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Abstract

Introduction This study was designed to evaluate the

results of unilateral laparoscopic adrenalectomy in patients

with subclinical hypercortisolism (SH) due to adrenal

incidentaloma (AI) concerning the main cardiometabolic

disorders.

Methods We have studied between January 2000 to

December 2015, 645 patients with AI (283 males and 362

females; mean age 61.9 ± 10 years) and we found 70

patients with SH (27 males and 43 females; mean age

61.9 ± 8.4 years). Twenty-six (37%) SH patients (6 males

and 20 females; mean age 58.7 ± 7.1 years) underwent

unilateral laparoscopic adrenalectomy, whereas 44 SH

patients (21 males and 23 females; mean age

63.9 ± 9.9 years) performed a conservative treatment. All

SH patients were evaluated at diagnosis and after follow-up

(mean 12 months; range 9–15 months).

Results In only SH patients undergoing unilateral

adrenalectomy we found a statistical significant reduction

of the arterial hypertension and metabolic syndrome

(p\ 0.05, respectively). In particular we observed a

reduction of 24-h systolic blood pressure and ‘‘non-dipper’’

pattern (p\ 0.05, respectively) evaluated with ambulatory

blood pressure monitoring (ABPM).

Conclusions Our study confirm the high prevalence of SH

in AI, and the unilateral laparoscopic adrenalectomy

seemed to have a beneficial effect on some cardiometabolic

disorders.

Keywords Subclinical hypercortisolism due to adrenal

incidentaloma � Unilateral laparoscopy adrenalectomy �
Ambulatory blood pressure monitoring � Cardiometabolic

disorders

1 Introduction

The term of adrenal incidentaloma (AI) covers a wide

range of adrenal pathologies unexpectedly found during a

work-up performed for an indication unrelated to suspected

adrenal disease, with an estimated prevalence between 0.4

and 0.7%, and increases with age [1].

The major clinical concerns in AI are the risk of malig-

nancy and hormone overproduction. Although most of the

tumors are non-functioning adrenocortical adenoma, 5–30%

of patients with AI show some degree of hypercortisolism

without signs or symptoms of overt Cushing’s syndrome

(CS) (central obesity, striae rubrae, facies lunaris, promi-

nence of dorsal, supraclavicular fat pads, paroxysmal

myopathy, bruising), and it is called ‘‘subclinical hypercor-

tisolism’’ (SH) [2]. Despite the clinical implications remain

elusive, various abnormalities such as obesity, arterial

hypertension, dyslipidemia, glucose metabolism disorders

and bone alterations are frequently observed in these patients

[3]. On the other hand, SH is associated with multiple car-

diovascular complications similar to CS, but most evidence

derive from retrospective studies carried out several
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homogeneous samples and findings relative to the diagnostic

criteria used [4, 5]. At today, the optional treatment of SH

due to AI is not yet defined and remains challenge [6, 7]. In

particular, the most appropriate treatment for SH associated

with benign AI remains controversial and surgery or follow-

up with conservation treatment is recommended [2, 3].

This study was designed to evaluate the results of uni-

lateral laparoscopic adrenalectomy in SH patients con-

cerning the main cardiometabolic abnormalities compared

to SH patients following conservative treatment.

2 Material and Methods

Between January 2000 to December 2015, from a total of

645 patients with AI, 70 patients were diagnosed with SH.

The patients were evaluated at the Specialized Center of

Secondary Arterial Hypertension, Department of Internal

Medicine and Medical Specialties, University ‘‘Sapienza’’

of Rome, Italy. The diagnosis of AI was based on detection

of an adrenal mass by abdominal computed tomography

(CT) or magnetic nuclear resonance (RMN) imaging per-

formed for reasons not related to adrenal diseases. SH was

defined when two or more of the following hypothalamic-

pituitary-adrenal (HPA) axis function tests were abnormal:

(1) urinary free cortisol (UFC) level [100 mcg/24 h; (2)

serum cortisol levels after 1 mg of dexamethasone sup-

pression test (DST) greater than 1.8 mcg/dl; and (3)

morning (8:00 h) plasma ACTH levels \10 pg/ml [5]).

ACTH was measured with radioimmunoassay method

(RIA), normal limit 10–90 pg/ml, inter/intra-assay CV 8.3/

6.2; plasma cortisol was measured with radioimmunoassay

method (RIA), normal limit 9.6–26 lg/dl, inter/intra-assay

CV 5.5/4.5; urinary free cortisol was measured with

radioimmunoassay method (RIA), normal limit

1.37–7.53 lg/24 h, inter/intra-assay CV 5.5/4.5.

In 36 (51.4%) patients with AI and SH we performed an

adrenocortical scintigraphy using radiopharmaceuticals

131-I-6b-iodio-methyl-nor-cholesterol, specific for the

adrenal cortex. In particular, unilateral uptake on the side

of the adrenal mass (concordant up-take) has been associ-

ated with unappropriated cortisol secretion [8, 9].

Patients with known malignancies and with other renal

disease, such as primary aldosteronism and pheochromo-

cytoma were excluded out after the measurement of 24-h

metanephrines urinary excretion, plasma renin activity

(PRA) and plasma aldosterone (PAC) in the supine posi-

tion. Patients with overt clinical signs of hypercortisolism

or hyperandrogenism were excluded. All hormone assays

were performed with commercially available kits. The

study protocol was in accordance to the ethical guidelines

of the Declaration of Helsinki, and all participants signed

informed consent before the study.

All 70 patients with SH, 26 SH patients with evidence of

unilateral hypersecretion of cortisol who accepted the

surgical treatment, and 44 patients pharmacologically

treated) were followed up for a mean period of 12 months

(range 9–15 months). Anthropometric and laboratory data

(age, gender, BMI, waist circumference, office clinical

systolic (S) and diastolic (D) blood pressure (BP), fasting

glucose, cholesterol and triglycerides) were retrieved in all

patients at baseline and during follow-up (Tables 1, 2). The

metabolic syndrome was defined by ATPIII-NCEP criteria

[10].

Ambulatory blood pressure monitoring (ABPM) was

performed using the oscillometric technique, which

involves a portable lightweight, non-invasive monitor

with self-insufflating cuff (Spacelabs Medical, 90207,

Issequah, WA, USA). ABPM readings were obtained at

15-min intervals from 6 AM to midnight and at 30-min

intervals from midnight to 6 AM. The following ABPM

parameters were evaluated: average daytime SBP, aver-

age daytime DBP and average daytime heart rate (when

awake); average nighttime SBP, average nighttime DBP

and average nighttime hear rate (when asleep); average

24-h SBP, average 24-h DBP and average 24-h heart

rate. Periods were determined by the subjects’ diaries.

The definitions of ’’dipper’’ and ‘‘non-dipper’’ were

established where nighttime SBP and DBP decrease was

[10% and \10%, respectively. Ambulatory hyperten-

sion was defined as 24-h BP [125/80 mmHg [11].

Subjects without a complete 24-h BP measurement (14

diurnals and 7 nocturnal measurements) were excluded

from the study.

Table 1 Antropometric and hemodynamic parameters in patients with subclinical hyperticolism (SH) at diagnosis

Sex, male, % Age, years BMI, kg/m2 WC, cm SBP, mmHg DBP, mmHg HR, bpm

Total SH (n.70) 52 61.9 ± 8.4 27.3 ± 4.2 93.2 ± 14.7 144.2 ± 12.5 83.3 ± 10.4 65.4 ± 12.5

Group A (n.44) 69 63.9 ± 9.9 27.11 ± 4.83 94.50 ± 17.10 145.12 ± 13.2 83.05 ± 11.83 64.7 ± 10.32

Group B (n.26) 30 58.7 ± 7.12 27.73 ± 3.96 91.11 ± 12.4 142.79 ± 11.16 83.8 ± 9.42 66.7 ± 13.25

p ns 0.05 ns ns ns ns ns

Group A: SH patients with medical management. Group B: SH patients before adrenalectomy

BMI body mass index, WC waist circumference, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate
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2.1 Statistical Analysis

Patients results were analyzed in order to assess the impact

of the unilateral adrenalectomy on arterial hypertension

and metabolic syndrome. All data were entered into an

electronic database (Microsoft Excel 2003 for windows,

Microsoft Corporation, Redmond, WA, USA). Data anal-

ysis were performed with SPSS software (SPSS Inc. Chi-

cago, IL, USA). Comparisons of the different

characteristics of the study population were performed

with the V2 test for the categorical variables and one-way

analysis of variance (ANOVA test) for continuous vari-

ables. The test was employed to compare in the same

patient the hemodynamic, metabolic and biochemical

values at the time of the diagnosis and at the last follow-up.

The results are expressed as mean ± standard deviation

(SD). Two-tailed P values \0.05 were considered

significant.

3 Results

A total of 645 patients with AI (283 males and 362

females; mean age 60 ± 10 years) were studied, and 70

(11%) patients with SH (27 males and 43 females; mean

age 61 ± 10 years) were diagnosed. Twenty-six (37%)

patients (6 males and 20 females; mean age

58.7 ± 7.1 years) with SH underwent unilateral laparo-

scopic adrenalectomy at the Department of Surgery ‘‘P.

Valdoni’’, Sapienza University of Rome, Italy and the

histological findings were consistent with adrenal

adenoma.

We have performed adrenalectomy of left side in 15

cases and 11 on right side; mean size of adrenal tumor was

2.4 ± 1.4 cm; mean duration of surgery 79.3 ± 27.8 min;

mean hospital stay was 4.1 ± 2.8 days; we have reported

only 5 cases of complications (4 with grade I and 1 of

grade II) [12]. In all patients (both on right and left) a

lateral transabdominal approach was utilized. The adrenal

tumor was always removed with minimal dissection of the

gland proper tissue, but removing the adrenal gland and the

surrounding fibroadipous tissue in order to not cause any

injury to the tumor that could lead to cell spread. The

adrenal vein was always divided before gland mobiliza-

tion, by titanium or absorbable clips and ultrasound-energy

sealing devices, that was also used to divide adrenal

arteries branches and to achieve emostasis. After adrenal

gland removal a suction drain was left in the adrenal space

for 24–48 h. All patients started oral food intake within

24 h after surgery.

After adrenalectomy, a precautionary steroid therapy

with hydrocortisone 100 mg iv, during surgery, and corti-

sone acetate per os (at weight related doses rangingT
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between 25 and 37.5 mg/day in two subdivided doses

during the day), immediately after surgery, was administer.

The commonly used cortisone acetate dose was 25 mg/day.

In all patients, cortisol secretion was revaluated after

2 months by ACTH stimulation test. The mean duration of

the substitution therapy was 5.6 months. No adrenal

insufficiency crisis were reported. In all SH patients at

diagnosis the arterial hypertension was observed in 82%,

obesity in 38.5%, diabetes 30% and metabolic syndrome in

45% (Table 3). In particular, in 26 SH patients before

adrenalectomy the arterial hypertension, obesity, diabetes

and metabolic syndrome was present in 85, 53.8, 38 and

54%, respectively (Table 3). In these patients after

adrenalectomy (mean follow-up 12 months) the arterial

hypertension, obesity, diabetes and metabolic syndrome

reduced significantly (p\ 0.05) to 58.8, 24.5, 23.4 and

23%, respectively (Table 3). Whereas, the 44 patients with

SH undergoing to conservative treatment (21 males and 23

females; mean age 63.9 ± 9.9 years) the arterial hyper-

tension, obesity, diabetes and metabolic syndrome, respect

to baseline, showed an increase during the follow-up (63.1,

33, 25, 39 vs 72.5, 42.7, 38.5 and 45%, respectively)

(Table 3). Moreover, in this group of patients during the

follow-up we observed a significant increase of the adrenal

mass in diameter (2.25 ± 0.9 vs 2.5 ± 0.9 cm, p\ 0.05)

evaluated by CT.

In Table 4 we reported all mean values deriving from

ABPM in overall SH patients and in SH patients distin-

guished by surgical or pharmacological treatment, revalu-

ated after follow-up. In the SH patients after

adrenalectomy, we have observed a significant reduction of

24-h SBP (133.4 ± 14.9 vs 128.5 ± 12.2 mmHg;

p\ 0.05). Moreover, in overall SH patients we have

observed the lack of nocturnal fall of BP (‘‘non-dipper

pattern’’) in 60%, and only in the group of SH patients

which underwent to adrenalectomy, this prevalence was

significantly reduced after follow-up (60 vs 40%; p\ 0.05)

(Table 3). Interestingly, at baseline the SH patients were

treated with a mean of 2.1 anti-hypertensive drugs that

significantly reduced (to 1.2; p\ 0.05) after adrenalectomy

(Table 4).

4 Discussion

SH is a subtle cortisol hypersecretion that causes

hypothalamic-pituitary-adrenal (HPA) axis dysfunction

without the typical stigmata of CS. It is frequent in patients

with AI and found in 5–20% [2]. In our study, conducted in

a large cohort of patients with AI, the prevalence of SH

was 11%.

There is lack of consensus on the best diagnostic cri-

teria for the evaluation of SH. Available hormonal tests

used in the diagnostic work-up of SH are not able to

detect with sufficient accuracy the presence of slight

hypercortisolism. To date, there are some clinical practice

guidelines available [2, 4], all published guidelines agree

with the use of 1 mg DST for the screening of hyper-

cortisolism, with the cortisol threshold of 1.8 mcg/dl used

to define adequate suppression [5]. Most authors recom-

mended the presence of an abnormal 1 mg DST and at

least one of the following: low ACTH levels (\10 pg/ml),

higher UFC excretion (over the upper limit of reference

values) or a blunted circadian rhythm of cortisol [5, 6]. In

our study we have performed these guidelines for the

diagnosis of SH in patients with AI, and besides we have

performed in much patients the adrenal scintigraphy.

Adrenal scintigraphy represents a valid method to detect

functionally autonomy of adrenal masses and it has also

been suggested that unilateral and/or predominant uni-

lateral uptake is associated with an autonomous cortisol

overproduction and can be predictive the recurrence of SH

[13]. Consequently, a precocious diagnosis of SH and

early removal of the adrenal mass could reduce the onset

of clinical complications related to this pathological

condition [14].

Table 3 Prevalence of cardiovascular risk factors in patients with subclinical hyperticolism (SH) at diagnosis, and after pharmacological or

surgical treatment

Obesity (%) DM (%) Hypertension (%) MS (%) Low HDL (%) High triglycerides (%)

Total SH (n.70) 38.5 30 82 45 17 34

Group A at diagnosis (n.44) 33 25 63.1 39 11 34

Group B at diagnosis (n.26) 53.8 38 85 54 27 34

P ns ns ns \0.05 \0.05 ns

Group A follow up (n.44) 42.7 38.5 72.5 45 13 38

Group B follow up (n.26) 24.5 23.5 58.82 23 11 27

p \0.05 ns \0.05 \0.05 ns ns

Group A: SH patients with medical management. Group B: SH patients before adrenalectomy

DM diabetes mellitus, MS metabolic syndrome
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At today, the optional treatment of SH is not yet defined

and remains challenge. Probably most patients should be

observed conservatively and surgical treatment should be

reserved for patients with poorly controlled car-

diometabolic complications [2, 4, 6, 15]. Focusing on

patients with SH clarified whether surgery is preferable to a

non-surgical approach to improve these cardiometabolic

disorders. Our study suggests that unilateral laparoscopic

adrenalectomy in patients with SH is associated with

improving BP and some components of metabolic syn-

drome, suggesting that surgery is beneficial. These results

are in accord with a recent prospective randomized study

[16, 17] that showed in 26 surgically treated patients with

SH, an improvement in obesity, hypertension, diabetes and

dyslipidemia in 50, 66.7, 62.5 and 37.5% of patients,

respectively. Moreover, in another retrospective longitu-

dinal study Chiodini et al. [7] have showed an improve-

ment of BP, glycaemia, and body weight in 25 surgically

treated patients with SH, compared to 16 conservatively

managed patients. Another important results of our study

revealed regard the ABPM (all patients enrolled in the

study had good technical quality of ABPM recordings) in

these patients. In particular, we showed an attenuation in

circadian BP variations in patients with SH and the ‘‘non

dipper’’ profile reduced only in patients with SH surgically

treated (60 vs 40%; p\ 0.05). Our data, regarding the lack

of reduction of the nighttime BP in SH patients, are similar

to results reported in the literature in several pathologic

conditions, such as CS [18], autonomic failure [19], severe

renal failure [20], pheochromocytoma [21], hyperthy-

roidism [22]), hyperparathyroidism [23] and diabetes [24].

These data seem to indicate that the SH in patients with AI

may modify the circadian BP profile. We hypothesize that

the disturbance in the HPA-axis may affect sympathetic

nerve function [25] and also that the sodium-retaining

action of cortisol may contribute to the alteration of the

circadian BP rhythm in these patients. ‘‘Non-dipper’’ pat-

tern, revealed in our patients with SH, could be an inde-

pendent cardiovascular risk. Regarding this, it was reported

in the literature that the lack of a resting time BP decrease

[10% was associated with increased cardiovascular risk

[12].

SH is probably not an early stage of CS because

development of overt Cushing’s disease rarely occurs in

patients with AI and mild hypertension [26]. In a study of

Libe et al. [27] none of 12 patients with SH developed

overt CS during 25.5 months of follow-up. At the same

time, a gradual increase of hormonal activity, even in the

absence or recognized criteria for CS can be a sign of

progression toward this condition. In our study, none of 44

SH patients, who did not undergo adrenalectomy and fol-

lowed for mean 12 months, developed clinically
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symptomatic CS, nevertheless an increase of adrenal mass

size was found.

5 Conclusions

In summary, besides confirming the deleterious effects of

SH persistence on the risk of cardiometabolic disorders,

this study suggests that in AI patients with SH the surgical

treatment it is able to significantly reduce the BP, restore

the circadian BP rhythm, reduced the numbers of antihy-

pertensive drugs and some components of the metabolic

syndrome. Limitation of this study can be considered the

retrospective method of evaluation of these patients. Fur-

ther studies are needed in order to definitively demonstrate

the beneficial effects of the unilateral adrenalectomy in

adrenal SH and to personalize the treatment of choice in

patients with SH due to AI.
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