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Introduction 

With the increased use of robotics in the operating theatre, 
robotic adrenalectomy has been adopted by many high-
volume tertiary centers as an alternative treatment to 
conventional laparoscopic adrenalectomy. In adrenal gland 
surgery, minimally invasive surgery has been proven being 
effective, compared to open adrenalectomy. It is accepted 
as the standard surgical method for the majority of adrenal 
masses. Robotic adrenalectomy is a safe, feasible and 
effective method, which is positioned as an option, since it is 
accepted as associated with a three-dimensional perception, 
a tremor-free surgery, improved moving capacity of the 
robotic arms with multi-articulation and precise camera 
control, increasing the ergonomics of this type of surgery (1).  
These advantages are useful, especially when meticulous 
dissection is warranted in a deep and narrow field. Overall, 

this robotic technology allows us to carry out complex tasks 
in a minimally invasive manner, with an expected faster 
learning curve than conventional laparoscopy. In adrenal 
surgery, the application of robotics has not gained that much 
popularity among surgeons. On the other hand, the “robotic 
endocrine surgeon” places robot-assisted adrenal surgery 
as a potential procedure largely supplanting conventional 
laparoscopic adrenalectomy. The aim of the present 
review is to give an overview of robotic adrenalectomy and 
summarize recent outcomes in this field. 

Surgical technique 

Preoperative preparation

Surgery is performed under general anesthesia. Preoperative 
preparation and positioning of the patient is the same as for 
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laparoscopic adrenalectomy. The transperitoneal approach 
provides greater working space, facilitates orientation by 
providing readily identifiable anatomical landmarks and 
better visualization of surrounding anatomical structures. 
The patient is placed in the left or right lateral decubitus 
position according the tumor location (left decubitus for 
right side adrenal tumor and right decubitus for left side 
tumor) and positioned in a slight Trendelenburg position. 
Extreme care is taken with pressure points and correctly 
padding them with pillows and foams. Four trocars are used 
for left adrenalectomy and one additional port used for 
right adrenalectomy to aid in liver retraction.

Setup of patient

Currently, robotic surgery is performed with the DaVinci 
Si or Xi robotic surgical systems (Intuitive Surgical Sarl, 
Aubonne, Switzerland). These systems consist of three-
arm robotic manipulator and remote-control surgical 
console. After positioning the patient, four or five trocars 
are used for the procedure. After entering the abdomen 
with open technique, following insufflation, one camera 
port (12 mm), two ports for the robotic arms (8 mm) and 
one port for manual assistance (12 mm) (and one additional 
port for right sided to aid in liver retraction) are placed. 
First the camera port (12 mm) is inserted above and lateral 
to the umbilicus, at the lateral border of the abdominal 

rectus muscle across from the 12th rib. After the first port 
insertion, the endoscope is inserted and the abdomen is 
carefully inspected to rule out any accidental injuries or in 
terms of other intra-abdominal masses.

After exploration, other ports are inserted under direct 
vision (Figure 1A,B). To avoid clashing between the robotic 
arms, the ports must be placed about 8–10 cm in distance 
from each other. The role of the assistant on the surgical 
table is to change the robotic instruments when necessary, 
to assist in dissection through the assistant’s port, to attach 
the clip to the adrenal vein or to seal with the vessel sealing 
device and to perform the wash & aspiration process. A 
30-degree endoscope is used for surgery.

Steps of surgery 

Left-sided robotic adrenalectomy
Left-sided robotic transabdominal adrenalectomy is 
performed with the patient in the right lateral decubitus 
position. For the perfect gland exposure, a complete medial 
colonic mobilization may be needed. After dividing the 
lateral adhesions of the spleen and splenorenal ligaments, 
the spleen, colon, and the pancreas are mobilized medially 
until the adrenal gland is clearly visualized. During this 
mobilization, attention should be paid to the tail of the 
pancreas. Dissection continues into the periadrenal fat in 
order to identify the following landmarks: inferiorly the 
left renal vein, laterally the superior pole of the kidney, 
medially the tail of the pancreas and splenic vessels and 
posteriorly the psoas muscle. Then the adrenal vein is 
carefully dissected and clipped by using the robotic clip 
applier or standard laparoscopic clips placed by the bedside 
assistant. A vessel sealer also can be used. For hemostasis 
control, before the mass is removed from the abdomen, it 
is advised to wait 3–4 minutes after the intra-abdominal 
gas is evacuated and re-check the operation site. After the 
adrenalectomy is complete, the robot is undocked, and 
the gland is removed using a specimen retrieval bag and 
delivered through the auxiliary port site. After the operative 
site is irrigated and suctioned, trocars are removed.

Right-sided robotic adrenalectomy
Right-sided robotic transabdominal adrenalectomy is 
performed with the patient placed in the left lateral 
decubitus position. On this, different than the left side, 
five trocars are used (one additional port to aid in liver 
retraction). The triangular ligament is divided via a robotic 
monopolar hook and the liver retracted with a laparoscopic 

Figure 1 Positioning of the patient and trocars for right (A) and 
left (B) adrenalectomy.

A

B
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retractor superiorly by the assistant to provide wide 
exposure of the inferior vena cava. Gerota’s fascia is incised 
at the level of the upper pole of the kidney. After the precise 
dissection of the vena cava and identify the major landmarks 
(laterally the superior pole of the right kidney, posteriorly 
the psoas muscle), the right adrenal vein is identified and 
divided after a clip or vessel sealer has been applied by the 
assistant. After completion of the dissection of the adrenal 
space with robotic hook, bipolar forceps and/or vessel 
sealer, hemostasis is controlled as in left adrenalectomy, and 
the gland is removed using a specimen retrieval bag.

Bilateral robotic adrenalectomy
Surgery of both adrenal glands as a single operation is 
possible, also for minimally invasive adrenalectomy. This 
can be carried out either retroperitoneally or peritoneally 
with the robotic surgical system. Repositioning is warranted 
in the peritoneal approached cases that will undergo a 
lateral decubitus positioning. For these cases, two ports (the 
assistant and most medial ports) can be used in common 
to avoid redundant trocar insertion. Details regarding 
trocar positioning and surgical technique for robot-assisted 
laparoscopic bilateral adrenalectomy have been described by 
us previously (2).

Postoperative care

After surgery, the patient is kept in the intensive care unit 
for a few hours. Antibiotics and prophylaxis for deep vein 
thrombosis are given according to hospital protocol to all 
patients. Pain control is performed using intravenous non-
opioid and intramuscular opioid analgesics. The vital signs 
and fluid balances of the patients are closely monitored for 
the first 24 hours. Oral intake of the patients will be started 
on the first day of surgery with clear liquids and gradually 
advanced to a normal diet. All patients are mobilized at  
8 hours postoperatively. The urethral catheter is generally 
removed on the first day and—if used—the drain is removed 
on the first or second day. Patients who do not develop 
additional complications are discharged on the 2nd or 3rd day 
after surgery.

Outcomes 

The benefit of robotic adrenalectomy compared to 
conventional laparoscopic adrenalectomy is still  a 
matter of debate. Although the literature seems to be 
fruitful especially for the last decade, it is lacking of 

high quality trials in terms of evidence-based medicine. 
Table 1 represents perioperative outcomes after robotic 
transabdominal adrenalectomy in some case studies (3-13).  
In this section, an overview of comparative assessment 
of robotic adrenalectomy and conventional laparoscopic 
adrenalectomy in terms of efficiency and cost will be 
presented. 

A controversy to be taken into consideration in minimal 
invasive adrenal gland surgery is whether the technique of 
posterior retroperitoneal approach or lateral transabdominal 
approach is a more appropriate method. Although the results 
of both techniques are similar, in 2013, the minimal surgical 
approach protocol of the American Society for Gastrointestinal 
and Endoscopic  Surgery  (SAGES)  has  prov ided 
recommendations regarding the surgical technique for 
adrenal gland pathologies for specific clinical conditions (14).  
These recommendations are:
 Retroperitoneal approach may result in shorter 

operative time and less complications in the 
presence of previous abdominal surgery;

 In patients undergoing bilateral adrenalectomy, 
the posterior retroperitoneal approach may be a 
more appropriate option because of the advantages 
of not having to re-position the patient during the 
operation;

 The lateral transabdominal approach in morbid 
obese patients (body mass index >35 kg/m2) and 
for large tumors (>6 cm) is more advantageous in 
terms of applicability compared to other surgical 
methods.

Although these recommendations help the surgeons 
in the surgical procedure, it is important to note that 
the most appropriate surgical technique is the surgeon’s 
most experienced technique. Regarding robotic surgery, 
Kahramangil  & Berber showed that both robotic 
approaches, retroperitoneal and transabdominal are equally 
safe and efficacious, based on their experience in 200 robotic  
adrenalectomies (15). 

In the literature, there are many studies comparing 
robotic and conventional laparoscopic adrenalectomy. 
There have been numbers of systematic reviews and meta-
analysis (16-19). Before focusing on the outcomes of these 
meta-analyses we should mention a few words regarding 
the learning curve for robotic adrenalectomy. Brunaud et al.  
defined the learning curve for transabdominal robotic 
adrenalectomy as 20 cases and found that the previous 
clinical experience and duration of first assistance are 
effective factors (4). 



S13Gland Surgery, Vol 8, Suppl 1 July 2019

© Gland Surgery. All rights reserved.   Gland Surg 2019;8(Suppl 1):S10-S16 | http://dx.doi.org/10.21037/gs.2019.01.09 

T
ab

le
 1

 C
as

e 
se

ri
es

 d
at

a 
fo

r 
ro

bo
tic

 a
dr

en
al

ec
to

m
y

C
as

e 
se

rie
s

P
at

ie
nt

 (n
)

M
ea

n 
tu

m
or

 
si

ze
 (c

m
)

M
ea

n 
op

er
at

iv
e 

tim
e 

(m
in

)

B
lo

od
 

lo
ss

 (m
L)

C
on

ve
rs

io
n

C
om

pl
ic

at
io

n 
[n

]
H

os
pi

ta
l 

st
ay

 (d
ay

s)
M

or
ta

lit
y,

 n

W
in

te
r 

(3
) [

20
06

]
30

2.
4

18
5

N
R

0
Ile

us
 [1

]; 
at

el
ec

ta
si

s 
[1

]
2

0

B
ru

na
ud

 (4
) [

20
08

]
10

0
2.

9
17

1
N

R
4 

C
O

A
;  

1 
C

LA
B

le
ed

in
g 

[3
]; 

cy
st

 r
up

tu
re

 [1
]; 

ur
in

ar
y 

in
fe

ct
io

n 
[1

]; 
w

ou
nd

 in
fe

ct
io

n 
[1

]; 
fa

ci
al

 e
de

m
a 

[1
]; 

pn
eu

m
on

ia
 [1

]

6.
4

0

G
iu

lia
no

tt
i (

5)
 [2

01
1]

42
5.

5
11

8
27

0
A

dr
en

al
 c

ap
su

la
r 

te
ar

 [1
]

4
1

N
or

de
ns

tr
öm

 (6
) 

[2
01

1]
10

0
5.

3
11

3
N

R
2 

C
O

A
;  

1 
C

LA
B

le
ed

in
g 

[4
]; 

ar
rh

yt
hm

ia
 [2

]; 
ad

re
na

l 
in

su
ffi

ci
en

cy
 [2

]; 
 

su
bc

ut
an

eo
us

 e
m

ph
ys

em
a 

[1
]

N
R

0

A
gc

ao
gl

u 
(7

) [
20

12
]

24
6.

5
15

9
N

R
1 

C
O

A
N

on
e

1.
4

0

A
ks

oy
 (8

) [
20

12
]

42
4.

0
18

6
50

0
U

rin
ar

y 
in

fe
ct

io
n 

[1
]; 

pn
eu

m
ot

ho
ra

x 
[1

]
1.

3
0

D
’A

nn
ib

al
e 

(9
) [

20
12

]
30

5.
1

20
0

<
50

1 
C

O
A

C
ap

su
la

r 
di

sr
up

tio
n 

[1
]; 

m
ar

ke
d 

ar
te

ria
l 

in
st

ab
ili

ty
 [1

]; 
ab

do
m

in
al

 w
al

l h
em

at
om

a 
[1

]; 
pn

eu
m

on
ia

 [1
]; 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n 
[1

]

5.
2

0

B
ra

nd
ao

 (1
0)

 [2
01

4]
30

3
12

0
50

0
H

yp
on

at
re

m
ia

 [1
]; 

po
st

op
er

at
iv

e 
bl

ee
d 

re
qu

iri
ng

 b
lo

od
 tr

an
sf

us
io

n 
[1

]; 
w

ou
nd

 in
fe

ct
io

n 
[1

]; 
at

ria
l f

ib
ril

la
tio

n 
[1

]

2
0

Le
e 

(1
1)

 [2
01

6]
33

N
R

23
4

39
2

5 
C

LA
;  

2 
C

O
A

Ile
us

 [1
]; 

ad
re

na
l i

ns
uf

fic
ie

nc
y 

[2
]

2.
8

0

M
or

el
li 

(1
2)

 [2
01

6]
41

N
R

17
7

N
R

N
R

P
ne

um
on

ia
 [1

]; 
ar

rh
yt

hm
ia

 [1
]

3.
3

0

G
re

ils
am

er
 (1

3)
 [2

01
8]

30
3

3.
6

89
N

R
1 

C
LA

;  
8 

C
O

A
In

ci
si

on
al

 h
er

ni
a 

[8
]; 

pa
rie

ta
l a

bs
ce

ss
 [5

]; 
re

na
l 

in
fa

rc
tio

n 
[1

]; 
he

m
at

om
a 

[2
]; 

pa
re

st
he

si
a 

[1
]; 

ch
ro

ni
c 

pa
in

 [4
]; 

ur
in

ar
y 

in
fe

ct
io

n 
[2

]; 
pu

lm
on

ar
y 

in
fe

ct
io

n 
[3

]; 
po

st
op

er
at

iv
e 

hy
po

te
ns

io
n 

[1
]; 

fa
ci

al
 o

ed
em

a 
[1

]

5.
5

0

M
ak

ay
 (u

np
ub

lis
he

d 
da

ta
)

76
4.

2
12

7
83

1 
C

LA
;  

2 
C

O
A

A
rr

hy
th

m
ia

 [1
]; 

at
el

ec
ta

si
s 

[1
]; 

ur
in

ar
y 

in
fe

ct
io

n 
[2

]; 
in

ci
si

on
al

 h
er

ni
a 

[4
]; 

ch
ro

ni
c 

pa
in

 [2
]

2.
4

0

N
R

, n
ot

 re
po

rt
ed

; C
O

A
, c

on
ve

rt
ed

 to
 o

pe
n 

ad
re

na
le

ct
om

y;
 C

LA
, c

on
ve

rt
ed

 to
 la

pa
ro

sc
op

ic
 a

dr
en

al
ec

to
m

y.



S14 Makay et al. Robotic adrenalectomy

© Gland Surgery. All rights reserved.   Gland Surg 2019;8(Suppl 1):S10-S16 | http://dx.doi.org/10.21037/gs.2019.01.09 

Complications

Complications associated with robotic adrenalectomy are 
hemorrhage, hematoma, wound infection, urinary tract 
infection, adjacent organ injuries, ileus, complications due to 
the laparoscopic procedure and atelectasis. The complication 
rate between the robotic and laparoscopic groups was 
similar in many studies. Besides, postoperative morbidity 
and mortality have been shown to be comparable to 
conventional laparoscopy (1). A recent comprehensive meta-
analysis, pooling 1,162 (747 robotic and 415 conventional 
laparoscopic) cases out of 27 studies, revealed that there 
was no significant difference between the robotic and 
the laparoscopic groups for intraoperative complications 
[odds ratio (OR): 1.20; 95% CI, 0.33–4.38], postoperative 
complications (OR: 0.69; 95% CI, 0.36–1.31), mortality 
(OR: 0.42; 95% CI, 0.07–2.72), conversion to laparotomy 
(OR: 0.51; 95% CI, 0.21–1.23) and conversion to laparotomy 
or laparoscopy (OR: 0.73; 95% CI, 0.32–1.69) (16).  
Data regarding complications was also supported by 
another detailed recent systematic review (19). In a paper 
carried out by Greilsamer et al., based on an experience of 
more than 300 robotic cases, independent risk factors for 
perioperative complications after robotic-assisted unilateral 
adrenalectomy were described as conversion to laparotomy 
and patient age. Tumor size >5 cm was the only predictive 
factor for conversion to laparotomy in that series (13).

Operative time

The publications that have longer operative time are 
publications in which the robotic technology is being used 
for the first time and the first experiences of the teams 
performing the work are reflected. A systematic review 
published in 2014 by Chai et al. compared robotic and 
laparoscopic adrenalectomy. There were six studies in 
accordance with the compilation criteria, and in the first 
two studies that matched the early stages of the use of 
robotic surgery, the operation time was longer in the robotic 
group, but in the other four studies, there was no significant 
difference between the groups in terms of operative time (20).  
In the more recent meta-analysis of Economopoulos et al.,  
there was a significantly longer operating time for patients 
treated with robotic adrenalectomy (16). Another recent 
meta-analysis, including 1,710 open and minimally 
invasive adrenalectomies, revealed that operative time was 
significantly shorter for open adrenalectomy than for the 
robotic approach and there were no differences were found 

between laparoscopic and robotic approaches (19).

Blood loss & hospital stay

According to an early systematic review, two studies 
reported lower blood loss for robotic adrenalectomy. In one 
of these, it was emphasized that robotic had less pain on the 
first postoperative day. While the length of hospitalization 
was similar in both groups, one study reported a shorter 
hospital stay in the robotic group (20).

In the meta-analysis and systematic reviews comparing 
the robotic adrenalectomy with laparoscopic adrenalectomy 
published in 2017, Agrusa et al. reviewed 13 papers that 
met the criteria and compared 798 patients, 379 of whom 
underwent robotic surgery and 419 of them underwent 
laparoscopic surgery. There was no significant difference 
in age, gender, laterality and tumor size between the two 
groups, whereas the robotic group had significantly less 
blood loss and shorter hospital stay (21). This was also the 
case in the review of Economopoulos et al. for hospital 
stay, but not for blood loss. In their analysis they report no 
significant difference between groups in terms of blood loss. 
It is important to mention that they pooled 1,162 cases (16). 
The meta-analysis of Heger et al. reports the superiority of 
robotic adrenalectomy, regarding blood loss and hospital 
stay, after pooling 1,710 cases out of 26 trials (19).  

Cost analysis

In a very recent study conducted by Feng et al., costs 
of 58 patients undergoing robotic adrenalectomy and  
64 patients undergoing laparoscopic adrenalectomy were 
calculated. According to this study, cost calculations were 
made on the anesthesia fee, procedure time and consumable 
fees. Calculated relative costs were $3,527 for the robotic 
procedure, while it was $3,430 for the conventional 
laparoscopic procedure (P=0.59). The average duration of 
anesthesia was 172.4 and 178.3 min (P=0.40) for the robotic 
and laparoscopic approach respectively, and the average 
operative time was 124.4 min for robotic surgery and 129.1 
min for laparoscopic surgery (P=0.50). The procedure time 
for the retroperitoneal approach was significantly shorter 
than the transabdominal approach for both robotic (101.2 
vs. 126.6 min, P=0.001) and laparoscopic group (104.4 
vs. 135.4 min, P=0.001). Average consumable prices were 
reported as $1,106 for robotic adrenalectomy and $1,009 for 
laparoscopic adrenalectomy (P=0.62). This study shows that 
anesthesia and procedure times for robotic adrenalectomy 
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are similar to those of laparoscopic adrenalectomy and that 
the cost of robotic surgery can be comparable to that of 
conventional laparoscopic surgery by limiting the number 
of robotic instruments and energy devices by an experienced 
surgical team (22). Bodner et al. reported adrenalectomy 
to be 1.5 times more expensive compared to laparoscopic 
adrenalectomy (23), while another study reported no 
difference in cost outcomes (3).

From a cost perspective, shortening the length of 
hospital stay, improving ergonomics for the surgeon and the 
good perioperative outcomes in some difficult cases such as 
presence of large masses, obesity, and history of abdominal 
surgery may reduce the additional costs associated with the 
robotic system.

Summary 

Robot-assisted adrenalectomy is a safe and effective 
treatment for the management of most adrenal masses. 
This is what comes out of the more than 200 published 
reports in the current literature. Compared to conventional 
laparoscopic surgery, cumulative level III evidence 
indicates similar rates of intraoperative and postoperative 
complications, similar operative times, less blood loss 
and decreased duration of stay. Definitive outcomes 
studies, including randomized controlled trials have yet to 
establish its benefits and costs relative to the conventional 
laparoscopic approach. 
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