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Abstract

Background Primary hyperaldosteronism (PHA) frequently

causes secondary hypertension and is a surgically amena-

ble disease if associated with unilateral adenoma. Patients

who underwent laparoscopic adrenalectomy at the authors’

department were followed to identify clinical parameters

that predict resolution of hypertension.

Methods All patients with PHA and adrenalectomy from

1993 to 2009 were identified. Charts and follow-up data

were reviewed for clinical parameters and hormone levels.

Univariate and multivariate analysis were performed with

SPSS 15.0.

Results A cohort of 30 female and 24 male patients

underwent laparoscopic adrenalectomy. Hypokalemia was

observed in 47/54 (87%) patients. Twenty patients (37%)

were cured without any further need of antihypertensive

medication, 20 (37%) patients experienced an improve-

ment in hypertension, and 14 (26%) patients remain

unaffected. Consequently, hypertension was resolved or

improved in 40/54 (74%) patients. A shorter duration of

hypertension (\6 years), the number of antihypertensive

drugs (\3), and the serum creatinine level (\1.3 mmol/l)

were independent predictors of resolution of hypertension

in a multivariate analysis. At final follow-up after a

mean of 49 ± 40 months, resolution of hypertension was

observed in 17/30 (57%) patients. Interestingly, in 10/17

patients a period longer than 12 months was required

before a resolution of hypertension was observed. Coex-

istent hyperplasia, which was observed in 30% of patients,

did not correlate with outcome.

Conclusions In 50% of patients with PHA, hypertension

resolves after laparoscopic adrenalectomy, but the process

may require more than 12 months. Patients with a duration

of hypertension of more than 6 years, more than 3 anti-

hypertensive drugs, and elevated serum creatinine have a

higher risk of persistent hypertension after surgery. Coex-

istent hyperplasia in the resected adrenal gland is not

associated with persistent hypertension.

Introduction

Primary hyperaldosteronism (PHA) with a prevalence of

1.4 to 10% among hypertensive patients has become the

second most common curable cause of secondary hyper-

tension after renovascular hypertension [1–3]. It is caused

in declining frequency by bilateral hyperplasia, also

defined as idiopathic hyperplasia (IHA) or unilateral ade-

noma. These two major subtypes can be reliably distin-

guished by computed tomography (CT) or magnetic

resonance imaging (MRI) in combination with adrenal

venous sampling (AVS) [4, 5]. Aldosterone excess leads to

hypokalemia, hypertension, and additional symptoms

mostly related to hypokalemia. However, more and more
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patients with normal potassium levels (20%) are identified

during routine screening for PHA in hypertensive patients

with an increased incidence of up to 10% [1]. Cardiovas-

cular events occur more frequently in patients with PHA

than in other hypertensive patients [6, 7]. The main goal of

surgery for PHA is to resolve the vascular remodeling and

other adverse cardiovascular effects with an improvement

in hypertension and hypokalemia. Patients with PHA

should be treated in the first line with mineralocorticoid-

receptor antagonists, as unilateral adrenalectomy does not

improve aldosterone excess and bilateral adrenalectomy

puts the patient at greater risk of experiencing Addisonian

crisis, a life-threatening condition that may occur in up to

30% of patients after bilateral adrenalectomy [8, 9].

Hypokalemia resolves in nearly all patients with aldo-

sterone-producing adenoma (APA) after unilateral adre-

nalectomy. About 30–35% of APA patients are cured of

hypertension after unilateral adrenalectomy or subtotal

resections, although hypertension improves in about 90%

[10, 11]. The term cured is defined by no further need for

antihypertensive medication. Long-term results after adre-

nalectomy for APA remain unclear, as only a few studies

have been published [12, 13]. To guide clinicians through

different treatment options and to inform patients of their

individual risk of persistent hypertension preoperatively,

clinical parameters that predict outcome after adrenalec-

tomy would provide valuable tools. Previous studies

identified several preoperative factors that increase the

likelihood of resolution of hypertension: fewer than three

antihypertensive medications, younger age, female gender,

shorter duration of hypertension, and lower body mass

index [10, 14–17].

Herein the long-term results from a cohort of patients

with PHA were evaluated to identify preoperative predic-

tors for the resolution of hypertension.

Patients and methods

Data from all patients who underwent surgery for PHA at

the authors’ institution were retrospectively analyzed. This

study followed the guidelines of the local ethics committee.

Patients

Patients were identified who underwent adrenalectomy

from 1993 to 2009. We analyzed clinical characteristics,

diagnostic work-up, and hormone levels taken from the

patients charts. Patients were followed postoperatively

either at the Department of Endocrinology and Diabetology

outpatient clinic (P.H.K.), or based on information on

blood pressure and potassium levels obtained from the

attending physician.

Definitions

The diagnosis of PHA was established by a history of

hypertension, with or without hypokalemia, and the bio-

chemical evidence of PHA. The biochemical evidence

was defined by an elevated aldosterone-to-renin ratio

(ARR) [ 20. Serum aldosterone levels from 20 to 150 pg/ml

and plasma renin levels from 0.2 to 15 pg/ml were consid-

ered normal. All tests were assessed during potassium sup-

plementation and antihypertensive medical treatment, but

without aldosterone antagonists. Urinary excretion of aldo-

sterone from 1.5 to 85 lg/day under a high sodium diet was

considered normal and was assessed to distinguish PHA

from low-renin hypertension.

Diagnostic work-up

CT MRI of the abdomen were the imaging modalities of

choice. A subgroup of patients agreed to endoscopic

ultrasound. This procedure was performed by an experi-

enced endocrinologist (P.H.K.) with a Pentax TG32UA

endoscope linked to an ultrasound device (Hitachi EUB

525). Indication for endoscopic ultrasound of the adrenals

was to detect small adenomas that might have been missed

by CT and/or MRI [18]. Furthermore, in slightly enlarged

adrenal glands, adenomas can be distinguished from nod-

ular or diffuse hyperplasia [19]. In the case that a unilateral

adrenal lesion could not be detected by CT/MRI or if the

contralateral adrenal gland was not unremarkable, selective

venous sampling (SVS) was performed. After 2002 even

patients who did not meet the latter criteria underwent AVS

as increasing evidence suggested that one fourth of patients

are misgrouped either way [20].

Hypertension was defined by a blood pressure

[140 mmHg systolic and [90 mmHg diastolic and nor-

motension by a blood pressure \140 mmHg systolic and

\90 mmHg diastolic.

After adrenalectomy patients were classified as cured if

they were normotensive and normokalemic without anti-

hypertensive medication and potassium supplementation.

Persistent hypertension was assumed if blood pressure

remained [140 or [90 mmHg or if the need for antihy-

pertensive medication continued. Patients with persistent

hypertension were further distinguished as either patients

with improved hypertension with regard to a decreased

number of antihypertensive medications or having unaf-

fected hypertension.

Surgery

The standard procedure was a transperitoneal lateral lapa-

roscopic adrenalectomy. Subtotal resection was chosen if a

macroscopically normal part of the adrenal gland could be
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identified intraoperatively. Surgery was indicated when

PHA was biochemically evident and bilateral hyperplasia

was excluded by imaging with or without AVS. Prior to the

laparoscopic era (1992), an open transabdominal approach

was used.

Histology

All histopathological reports were reviewed by a patholo-

gist (A.R.), Adenoma was distinguished from hyperplasia1

and coexisting hyperplasia2.

Statistics

The data set was tested for clinical variables and associa-

tion with resolution of hypertension after surgery. These

included sex, age, weight, tumor size, duration of hyper-

tension, number of antihypertensive medications pre- and

postoperatively, and plasma creatinine, plasma aldosterone,

and renin levels.

Univariate analyses of clinical variables were tested by

Fisher’s exact test, the two-tailed t-test, the Mann-Whitney

U-test, and analysis of variance (ANOVA), as appropriate.

Multivariate analysis of outcome was carried out by a

multistep regression model. All statistical analyses were

performed with the 15.0 SPSS software.

Results

Patients

From 1993 to 2009 a total of 59 patients underwent adre-

nalectomy for PHA. Fifty-four individuals, 30 female and

24 male patients, were included in this study, as data were

incomplete in the remaining 5 patients. The diagnosis of

PHA was made by a mean age of 52 ± 12.7 years.

Detailed clinical characteristics are shown in Table 1.

Preoperative imaging

In 44/45 patients an adrenal tumor could be identified by

CT or MRI, although 13 patients had minimal thickening

of the contralateral adrenal gland without a circumscribed

tumor. In 9 patients data were not available. Endoscopic

ultrasound was performed in 16 patients and revealed a

unilateral tumor in 15 patients; minimal thickening of the

contralateral adrenal gland was observed in 6 patients.

Notably, only 3/6 lesions of the contralateral gland were

detected by CT/MRI. SVS was applied to 27 patients either

with or without undefined imaging (16 patients), and after

2002 more and more patients were assessed by SVS on a

regular basis (11 patients). Both adrenal veins were

selectively catheterized in 24/27 (89%) patients.

Hormone and potassium levels

Suppressed renin levels (\5 ng/dl) were observed in all patients.

The mean serum aldosterone level was 94.80 ± 182.36 ng/dl

with a mean serum potassium level of 3.2 ± 0.64 mmol/l.

Surgery

Laparoscopic adrenalectomy was performed in the major-

ity of patients (40/54; 74%). Subtotal laparoscopic resec-

tions were performed in 5 patients where the tumor was

clearly localized intraoperatively. In 9 patients treated

before 1992 open adrenalectomy was performed. Conver-

sion was necessary in 4 (10%) of those patients. Major

complications were not observed. The median hospital stay

was 7 days (range: 5–22 days).

Histology and tumor site

Thirty-three left adrenal glands and 21 right adrenal glands

were resected. Fifty-three of 54 tumors were classified

as adrenocortical adenomas, 1 as adrenocortical nodular

hyperplasia. Coexisting adrenocortical hyperplasia was

observed in 10/37 (27%) patients with adrenocortical

adenoma (A.R.). Paraffin-embedded sections were no

longer available from 17 patients (exceeded storage time

limit). The mean tumor diameter was 1.86 ± 0.99 cm, with

the smallest tumor measuring 0.5 and the largest measuring

5 cm. Only 2/10 patients with an enlarged contralateral

adrenal gland at imaging studies also displayed the histo-

logical feature of micronodular hyperplasia (a histological

review was unavailable for 5 patients).

Outcome

Twenty patients (37%) were cured as a result of the unilateral

adrenalectomy. Improvement of hypertension (fewer anti-

hypertensive medications or reduced BP) was observed

in 20 (37%) patients. Hypertension was unaffected in

14 (26%) patients. Overall potassium levels increased from

3.29 ± 0.64 to 4.16 ± 0.35 (P = 0.000), systolic blood

pressure (BP) decreased from 171 ± 32 to 134 ± 14

(P = 0.000) and diastolic BP from 99 ± 15 to 81 ± 7

mmHg (P = 0.000). Furthermore, antihypertensive medica-

tion could be reduced from 2.91 ± 1.5 to 1.37 ± 1.5

1 Hyperplasia was defined by adrenocortical hyperplasia without the

presence of an adenoma.
2 Coexisting hyperplasia was defined when both hyperplasia and an

adenoma were present in one resected gland.
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(P = 0.005). Recurrence was not observed after a median

follow-up of 49 ± 40 months. Malignancy did not occur.

The patient with a tumor diameter of 5 cm, rather unusual for

PHA and suspicious for an adrenocortical carcinoma, had an

unremarkable course 9 years after surgery. One of the 30

patients (3%) succumbed during follow-up.

Follow-up

Overall the mean follow-up was 49 ± 40 months. Eight

patients were regularly followed by the Department of

Endocrinology and Diabetology (P.H.K.). Blood pressure

measurements and potassium, aldosterone and renin levels

were obtained from these patients. A recurrent PHA was

not observed in any of these patients. Data concerning BP

and potassium levels in the remaining patients (46) were

obtained by contacting their attending physicians. Twenty-

four patients were lost to further follow-up after more than

12 months. Among the remaining 30 patients, 17 were

cured. Hypertension was persistent in 13 patients. Ten of

these 17 patients were initially classified as non-cured, and

hypertension resolved only after more than 12 months.

Of the 5 patients with subtotal resections, 4 were con-

sidered cured at final follow-up and 1 patient was lost to

follow-up. This patient had been diagnosed as cured at the

initial follow-up. Only one of the cured patients revealed

coexistent micronodular changes of the adrenal cortex.

SVS versus no SVS

Considering the importance of the SVS, we compared the

outcome of patients with and without SVS. At 12 months

follow-up 8/27 (30%) patients with SVS were cured, while

12/27 (44%) without SVS were cured. Despite similar cure

rates, more patients in the SVS subgroup improved after

surgery (24/27; 88%—vs. 19/27; 70%).

At final follow-up similar cure rates were observed for

patients without SVS (6/11, 54%) or with SVS (10/18,

55%). In the line with the 12 month follow-up, patients

with SVS tended to improve more often than patients

without SVS (14/18; 77%—vs. 7/11; 63%).

Univariate statistics

In the univariate analysis age, duration of hypertension,

weight of patients, and preoperative number of antihyper-

tensive medications varied significantly between cured

patients and non-cured patients (see also Table 1). Cured

patients were younger (46.7 ± 11.5 vs. 55.1 ± 12.4 years;

P = 0.017), had a shorter duration of hypertension

(54 ± 55 vs. 128 ± 86 months; P = 0.001), had lower

body weight (72 ± 15 vs. 85 ± 17 kg; P = 0.045) and

took fewer antihypertensive medications (2 ± 1.3 vs.

3.4 ± 1.4; P = 0.001) than patients with persistent

hypertension.

Multivariate statistics

In multivariate analysis preoperative variables of patients

with resolved hypertension (n = 20) were compared to

patients with persistent hypertension (n = 34). A shorter

duration of hypertension (\6 years), fewer antihyperten-

sive drugs (\3), and lower serum creatinine levels

(\1.3 mmol/l) were independent predictors of resolved

Table 1 Univariate comparison

of candidate predictor variables

in patients with resolved and

persistent hypertension

Preop preoperative; Postop
postoperative; Med medication;

f female; m male; syst systolic;

dias diastolic; lab laboratory;

val values; n number
a Paraffin sections for

reviewing the specimen was

only available for 37 patients
b Numbers in parentheses stand

for all patients with histological

review (total: n = 37)

* P = 0.0001

** P = 0.0001

*** P = 0.0001

Variable Total (n = 54) Resolved (n = 20) Persistent (n = 34) P-value

Age of diagnosis (years) 52.04 ± 12.69 46.75 ± 11.51 55.15 ± 12.46 0.017

Weight (kg) 77.98 ± 17.19 71.90 ± 15.13 81.55 ± 17.52 0.045

Duration (months) 100.78 ± 83.59 54.4 ± 55.05 128.05 ± 86.06 0.001

Number of Med 2.91 ± 1.54 2.00 ± 1.29 3.44 ± 1.44 0.001

Tumour size (cm) 1.87 ± 0.99 1.91 ± 1.10 1.84 ± 0.92 0.749

Gender (f/m) 30/24 14/6 16/18 0.156

Preop BP sys (mmHg) 170.93 ± 31.86 170 ± 30.74 171.47 ± 32.95 0.872*

Preop BP dia (mmHg) 98.70 ± 15.27 101.5 ± 13.96 97.06 ± 15.96 0.307*,**

Postop BP sys (mmHg) 134.44 ± 14.43 127.0 ± 9.92 138.82 ± 14.97 0.003*,**

Postop BP dia (mmHg) 80.65 ± 7.40 79.75 ± 7.69 81.18 ± 7.29 0.499**

Preop lab val

Potassium (mmol/l) 3.29 ± 0.64 3.31 ± 0.56 3.29 ± 0.69 0.906***

Serum creatinine (mg/dl) 1.17 ± 0.78 0.98 ± 0.33 1.28 ± 0.94 0.184***

Aldosterone ng/dl 94.80 ± 182.36 144.95 ± 228.67 65.30 ± 70.63 0.122***

Postop lab val

Coexisting HP 10a 3 (11)b 7 (26)b 1.000***

Potassium (mmol/l) 4.16 ± 0.35 4.25 ± 0.38 4.11 ± 0.34 0.169***

Number of med 1.37 ± 1.53 2.00 ± 1.30 3.44 ± 1.44 0.001
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hypertension in the multivariate analysis, with a sensitivity

and specificity of over 80 and 65%, respectively.

Discussion

Unequivocally, adrenalectomy or subtotal adrenal resec-

tions for PHA should lead primarily to normotension to

overcome the consequences of hypertension and hypoka-

lemia. In the present cohort of 54 patients, a cure rate of

37% was observed and is in line with previous reports,

which vary between 30 and 77 % [11, 14, 16, 21, 22]. Also,

the overall improvement in hypertension in the authors’

cohort (74%) was comparable to previous studies with an

improvement of hypertension of up to 90% after surgery for

PHA [10, 11]. Surprisingly, at final follow-up with a mean

of 49 months, the proportion of cured patients increased to

57% (17/30). In this regard, a follow-up of more than

12 months should be practiced to accurately define the

outcome of adrenalectomy for PHA according to the pre-

sented data. To the best of our knowledge, there are only 5

published studies [15, 16, 23, 24] describing adrenalectomy

for PHA with a follow-up of more than 40 months [25].

In the present cohort of patients, independent risk fac-

tors in the multivariate analysis for persistence of hyper-

tension were duration of hypertension for more than

6 years, more than 3 types of antihypertensive medication,

and a serum creatinine level of more than 1.3 mmol/l.

Previous studies also identified female gender, advanced

age, an increased BMI, and a maximal size of the adrenal

gland as independent predictors of persistent hypertension

[12, 16, 22, 23, 26–29]. Zarnegar et al. designed a score

system to predict a patient benefit from surgery combining

four independent predictors: number of antihypertensive

medications, BMI, duration of hypertension, female gen-

der. This is a very well-outlined study as they used an

external data set of another 67 patients to evaluate their

own data [17].

Nevertheless, the mechanisms for persistence of hyper-

tension remain unclear, and some authors assumed that

persistent hypertension is caused by an underlying essential

hypertension component or directly by the aldosterone

excess itself [15]. A clinical parameter that should be taken

into account is renal function. In the present analysis an

increased serum creatinine level was an independent risk

factor that might reflect the influence of aldosterone excess

to the renal function. Sechi et al. [30] observed albuminuria

and increased glomerular filtration rate in patients with

PHA compared to patients with essential hypertension.

Increased serum creatinine levels are also reported in

patients with recurrent hypertension after adrenalectomy

for PHA [31]. Recently, increased serum creatinine levels

were also identified to predict persistent hypertension in

PHA in one study [29], although it was reported not to be

predictive by Murashima et al. [32].

The current preoperative algorithm for PHA to avoid

surgery on patients with PHA caused by IHA suggests an

AVS in every patient, as about 1/4 patients is misgrouped

either way [5]. Seven of 10 patients with coexisting

micronodular changes in the adrenal cortex (8 patients) or

coexisting macronodular changes (2 patients) underwent

AVS. The results were unambiguous for the localization

of the predominant source of aldosterone excess in all 7

patients. Although the cure rate in the present cohort was

not higher in patients who underwent SVS prior to surgery,

the success rate including cured and improved hyperten-

sion tended to be improved after SVS. The percentage of

coexisting hyperplasia in our cohort of 27% was similar to

recent reports (24–37%) [13, 23]. However, it did not affect

the outcome and therefore might be considered clinically

irrelevant, although it might cause technical difficulties in

subtotal resections, especially when macronodular changes

are present. To identify macronodular changes, laparo-

scopic ultrasound may be helpful, and a subtotal resection

should not be performed as there is no assurance that the

largest nodule is the functioning one.

Obviously, limitations of the present study must be

addressed that are a natural result of the retrospective data

analysis. Furthermore, we only provide incomplete follow-

up, mainly because of migration or change of the attending

physician. Also, we only present biochemical postoperative

assessment in 9 patients, all of whom presented with a

biochemical cure. Of interest, biochemical cure after lap-

aroscopic adrenalectomy for PHA is reported to be

between 90 and 100% [15, 17], and normalization of BP

and no further need of antihypertensive medication seem to

be reliable clinical parameters for biochemical cure.

Observations regarding SVS must be considered carefully

because of the limited size of the two groups (27 vs. 27).

Hypertension is resolved in over half of the patients with

PHA after laparoscopic adrenalectomy. Patients with

duration of hypertension for more than 6 years, more than

3 hypertensive drugs, and elevated serum creatinine levels

have an increased risk of persistent hypertension after

surgery. Coexistent hyperplasia in the resected adrenal is

not associated with persistent hypertension. Resolution of

hypertension could be observed in a good proportion of

patients during a follow-up of more than 12 months.
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