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Abstract

Background Because of co-morbidity, adrenalectomy for

adrenal Cushing’s syndrome may be associated with an

increased complication rate and long operating times. In

the present study we report our experience with the pos-

terior retroperitoneoscopic adrenalectomy in a large group

of patients with clinical or subclinical Cushing’s syndrome.

Patients and methods Between July 1994 and June 2009,

170 patients (17 males, 153 females age 50 ± 13 years;

range: 12–78 years) affected by Cushing’s syndrome

underwent operation via posterior retroperitoneoscopic

access. Patients were divided into two groups, those with

manifest Cushing’s syndrome (mCS) [99 patients: 6 male,

93 female; age 45 ± 13 years] and those with subclinical

Cushing’s syndrome (sCS) [71 patients: 11 male, 60

female; age: 56 ± 11 years]. The sCS classification was

assumed in cases without typical clinical symptoms but

with a pathological dexamethasone suppression test. Partial

adrenalectomy was performed in 35 cases (24 in the mCS-

group and 11 in the sCS-group).

Results Mortality was zero; major complications did not

occur. The incidence of postoperative minor complications

was 5.3%. Mean operating time was 58 ± 36 min (range:

20–230 min) and did not differ between mCS and sCS

patients (58 versus 59 min; p = ns). Postoperative oral

steroids supplementation (POSS) was administered in 136

patients (99 mCS, 37 sCS). If POSS was started, mean

duration of therapy was 12.3 months (mCS) and

10.3 months (sCS) [p = 0.08], respectively. After a mean

follow-up of 70.9 ± 46.5 months the cure rate was 99.4%.

Conclusions The posterior retroperitoneoscopic approach

is fast and safe even in patients with Cushing’s syndrome.

Partial adrenalectomy represents a new option in the

treatment of cortisol-producing adenomas.

Introduction

Cushing’s disease (CD) and Cushing’s syndrome (CS) are

the result of the overproduction of endogenous cortisol by

the adrenal cortex. Approximately 80% of cases are due to

ACTH-producing tumors, most often located in the pitui-

tary gland, although very rarely extrapituitary (CD);

another 15–20% are due to adrenal adenomas, carcinomas,

or bilateral hyperplasia (CS) [1]. Surgical treatment of

Cushing’s syndrome is a challenging problem for surgeons

because of the high incidence of co-morbidities in this

group of patients [1]. No more than 20 years ago, mor-

bidity and mortality of adrenalectomy were reported to be

7–13% [2, 3] and 2.3%, respectively [2]. However, the

introduction of laparoscopic adrenalectomy in 1992 started

a new era in adrenal surgery [4]. In their initial laparo-

scopic series of 15 patients with 21 adrenalectomies for

Cushing’s disease and syndrome, Fernández-Cruz et al. [5]

reported the lack of any major complication. These
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Universitätsklinikum Essen, Universität Duisburg-Essen,

Hufelandstrasse 55, 45122 Essen, Germany

123

World J Surg (2010) 34:1391–1397

DOI 10.1007/s00268-010-0453-0



promising data were confirmed by our first study on 29

patients with Cushing’s adenoma removed by the posterior

retroperitoneoscopic approach [6]. In the present study we

summarize our experience with the retroperitoneoscopic

treatment of adrenal hypercortisolism in 170 patients.

Patients and methods

In the setting of a prospective study (July 1994–June 2009),

170 patients [17 male, 153 female; age 50 ± 13 years

(range: 12–78 years)] underwent operation for Cushing’s

syndrome by the posterior retroperitoneoscopic approach.

Patients affected by Cushing’s disease were excluded.

Patients were divided into two groups, 99 patients (6 male,

93 female; age 45 ± 13 years) with manifest Cushing’s

syndrome (mCS) and 71 patients (11 males, 60 females;

age: 56 ± 10 years) with subclinical Cushing’s syndrome

(sCS). The diagnosis of CS, performed by several referral

endocrinologists, was made on the basis of the results of

the available biochemical tests including serum cortisol

and plasma ACTH levels, urinary free cortisol, 1 mg

overnight or longer low-dose dexamethasone suppression

test (DST), together with the presence of classical signs and

symptoms [7]; sCS was assumed in cases without typical

clinical symptoms but with a pathological dexamethasone

(DXM) suppression test (1 mg overnight test with a cor-

tisol suppression threshold set at 3.5 lg/dl). Failure to

suppress serum cortisol using at least the overnight DST

was considered a mandatory criterion for the diagnosis of

sCS. All operations were performed by three surgeons.

During the study period, conventional surgery for Cush-

ing’s syndrome was performed in 8 patients with obvious

adrenal carcinomas; the transperitoneal laparoscopic

approach was used in 9 cases. Informed consent was

obtained prior to surgery in all cases.

Patients were usually admitted one day before operation.

In the early phase of the study patients were generally

observed postoperatively for one night in the intensive care

unit; later this level of care was used only for patients with

high cardiac risk or severe obesity. Mobilization and oral

intake were allowed at once, postoperatively. Our actual

strategy for corticoid substitution therapy can be summa-

rized as follows: no preoperative or intraoperative corticoid

substitution is administered; patients with mCS are

substituted postoperatively with oral corticoids; patients

with sCS are initially observed without medication. In this

group, oral corticosteroid substitution was started if signs

of hypocortisolism developed (i.e., hypotension, hypogly-

cemia, fatigue, signs of confusion or lethargy, fever)

(Table 1).

Altogether, 183 adrenalectomies (89 right, 94 left) were

performed through the posterior retroperitonescopic

approach; 157 patients (11 male, 146 female; age:

49.4 ± 13.6 years) suffered from unilateral adrenal dis-

eases, 13 patients (6 male, 7 female; age: 52.8 ± 14.4 years)

suffered from bilateral macronodular hyperplasia (8 mCS, 5

sCS). The surgical technique of posterior retroperitoneo-

scopic adrenalectomy has been described in detail [6, 8–10].

Recently introduced improvements included increased gas

pressures (up to 30 mmHg), dissection of tissue and vessels

(including adrenal vein) by bipolar scissors (LigaSure,

Covidien) without clips, and single access surgery in selected

cases [11]. Total adrenalectomy was the standard operation.

Partial adrenalectomy was performed in selected patients

with eccentric and/or small tumors.

Data including age, gender, body mass index (BMI),

tumor location and size, operating time, intraoperative and

postoperative complications, and length of hospital stay

were collected prospectively. For the present study a ret-

rospective evaluation of the preoperative co-morbidities

including arterial hypertension and diabetes has been per-

formed. The number of drugs necessary to control blood

pressure prior to and after surgery, as well as the postop-

erative BMI (at the time of follow-up), have also been

investigated. For the follow-up evaluation (at least

6 months) patients or referring physician were contacted

by phone. During the follow-up period the referral endo-

crinologist strictly followed all patients and an endocrine

work-up was performed once a year to exclude recurrence.

Recurrence was defined as the evidence of abnormal cor-

tisol levels (urinary or plasma) and/or pathological DST

(1 mg overnight) during the follow-up. Data were expres-

sed as mean (range) or mean ± SD as appropriate. Group

differences at different time points were examined using

Student’s t-test and Wilcoxon signed rank test; categorical

data were analyzed by the chi-square and Fisher’s exact

test. Statistical significance was set at p \ 0.05.

Results

The mortality rate was zero. No major complications were

registered intraoperatively. All except one procedure were

Table 1 Present strategy of postoperative oral corticosteroid therapy

(hydrocortisone in mg)

Days (postoperative) mCS sCS

0 50 Observation

1 50–25–0 Observation

2 35–15–0 Observation

3 20–5–0 to 35–15–0 50–25–0a

4 20–5–0 to 35–15–0 35–15–0a

a Started if patients developed signs of hypocortisolism
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completed through the retroperitoneoscopic route. Postop-

erative complications were minor and included segmental

relaxations of the abdominal wall (4 cases), hypoesthesias

of the abdominal wall (4 cases) and 1 hematoma treated

conservatively. One segmental relaxation of the abdominal

wall persisted after 6 months.

Patients affected by mCS (n = 99, mean age: 45 ±

13 years) were younger than patients with sCS (n = 71,

mean age: 56 ± 10 years) (p \ 0.05). Partial adrenalec-

tomy was performed in 35 cases (24 mCS-group, 11

sCS-group) in unilateral surgery. Thirteen patients with

preoperative macronodular hyperplasia underwent bilateral

simultaneous surgery (bilateral total [4 mCS, 1 sCS], par-

tial on one side [3 mCS, 3 sCS], partial on both sides

[1 mCS, 1 sCS]). Mean intraoperative blood loss was

18 ± 67 ml (range: 0–300 ml) without the need for blood

transfusion in any case.

Mean operative time for the 183 procedures (13 bilateral

operations) was 58 ± 36 min (range: 20–230 min) and did

not differ between right and left procedures (59 ± 37

versus 58 ± 36 min), mCS and sCS (58 ± 37 versus

59 ± 35 min) and between total and partial adrenalectomy

(58 ± 38 versus 59 ± 30 min) (p = ns). The learning

curve during the overall period of 15 years is demonstrated

in Figure 1. Tumor size (\ 3 cm versus C 3 cm) as well as

the BMI (\ 30 versus C 30) did not significantly influence

the duration of the procedure (55 ± 39 min versus

59 ± 35 min) and (58 ± 38 min versus 62 ± 34 min),

respectively. Male patients (n = 17) required a slightly

longer operating time when compared with female patients

(n = 153), but the difference did not reach statistical sig-

nificance (66 ± 25 versus 58 ± 38 min) (p = 0.07). The

mean postoperative hospital stay was 4.5 ± 2.2 days

(median: 4 days; range: 2–18 days) and did not differ

between manifest and subclinical CS (4.3 versus 4.6 days)

(p = 0.3).

Figure 2 summarizes the characteristics of the groups.

At the beginning of the experience patients were sent to the

intensive care unit for one night (all 4 cases in 1994). With

growing experience, only 7 of 166 (4.2%) patients with

high cardiac risk or severe obesity were monitored in the

intensive care unit.

Histology showed benign lesions in all but one patient

with an adrenocortical carcinoma. In one patient no tumor

could be found (due to Cushing’s disease). Macronodular

hyperplasia was identified in 19 cases (10 mCS, 9 sCS),

including 13 patients who underwent bilateral surgery.

Tumor size ranged from 1 to 10 cm (mean: 3.6 ± 1.4 cm)

and was significantly different between mCS (3.4 ± 1.5

cm) and sCS (3.9 ± 1.4 cm) (p \ 0.02).

A postoperative oral cortisone therapy was administered

in all patients affected by mCS and in 32 (of 71) patients

with sCS (p \ 0.0001). Five patients in the sCS group were

readmitted due to adrenal insufficiency (5 of 39; 12.8%).

Duration of therapy did not differ significantly between the

groups (Table 2).

A total of 163 patients (97 patients with mCS: 5 male,

92 female, age 45 ± 13 years; and 66 patients with sCS:

10 male, 56 female, age: 56 ± 11 years) with at least

6 months follow-up were considered for the long-term

outcome analysis. The follow-up period (mean: 70.9 ±

46.5, range: 6–179 months) was completed for 110 patients

(63 mCS, 47 sCS) (67.5%). During this period six patients

(3 mCS, 3 sCS) died, five from unrelated diseases

(1 myocardial infarction, 1 urinary tract carcinoma, 1

colorectal carcinoma, 2 unknown) one patient with mCS

caused by metastatic adrenocortical carcinoma. The latter,

after an uneventful minimally invasive total adrenalectomy

for a 7 cm right adrenocortical tumor, developed a loco-

regional recurrence with lymph node, liver, and peritoneal

involvement 6 months after primary surgery. A palliative

debulking (including liver resection and interaortocaval

lymphadenectomy) was performed and postoperative che-

motherapy was started. The patient died several months

later from disseminated disease. One patient in the mCS

group showed a recurrent/persistent hypercortisolism due

to a pituitary adenoma (in this case histology could not

identify any tumor in the adrenal gland). No recurrence

was observed in any patient who underwent partial

adrenalectomy.

Outcome was evaluated on the basis of the following

parameters: weight reduction, amelioration or absence of

hypertension after the operation, number of antihyperten-

sive medications still required, presence or not of a type II

diabetes. A separate analysis was performed for mCS

(mean follow-up: 68.8 ± 46.5 months; range: 6–179

months) and sCS (mean follow-up: 73.9 ± 46.7 months;
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range: 6–171 months). In the mCS group a significant

improvement of the BMI as well as of the hypertension and

number of antihypertensive medications was registered

after surgery; the same effect could not be demonstrated for

type II diabetes (Table 3). In the sCS group the benefits of

surgery are controversial. Considering the overall study

population, BMI, hypertension, number of medications and

type II diabetes are not ameliorated by surgery (Table 3).

Nevertheless, by excluding 5 patients who developed

hypertension during follow-up (assumed to be due to

essential hypertension), arterial hypertension and the

number of antihypertensive drugs were significantly

reduced after surgery (Table 4).

Discussion

Since the introduction of minimally invasive surgery,

adrenalectomy represents an ideal indication. Different

techniques have been described (laparoscopic or retro-

peritoneoscopic), but until now none of these approaches

has been demonstrated to be superior [5, 12]. The posterior

retroperitoneoscopic route, which we have preferred since

1994, has developed from the familiar open posterior

adrenalectomy. In our experience, the retroperitoneoscopic

route offers the advantages of a direct view to the retro-

peritoneum and simple access to the adrenal gland without

any need for mobilization of intra-abdominal organs. In

previous studies we have demonstrated both safety and

short operative time with this approach [6, 10]. In partic-

ular the operative time seems to be shorter than with lap-

aroscopic transperitoneal adrenalectomy [13–17].

In the present study—focusing on patients with adre-

nal hypercortisolism—safety and feasibility of the pos-

terior retroperitoneoscopic approach could again be

confirmed. The surgical complication rate was 5.3% and

the mean operative time ranged around 1 h. These data

had been similar in our previous series of patients with

Fig. 2 Comparison between

manifest (mCS) and subclinical

(sCS) Cushing’s syndrome

regarding age (45 ± 13 versus

56 ± 10 years) (p \ 0.0001),

body mass index (28.5 versus

29.7) (p = 0.29), tumor size

(3.4 ± 1.5 versus

3.9 ± 1.4 cm) (p \ 0.02) and

operating time (58 ± 37 versus

59 ± 35 min) (p = 0.75)

Table 2 Cortisone therapy: long-term results

mCS sCS p Value

Cortisone therapy 99 (100%) 37 (52.1%) \0.0001

Duration of therapya 12.3 ± 12.6 (1–60) 10.3 ± 14.1 (1–50) 0.08

Cortisone therapy (at time of follow-up) 16 (25.8%)b 3 (6.4%)c 0.01

a Months: mean ± SD (range)
b Including four patients who underwent bilateral adrenalectomy
c Including one patient who underwent bilateral adrenalectomy
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pheochromocytoma [18] and hyperaldosteronism [19],

demonstrating that patients affected by Cushing’s syn-

drome do not represent a high-risk group as reported in

historical series [20]. This is emphasized by the low pro-

portion of patients (11 of 170; 6%) who had to be moni-

tored postoperatively in an intensive care unit.

The cure rate in our series is 99.4% (169 of 170

patients). In one case a recurrent/persistent hypercortisol-

ism was observed after surgery. The histological exami-

nation of the operation specimen failed to detect adrenal

hyperplasia or neoplasia. In this case adrenalectomy was

performed, misinterpreting Cushing’s disease that was

treated later on by trans-sphenoidal hypophysectomy. As

expected and according to previous reports [21–24], there

is no doubt that surgery is mandatory for patients with

mCS. In our series we were able to demonstrate a signifi-

cant reduction of the BMI from 28.5 to 25.4, improvement

of hypertension in 60.3%, and reduction of antihyperten-

sive medications. Diabetes type II was cured in 4 of 12

patients.

Table 3 Manifest and subclinical Cushing’s syndrome: postoperative outcome (overall study population)

Manifest Cushing’s syndrome p Value Subclinical Cushing’s syndrome p Value

Preoperative Postoperative Preoperative Postoperative

Number of patients 97 63 (65%) 63 47 (74.6%)

With weight gain, n (%) 55 (56.7%) 24 (38.0%)

BMIa 28.5 ± 6.5 (18–49) 25.4 ± 5.1 (19–42) 0.0001 29.7 ± 7.0 (20–62) 29.6 ± 7.7 (19–62) 0.79

Improvement 45 21

No change 12 9

Worsening 6 17

Hypertension 68 (70.1%) 30 (47.6%)b 0.0009 50 (79.4%) 31 (65.9%)b 0.20

Normalization 22 8

Improvement 16 10

No change 8 12

Worsening 5 9

Number of drugsa 1.7 ± 1.4 (1–5) 0.8 ± 1.0 (1–3) \0.0001 1.5 ± 1.3 (1–5) 1.2 ± 1.2 (1–5) 0.26

Diabetes 12 (12.3%) 4 (6.4%)c 0.16 10 (15.9%) 5 (7.9%)c 0.46

Improvement 4 2

No change 2 4

Worsening 2 1

a Mean ± SD (range)
b One mCS patient and 5 sCS patients who developed hypertension after surgery are included in the ‘‘worsening group.’’
c Data are not available for four patients in each group, two from the mCS-group and one from the sCS-group, respectively, had no diabetes

before surgery

Table 4 Subclinical Cushing’s syndrome: postoperative outcome (differentiated analysis of BMI and hypertension according to the preoperative

symtoms)

Subclinical Cushing’s syndrome p Value

Preoperative Postoperative

Weight gain, n (%) 24 (38.0%) a

Improvement 7

No change 3

Worsening 8

BMIb (calculated for patients with weight gain) 31.6 ± 8.1 (23–62) 32.6 ± 8.6 (25–62) 0.69

Hypertension (excluding patients who became hypertensive

during the follow-up period)

50 (79.4%) 26 (55.3%) 0.02

Number of drugs (excluding patients who became hypertensive

during the follow-up period)

1.7 ± 1.3 (1–5) 1.1 ± 1.0 (1–4) 0.05

a Data are not available for 6 patients
b Mean ± SD (range)
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Partial adrenalectomy was performed in selected

patients, none of whom showed persistent or recurrent

hypercortisolism postoperatively. These data demonstrate

that even in patients affected by Cushing’s syndrome due

to unilateral adenomas, partial adrenalectomy can be safely

performed, as already shown for pheochromocytoma or

Conn adenomas [18, 19, 25, 26]. In Cushing’s syndrome

associated with macronodular bilateral hyperplasia partial

resection offers a new option. In our series of 13 patients

we performed partial adrenalectomies in 8 cases. All 8

patients beneficiated from surgery, with disappearance or

improvement of hypertension, and all but one needed no

steroid therapy at the time of follow-up. Similar data were

reported by Iacobone et al. in seven cases [27] and Young

and colleagues in 10 patients [28], all of whom were

treated by less than bilateral adrenalectomy on the basis of

tumor diameter and guided by the adrenal venous sam-

pling, respectively.

Postoperative corticosteroid supplementation is consid-

ered mandatory in patients with manifest or subclinical

Cushing’s syndrome [29]. Beside the principal indication

of treatment, appropriate levels of perioperative and post-

operative doses remain questionable. In earlier studies high

dosages of corticoids (about 300 mg hydrocortisone/day

initially) were used as a standard, sometimes causing

severe infectious complications [29]. In our experience

those doses are not necessary. Based on the idea of mini-

mized perioperative stress by minimally invasive surgery,

we did not use preoperative or intraoperative cortisone

administration and started with lower dosages (50 mg

hydrocortisone given orally) on the day of surgery, fol-

lowed by 75 mg on the first postoperative day. The dosage

was reduced to 50 mg for the next days until discharge.

Using this supplementation strategy we did not observe any

phase of hypocortisolism. Moreover, none of these patients

was readmitted due to Addisonian crisis. Additionally we

found that (in contrast to mCS) about half of our patients

with sCS did not require cortisone therapy postoperatively.

The selection of those patients is based on clinical findings

during the first postoperative days. If signs of hypocortis-

olism were absent, patients were discharged after detailed

description of Addiosonian symptoms. With this strategy,

5 patients had to be readmitted with mild symptoms of

hypocortisolism in the second week after surgery, and oral

hydrocortisone therapy was started. However, compliance

of patients is essential for application of this concept.

The patients with subclinical Cushing’s syndrome rep-

resent an interesting subgroup of our study population. The

optimal therapy of patients with sCS is an emerging

problem due to the constant increase of incidentally dis-

covered adrenal masses (‘‘incidentalomas’’) in which the

incidence of subclinical Cushing is reported to range from

12 to 24% [30, 31]. However, because of the low number

of patients (between 5 and 11) included in published

studies, only limited data are available from the literature

dealing with the outcome of this group of patients after

adrenal surgery [30–32]. Nevertheless, the authors suggest

an improvement of arterial hypertension [30–32], perma-

nent weight loss in obese subjects [30, 31], as well as a

better metabolic control of diabetes [30, 32] in the majority

of patients. Recently, a randomized study [33] comparing

surgical (22 cases) versus conservative (23 cases) treatment

of sCS concluded that in the surgical group, diabetes nor-

malized or improved in 62.5% of patients (5 of 8),

hypertension in 67% (12 of 18), hyperlipidemia in 37.5%

(3 of 8), and central obesity in 50% (3 of 6), although a

significant improvement was achieved only for the blood

pressure (p = 0.046). Erbil et al. [32] also reported an

improvement in the frequency of hypertension in their

series of 11 patients.

To our knowledge the present report represents the

largest series of sCS treated by surgery at a single insti-

tution. According to our experience, the effect of surgery

on weight reduction and disappearance of type II diabetes

is rather controversial, and therefore adrenalectomy

remains questionable in patients with those clinical symp-

toms. In the group of patients with preoperative weight

gain (24 cases) a positive effect of adrenalectomy was

observed in 7 cases (29.2%); disappearance of diabetes was

registered in 2 (20%). Nevertheless, we demonstrated a

significant improvement of hypertension (p = 0.02) and

decrease of patients requiring medications (p = 0.05).

We present our 15 years of experience with patients

operated for Cushing’s syndrome by retroperitoneoscopic

adrenalectomy. Surgery could be performed with minimal

morbidity and achieved an excellent outcome. Partial

adrenalectomy has to be considered a novel option for the

treatment of cortisol-producing adenomas. In the subgroup

of patients with sCS, surgery should be considered for

patients with arterial hypertension.
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