board of the Mayo Foundation.

Results

During the study period, 252 patients underwent unilateral
adrenalectomy for PA. Twenty-two patients were excluded
because there was no information on postoperative bio-
chemical evaluation of potassium or aldosterone levels, and
15 patients were excluded due to non-lateralization at AVS.
Seven patients were excluded as they underwent partial
adrenalectomy, and two patients were excluded due to
cortisol co-secretion. Therefore, 206 patients met our cri-
teria for inclusion in the final analysis (Fig. 1). There were
131 men and 75 women with an overall mean age of
51.8 £ 10.7 years at the time of surgery. Thirteen patients
(6.3%) were <35 years old at the time of surgery, with
evidence of a unilateral adenoma on preoperative CT, and
therefore did not undergo AVS. The median duration of
preoperative hypertension was 10 years (IQR, 5-17 years).
Hypokalemia was present in 188 patients (91.3%) prior to
surgery. Preoperative patient characteristics are summa-
rized in Table 1.

Histopathological examination revealed a single ade-
noma in 152 patients (73.8%), unilateral adrenal hyper-
plasia in 33 patients (16%), and multiple unilateral
adenomas in 21 patients (10.2%; Table 2). Patients with
unilateral hyperplasia were significantly more likely to be
male (81.2% vs 57.9%, P = .03) and were more likely to
undergo left-sided adrenalectomy (78.8% vs 47.4%,
P < .01), compared to those with a solitary adenoma. In
the 193 cases (93.7%) in which AVS was successfully
performed, patients with unilateral hyperplasia had a lower
median LI (9.8 vs 19.8, P = .03) compared to those with a
single adenoma. These differences were not significant
when subgroup comparisons were made with the unilateral
multiple adenomas group. Furthermore, there were no
significant differences in age, body mass index, preopera-
tive BP, duration of hypertension, preoperative plasma
aldosterone levels, renin activities, ARR, 24-h urinary
aldosterone excretion, serum potassium concentrations, the
number of preoperative antihypertensive medications, and
the percentage of patients who were hypokalemic or on
potassium supplementation before surgery, across all three
groups. However, patients with multiple adenomas were
more likely to be treated with a MR antagonist preopera-
tively compared to those with a single adenoma (47.6% vs
21%, P = .03) and unilateral hyperplasia (47.6% vs 9.1%,
P < .01).

Median duration of BP follow-up in patients with BP
data available was 18 months (IQR, 1.2-52.8 months). At
the time of last follow-up, biochemical cure was seen in all
patients (Table 3). Hypertension cure was achieved in 29
patients (24%), with hypertension improvement seen in a
further 84 patients (69.4%). Eight patients (6.6%) had
either the same or worsened BP with the same or more
antihypertensive medications (i.e. absent clinical success).
Notably, BP follow-up data were missing for 85 patients
(41.3%), who were followed up outside of our institution,
leaving 121 patients (58.7%) with data that could be used
to calculate clinical cure rates. With this in mind, no sta-
tistically significant differences were found across the three
pathological subtypes with respect to postoperative clinical
and biochemical outcome measures, including the number
of postoperative antihypertensive medications, serum
potassium and creatinine levels, and duration of BP follow-

up.

Discussion

Unilateral PA was traditionally believed to be a disease
caused almost exclusively by an aldosterone-producing
adenoma. However, it is now recognized that patients with
surgically treated disease also demonstrate varying patterns
of hyperplasia or multiple adenomas on final pathology.
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Fig. 1 Flowchart of patients
included in the study

Total cohort
(n =252)

No postop biochemical data
(n=22)

AVS ratio <3:1
(n=15)

Underwent partial
adrenalectomy
(n=7)

Cortisol co-secretion
(n=2)

Available for analysis

(n = 206)

Single adenoma
(n=152)

Unilateral hyperplasia

Multiple unilateral
adenomas

(n=33) (n=21)

Our findings suggest that, compared to solitary adenomas,
unilateral hyperplasia is more common in males, has a
predilection for the left adrenal gland, and is associated
with a lower mean LI at AVS. Furthermore, multiple uni-
lateral adenomas were found to be more common than
previously reported. Regardless, postoperative outcomes
were similar across all groups, irrespective of underlying
pathology.

Several studies have compared clinical characteristics
and cure rates between PA patients with unilateral hyper-
plasia and solitary adenomas [6, 10, 14, 16, 19]. Weisbrod
and colleagues [16] reported a 16% incidence of unilateral
hyperplasia in their series of 95 patients, which is identical
to the rate reported in our study. However, in contradis-
tinction to our findings, no differences were seen in factors
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such as sex, laterality of disease, or AVS ratios, when
compared to patients with solitary adenomas. Nonetheless,
in concordance with our study, postoperative outcomes
were similar across both histopathological groups. laco-
bone et al. [10] also found no difference in postoperative
biochemical and clinical cure rates in patients with single
adenomas compared to those with unilateral hyperplasia. In
contrast, Trésallet and co-workers [7] observed that the
presence of an aldosterone-producing adenoma (as opposed
to unilateral hyperplasia) on final pathology was the only
independent predictor of hypertension cure. Interestingly,
they reported a higher incidence of unilateral hyperplasia in
males, which we also observed in our cohort. This lack of
concordance in the literature may, in part, be explained by
heterogeneity in the criteria used to classify postoperative
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Table 1 Baseline demographics and clinical characteristics

Variable Entire cohort
(n =206)
Sex, male (n, %) 131 (63.6)
Age at operation, years 51.8 £ 10.7
BMI, kg/m* 31 +£54
Duration of hypertension, years (median, 10 (5, 17)
IQR)
BP systolic 142 + 19.3
BP diastolic 845 £ 124
No. of preoperative BP medications (median, 3 (2, 4)
IQR)
Preoperative creatinine, mg/dL 1.0+ 0.3
Hypokalemic preoperatively, yes (n, %) 188 (91.3)
Nadir preoperative potassium, mmol/L 35+0.6
No. of patients on potassium supplements 162 (78.6)
(n, %)
Daily potassium dosage, mEq 60.6 + 83.1
Preoperative MR antagonist, yes (n, %) 45 (21.8)
Preoperative plasma aldosterone, ng/dL 36.1 +42.2
Preoperative plasma renin activity, ng/mL/h 0.7 £ 0.7
Preoperative ARR 61.5 + 68.8
Preoperative 24-h urinary aldosterone 47.7 £ 52.4
AVS performed, yes (n, %) 193 (93.6)
LI (median, IQR) 17.3 (8, 33.8)
CSI (median, IQR) 0.3 (0.1, 0.5)
Side of adrenalectomy, left (n, %) 110 (53.4)

Values are expressed as mean =+ standard deviation, unless otherwise
specified

BMI body mass index, BP blood pressure, mEqg milliequivalents, MR
mineralocorticoid receptor, ARR aldosterone-to-renin ratio, AVS
adrenal venous sampling, L/ lateralization index, CSI contralateral
suppression index, /QR interquartile range

outcomes, and difficulties in making a clear-cut distinction
between adenoma and hyperplasia on routine histopathol-
ogy [20].

Our finding that unilateral hyperplasia was more
prevalent on the left, compared to the right side (78.8% vs
21.2%), is an interesting observation that has also been
reported by others [8, 14]. In a prospective series that
included 56 patients with unilateral nodular hyperplasia,
Walz and colleagues [14] reported an incidence of left-
sided hyperplasia in 78.5% of their cohort, which is almost
identical to our study. Similarly, Novitsky et al. [8] noted
an incidence of 73% in their smaller series of 15 patients.
Although these findings point toward a potential lateraliz-
ing asymmetry, there is limited evidence to support a
fundamental predisposition for the development of left-
sided adrenal hyperplasia. Morphometric studies of fetal
adrenal development have demonstrated greater thickness,
volume, and surface area of the left adrenal gland during

gestation [23]. Furthermore, in an autopsy study of over
300 patients, Lam et al. [24] found a significantly greater
size and mean weight of the left adrenal compared with the
right. Although speculative, it is possible that increased
tissue mass in the left adrenal may predispose to greater
opportunities for hyperplastic transformation.

The presence of multiple unilateral adenomas in PA has
been described as a rare entity in the literature, although the
frequency is seldom cited outside of case reports
[11, 12, 18, 25]. In a previous study from our institution,
Quillo et al. [6] found that in 167 patients, 6.5% had
multiple adenomas on final pathology. Although baseline
characteristics, clinical outcomes, and biochemical cure
rates were no different when compared to patients with
single adenomas, multiple adenomas were analyzed toge-
ther with unilateral hyperplasia as a collective “nonsingle
adenoma” group. Proye and colleagues [26] also studied
100 patients with PA, 5% of whom had multiple adenomas.
In agreement with our findings, no differences in the rates
of biochemical cure and hypertension improvement were
found, when comparisons were made with patients who
had solitary adenomas, hyperplasia, or an adenoma arising
on a background of hyperplasia. Conversely, Obara et al.
[17] concluded that the presence of multiple adenomas, or
an adenoma associated with macronodules, portended an
eightfold increased risk of postoperative persistent hyper-
tension compared to that of a single adenoma. These
incongruent findings may also be explained by the afore-
mentioned differences in outcome measures, discrepancies
in how histopathological distinctions were made between
the various PA subtypes, and small subgroup sizes. For
example, although we observed that patients with multiple
unilateral adenomas were more likely to be treated with a
MR antagonist preoperatively, this is likely to be coinci-
dental in a small sample, rather than a true association.

Over a quarter of the patients in our cohort who
underwent successful adrenalectomy were found to have
unilateral hyperplasia or multiple adenomas (i.e. nonsingle
adenoma pathology). This is a pertinent finding in relation
to the debate on partial adrenalectomy, which some have
proposed as a strategy to reduce the risk of adrenal insuf-
ficiency, particularly in small peripherally located adeno-
mas [27]. Others have cautioned against the possibility of
incomplete removal of abnormal adrenal tissue and have
highlighted the occurrence of persistent postoperative
aldosterone elevation, even in patients who underwent
enucleation of what was believed to be a solitary adenoma
on preoperative imaging [28, 29]. The relatively high
prevalence of nonsingle adenoma pathology in our series,
and the similarities in clinical and biochemical presentation
when compared with single adenomas, lends credence to
the argument for total unilateral adrenalectomy in all cases
of lateralized PA, regardless of preoperative findings.

@ Springer
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Table 2 Baseline demographics and clinical characteristics according to pathology

Variable APA UAH UMA P values
(n =152) (n=33) n=21)
Overall APA versus APA versus UAH versus
UAH UMA UMA

Age at operation, years 51.6 £10.8 529+ 10 52412 .83
Sex, male (n, %) 88 (57.9) 27 (81.2) 16 (76.2) .02 .03 15 73
BMI, kg/m* 312458  308+31 297453 67
Duration of hypertension, years 10 (4.5, 16) 11 4.5,20) 14 (6.5, 25) 13

(median, IQR)
BP systolic 1434 £ 18.7 1375+ 20 139.2 +£223 23
BP diastolic 854+ 122 822+ 13.6 813 +£11.6 .19
No. of preop BP meds (median, IQR) 3 (2, 4) 3,4 43,5 .06
Preoperative creatinine, mg/dL 1.0 £ 0.3 1.1 £03 1.0£03 .05
Hypokalemic preoperatively, yes 138 (90.8) 30 (90.9) 20 (95.2) .79

(n, %)
Nadir preop potassium, mmol/L 354+0.7 34 +£0.6 3.5+0.6 94
No. of patients on potassium 120 (79) 26 (78.8) 16 (76.2) .96

supplements (n, %)
Daily potassium dosage, mEq 62.7 £89.5 51.1 £58 60.7 £ 69.8 .80
Preoperative MR antagonist, yes 32 (21) 3.1 10 (47.6) < .01 43 .04 < .01

(n, %)
Preoperative plasma aldosterone, ng/ 36.7 £ 47.5 344 £ 17.1 349 £ 284 72

dL
Preoperative plasma renin activity, 0.7 £0.8 0.6 £0.1 0.7 £ 0.5 .60

ng/mL/h
Preoperative ARR 61.8 £74.8 622 £ 487 58.1 £485 .69
Preoperative 24-h urinary aldosterone 47.6 £ 564  46.5 & 33.5 509 £ 51.9 .64
AVS performed, yes (n, %) 139 (91.5) 33 (100) 21 (100) 0.1
LI (median, IQR) 19.8 (9.2, 9.8 (6.3, 20.7 (7.9, .04 .03 1.00 28

36.8) 22.9) 39.2)
CSI (median, IQR) 0.2 (0.1,0.5) 0.3 (0.2, 0.2 (0.1, 0.5) 15
0.6)

Side of adrenalectomy, left (n, %) 72 (47.4) 26 (78.8) 12 (57.1) < .01 < .01 1.00 .36

Values are expressed as mean + standard deviation, unless otherwise specified

APA aldosterone-producing adenoma, UAH unilateral adrenal hyperplasia, UMA unilateral multiple adenomas, BMI body mass index, BP blood
pressure, mEq milliequivalents, MR mineralocorticoid receptor, ARR aldosterone-to-renin ratio, AVS adrenal venous sampling, L/ lateralization

index, CSI contralateral suppression index, /QR interquartile range

A significant limitation of our study is that we were
unable to perform staining for aldosterone synthase
(CYP11B2) using in situ hybridization or immunohisto-
chemistry. This would have allowed us to confirm the
specific area of the adrenal gland responsible for aldos-
terone hypersecretion, particularly in patients thought to
have multifocal disease. Without this, some specimens
believed to contain multiple adenomas may in fact have
had only one functional lesion, or may have been inaccu-
rately classified as macronodular hyperplasia, due to dif-
ficulties in distinguishing these entities on routine
histopathology alone. Indeed, in a study of 120 patients by
Volpe et al., [30] the final pathological diagnosis was
changed in 7% of cases following immunohistochemical
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analysis, as aldosterone synthase expression was observed
in the adjacent cortex rather than the adenoma initially
thought to be responsible for aldosterone hypersecretion.
Typical practice at our institution is not to check aldos-
terone levels beyond postoperative day 1 or 2 if there is
evidence of suppression (i.e., our definition of biochemical
cure). Although this approach has been utilized by others
[31], it has been shown that aldosterone levels in the
immediate perioperative period may be transiently sup-
pressed, even in patients with persistent disease [32].
Therefore, patients in our study patients may have been
misclassified as biochemically cured based on a single
serum aldosterone level, and measurement of the ARR
6—12 months after surgery would have allowed cure to be
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Table 3 Postoperative outcomes according to pathology in patients undergoing unilateral adrenalectomy for primary aldosteronism

Variable Entire cohort ~ APA UAH UMA Total no. of pts with P value

(n = 206) (n=152) (n=33) (n=21) data available

Biochemical cure (n, %) 206 (100) 152 (100) 33 (100) 21 (100) 206 (100) 1.00
(n = 206) (n =152) (n =33) (n=21)

Hypertension cure (n, %) 29 (24) 23 (25.8) 3 (15.8) 3(23.1) 121 (58.7) 0.67
(n=121) (n=89) (n=19) (n=13)

Hypertension improvement (1, %) 84 (69.4) 59 (66.3) 15 (79) 10 (76.9) 121 (58.7) 0.93
(n=121) (n=89) (n=19) (n=13)

Absent clinical success (n, %) 8 (6.6) 7(7.9) 1(5.3) 0 (0) 121 (58.7) 0.54
(n=121) (n=89) (n=19) (n=13)

BP systolic 126 + 11.9 1254 £ 11 1283 + 144 1265 + 14 121 (58.7) 0.63
(n=121) (n=89) (n=19) (n=13)

BP diastolic 79 £ 10.3 78.6 £ 9.8 80.1 + 124 79.5 £ 103 121 (58.7) 0.85
(n=121) (n=89) (n=19) (n=13)

No. of postoperative BP medications (median, 1 (0, 5) 10, 5) 2 (0, 5) 10, 4) 124 (60.2) 0.66

range) (n =124) (n=92) (n=19) (n=13)

Postoperative creatinine, mg/dL 1.0 £ 04 1.0+ 04 1.1 £03 1.0 £ 0.2 198 (96.1) 0.06
(n =198) (n = 146) (n=32) (n = 20)

Postoperative potassium, mmol/L 45+ 04 45+ 04 45+0.5 454+03 133 (64.6) 0.99
(n = 133) (n=98) (n=22) (n=13)

Duration of follow-up, months, in pts with BP 18.0 (1.2, 16.8 (1.2, 324 (7.2,90) 6.5 (2.4, 121 (58.7) 0.16

data available (median, IQR) 52.8) 46.8) 34.8)

Values are expressed as mean =+ standard deviation, unless otherwise specified

APA aldosterone-producing adenoma, UAH unilateral adrenal hyperplasia, UMA unilateral multiple adenomas, BP blood pressure, IQR

interquartile range

determined with greater certainty. Another significant
limitation of our study is the lack of BP follow-up data
for >40% of patients. This may be explained by the nature
of our practice as a quaternary referral center, which meant
that many patients received follow-up with their local
primary care providers or endocrinologists. This may have
led to attrition bias, and therefore, our findings regarding
BP outcomes should be interpreted with caution. Although
the overall size of the cohort was large in comparison with
other studies in the literature, the relatively small sample
sizes of the individual pathological subtypes may have
limited the statistical power of the study to detect a dif-
ference in outcomes between the groups. Nonetheless, the
strengths of our study include the fact that AVS was suc-
cessfully performed in the majority of patients and that
biochemical outcomes were consistently assessed in every
patient.

Conclusions

Unilateral adrenal hyperplasia and multiple adenomas
share similar clinical and biochemical characteristics to
single adenomas in PA, although unilateral hyperplasia
may have a male preponderance, and a tendency to occur in

the left adrenal gland. Nonetheless, postoperative outcomes
are similar regardless of underlying pathology, so preop-
erative distinction between these subtypes is not essential.
Because one in four patients may harbor unilateral hyper-
plasia or multiple adenomas, we recommend total unilat-
eral adrenalectomy over adrenal-sparing approaches.
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