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Abstract
Purpose The increasing detection of adrenal tumors and the
availability of a more sophisticated biochemical work-up lead-
ing to rising numbers of sub-clinical Conn’s and Cushing’s
syndromes coincide with a rising number of adrenalectomies
worldwide. The aim of our study was to report a single institu-
tion’s experience with adrenal surgery.
Methods We report data of 528 adrenalectomies, operated at
our institution before and after the onset of minimally inva-
sive endoscopic surgery (1986–1994, 1995–2008). Gender,
age, indication, imaging, surgical approach, operating time,
histology, tumor size, hospital stay, and complications were
analyzed retrospectively.
Results A total of 478 patients underwent adrenal surgery
during the time observed. The average number of yearly adre-
nalectomies increased from 14 to 21 (p00.001) after the onset

of laparoscopic surgery. Imaging techniques showed a signifi-
cant shift towards magnetic resonance imaging (p<0.001) and
preoperative assessment of tumor size was significantly corre-
lated to malignancy: 10.8 % (11/102) and 42 % (21/50) of
tumors measuring 4–6 cm and ≥6 cm, respectively, were
malignant in the final histology report (p<0.001). Patients
operated by minimally invasive endoscopy were significantly
younger (mean 49.4 years, p00.046), had significantly
shorter operating times (mean 118min, p<0.001), had shorter
hospital stays (mean 7.1 days, p<0.001), and had less com-
plications (6.9 %, p00.004) compared to patients resected
through open procedures.
Conclusion Although adrenalectomy rates increased and
minimally invasive endoscopic surgery reduced hospital
stay and complications at our institution, the yearly number
of procedures was still low with often high surgical com-
plexity. We therefore believe that adrenal surgery remains a
highly specialized procedure that should preferably be per-
formed at endocrine surgery centers.
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Introduction

The worldwide rise in adrenalectomies has been related to the
increasing detection of adrenal tumors and to the availability
of minimally invasive endoscopic adrenal surgery [1, 2]. The
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more frequent use and improvement in the quality of radio-
graphic imaging studies seems to contribute to higher detec-
tion rates of incidentally discovered adrenal masses [3, 4],
whose normal prevalence is estimated to be 4–7 % of the
population [5, 6]. With the introduction of minimally invasive
endoscopic adrenal surgery in the mid 1990s [7], the use of
traditional open transperitoneal, lateral, and posterior retroper-
itoneal approaches declined and laparoscopic and retroperito-
neoscopic approaches became the standard for endocrine
surgery of small and potentially benign adrenal masses
[8–10]. Multiple studies have compared open and minimally
invasive endoscopic adrenal surgery but are often limited to
small patient numbers [9, 11–13]. Reduced postoperative pain
and complications, shortened hospital stay, and earlier return
to normal activity have been widely accepted as the major
advantages of minimally invasive endoscopic adrenalectomy
[14, 15], while mortality and morbidity rates are currently
reported to be <1 and 8–19 %, respectively [2, 16, 17].
Although minimally invasive endoscopic adrenalectomy for
tumors up to 6 cm is in use at many institutions at the present
time [18–20], many endocrine surgeons still apply minimally
invasive endoscopic procedures only for tumors of suspected
benign biology. An open approach is considered to be more
radical when malignancy is suspected, and consequently most
surgical procedures for suspected or proven malignant tumors
of the adrenal gland are still performed through an open
approach in many centers [21].

The aim of this study was to report our experience with 528
adrenalectomies performed during more than two decades at
our institution and to compare adrenal surgery before and after
the onset of minimally invasive endoscopic adrenalectomy.

Methods

Data of patients who underwent adrenal surgery at the
Department of General, Visceral, and Pediatric Surgery at
the University Hospital Düsseldorf between 1986 and 2008
were collected retrospectively and entered into a database.

Gender, age at surgery, indication for surgery, preopera-
tive diagnostic imaging (ultrasound, computed tomography
(CT)), magnetic resonance imaging (MRI), norcholesterol
or metajodobenzylguanidine scintigraphy (MIBG), tumor
size in imaging, surgical approach (anterior laparotomy,
lateral–retroperitoneal or posterior–retroperitoneal approach,
transperitoneal or retroperitoneal minimally invasive endos-
copy), conversion rate, surgical technique (total or subtotal,
unilateral, or bilateral), location of tumor, operative time,
histology report, size of tumor, hospital stay, and intra- and
postoperative complications were analyzed.

We defined two time periods (1986–1994 and 1995–2008)
in order to compare the results of adrenal surgery of over two
decades at our institution. The time periods were defined as

the era before the onset of minimally invasive endoscopic
adrenal surgery (until 1994) and after establishing this tech-
nique (from 1995 onward) at our institution. In subgroup
analyses, we compared data related to gender, to location of
the tumor, to the surgical approach, to tumor size in preoper-
ative imaging, and to the incidence of complications and
conversion during minimally invasive endoscopic surgeries.
Comparisons between groups were made using the two-tailed
t-test for continuous variables and Pearson chi-square test for
continuous and categorical variables. A p-value of 0.05 or less
was considered as statistically significant. Statistical analysis
was performed by using SPSS® software (SPSS Inc., Chicago,
IL, USA).

Results

Demographics

A total of 478 patients underwent adrenal surgery at our
institution from 1986 to 2008. There were 1.8 times more
women (n0308, 63.5 %) than men (n0170, 35.1 %) and the
mean age at surgery was 51.1±14.6 years. The mean age for
men (53.4±14.7 years) was significantly higher than for
women (49.8±14.4 years, p00.01; CI 95 %, 0.863–6.327).
Before the onset of minimally invasive endoscopic adrenal
surgery at our institution (1986–1994), the mean age was
50.6±13.5 years compared to 51.3±15 years during the time
period after endoscopic surgery was introduced (1995–2008).
During the first period, 88 (68.8 %) women with a mean age
of 50.2±14.1 and 40 (31.3 %) men with a mean age of 51.5
received adrenal surgery, while in the second time period 220
(62.9 %) women with a mean age of 49.7±14.5 and 130
(37.1 %) men with a mean age of 54±15.4 were operated.
The mean age at surgery for men in the second time period
was significantly higher than for women (p00.009; CI 95 %,
1.095–7.570).

There were more women with minimally invasive endo-
scopic adrenal surgeries compared to open approaches
(p00.05), and patients receiving minimally invasive
endoscopic adrenalectomies were significantly younger
than patients with open procedures (p00.046; CI 95 %,
0.052–5.279; Table 1).

Indications to surgery

Table 2 lists all indications for surgery. The most frequent
indications to surgery were functioning tumors (n0280,
58.6 %), including suspicion of pheochromocytoma, primary
hyperaldosteronism, hypercortisolism, and other endocrine
activity. Among the 18 patients with other functioning
tumors were ten patients (2.1 %) who presented with hyper-
androgenism due to congenital adrenal hyperplasia, five
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patients with hyperandrogenemia that was not related to
congenital adrenal hyperplasia, two patients suspected to
have neuroendocrine tumors, and one patient with excess
estrogen secretion. Even though patients with congenital
adrenal hyperplasia usually do not require surgery, we some-
times decide to perform an adrenalectomy if specific medical
problems of the patients require so. All our patients are
discussed in our weekly endocrine meetings and it may occur
that surgery is recommended due to a simultaneous risk of
malignancy or difficult or unsuccessful pharmacological
treatment. Other indications were incidentalomas, suspected
primary malignancy, or metastases, and in one case adrenal
tuberculosis was suspected. Metastases were only resected
after the patient received a current tumor staging and was
discussed in our interdisciplinary tumor board meeting.
There were no significant differences for the indications to
surgery between the two time periods compared. Interestingly,
patients with functioning tumors were significantly younger
(mean age 47.5±14.4 years) than patients with non-
functioning tumors (mean age 54.3±13.3 years) (p<0.001;
CI 95 %, 3.845–9.731).

Preoperative imaging

Preoperative imaging studies included ultrasound, CT, MRI,
norcholesterol, or MIBG scintigraphy. Table 3 shows the
frequency of the exams during the observed time periods.

When both time periods were compared, we found a signif-
icant decrease in ultrasound, CT scan, and norcholesterol
scintigraphic examinations after 1995 (p<0.001, p00.053,
and p00.001, respectively), while MRI scans significantly
increased (p<0.001).

Preoperative imaging with assessment of the tumor’s size
was available for 386 primary adrenal tumors of patients
with no malignant disease in their medical history. These
tumors had a median tumor size of 3.6±2.7 cm. There were
no differences between the two time periods or between
tumor localisation, but we found a significant correlation
of the preoperatively measured tumor size and malignancy
in the final histology report (Table 4). While only 0.5 % of
the tumors <4 cm turned out to be malignant, 10.8 % of
tumors between 4 and 6 cm and 42 % of tumors >6 cm were
diagnosed malignant in the final histology report (p<0.001).

Surgical procedures

In 478 patients, a total of 528 adrenal glands were operated
in the analyzed time frame. The average number of adrenal
surgeries significantly increased from 14 to 25 in the two
time periods analyzed (p00.019; CI 95 %, 41.92–19.64)
(Table 5).

Table 5 shows how frequent adrenalectomies were per-
formed through an anterior laparotomy, through minimally
invasive endoscopic approaches (144 (29.7 %) laparoscopic

Table 1 Minimally invasive
endoscopic adrenalectomy
versus open adrenalectomy

aStudent’s t-test
bChi-square test

Minimally invasive endoscopic
adrenalectomy, n0174

Open adrenalectomy,
n0304

P

Mean age (years) 49.4±13.2 52±15.3 0.046+

Female (%) 122 (70.1) 186 (61.2) 0.05b

Operating time (min) 118.3±58.7 148.6±94.4 <0.001a

Postoperative hospital stay (days) 7.1±4.3 13±10 <0.001a

Surgical complications (%) 12 (6.9) 39 (12.9) 0.041b

Wound healing complications (%) 2 (1.1) 14 (4.6) 0.007b

Non-surgical complications (%) 3 (1.7) 13 (4.3) 0.007b

Tumor size in pathology 3.43 (1–8)±1.6 5.79 (1–30)±3.98 <0.001a

Table 2 Indications for surgery

aChi-square test

Total, n0478 1986–1994, n0128 1995–2008, n0350 p

Pheochromocytoma (%) 110 (22.7) 37 (28.9) 73 (20.3) n.s.

Incidentaloma (%) 108 (22.3) 29 (22.7) 79 (22.6) n.s.

Hyperaldosteronism (%) 91 (18.8) 20 (15.6) 71 (20.3) n.s.

Hypercortisolism (%) 61 (12.6) 20 (15.6) 41 (11.7) n.s.

Adrenal metastasis (%) 61 (12.6) 10 (7.8) 51 (14.6) 0.05a

Adrenal malignancy (%) 28 (5.8) 7 (5.5) 21 (6) n.s.

Other functioning tumors (%) 18 (3.7) 4 (3.2) 14 (4) n.s.

Others (%) 1 (0.2) 1 (0.8) 0 (0) n.s.
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and 30 (6.2 %) retroperitoneoscopic adrenalectomies), and
through posterior and lateral–retroperitoneal open
approaches during the analyzed time frames. The amount
of all open approaches significantly decreased after the
onset of minimally invasive endoscopic adrenalectomy
(p<0.001). From 1995 onwards, half of the patients
were operated by a minimally invasive endoscopic pro-
cedure (144 laparoscopically (41.1 %) and 30 retroper-
itoneoscopically (8.6 %)). Minimally invasive endoscopic
procedures were performed significantly less often for
the indication of pheochromocytoma and for the suspi-
cion of malignancy (data not shown).

In 18 cases (10.3 %), minimally invasive endoscopic
surgery had to be converted to an open approach, whereby
the relative portion of the laparoscopically operated (7/30,
23.3 %) patients was significantly greater than the portion of
the retroperitoneoscopically operated (11/144, 7.6 %)
patients (p00.01). Conversion was due to bleeding (n04),
cardiovascular arrest (n01), and a condition where liver
resection of a suspicious liver lesion was required (n01).
In ten cases, the tumor could not be reached (adhesions) or
the tumor was too large. Most of these cases occurred in the
first 5 years of our minimally invasive endoscopic era and
are probably related to less experience of the surgeons at
that time. One operation had to be converted due to techni-
cal problems and one due to an injury of the pleural cavity.
After a gentle learning curve in the first year of minimally
invasive endoscopic adrenal surgery at our institution, the
conversion rate could be reduced to median 7.7 % per year.

Table 5 also gives an overview as to how frequent total,
subtotal, right, left, or bilateral adrenalectomies were performed
in our institution. The number of total left adrenalectomies
increased significantly (p00.019), while total bilateral proce-
dures decreased significantly (p00.001) after 1995. A total of
24 bilateral adrenalectomies were performed for suspected

bilateral pheochromocytoma, 18 cases were operated for a
therapy-resistant Cushing’s disease, and in four and two cases
suspected bilateral metastases and bilateral malignancy, respec-
tively, were the indication for surgery.

The mean operating time of minimally invasive endoscopic
adrenal surgeries was significantly shorter than that of open
procedures (p<0.001; Table 1). Although retroperitoneoscopic
approaches had a shorter operating time than the transperitoneal
laparoscopies, the difference was not statistically significant.

Histology

The histological work-up of all specimen resulted in the
postoperative diagnosis of adrenal adenomas, pheochromo-
cytomas, adrenal hyperplasias (micro- and macronodular),
adrenal metastases, adrenocortical carcinomas, adrenal
angio-/myelolipomas, adrenal cysts, ganglioneuromas, and
other histological diagnoses including 13 adrenal glands
without any abnormality, four adrenal hematomas or heman-
giomas, four adrenal glands with fibrotic and inflammatory
changes, one malignant hemangioendothelioma, one adrenal
calcification, one intraadrenal bleeding, two neuroendocrine
tumors, one inflammatory myofibroblastic tumor, and two
paragangliomas without affecting the adjacent adrenal
gland. Table 6 gives an overview on the different histolog-
ical entities in total and for each time period.

The 112 pheochromocytomas included five malignant
tumors (4.5 %). Adrenocortical carcinomas were diagnosed
in 39 cases (7.5 %) and 46 adrenal glands (8.8 %) were
resected because of metastatic disease due to renal cell
carcinoma (n011, 23.9 %), lung cancer (n07, 15.2 %),
colon cancer (n04, 8.7 %), hepatocellular carcinoma (n04,
8.7 %), cancer of unknown primary (n04, 8.7 %),
lymphoma (n03, 6.5 %), endometrial cancer (n02,
4.3 %), sarcoma (n02, 4.3 %), and neuroblastoma,
cervix cancer, breast cancer, malignant melanoma, uro-
thelial cancer, esophagal cancer, neuroendocrine cancer,
and thyroid cancer (each n01, 2.2 %).

Median tumor size was 4±3.4 cm and there were no
significant differences between the compared time eras,
but tumors resected by minimally invasive endoscopy were
significantly smaller than those resected in open procedures
(p<0.001; CI 95 %, 1.674–3.046; Table 1).

Table 3 Preoperative imaging

aChi-square test

Total,
n0941

1986–1994,
n0276

1995–2008,
n0665

p

Ultrasound (%) 305 (62.9) 105 (82) 200 (57.1) <0.001a

CT (%) 431 (88.9) 121 (94.5) 310 (88.6) 0.053

MRI (%) 91 (18.8) 10 (7.8) 81 (23.1) <0.001a

Norcholesterol scintigraphy (%) 55 (11.3) 25 (19.5) 30 (8.6) 0.001a

Metajodobenzylguanidine scintigraphy (%) 59 (12.2) 15 (11.7) 44 (12.6) n.s.

Table 4 Rate of
malignant tumors in
correlation to tumor size
in preoperative imaging

Chi-square test, p<0.001

Tumor size in imaging Malignancy, %

<4 cm 0.5 (1/186)

4–6 cm 10.8 (11/102)

>6 cm 42 (21/50)
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Hospital stay and complications

The mean duration of postoperative hospital stay was 10.9±
8.8 days. It decreased significantly from 13.4±9.8 days
during the first time period to 9.9±8.3 days during the
second period (p<0.001; CI 95 %, 1.679–5.212). Patients
after minimally invasive endoscopic adrenal surgeries (7.1±4.3
versus 13±10 days, p<0.001; CI 95 %, 4.335–7.460), patients
without postoperative complications (9.4±55 versus 17.4±
15.4 days, p<0.001; CI 95 %, 6.163–9.976), and patients
without conversion during a minimally invasive endoscopic
procedure (6.7±3.9 versus 10.7±4.9 days, p00.004; CI
95 %, 1.463–6.473) had a significantly shorter hospital stay,
but no difference could be observed between the transperitoneal
and retroperitoneal minimally invasive endoscopic procedures.
There were 11 (2.3 %) intraoperative and 51 (10.7 %) major
postoperative complications. Adrenal insufficiency developed

in seven cases (1.4 %) and presented as Addisonian Crisis in
four of them (0.8 %) despite glucocorticoid replacement ther-
apy. A total of 16 patients (3.3 %) developed mild wound
healing complications. Among the intraoperative complica-
tions, three bleedings and three cardiovascular complications
occurred in the open group. Two bleedings happened during
multivisceral resections and one (spleen rupture) during the
resection of bilateral pheochromocytomas. One asystoly and
one atrial fibrillation occurred during multivisceral tumor
resections and one hypertensive crisis happened during sur-
gery in a patient with pheochromocytoma. In the minimally
invasive endoscopic surgery group, a total of five intraoper-
ative complications occurred. Three led to conversion to an
open approach because of one splenic rupture, one uncon-
trollable bleeding, and one asystoly during resection of a
pheochromocytoma. Two were pneumothoraces that could
be drained intraoperatively. Ten of the major postoperative

Table 5 Surgical procedures

aStudent’s t-test
bChi-square test

Total,
n0478

1986–1994,
n0128

1995–2008,
n0350

P

Mean number of adrenal surgery/year 21±11.1 14±9.5 25±10.2 0.019a

Anterior laparotomy (%) 190 (39.2) 68 (53.11) 122 (34.9) <0.001b

Lateral-retroperitoneal approach (%) 42 (8.7) 21 (16.4) 21 (6) <0.001b

Posterior-retroperitoneal approach (%) 68 (14) 38 (29.7) 30 (8.6) <0.001b

Minimally invasive endoscopic surgery (%) 174 (35.9) 0 (0) 174 (49.7) <0.001b

Approach not known (%) 4 (0.8) 0 (0) 4 (1.1) n.s.

Left adrenal surgery (%) 239 (50) 59 (46) 180 (51.4) n.s.

Total left adrenal surgery (%) 239 (50) 50 (39.1) 179 (51.1) 0.019b

Subtotal left adrenal surgery (%) 24 (5) 9 (7) 15 (4.3) n.s.

Right adrenal surgery (%) 189 (39.5) 52 (40.6) 137 (39.2) n.s.

Total right adrenal surgery (%) 176 (36.8) 46 (35.9) 130 (37.1) n.s.

Subtotal right adrenal surgery (%) 27 (5.6) 6 (5.5) 21 (6) n.s.

Bilateral adrenal surgery (%) 50 (10.5) 17 (13.4) 33 (9.4) n.s.

Total bilateral adrenal surgery (%) 31 (6.5) 16 (12.5) 15 (4.3) 0.001b

Subtotal bilateral adrenal surgery (%) 5 (1) 1 (0.8) 4 (1.1) n.s.

Table 6 Histology
Histology reports Total, n0528 1986–1994, n0144 1995–2008, n0384 p

Adrenal adenoma, % 204 (38.6) 49 (34) 155 (40.7) n.s.

Pheochromocytoma, % 112 (21.2) 36 (25) 76 (19.9) n.s.

Adrenal hyperplasia, % 66 (12.5) 20 (13.9) 46 (12) n.s.

Adrenal metastasis, % 46 (8.7) 12 (8.3) 34 (8.9) n.s.

Adrenocortical carcinoma, % 39 (7.4) 14 (9.7) 25 (6.6) n.s.

Angiomyelolipoma/myelolipoma, % 14 (2.7) 2 (1.4) 12 (3.1) n.s.

Others, % 29 (5.5) 4 (2.8) 25 (6.6) n.s.

Adrenal cyst, % 7 (1.3) 3 (2.1) 4 (1) n.s.

Ganglioneuroma, % 6 (1.1) 2 (1.4) 4 (1) n.s.

Unknown, % 5 (0.9) 2 (1.4) 3 (0.8) n.s.
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complications occurred after anterior laparotomies of multi-
visceral resections and were not related to adrenal surgery per
se. Eleven postoperative complications occurred after anterior
laparotomies, two after posterior retroperitoneal laparotomy,
two after lateral retroperitoneal laparotomy, and ten after
minimally invasive endoscopic procedures. Seven patients
received reoperations due to postoperative complications.
There was no difference in complication rates between the
two time periods, but rates of surgical complications could be
significantly reduced when minimally invasive endoscopic
procedures were used (Table 1). There were also significantly
less wound healing complications (1.2 versus 4.6%, p00.007,
chi-square test) and less non-surgical complications (1.7 ver-
sus 4.3 %, p00.007, chi-square test) after minimal invasive
endoscopic adrenalectomy. No differences were detected
when transperitoneal and retroperitoneal minimally invasive
endoscopic procedures were compared. No operative or post-
operative deaths have been reported.

Discussion

During the recent years, many reports showed an increase in
adrenal surgery that was most likely related not only to the
more frequent detection of adrenal tumors in high resolution
imaging but also to the increasing use of minimally invasive
endoscopic procedures [1, 2, 5, 22, 23]. Better imaging
techniques and probably also improved diagnostic tests are
responsible for the rise in adrenal tumor detection, whereas less
morbidity of minimally invasive endoscopic adrenalectomy
makes the procedure more tolerable for many patients [1, 4].
Over the past years, minimally invasive endoscopic resection of
adrenal tumors became the well-recognized gold standard of
the disease [24, 25]. Although the contraindication of suspected
malignancy has been overcome in parts and many experts
nowadays perform laparoscopic or retroperitoneoscopic adre-
nalectomies for small malignant lesions, this remains contro-
versial among endocrine specialists and many surgeons still
perform open adrenalectomies when malignancy is suspected
[26, 27]. So far, a major limitation in adrenal surgery is the
relatively small number of surgeries per year with very few
specialized centers and endocrine surgeons worldwide. Mor-
bidity is still reported to be up to 19 % and only very few
clinical studies have been published in the literature reporting
long-term data from high-volume centers and high-volume
surgeons. This clearly limits the significance of smaller studies
and demands prospective multi-center analyses with higher
patient numbers [14, 28, 29].

Our report of 22 years of experience with adrenal surgery
at a single institution was described to compare the era
before and after the onset of minimally invasive endoscopic
adrenalectomy. Similar patient characteristics regarding the
ratio of female-to-male patients and age at the time of

surgery have been reported by other authors, suggesting that
the composition of our cohort is comparable [2, 5, 22, 30].
Although the number of surgeries increased over time, we
were not able to relate this to an increase of incidentalomas
at our institution. However, since adrenal incidentalomas are
hormonally inactive adrenocortical tumors in the majority,
our retrospective analysis of archived patient’s surgery data
may have very likely missed cases of incidentally discov-
ered adrenal masses. Nevertheless, we saw differences in
other indications when the time before and after the onset of
minimally invasive endoscopic surgery was compared. In
accordance to Sidhu et al. who described an increase in
aldosterone-producing adenomas recommended for surgery
[28], we also saw a significant increase in patients with
primary hyperaldosteronism as indication for adrenalectomy.
This increase might be due to a better understanding of the
disease and due to the availability of more sensitive diagnostic
tools, including application of the aldosterone-to-rennin ratio
in the screening for primary aldosteronism or the recently
described SUSPPUP ratio [31]. We also saw a slight decrease
in indications for pheochromocytoma and hypercortisolism.
Indications for suspected adrenal metastasis almost doubled
and reached statistical significance in our cohort. Surgery for
metastatic disease became more common in the last years and
might provide an improvement in the quality of life for
patients if the indication for surgery is properly evaluated. It
has been described that lung cancer, breast cancer, melanoma,
hypernephroma, and other malignancies frequently metasta-
size to the adrenal gland and that patients with single and
resectable metastasis eventually benefit from their removal
[32–34]. Due to the increasingly improving follow-up of
tumor patients, the number of detected adrenal masses sus-
pected to be metastases increased significantly over the past
years. One study was able to show that 70 % of resected
adrenal tumors in oncologic patients turned out to be metas-
tases [35]. In what way these patients really benefit from the
procedure still needs to be evaluated, but it most likely
depends on the kind of primary malignancy and on coexisting
tumor-related factors influencing the patient’s course at the
time of surgery.

Since MRI is now available for routine imaging studies in
more hospitals, the number of examinations grew constantly
in the preoperative evaluation of adrenal tumors [36]. We
observed not only a significant increase in MRI after the
onset of endoscopic surgery but also a significant decrease
in CT studies, ultrasound, and norcholesterol scintigraphy.
Nevertheless, CT is still used predominantly for preoperative
evaluation of adrenal tumors, and in our cohort the majority of
patients received this imaging technique. Although most
authors and the NIH Consensus and State-of-the-Science
statements recommend to consider adrenalectomy for lesions
of the adrenal gland larger than 4 cm, others still consider
close follow-up as a reasonable approach [37–42]. In our
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cohort, the rate of malignant tumors was significantly corre-
lated to the tumor size measured in preoperative imaging. The
use of high-resolution imaging along with the application of
special radiologic protocols and criteria to exactly measure
and characterize adrenal tumors seems to be crucial for a better
preoperative discrimination of benign and malignant adrenal
lesions.

The increasing use of minimally invasive endoscopic
adrenalectomy after 1995 at our institution occurred at the
expense of all open procedures, and although we observed
the most commonly known advantages of minimally inva-
sive surgery, we did not reach the percentage rate usually
reported for minimally invasive endoscopic adrenal surgery
[14, 43, 44]. This might be due to the fact that some
surgeons at our institution preferred open surgery as the
gold standard for any suspected malignant disease. Addi-
tionally, a high-volume university hospital in Germany like
our institution usually treats many patients with multiple
comorbidities and prior surgeries that make minimally inva-
sive endoscopic approaches more difficult.

Nevertheless, we now try to always perform retroperito-
neoscopoic adrenalectomies if feasible, also in the case of
reoperation. We believe that this faster and less difficult
approach is also easier to learn for young surgeons with
little experience on minimally invasive endoscopy. [45]

As expected, minimally invasive endoscopic adrenalec-
tomy significantly decreased the patients’ operating times,
postoperative hospital stay, and complication rates in our
hospital. Our hospital stay is still much longer than in other
reports, but it has to be taken into account that this is mostly
related to our health care system. Certain cases only bring
the maximum profit for the hospital if they stay for a defined
time period in the hospital.

Women and patients of younger age received minimally
invasive endoscopic surgery for adrenal diseases significant-
ly more often than men and older patients, an observation
consistent with the report of Lee et al. [9]. The fact that
younger patients also had significantly higher number of
functioning tumors is most likely due to the fact that func-
tioning tumors lead to earlier symptoms and are therefore
detected earlier in life, while non-functioning tumors are
often detected by coincidence in imaging studies performed
for other medical problems related to increasing age. Our
initial minimally invasive endoscopic cohort was probably
biased for non-pheopchromocytomas and non-malignant
(big) tumors because those tumors were suspected to be more
difficult to resect. Currently, we do resect both entities by
minimally invasive endoscopy at our institution and the
significant difference observed in our retrospective analysis
cannot be detected anymore.

Complication rates after adrenalectomy have been
reported to be 8–19 % [9, 22, 46]. With 7.5 % significant
complications after endoscopic adrenalectomy and a

conversion rate of 5 %, Henry et al. reported similar data
to our results [47]. In fact, minimally invasive endoscop-
ic adrenalectomy could significantly reduce surgical,
non-surgical, and wound healing complications in our
patients. It has been discussed in the literature that not
only the surgeon’s experience but also the size of the
hospital correlate with outcome after adrenalectomy,
suggesting that high-volume surgeons and high-volume
hospitals perform better [5]. In addition, tumor size,
comorbidities, and previous abdominal surgery among
other factors influence the patient’s outcome [48].
These inter-individual risk factors make it difficult to
actually compare different cohorts and only prospective
multi-center studies could help to better understand all
factors predicting outcome after adrenalectomy. Our
relatively high postoperative complication rate in
patients who were operated by open procedures might
be explained by the high amount of multivisceral resec-
tions of malignant and metastatic tumors in this group.
Nevertheless, Gumbs et al. also reported a mean com-
plication rate of 8.9 % (2.9–16 %) in 2,565 adrenalec-
tomies analyzed in a meta-analysis of 19 papers,
suggesting a big inter-surgeon and inter-hospital variety
[15]. With our experience of over 500 adrenalectomies
performed, we believe that it is always worth to con-
sider the open procedure for complicated and advanced
cases, appreciating that minimally invasive endoscopic
surgery clearly provides the best rehabilitation and
quality of life for the majority of the patients.

Conclusion

The introduction of minimally invasive endoscopic adrenal
surgery changed the field of adrenalectomy. A rise in hyper-
aldosteronism and suspected adrenal metastasis significantly
increased the number of adrenalectomies performed at our
institution each year. Minimally invasive endoscopic adrenal-
ectomy clearly decreased operating times, hospital stay, and
complication rates in our patients as expected. Nevertheless,
adrenal surgery remains a highly specialized procedure with a
relatively high incidence of surgical and non-surgical com-
plications. Advanced malignancies, hormone-producing
tumors, and unexpected anatomic difficulties demand experi-
enced endocrine surgeons at specialized endocrine centers.
Our herein reported data of 528 adrenalectomies of a single
institution before and after the beginning of endoscopic endo-
crine surgery might be a useful reference for future case
analyses and epidemiologic studies.
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