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Abstract The history of adrenal surgery is longstanding.
Firstly described in 1889 by Thornton, the open
adrenalectomy has been for decades the only surgical
approach to adrenal diseases. Nowadays, instead, several
approaches to adrenal glands have been described in the
literature, such as laparoscopic adrenalectomy, robotic-as-
sisted procedure and single-incision technique. Actually,
laparoscopic adrenalectomy is considered as the gold
standard treatment for adrenal lesions. In fact, all func-
tional tumors, including pheochromocytoma, are candi-
dates for a laparoscopic approach in the absence of other
contraindications. In the adrenal gland surgery, it is
important to consider that a multidisciplinary approach
which comprises surgeons, anesthesiologists, endocrinolo-
gists, and oncologists plays an important role in the man-
agement of patients and that the success of the procedure is
related also to surgeon experience and hospital volume.
This review aims to discuss the indications for
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adrenalectomy and to describe the different techniques
options for the adrenal gland surgery.
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Introduction

The history of adrenal surgery is longstanding; it was, in
fact, the 1914 when the first planned adrenalectomy was
performed by Perry Sargent [1], while the first flank
approach for pheochromocytoma was performed by
Charles Mayo in 1927.

In the subsequent years, multiple changes in the surgical
approaches to the adrenal gland surgery were proposed, but
it was in the 1992 that the first laparoscopic procedure of the
adrenal gland was performed and described by Michael
Gagner [2]. Since such description there has been a radical
change in the management of adrenal tumors because min-
imally invasive adrenalectomy has been shown to decrease
the length of hospital stay, reduce healthcare cost, reduce
wound complications and blood loss, and improve the
patient’s outcome with an earlier patient mobility and faster
return to regular activity [3-5]. Actually in the literature, it is
surely demonstrated the feasibility and reproducibility of the
laparoscopic approach and, in fact, it is considered the
““‘Gold Standard’’ therapy for the majority of adrenal gland
tumors. The advent of new technologies and the develop-
ment of the robot-assisted surgery surely allow new devel-
opments and new possibilities of research and application.

This review aims to discuss the indications for
adrenalectomy and to describe the different techniques
options for the adrenal gland surgery. To lead an extensive
analysis, the manuscript describes also the more modern
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attempts at surgical treatment for the adrenal pathology
including the latest developments in robotic surgery.

Indications for adrenalectomy

The widespread use in clinical practice of abdominal
ultrasonography, computed tomography (CT), and mag-
netic resonance imaging (MRI) has created the clinical
dilemma of the adrenal incidentaloma [6]. Adrenal masses,
in fact, are commonly detected during a radiologic exam-
ination performed for indications other than an evaluation
for adrenal disease; it is estimated that the prevalence of
adrenal incidentaloma at abdominal CT scan is of 4%,
while in autopsy is of 8% [7]. The different histotypes of
adrenal incidentaloma are reported in Table 1.

The indications for adrenalectomy concern both the
presence of a functional tumor associated with hormone
secretion and the presence of a non-functional tumor
associated with a suspicion of malignancy [8].

It is mandatory that all patients with an adrenal inci-
dentaloma detected during a radiologic examination should
have a complete panel of clinical and biochemical evalu-
ation to obtain information on the biological and functional
nature of the adrenal mass. The hormone-secreting adrenal
tumors in which adrenalectomy is indicated are the fol-
lowings: Cushing’s syndrome, caused by an hypersecretion
of glucocorticoids produced in fasciculata adrenal cortex,
Conn’s syndrome, caused by an hypersecretion of aldos-
terone produced by glomerulosa adrenal cortex, and
Pheochromocytomas that arise from adrenal medulla and
produce catecholamines.

For non-functional adrenal tumors, instead, the indication
for surgery is the risk of malignancy that is related to the size
of the lesion. If the lesions are smaller than 4 cm, the risk of
malignancy is approximately 2%, for lesions of 4-6 cm the
risk of malignancy is 6%, while for lesions of 6 cm the risk of
malignancy is 25% [9]. Adrenalectomy, furthermore, may
also be indicated for the resection of adrenal metastases from

Table 1 Histotypes of adrenal incidentaloma

Diagnosis Frequency (%)

Non-functional adenoma 75
Myelolipomas
Cyst

Functional tumor

Pheochromocytoma 4
Cushing’s syndrome 9
Aldosteronoma 1.5
Ganglioneuroma 1.5
Adrenal carcinoma 4
Metastasis <1
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primary lesions of the lung, kidney, breast, melanoma and
the Gastro-intestinal tract [10] and in selected patients with
oligometastatic disease [11].

Options for treatment

Several different techniques have been proposed for the
treatment of adrenal gland tumors. The evolution of the
surgical technique has been remarkable over the years;
indeed, it is important to consider that if the open
adrenalectomy has been the gold standard treatment for
adrenal disease in the past, from the advent of laparoscopic
surgery applied to adrenal tumors in 1992, this status is
completely changed and actually minimally invasive
adrenalectomy has replaced open adrenalectomy. This is
due to the fact that minimally invasive adrenalectomy
results in less blood loss, earlier ambulation, shorter hos-
pital stay, faster return to normal activity and similar long-
term outcomes as compared with open surgery [12-16].

With the advent of robotic surgery, robotic-assisted
adrenalectomy has become an alternative to conventional
laparoscopic adrenalectomy, but actually the evidences on
the possible advantages and drawbacks of this technique
remain limited.

According to the Sages guidelines for minimally inva-
sive treatment of adrenal pathology, surgeons should
choose the approach they are most familiar with, have had
training in, and have the best patient outcomes with [17].

Selection of patients for laparoscopic and open
adrenalectomy

Actually laparoscopic adrenalectomy is considered as the
gold standard treatment for adrenal lesions [18]; in fact, all
functional tumors, including pheochromocytoma, are can-
didates for a laparoscopic approach in the absence of other
contraindications. Conversely, the open approach is recom-
mended in patients with evidence at preoperative imaging
studies of malignancy with local invasion of adjacent
structures, thus facilitating lymph-node dissection and en-
bloc resection of adjacent structures to achieve negative
margins. The size of the tumor should be considered in the
operative planning, but is not an absolute contraindication to
alaparoscopic resection; in fact, if in the past a tumor of 6 cm
was considered a contraindication to laparoscopy, actually
tumor size greater than 6 cm is not an absolute contraindi-
cation to laparoscopy [19, 20]. It is mandatory to consider
that surgeon experience, hospital volume and a multidisci-
plinary approach to patients, which comprises surgeons,
anesthesiologists, endocrinologists, are three important
parameters in the selection of patients. Contraindications to
laparoscopic adrenalectomy are reported in Table 2.
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Laparoscopic adrenalectomy

Since the introduction of laparoscopic adrenalectomy in
1992 [21], different endoscopic approaches have been
described, such as the anterior approach (with patient in
supine position), the lateral approach (with patient in lat-
eral position) and a retroperitoneoscopic approach (with
patient in prone or lateral position) [22-25].

The anterior trans-abdominal adrenalectomy consists in
a sub-mesocolic approach to the adrenal glands. This is the
least common of the techniques employed for adrenalec-
tomy because of the conventional abdominal laparoscopic
view of the abdomen that leads to longer operatory times
and greater number of ports utilized [26, 27].

The lateral trans-abdominal approach is actually the
most widely practised since it provides a good exposure of
the adrenal gland and surrounding structures, and provides
to surgeon precise anatomic landmark with a safe control to
vascular structures. Moreover, it allows to treat other
abdominal pathologies simultaneously [22, 23].

The posterior retroperitoneoscopic approach, instead,
allows a direct access to the adrenal glands with a minimal
dissection of the surrounding structures and facilitates the
surgical procedure in case of peritoneal adhesions and
bilateral adrenalectomy, but has an important limitation
that consists in the small working space and for this reason
a large tumor size is indicated as the main limitation of this
technique [28].

The lateral retroperitoneoscopic adrenalectomy is com-
monly used by urologic surgeon due to the familiarity of
this technique with the laparoscopic nephrectomy. This
technique has the advantage of avoiding the peritoneal
cavity that facilitates the surgical procedure also in case of
peritoneal adhesions but has important limitations in tumor
size, in longer operating times and in the requiring of more
ports [29-31].

Anterior trans-abdominal adrenalectomy
The patient is placed in a supine position, the first entry in

the abdominal cavity is performed in the umbilicus and
three other additional trocars are placed in various

Table 2 Contraindications to laparoscopic adrenalectomy

Absolute Coagulopathy
Malignancy

Large size tumors over 12 cm in
diameter
Cardiopulmonary high risk patients
Relative Large size tumors
Obesity

Previous abdominal surgery

configurations. The operatory time of this procedure
comprises for the left adrenalectomy the elevation of the
transverse mesocolon, the identification of the ligament of
Treitz and the inferior mesenteric vein and the opening of
the posterior retroperitoneum. Subsequently, the dissection
proceeds inferiorly till to elevate the pancreas and inden-
tifying the left renal vein and the left adrenal vein. Then,
the dissection proceeds with the mobilization of the gland
inferiorly, medially, superiorly and laterally.

Lateral trans-abdominal adrenalectomy—right
flank

After performing anesthesia, the patient is placed in a left
lateral ‘‘decubitus’ position at a 50—60 angle to the opera-
tory room bed with a cushion under the left flank. The
patient’s flank is stretched using the electric operating room
beds by lowering the trunk and then the legs using the costal
arch as a fulcrum. In this way, the area of the adrenal gland
acquires a wider and more accessible surface area [32].

The first trocar of 10 mm is positioned 3 cm under the
costal arch at the level of the right anterior axillary line and
10 cm laterally with respect to the umbilical incision. The
second (10—12 mm) and third (5 mm) trocars are, respectively,
positioned about 4-5 cm to the right and left of the first trocar
and 1-5 cm from the costal arch. The fourth trocar is posi-
tioned in the paraxiphoid area and is used to retract the liver.

After the exploration of the abdominal cavity, in order to
maximize the dissection of the adrenal area, it is necessary
to mobilize the right liver with the resection of the right
triangular ligament. The first step consists of resecting the
posterior parietal peritoneum identifying the adrenal mass
and the inferior vena cava (IVC). Using blunt dissection
and electrocautery, the dissection proceeds creating a plane
between the adrenal gland and IVC and then proceeds
inferiorly until encountering the renal vein. The next steps
consist in the Ligation of the Medial Vein, the Dissection
of the Superior and Inferior Poles and the Posterior-Lateral
Dissection. In this way, the dissected gland could be
inserted into the laparoscopic sac and extracted through the
orifice of first trocar. Then, the hemostasis is performed
and a capillary drain is positioned in the adrenal area. After
removing the trocars under laparoscopic vision, the fascia
for the extraction trocar site is then closed [33, 34].

Lateral trans-abdominal adrenalectomy—Ileft flank

After performing anesthesia, the patient is placed in a lat-
eral right decubitus position with the help of a cushion that
is placed under the right flank. The operatory bed is then
angled to maximize the exposure of the space between the
costal margin and the iliac crest. The left arm is extended
and suspended.

@ Springer
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The first trocar of 10-mm is inserted in the subcostal
space at the anterior axillary line, the second and the third
ones, of 10 mm, are inserted about 7 cm on each side of the
first trocar below the costal margin. An optional fourth
trocar could be inserted below the first one, at a distance of
4-5 cm.

First of all, the mobilization of the splenic flexure to
move down the colon and the dissection of the
splenoparietal ligament to obtain a total mobilization of the
spleen are mandatory. It is important to dissect the poste-
rior surface of the spleen followed by the tail of the pan-
creas in order to retract them medially. The medial
reflection of the spleen and pancreas exposes the upper
pole of the kidney and the adrenal area. Using blunt dis-
section and electrocautery, the medial edge of the adrenal
gland is dissected from upper to lower pole. During this
phase, the left adrenal vein is isolated, clipped and divided.
Then, all the remaining attachments at the posterolateral
edge are dissected; in this way, the gland is mobilized and
inserted in a laparoscopic sac for the extraction through the
incision of the first trocar. Usually a drain tube is placed in
the adrenal area and the port site is closed.

Posterior retroperitoneoscopic adrenalectomy

The patient is in the prone position with the chest and the
abdomen supported by the Wilson frame that allows the
abdominal contents to be full anteriorly. A 1.5 cm trans-
verse incision is performed below the tip of the 12th rib,
and blunt and sharp dissection is used to reach the
retroperitoneal space. Using finger guidance, two 5-10 mm
trocars are placed 4-5 cm in the mid axillary line and
sacrospinalis muscle, respectively. The retroperitoneal
space is insufflated with 20-25 mmHg of CO, with a
balloon trocar in place in the middle port. The main
landmarks that surgeon have to identify are the superior
pole of kidney caudally, the paraspinous muscles medially,
and the posterior surface of liver (right) or spleen (left)
laterally. The adrenal gland must be mobilized, the adrenal
vein must be identified and ligated in a medial or infero-
medial position with clips or a hemostatic device and the
dissection can proceed laterally between the diaphragm and
the psoas.

Finally, the resected gland is extracted by means of
endoscopic specimen bags through the central trocar port.

Lateral retroperitoneoscopic adrenalectomy

The position of the patient is in a 60-90 degree angle with
tumor side up and with the table flexed as in the lateral
trans-abdominal approach. This technique involves the use
of 4-5 trocars. Anatomic landmarks that surgeons should
identify are the superior pole of the kidney, the parietal
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peritoneum, diaphragm, retroperitoneal fold, posterior
renal fascia, and psoas muscle. For this technique, the
operation is then performed in the same way as the pos-
terior retroperitoneoscopic adrenalectomy.

Robotic adrenalectomy

Due to the normal limits of laparoscopy such as the two-
dimensional view, an unsteady camera, the lack of a good
ergonomic setting and rigid instruments, the introduction of
robot-assisted surgery seems to overcome these limitations,
so much so that, actually, robotic-assisted adrenalectomy
has become an alternative to conventional laparoscopic
adrenalectomy. It was the 2001 when the first robotic
adrenalectomy was described by Horgan et al. [35], and
since then many studies reported the advantages of this
techniques mostly in obese patients and large tumors [36].
Conversely, it is important to consider the disadvantages of
this technique addressed by most authors to longer opera-
tory time, higher costs and the learning curve of the entire
surgical team [36-38].

Right robotic adrenalectomy

The patient is positioned supine with 20° tilting on the left
side. The pneumoperitoneum can be performed using a
Verres needle technique. This technique needs 5 trocars:
the first one for the optical camera is positioned on the
lateral side of the para-rectal line, above the umbilical
transverse line; three robotic ports then are placed along a
concave line and focused on the adrenal area. Another
auxiliary trocar is placed near the umbilicus. The main step
of this procedure comprises the mobilization of the right
colonic flexure and the dissection of the second portion of
the duodenum from the vena cava. The fourth robotic arm
is used to mobilize the right lobe of the liver for a better
exposure of the vena cava.

The gland is then mobilized with the help of bipolar,
hook or harmonic scalpel and the adrenal vein is dissected
with clips or stitches. The arterial vessels that go to the
adrenal gland are controlled with clips. The adrenal gland
is removed through an endobag and finally the robotic cart
is removed and the port sites are closed.

Left robotic adrenalectomy

The patient is positioned supine tilted at 20° on the right
side. The pneumoperitoneum can be performed using a
Verres needle technique. The trocar for the camera is
placed in the left upper quadrant, the second one laterally
in the left side, the third one in subcostal right and the
fourth one in approximately midline. Another auxiliary
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trocar is placed between the optical trocar and the left
lateral arm. The main step of this procedure comprises the
mobilization of the left colonic flexure, the exposure of the
retro cavity and the mobilization of the pancreatic tail. The
fourth robotic arm is used to gently lift the spleen for the
exposure of the adrenal area. The gland is then mobilized
with the help of bipolar, hook or harmonic scalpel and the
adrenal vein dissected with clips or stitches. Therefore, the
adrenal gland is detached from the fat of the renal capsule
and dissected by controlling the arterial adrenal branches.

The adrenal gland is removed through an endobag and
finally the robotic cart is removed and the port sites are
closed.

Single port adrenalectomy

Technically a trans-abdominal single port adrenalectomy
requires a 2-3 cm incision at the umbilicus for the place-
ment of a multiport device and the utilization of extra-long
instruments able to reach the adrenal gland. The right
adrenalectomy needs the help of an additional 2 mm
needlescopic port for the liver retraction.

Several authors reported the outcomes with single-in-
cision adrenalectomy [39—43] and some studies compared
the conventional laparoscopic approach with single port
adrenalectomy demonstrating no significant differences in
patient length of stay or morbidity and a small benefit in
cosmesis and postoperative pain but longer operative times
with single port laparoscopy [44—46]. Actually, data on this
approach remain limited and further researches are
necessary.

Open adrenalectomy

First described in 1889 by Thornton, the open adrenalec-
tomy has been for decades the only surgical approach to
adrenal diseases. Actually open adrenalectomy still
remains a possible technique in the presence of general or
specific contraindications to laparoscopy (a patient’s
inability to undergo pneumoperitoneum is an absolute
contraindication to laparoscopy) or when specific features
of the adrenal tumor require a safer procedure such as the
presence of large lesions (12 cm in diameter) or the pres-
ence of malignant tumor with the invasion of adjacent
structures.

Open adrenalectomy could be performed in different
possible accesses, by a transperitoneal approach (anterior,
median, transverse, subcostal), by an extrapleural-ex-
traperitoneal approach (lateral, posterior) and by a
transpleural-transdiaphragmatic approach (trans-thoraco-
abdominal).

Table 3 Comparison of different techniques for adrenalectomy

Open

Single port

Robotic

Laparoscopic

Lateral

Posterior

Lateral trans-
abdominal

Anterior trans-
abdominal

retroperitoneoscopic

retroperitoneoscopic

Allows treatment of large

Benefit in

3D vision

Safe in case of

Safe in case of

Good exposure of

Conventional

Advantages

adrenal lesions >12 ¢m in

diameter

cosmesis

adrenal glands abdominal abdominal

laparoscopic
view of

Seven degrees of freedom that

Lower

adhesions

adhesions

Precise anatomic

allows precise movements in
limited working spaces

Allows treatment of adrenal

postoperative

pain

No repositioning

landmark

abdomen

malignancy with local

invasion

needed for
bilateral

Safe control to

Major surgeon’s comfort

vascular
structures

intraoperatively

adrenalectomy

Post-operative ileus

Longer

Longer operatory times

Small working space Limitation in tumor

Longer operatory May be

Disadvantages

operative
times

size

challenging in
previously

times

Greater Post-operative pain

Higher costs

Large tumor size is

the main limitation Longer operating

Greater number

Laxity in flank muscles and

Surgical team learning curve

operated fields

flank numbness for

times

Not recommended

of ports utilized

extraperitoneal approaches

Require more ports

for obese patients
large size tumors—general contraindications to laparoscopy

Malignancy with local invasion:

Contraindications
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The choice of approach will depend on size, location,
possibility of malignancy, and surgeon experience with the
different techniques. Also the outcomes and morbidity of
open adrenalectomy vary with the pathology of the disease
and with the approach chosen. All approaches that limit the
access to the peritoneum decrease the rates of postoperative
ileus, while the extraperitoneal approaches are associated
with high rates of neuromuscular morbidity including
chronic pain (14%), laxity in flank muscles (30%), and
flank numbness (10%) [47].

Conclusions

In the adrenal gland surgery, it is important to consider that
a multidisciplinary approach which comprises surgeons,
anesthesiologists, endocrinologists, and oncologists plays
an important role in the management of patients and that
the success of the procedure is related also to surgeon
experience and hospital volume. Several approaches to
adrenal glands have been described in the literature, start-
ing from open adrenalectomy till laparoscopic adrenalec-
tomy and including robotic-assisted and single-incision
technique, and surgeons should choose the approach they
are most familiar with (Table 3).

Many studies confirmed that laparoscopic adrenalec-
tomy is safe, effective, decreases hospital stays, operative
blood loss, and wound complications and have similar
long-term outcomes if compared with open surgery; actu-
ally, in fact, is considered the gold standard for adrenal
diseases requiring surgery. The learning curve for laparo-
scopic adrenalectomy may be difficult due to the paucity of
these cases in general practice. Robotic adrenalectomy may
offer advantages if compared to laparoscopic adrenalec-
tomy for large tumors and in morbidly obese patients, but
the real benefits of this technique are not really clear
considering the high costs and longer operative times of
robotic procedure. In the same way, single port
adrenalectomy is technically feasible and safe in experi-
enced hands but offers little if any advantage over other
standard laparoscopic approaches to adrenalectomy.

Author contribution All authors contributed equally to this work:
Carlo Bergamini, Paolo Prosperi and Andrea Valeri collected data,
Giovanni Alemanno, Carlo Bergamini and Paolo Prosperi wrote the
manuscript, Giovanni Alemanno, Carlo Bergamini and Andrea Valeri
revised all the manuscript.

Compliance with ethical standards
Conflict of interest The authors certify that there is no actual or
potential conflict of interest in relation to this article and they state

that there are no financial interests or connections, direct or indirect,
or other situations that might raise the question of bias in the work

@ Springer

reported or the conclusions, implications, or opinions stated—in-
cluding pertinent commercial or other sources of funding for the
individual author(s) or for the associated department(s) or organiza-
tion(s), personal relationships, or direct academic competition.

Funding The authors state that no funding has been received for this
article.

Research involving human participants and/or animals This lit-
erary review does not contain any studies with human participants or
animals performed by any of the authors.

Informed consent For this type of study formal consent is not
required.

References

1. Prager G, Heinz-Peer G, Passler C, Kaczirek K, Schindl M,
Scheuba C et al (2002) Surgical strategy in adrenal masses. Eur J
Radiol 41(1):70-77

2. Gagner M, Lacroix A, Prinz RA, Bolte E, Albala D, Potvin C
(1993) Early experience with laparoscopic approach for
adrenalectomy. Surgery 114(6):1120-1124

3. Gagner M, Pomp A, Heniford BT, Pharand D, Lacroix A (1997)
Laparoscopic adrenalectomy: lessons learned from 100 consec-
utive procedures. Ann Surg 226:238-246

4. Brunt LM, Moley JF, Doherty GM, Lairmore TC, DeBenedetti
MK, Quasebarth MA (2001) Outcomes analysis in patients
undergoing laparoscopic adrenalectomy for hormonally active
adrenal tumors. Surgery 130:625-629

5. Heslin MJ, Winzeler AH, Weingarten JO, Diethelm AG, Urist
MM, Bland KI (2003) Laparoscopic adrenalectomy and
splenectomy are safe and reduce hospital stay and charges. Am
Surg 69:377-381

6. Joung WF Jr (2007) The incidentally discovered adrenal mass.
N Engl J Med 356:601-610

7. Bovio S, Cataldi A, Reimondo G et al (2006) Prevalence of
adrenal incidentaloma in a contemporary computerized tomog-
raphy series. J Endocrinol Invest 29:298-302

8. Zeiger MA, Thompson GB, Duh QY, Hamrahian AH, Angelos P,
Elaraj D et al (2009) The American Association of Clinical
Endocrinologists and American Association of Endocrine Sur-
geons medical guidelines for the management of adrenal inci-
dentalomas. Endocr Pract 15:1-20

9. Grumbach MM, Biller BM, Braunstein GD et al (2003) Man-
agement of the clinically inapparent adrenal mass (‘‘inciden-
taloma’’). Ann Intern Med 138(5):424-429

10. Abrams HL, Spiro R, Goldstein N (1950) Metastases in carci-
noma analysis of 1000 autopsied cases. Cancer 3(1):74-85

11. Barone M, Di Nuzzo D, Cipollone G, Camplese P, Mucilli F
(2015) Oligometastatic non-small cell lung cancer (NSCLC):
adrenal metastases. Experience in a single institution. Updates
Surg 67(4):383-387

12. Thompson GB, Grant CS, van Heerden JA, Schlinkert RT, Young
WF Jr, Farley DR, Ilstrup DM (1997) Laparoscopic versus open
posterior adrenalectomy: a case-control study of 100 patients.
Surgery 122:1132-1136

13. Brunt LM, Doherty GM, Norton JA, Soper NJ, Quasebarth MA,
Moley JF (1996) Laparoscopic adrenalectomy compared to open
adrenalectomy for benign adrenal neoplasms. J Am Coll Surg
183:1-10

14. Wu CT, Chiang YJ, Chou CC, Liu KL, Lee SH, Chang YH,
Chuang CK (2006) Comparative study of laparoscopic and open
adrenalectomy. Chang Gung Med J 29:468-473



Updates Surg (2017) 69:119-125

125

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Hallfeldt KK, Mussack T, Trupka A, Hohenbleicher F, Schmid-
bauer S (2003) Laparoscopic lateral adrenalectomy versus open
posterior adrenalectomy for the treatment of benign adrenal
tumors. Surg Endosc 17:264-267

Hemal AK, Kumar R, Misra MC, Gupta NP, Chumber S (2003)
Retroperitoneoscopic adrenalectomy for pheochromocytoma:
comparison with open surgery. JSLS 7:341-345

Stefanidis D, Goldfarb M, Kercher KW, Hope WW, Richardson
W, Fanelli RD (2013) Society of Gastrointestinal and Endoscopic
Surgeons. Surg Endosc 27(11):3960-3980

Smith CD, Weber CJ, Amerson JR (1999) Laparoscopic
adrenalectomy: new gold standard. World J Surg 23(4):389-396
Parnaby CN, Chong PS, Chisholm L et al (2008) The role of
laparoscopic adrenalectomy for adrenal tumours of 6 cm or
greater. Surg Endosc 22(3):617-621

Henry JF, Sebag F, lacobone M et al (2002) Results of laparo-
scopic adrenalectomy for large and potentially malignant tumors.
World J Surg 26(8):1043-1047

Gagner M, Lacroix A, Bolte E (1992) Laparoscopic adrenalec-
tomy in cushing’s syndrome and pheochromocytoma. N Engl J
Med 327:1033

Henry JF (2001) Minimally invasive adrenal surgery. Best Pract
Res Clin Endocrinol Metab 15:149-160

Gumbs AA, Gagner M (2006) Laparoscopic adrenalectomy. Best
Pract Res Clin Endocrinol Metab 20:483-499

Mercan S, Seven R, Ozarmagan S et al (1995) Endoscopic
retroperitoneal adrenalectomy. Surgery 118:1071-1076

Walz MK, Alesina PF, Wenger FA et al (2006) Posterior
retroperitoneoscopic adrenalectomy—results of 560 procedures
in 520 patients. Surgery 140:943-950

Perretta S, Campagnacci R, Guerrieri M, Paganini AM, De
Sanctis A, Sarnari J, Rimini M, Lezoche E (2005) Sub-mesocolic
access in laparoscopic left adrenalectomy. Surg Endosc
19:977-980

Lezoche E, Guerrieri M, Crosta F, Lezoche G, Baldarelli M,
Campagnacci R (2008) Flank approach versus anterior sub-me-
socolic access in left laparoscopic adrenalectomy: a prospective
randomized study. Surg Endosc 22:2373-2378

Walz MK, Petersen S, Koch JA et al (2005) Endoscopic treatment
of large primary adrenal tumours. Br J Surg 92:719-723

Lin Y, Li L, Zhu J, Qiang W, Makiyama K, Kubota Y (2007)
Experience of retroperitoneoscopic adrenalectomy in 195 patients
with primary aldosteronism. Int J Urol 14:910-913

Suzuki K, Kageyama S, Hirano Y, Ushiyama T, Rajamahanty S,
Fujita K (2001) Comparison of 3 surgical approaches to laparo-
scopic adrenalectomy: a nonrandomized, background matched
analysis. J Urol 166:437-443

Terachi T, Yoshida O, Matsuda T, Orikasa S, Chiba Y, Takahashi
K, Takeda M, Higashihara E, Murai M, Baba S, Fujita K, Suzuki
K, Ohshima S, Ono Y, Kumazawa J, Naito S (2000) Complica-
tions of laparoscopic and retroperitoneoscopic adrenalectomies in
370 cases in Japan: a multi-institutional study. Biomed Pharma-
cother 54(Suppl 1):211s-214s

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Gagner M, Lacroix A, Bolte E, Pomp A (1994) Laparoscopic
adrenalectomy: the importance of a flank approach in the lateral
decubitus position. Surg Endosc 8(2):135-138

Vargas HI, Walther MM (1996) Technique of transperitoneal
laparoscopic adrenalectomy. Tech Urol 2(3):154-158
Marescaux J, Mutter D, Wheeler MH (1996) Laparoscopic right
and left adrenalectomies: surgical procedures. Surg Endosc
10(9):912-915

Horgan S, Vanuno D (2001) Robots in laparoscopic surgery.
J Laparoendosc Adv Surg Tech A 11:415-419

Nordenstrom E, Westerdahl J, Hallgrimsson P, Bergenfelz A
(2011) A prospective study of 100 robotically assisted laparo-
scopic adrenalectomies. J Robot Surg 5:127-131

Winter JM, Talamini MA, Stanfield CL, Chang DC, Hundt JD, Dackiw
AP, Campbell KA, Schulick RD (2006) Thirty robotic adrenalec-
tomies: a single institution’s experience. Surg Endosc 20:119-124
Morino M, Beninca G, Giraudo G, Del Genio GM, Rebecchi F,
Garrone C (2004) Robot-assisted vs laparoscopic adrenalectomy:
a prospective randomized controlled trial. Surg Endosc
18:1742-1746

Rane A, Cindolo L, Schips L, De Sio M, Autorino R (2012)
Laparoendoscopic single site (LESS) adrenalectomy: technique
and outcomes. World J Urol 30(5):597-604

Ishida M, Miyajima A, Takeda T, Hasegawa M, Kikuchi E, Oya
M (2013) Technical difficulties of transumbilical laparoendo-
scopic single-site adrenalectomy: comparison with conventional
laparoscopic adrenalectomy. World J Urol 31(1):199-203

Jeon HG, Jeong W, Oh CK, Lorenzo EI, Ham WS, Rha KH, Han
WK (2010) Initial experience with 50 laparoendoscopic single
site surgeries using a homemade, single port device at a single
center. J Urol 183:1866-1871

Jeong BC, Park YH, Han DH, Kim HH (2009) Laparoendoscopic
single-site and conventional laparoscopic adrenalectomy: a mat-
ched case-control study. J Endourol 23:1957-1960

Chung SD, Huang CY, Wang SM, Tai HC, Tsai YC, Chueh SC
(2011) Laparoendoscopic single-site (LESS) retroperitoneal
adrenalectomy using a homemade single-access platform and
standard laparoscopic instruments. Surg Endosc 25:1251-1256
Agha A, Hornung M, Iesalnieks I, Glockzin G, Schlitt HJ (2010)
Single-incision retroperitoneoscopic adrenalectomy and single-
incision laparoscopic adrenalectomy. J Endourol 24:1765-1770
Walz MK, Groeben H, Alesina PF (2010) Single-access
retroperitoneoscopic adrenalectomy (SARA) versus conventional
retroperitoneoscopic adrenalectomy (CORA): a case-control
study. World J Surg 34:1386-1390

Shi TP, Zhang X, Ma X, Li HZ, Zhu J, Wang BJ, Gao JP, Cai W,
Dong J (2011) Laparoendoscopic single-site retroperitoneoscopic
adrenalectomy: a matched-pair comparison with the gold stan-
dard. Surg Endosc 25:2117-2124

Thompson GB, Grant CS, van Heerden JA, Schlinkert RT, Young
WE Jr, Farley DR, Ilstrup DM (1997) Laparoscopic versus open
posterior adrenalectomy: a case-control study of 100 patients.
Surgery 122(6):1132-1136

@ Springer



	Adrenalectomy: indications and options for treatment
	Abstract
	Introduction
	Indications for adrenalectomy
	Options for treatment
	Selection of patients for laparoscopic and open adrenalectomy

	Laparoscopic adrenalectomy
	Anterior trans-abdominal adrenalectomy
	Lateral trans-abdominal adrenalectomy---right flank
	Lateral trans-abdominal adrenalectomy---left flank
	Posterior retroperitoneoscopic adrenalectomy
	Lateral retroperitoneoscopic adrenalectomy

	Robotic adrenalectomy
	Right robotic adrenalectomy
	Left robotic adrenalectomy

	Single port adrenalectomy
	Open adrenalectomy
	Conclusions
	Author contribution
	References




