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Abstract

Minimally invasive endocrine surgery has well been es-
tablished, with minimally invasive adrenalectomy having a 
central role in the treatment of adrenal pathology. Robotic 
assisted adrenalectomy has become an alternative to con-
ventional laparoscopic adrenalectomy. Although, world-
wide, experience on robotic assisted adrenalectomy re-
mains still limited, there is. evidence suggesting that robotic 
assisted adrenalectomy is feasible and safe. However, the 
number of patients submitted to robotic assisted adrena-
lectomy is still limited with the majority of them being op-
erated for benign disease. Robotic assisted adrenalectomy 
for malignant disease i.e adrenocortical carcinoma, oncocy-
toma or metastasis has been performed in a limited number 
of patients. Robotic partial adrenalectomy seems to be a 
promising approach especially for the treatment of heredi-
tary and familial adrenal benign neoplasms. The advantages 
of robotic assisted adrenalectomy in the era of laparoscopic 
adrenalectomy have not been clearly delineated. A possible 
advantage could be that robotic assisted surgery elicits a 
mild surgical response instead of the well described surgical 
response, Surgical response affects surgical morbidity and 
mortality as well as oncological outcome of malignant dis-
ease. If this hypothesis is proved correct, robotic assisted 
adrenalectomy could be possibly indicated in the treatment 
of disease. In conclusion, robotic assisted adrenalectomy is 
feasible and safe. Further research is needed on the onco-
logical outcome of this minimally invasive technique as well 
as on its effect on surgical stress response.
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Introduction

Nowadays, laparoscopic adrenalectomy first described 
in 1992, is the gold standard procedure for the treatment of 
benign adrenal tumors as well as for the treatment of meta-
bolic disorders of the adrenal gland. In comparison with open 
surgery, laparoscopic adrenalectomy offers the advantages of 
less blood loss, less pain, fewer days of hospital stay as well as 
faster return to work and standard way of living [1-12]. There is 
still debate on the role of minimally invasive adrenalectomy in 
the treatment of malignant disease [7-9]. Despite of the above 
mentioned advantages, experience in laparoscopic adrenalec-
tomy remains still limited and the technique is performed in 
a few number of high volume hospitals worldwide, due to the 
drawbacks of the technique and the difficulties in technique 
training. Laparoscopic adrenalectomy is an advanced procedure 
of minimally invasive surgery and requires the development of 
certain skills as well as training in the standardized step by step 

technique. Given that virtual models of training in laparoscopic 
adrenalectomy are quite limited in conjunction with the rela-
tively restricted number of patients, experience in laparoscopic 
adrenalectomy is difficult to be obtained by a great number of 
surgeons. Robotic assisted adrenalectomy, first described in 
2000, is an alternative option to laparoscopic adrenalectomy, 
that offers the advantages of improved dexterity and visualiza-
tion due to stereoscopic view, greater magnification and greater 
range of motion. This chapter will provide a critical presentation 
of the current knowledge on the role of robotic adrenalectomy 
in the era of minimally invasive surgery. 

Surgical technique

Robotic assisted adrenalectomy can be performed by either 
transperitoneal or retroperitoneal approach [13]. There are a 
few non randomized studies comparing the two approaches. 
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Both of them have pros and cons. The choice of the approach 
largely depends on surgeon and center experience and prefer-
ence. 

The advantages of the transperitoneal approach include 
greater working space, better orientation through identification 
of anatomical landmarks and better visualisation of surrounding 
anatomical structures as well as greater versatility in the angles 
of approach of laparoscopic trocars and instruments. In the lat-
eral approach, peritoneal contents fall medially to give greater 
surgical exposure. In the supine position, both adrenal glands 
can be accessed without the need for intraoperative reposition-
ing. The main advantage of the posterior retroperitoneal ap-
proach is the avoidance of the peritoneal cavity. However, the 
main disadvantage of this approach is the limited working space, 
that increases the technical difficulties of the procedure. 

Right robotic assisted lateral transabdominal adrenalec-
tomy

Preoperative preparation, positioning of the patient, and 
creation of the port sites are performed following the same 
principles applied in the laparoscopic lateral transabdominal 
adrenalectomy. The patient is placed in the left lateral decubi-
tus position. Four trocars are used. After creating pneumoperi-
toneum with the Verres needle, the first, 12-mm camera port, 
is placed midway between the umbilicus and the right costal 
margin. Through this first port, the robotic scope is inserted and 
the abdomen is carefully inspected to rule out any accidental 
injuries. Then the remaining ports are placed under vision. Two 
robotic instrument ports, both 8 mm, are placed along a line 2 
fingerbreadths from the costal margin. A 10- mm liver retrac-
tion port is placed in the midline in the epigastrium. An acces-
sory 10/12 mm auxiliary port is occasionally placed near the 
umbilicus. 

The surgical steps are four, the same as in the laparoscopic 
right adrenalectomy and include (1) superomedial mobilization 
of the liver, (2) definition of the right adreno-caval junction, (3) 
division of the right adrenal vein and (4) dissection and removal 
of the adrenal gland circumferentially. At first, the procedure 
starts with laparoscopic exploration. Then the posterior perito-
neum is incised high along the under surface of the liver. The tri-
angular ligament as well as the anterior and posterior coronary 
ligaments are incised for the identification of the bare area of 
the liver. Vena cava is identified laterally and posteriorly to the 
gallbladder. Dissection proceeds laterally to medially until the 
identification of the lateral side of the inferior vena cava. The 
second portion of the duodenum is mobilized medially for the 
identification of the right kidney. The colon rarely needs signifi-
cant mobilization in the case of right adrenalectomy. Dissection 
along the anterior wall of the vena cava in a cephalad direction 
will release the right lobe of the liver. Handling the robotic mo-
nopolar hook, the surgeon at the console precisely dissects the 
vena cava along its lateral edge between the inferior vena cava 
and the liver. Helpful landmarks that allow the surgeon to be 
oriented in the surgical field include superior pole of the right 
kidney laterally the and the psoas muscle posteriorly. In the 
next step, the right adrenal vein is isolated and divided between 
clips applied by the on-site assistant at the origin of the inferior 
cava vein. Special attention is needed for the unique anatomy of 
the right adrenal vein. The right adrenal vein inserts posteriorly 
and superiorly in the inferior vena cava necessitating meticu-
lous dissection as bleeding may be difficult to be observed and 
controlled. 

 Then, the dissection of the periadrenal space is completed 
using the robotic hook as well as bipolar forceps that is intro-
duced from the auxiliary trocar. The specimen is delivered in a 
specimen retrieval bag.

Left robotic assisted lateral transabdominal adrenalectomy

The patient is placed in the right lateral decubitus position 
for the performance of left robotic assisted lateral transabdom-
inal adrenalectomy. Trocars are positioning following the mir-
ror image of that applied in the case of right robotic assisted 
adrenalectomy as described above. The operative steps repro-
duce those of the laparoscopic technique and include:

1. the division of the spleno-colic and freno-lienal liga-
ments, 

2. mobilization of the splenic flexure of the colon 

3. medial rotation of the spleen and pancreas, 

4. division of the left adrenal vein and 

5. dissection and specimen extraction. 

At first, the procedure starts with the exposure of the ab-
dominal cavity and laparoscopic exploration. Then, the robotic 
hook diathermy is used for the division of the spleno-colic and 
freno-lienal ligaments. Following this, the splenic flexure of the 
colon is refracted downward, while the spleen and pancreas are 
rotated medially. Dissection continues into the periadrenal fat 
and the following landmarks are identified: laterally, the supe-
rior pole of the kidney; medially the tail of pancreas and the 
splenic vessels, posteriorly the psoas muscle. and inferiorly, the 
left renal vein; In the meantime, the robotic monopolar hook 
and the laparoscopic bipolar forceps that is introduced via the 
auxiliary trocar, are alternated for the achievement of hemo-
stasis. After identification of the left adrenal vein, the vessel is 
divided between clips applied from the auxiliary trocar at the 
origin with the renal vein. Afterwards, dissection continues in 
the the adrenal space, and finally the specimen is captured in a 
specimen retrieval bag and delivered through the auxiliary port 
site.

Robotic assisted posterior retroperitoneoscopic adrenalec-
tomy

The patient is placed in a pronejack knife position. An optical 
trocar is introduced inferior to the 12th rib through an incision 
of 1 cm. Then the trocar is replaced with a dissecting balloon 
under direct view to generate a space. A 12 mm long trocar is 
placed in this space and carbon dioxide insufflation at 15 mmHg 
is maintained. Carbon dioxide pressure can be increased at 20 
mmHg, if there is a problem with exposure. Two 5mm trocars 
are introduced medially and laterally, as far away as possible 
from each other, attempting to prevent instrument collision. 
Laparoscopic ultrasound is used for the identification of the ad-
renal gland. Superior, lateral, and inferior dissections are per-
formed. Then the medial aspect and the vascular pedicle are 
dissected. The adrenal vein is divided either with the Harmonic 
scalpel or with clips via the

medial port. The specimen is removed in a specimen retriev-
al bag.

Robotic assisted adrenalectomy in benign disease

The indications for robotic assisted adrenalectomy include 
benign adrenal disease, i.e 
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non functioning adrenal adenoma•	

benign pheochromocytoma•	

aldosteronoma•	

Cushing syndrome•	

myelolipoma•	

Experience is still limited on the performance of robotic as-
sisted adrenalectomy in pregnant patients and women. Howev-
er, there are case reports of successful performance of robotic 
assisted adrenalectomy in these special populations. For exam-
ple , an uneventful robotic left transabdominal adrenalectomy 
for a right-sided pheochromocytoma has been described in a 
pregnant patient during second trimester of pregnancy [24]. 
In addition, robotic assisted radical adrenalectomy and lymph 
node dissection has been reported in a 15 month old infant. 

Robotic assisted adrenalectomy in malignant disease 

Although the role of robotic assisted adrenalectomy in malig-
nant disease, is not clearly defined, there are also case reports 
of robotic assisted adrenalectomy performed for adrenal carci-
noma, oncocytoma and adrenal metastasis [21,27]. Recently, a 
case report of robotic assisted thoracoscopic trandiaphragmat-
ic adrenalectomy for metastatic renal cell carcinoma has been 
reported. In published case series of robotic assisted adrena-
lectomy, the number of patients being operated for malignant 
disease is quite limited. For expamle, D'Annibale et al. [14] 
in a series of 30 patients being submitted to robotic assisted 
adrenalectomy, reported three patients treated for metastasis, 
one from lung cancer and two from colorectal carcinoma. There 
was one cancer related death 37 months after the operation, 
while the other patients were alive with systematic disease at 8 
and 29 months after the operation [14]. 

Intraoperative and postoperative complications complica-
tions

Robotic assisted adrenalectomy is safe in well experienced 
centers and surgeons. In a number of published case series, in-
traoperative and post-operative complications of the technique 
have been reported. In a series of 100 patients, Brunaud et al. 
[17], have reported three Clavien grade I complications includ-
ing two patients presenting with wound infections, one case of 
facial edema and seven grade II complications including three 
patients presenting with pneumonia, two patients presenting 
with urinary tract infection, one case of postoperative anemia 
and one case of hematoma [17]. In another series of 100 pa-
tients, Nordenstrom et al. [15] reported that thirteen patients 
had at least one perioperative complication Clavien grade II, in-
cluding bleeding in four patients, tachycardia in two patients, 
postoperative adrenal insufficiency in two patients, emphyse-
ma in one patient, confusion in one patient, hypotension in one 
patient, placement of urinary catheter in one patient, fever in 
one patient [15]. One case of capsular disruption in a patient 
with a 6 cm pheochromocytoma and one case of Clostridium 
difficile diarrhea were reported by Giullianotti et al. [16] in their 
series of 40 patients. Furthermore, a death due to myocardial 
infarction was reported in a patient treated for pheochromocy-
toma [16]. D'Annibale et al. [14] in a series of 30 patients have 
reported two intraoperative complications, one capsular distor-
tion of a large right adrenal mass and marked arterial instability 
in patient with left pheochromocytoma. In addition, the authors 
have reported three postoperative complications, one case of 
abdominal hematoma, one case of pneumonia and one case of 

myocardial infarction [14]. Winter et al, in a series of 30 patients 
reported no intraoperative complication and two postoperative 
complications including one patient suffering from prolonged 
postoperative ileus; another patient suffering from a brief

episode of hypoxemia that was likely due to a combination of 
bronchitis and atelectasis.

Robotic assisted partial adrenalectomy

Partial adrenalectomy has been suggested for patients with 
functioning and non functioning benign adrenal tumors espe-
cially in the case of hereditary syndromes, like multiple endo-
crine neoplasia type 2, Von Hippel–Lindau disease and neurofi-
bromatosis type I. Especially in patients with von Hippel Lindau 
multiple bilateral adrenal pheochromocytomas can develop. 

Minimally invasive partial adrenalectomy is a therapeutic op-
tion especially in patients with heritable pheochromocytoma, 
given that tumors are often bilateral, tumors are commonly be-
nign and severe morbidity and mortality may be associated with 
life-long steroid replacement therapy such as the possibly lethal 
Addisonian crisis . However, data are limited, follow up is not 
standardized and not appropriately reported and randomized 
controlled trials are difficult to be done due to the rarity of the 
disease. Current knowledge on robotic assisted adrenalectomy 
is derived from reported case series and case reports. 

The first robot-assisted partial adrenalectomy has been re-
ported by Julien et al. [44] in a patient with von Hippel-Lindau 
(VHL) disease treated for pheochromocytoma. Asher et al. [41] 
have published a series of 12 patients undergoing 15 cases of 
robotic partial adrenalectomy procedures for pheochromocyto-
ma. Ten of the patients had VHL disease, one patient had neu-
rofibromatosis type 1, and the other had bilateral pheochro-
mocytomas without a known genetic disorder. There was one 
conversion to open partial adrenalectomy due to severe adhe-
sions to the liver and repeated vena cava injuries. There was 
one Clavien grade 3 complication, one bile leak that required a 
temporary drain for 5 days. During a follow-up of 17.5 months, 
there were no recurrences and one patient required steroid 
supplementation [41]. Mannie et al. [40]. have reported a case 
series of three patients treated with robotic partial adrenalec-
tomy for pheochromocytoma, lipoadenoma and follicular lym-
phoid hyperplasia [40]. In addition one case report of a pediat-
ric patient with VHL treated with robotic partial adrenalectomy 
for pheochromocytoma has been published [43]. Kumar et al. 
[42] have published a case of robotic partial adrenalectomy for 
renal cell carcinoma adrenal metastasis in a patient previously 
treated with contralateral adrenalectomy for metastasis [42].

Drawbacks of the technique

Training in robotic assisted adrenalectomy as well as in ro-
botic partial adrenalectomy is not well standardized. Both tech-
niques demand thorough knowledge of anatomy and special 
skills that are difficult to be taught in the operating room. In 
addition the number of operations performed is not that large 
especially in hospitals that are not reference centers. In small 
countries reference centers in adrenal disease are difficult to 
be organized due to the limited number of patients. Thus, alter-
native methods of training are needed. Virtual reality simula-
tors could be a useful alternative model for the shortness of the 
learning curve.

The cost of robotic assisted surgery is another issue, that 
could be balanced if morbidity of the procedure is proved to 
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be lower than the morbidity associated with the laparoscopic 
adrenalectomy as well as if duration of hospitalization could be 
shorter in comparison with laparoscopic adrenalectomy. How-
ever, at the moment, the advantages of the technique in rela-
tion to laparoscopic adrenalectomy have not been proved. 

Conclusion

Robotic assisted adrenalectomy is feasible and safe. It is 
an alternative minimally invasive option for the treatment of 
benign adrenal disease. Further research is needed for defin-
ing the role of this approach in malignant disease as well as 
for delineating the possible advantages and limitations of the 
approach in comparison with the conventional laparoscopic 
adrenalectomy.
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