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Introduction

To date, adrenalectomy is the preferred method of 
treatment in a clear majority of patients with adrenal 
tumor. While historically open procedures were preferred, 
nowadays there are multiple minimally invasive options 
for adrenal gland surgery. After the first ever laparoscopic 
adrenalectomy in 1992, it has become the gold standard 
in the removal of adrenal tumors including hormone 
secreting adrenal tumors, large tumors with a suspicion for 
malignancy and isolated adrenal metastasis (1,2). Despite 
providing advantages including decreased the length of 
hospital stay, reduced postoperative pain and better cosmetic 
outcomes, laparoscopic surgery does not significantly 
overcome the cons of conventional technique yet (3,4). 
These drawbacks along with advancements in robotic and 
laparoscopic equipment lead to development of less invasive 
and possibly better techniques. After reaching a threshold of 
learning curve and experience, most surgeons seek for new 
techniques that are less invasive with better perioperative 

outcomes (5) such as laparoendoscopic single site surgery 
(LESS) and natural orifice transluminal endoscopic surgery 
(NOTES). 

According to the current literature, the use of LESS 
and NOTES in adrenalectomy has already been proven 
to be safe and feasible (6,7). Despite having no significant 
advantage in terms of blood loss and complications when 
compared to conventional multiport surgery (8,9) LESS 
enables better cosmetic appearance (9-12) and reduced 
postoperative pain (8,9). On the other hand, technical 
disadvantages including instrument clashing, suboptimal 
ergonomics and lack of instrument triangulation (13) 
drove the surgeons to search for better techniques and 
instrumentations.

Robotics have gained popularity during the last decades 
due to its advantages over laparoscopy such as 3D enhanced 
vision, articulated instrumentation, decreased tremor with 
improved dexterity and better surgeon comfort. Since the 
first robotic adrenalectomy was performed in 1999 (14), 
endocrine surgeons have increasingly utilized robots for 
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adrenal surgery. 
As the patients and surgeons desire more minimally 

invasive techniques, single incision robotic surgery became 
popular in recent years. The first single incision robotic 
surgery was performed in 2009 for prostatectomy by 
White et al. (15). From 2009 on, it has been widely used by 
many surgical specialties for hysterectomy, prostatectomy, 
colectomy and nephrectomy. Although in general surgery 
it is most commonly performed for cholecystectomy, single 
incision robotic adrenalectomy (SIRA) has also been getting 
popular day by day. It remains to be a current challenge 
in adrenal surgery, after it was done by Park et al. for the 
first time in 2011 using da Vinci robotic system (Intuitive 
surgical, Inc., Sunnyvale, CA, USA) (16). Although it has 
been 8 years, past, there is still scant data and debates about 
SIRA. Despite previously shown to be safe and feasible 
(13,17), lack of quality data from randomized controlled 
trials and prospective studies causes debate on oncologic 
results, cosmetic appearance and postoperative pain after 
SIRA. Our aim is to present and review the properties of 
SIRA including perioperative results, patient selection, 
learning curve, cost-effectiveness and its limitations as 
well as newly emerging single incision technologies in this 
review.

Patient selection

Appropriate patient selection is crucial when performing 
a new technique due to the surgeon’s lack of experience 
and early steps in the learning curve. During this 
period, wrong patient selection may lead to increased 
complications masking real outcomes. Due to absence of 
adequate data, there is still a controversy and no consensus 
on patient selection criteria for SIRA. Regarding this, 
Park et al. (18) suggest that surgeons who are performing 
SIRA at the beginning of their learning curve should avoid 
advanced cases such as obese patients (BMI >30) with 
large tumors (>2 cm) in addition to patients with proven 
malignant tumors. Due to the fact that this study (18) only 
evaluated the results of posterior retroperitoneal approach, 
their results might not be valid for lateral transabdominal 
surgery. On the other hand, in another study Lee et al. (17) 
claimed that SIRA is safe and feasible for patients with 
functioning and nonfunctioning tumors regardless of their 
BMI.

Different approaches like lateral transabdominal 
adrenalectomy and posterior retroperitoneal adrenalectomy 
also exist for SIRA, however, data comparing their results 

is still limited. Recently, Kan et al. (19) compared them 
subjectively in a case based manner as they presented 
2 cases with transabdominal and 1 case with posterior 
retroperitoneal approach. The authors claim that blood 
loss and operative time are similar in both approaches. 
While transabdominal approach enables easier orientation 
and localization of the tumor, this study they noted 
retroperitoneal approach would be more useful especially 
in obese patients, patients with enlarged liver and with a 
history of previous abdominal surgery (19).

Considering limited number of studies on SIRA, data 
from other specialties and techniques may show pros and 
cons of single incision robotic surgery. According to the 
results of a study on single incision robotic colectomy (SIRC) 
by Juo et al. (20) incisional hernia and conversion to open 
surgery was reported to be more common in patients with 
BMI >30, which lead the authors to change their selection 
criteria and operate only on patients with BMI <30. 

Perioperative outcomes

Perioperative outcomes such as estimated blood loss, 
operative time and conversion to multiport laparoscopic 
or open technique are important for the evaluation of 
SIRA. Regarding these outcomes, there is scarce data in 
the literature limited to case reports and small cohorts 
only. In a recent matched cohort study comparing 16 single 
port robotic assisted adrenalectomies with 16 laparoscopic 
adrenalectomies by Arghami et al. (13) it has been shown 
that both techniques have similar outcomes regarding 
operative time (183±33 vs. 170±40 mins, P=0.63) and 
estimated blood loss (576±377 vs. 618±372 mL, P=0.68). 
The authors also noted the superiority of SIRA in terms 
of shorter hospital stay and blood loss, however, these 
results were not statistically significant (P=0.23) (13). The 
conversion rate was comparable in both groups being only 
6% (13). Moreover, an important result of this study was 
the approximately 50% less narcotic analgesic requirement 
in SIRA group compared to the gold standard multiport 
laparoscopic surgery (P<0.001) (13). Furthermore, Lee 
et al. (17) investigated 33 patients and presented similar 
perioperative outcomes including operative time and length 
of hospital stay. In this study, the conversion rate was 
reported as 13% (17). 

Thus, when we analyze the outcomes of single incision 
laparoscopic adrenal surgery, there are various studies 
comparing SILS and multiport laparoscopic adrenalectomy. 
Although the initial studies showed longer operative times 
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for SILS groups, the recent studies which are generally 
performed by more experienced surgeons who have already 
reached their learning curves noted similar perioperative 
outcomes especially in terms of operative time and blood 
loss (6). Moreover, studies comparing both techniques 
noted no difference in terms of hospital stay (5,6). There is 
one recent meta-analysis with 704 patients in total, revealed 
no significant difference in operative time between study 
groups (5). On the other hand, Agcaoglu et al. (6) reported a 
significantly increased operative time in overweight patients. 
This can be very important especially in the selection of 
appropriate technique in this particular patient group. 
Taking these articles into account, we can at least say that 
decreasing number of incisions or ports does not worsen 
perioperative outcomes such as operative time, conversion 
rate and bleeding while decreasing the need of narcotics 
and enabling better cosmesis. In order to validate more 
promising results, the current literature is inadequate and 
new prospective randomized multicentric studies including 
larger patient groups are needed. 

	  

Learning curve 

Learning curve is defined as the number of operations 
required for a surgeon to reach to a level at which the 
surgical results are not inferior to the gold standard 
technique. Learning curve is important because it has been 
known to directly affecting operative time, estimated blood 
loss, conversion rates and postoperative complications. 
Already having been shown in the literature, many surgeons 
noticed decreased operative time as they increase their 
experience in the technique. In laparoscopic adrenal series, 
this learning curve ranges from 10 to 30 cases. In spite 
of the fact that there is ongoing disagreement for exactly 
how many operations are needed to reach a threshold in 
conventional robotic adrenalectomy, the learning curve is 
steep even for a surgeon with an experience in laparoscopic 
surgery (21). 

In the literature, the minimum number of operations 
required for reaching the cutoff point of the learning 
curve for multiport robotic adrenalectomy is reported 
approximately as 20 patients (22-24). There is only 
one study reporting the learning curve of SIRA which 
states a cutoff of 21 operations (17). This is comparable 
to conventional robotic multiport adrenalectomy (20) 
procedures. In this study, the difference in mean operative 
time between the first 7 cases and 7 cases after passing 
threshold was 21 minutes (17). There was also another 

important point that we should highlight. These studies 
have been performed by senior surgeons and tertiary 
centers, which might cause them to underpredict the real 
number of cases needed to overcome the learning curve. 

Even though adaptation to SILS is challenging and 
someone needs previous surgical expertise in multiport 
laparoscopy, we believe that this will be different for robotic 
system. In both robotic multiport and single incision 
techniques, the surgeon performs the same movement 
from the master slave console of the robotic system. 
Moreover, the new robotic model of Intuitive Surgery, Da 
Vinci Sp (Intuitive surgical, Inc., Sunnyvale, CA, USA) 
has more ergonomic design with a sing port preventing 
clashing of instruments while still allowing the same precise 
dissection with articulated instrumentation. Therefore, we 
think that the learning curve will not be as steep as SILS 
adrenalectomy.

 

Partial adrenalectomy (cortex sparing surgery)

Recently, organ preserving surgeries requiring finer 
work are becoming more popular. One of them is partial 
adrenalectomy, in which a part of adrenal cortex is spared 
to conserve adrenal function and eliminate the need 
for life long steroid replacement. Since robotic partial 
adrenalectomy was done by St Julien et al. (25) for the 
first time in 2006, numerous studies have proven its 
feasibility (26-28). Partial adrenalectomy offers comparable 
perioperative outcomes, complications and surgical outcome 
to the total removal of adrenal gland (29).

The success of this operation depends on complete 
exposure of the tumor, negative margins, full inspection 
of the gland for additional possible tumors and bleeding 
control (30). We believe that the properties of robotic 
system would improve the ability of the surgeon to do 
precise dissection which may help the surgeon to achieve 
better outcomes after partial adrenalectomy. 

To date, as far we know there is no cohort studies 
regarding the use of SIRA in partial adrenalectomy. Thus, 
we may only estimate its efficacy by utilizing its similarity 
to SILS adrenal series. In one of these studies, Ho et al. (30) 
reported on 11 patients and noted the feasibility and safety 
of SILS partial adrenalectomy. We can estimate that due 
to the proven successful results of multiport robotic system 
and SILS partial adrenalectomy, the results of SIRA would 
be composed of advantages of these two techniques ending 
in superior operative outcomes. 
Cost
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High cost is considered as the major disadvantage of robotic 
surgery in general. Because of expensive initial price of the 
robot, costly maintenance and expensive instruments, use 
of robot instead of laparoscopy costs around additional 
$1,000 (31,32). Several studies found out that it is valid 
also robotic adrenalectomy. According to Winter et al. (33) 
a patient undergoing robotic adrenalectomy are charged 
significantly more than those undergoing laparoscopic 
adrenalectomy. In contrast, according to Feng et al. (34) 
there is no statistically significant difference between costs 
of robotic and laparoscopic adrenalectomy. In this study, 
authors claimed that if the instrument usage is temperate 
and excessive usage is avoided, the cost may be significantly 
reduced (34). In addition, various authors reported that it 
is possible for high volume centers to decrease the costs of 
robotic surgeries (33,35).

As the current literature lacks data on SIRA, there is 
only one study reporting the cost of SIRA, which shows 
a 16% reduced price compared multiport laparoscopic 
adrenalectomy although the difference is not statistically 
significant. In this study, the authors mentioned the cause of 
reduced cost as shorter hospital stay after undergoing SIRA 
and decreased need for narcotic use (13).

Rationale for SIRA

Trocar related complications play an important clinical 
role in laparoscopic procedures and are seen in 0.1–10% 
of cases (36). These complications are categorized into 
2 groups as those happening upon trocar insertion and 
those happening after removal in the postoperative period. 
Those occurring upon initial trocar placement include 
injuries to major vessels or visceral organs as well as some 
other minor injuries. Complications occurring after trocar 
removal includes incisional hernias, bleedings and surgical 
site infections (37,38). As indicated in the literature, 
postoperative trocar related complications depend on 
operative time and size of the trocar (37). Decreasing one 
or both hypothetically would decrease these complications. 
On the other hand, by avoiding multiple trocars single 
port surgeries aim to decrease trocar related complications, 
trocar related pain and improve cosmetic results (39).

Although several authors reported no significant 
difference in operative time in single incision surgeries, Juo 
et al. (20) found increased rates of surgical site infections and 
incisional hernia when they compared outcomes of single 
incision robotic colectomy with laparoscopic colectomy.

Technical innovations 

Until 2019, all robotic models including Da Vinci S, Si, 
X, Xi had multiple surgical arms similar to laparoscopic 
surgery. Approved in 2018 by FDA and introduced to the 
market in 2019, Da Vinci Single Port (Sp) system has only 
one arm passing through a single 2.5 cm trocar containing 
the flexible camera and 3 articulated working arms. It has 
been reported to be used for nephrectomy, cystectomy and 
prostatectomy (40-42) in the past, however there are no 
cases of adrenalectomy, there is no report regarding Da 
Vinci Sp use in adrenalectomy. 

Conclusion

Single incision robotic adrenalectomy is safe and feasible 
and can be used more commonly with the development of 
Da Vinci Sp (Intuitive surgical, Inc., Sunnyvale, CA, USA). 
However, as the studies about SIRA in the literature are 
scarce, the pros and cons of this technique have not been 
established effectively. Therefore, there is still a strong need 
for prospective studies with higher number of patients to 
generate more reliable data.
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