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Abstract
Background  There is no consensus about the utility of using the robotic platform to perform a unilateral lateral transabdomi-
nal adrenalectomy in comparison with conventional laparoscopy. In some groups, obese patients (Body Mass Index > 30 kg/
m2) and patients with tumor size > 5 cm have been considered as good candidates for robotic adrenalectomy. However, 
evaluation of incidence and risk factors for perioperative complications is currently lacking in large series of patients. The 
aim of this study was to evaluate incidence and predictive factors for intraoperative (conversion and capsular rupture) and 
postoperative complications (morbidity) after unilateral robotic-assisted transabdominal lateral adrenalectomy.
Methods  From 2001 to 2016, consecutive patients undergoing unilateral lateral transabdominal robotic adrenalectomy were 
included in a prospectively maintained database and analyzed retrospectively (clinicaltrials.gov NCT03410394).
Results  A total of 303 consecutive patients were analyzed. Between the first and last 100 of patients, mean tumor size 
increased from 2.9 to 4.2 cm (p < 0.001) and mean operating time decreased from 99 to 77 min (p < 0.001). Postoperative 
complications occurred in 28 patients (9.2%) and no postoperative death was observed. Nine patients (3%) were converted 
to open laparotomy and capsular rupture was observed in nine patients (3%). BMI was not a significant risk factor for 
conversion, capsular rupture, or postoperative complication. Tumor size > 5 cm remained the only predictive factor for 
conversion to laparotomy (OR 7.47, 95% CI 1.81–30.75; p = 0.005). History of upper gastrointestinal surgery was the only 
predictive factor for capsular rupture (OR 13.6, 95% CI 2.33–80.03; p = 0.004). Conversion to laparotomy (OR 8.35, 95% 
CI 1.99–35.05; p = 0.003) and patient age (OR 1.039, 95% CI 1.006–1.072; p = 0.019) remained independent predictive 
factors for postoperative complications.
Conclusions  This study identified independent risk factors for perioperative complications after robotic-assisted unilat-
eral adrenalectomy. These factors should be taken into account when evaluating robotic-assisted transabdominal lateral 
adrenalectomy.
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Conventional laparoscopic adrenalectomy is the proce-
dure of choice for the surgical management of most benign 

unilateral adrenal tumors, with an overall postoperative com-
plication rate around 10% [1–5]. Widespread adoption of 
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robotic technology has positioned robotic adrenalectomy as 
an option in some medical centers with proof of feasibility 
and safety [6–11]. Nevertheless, no clear benefit from the 
use of the robotic platform has been validated in compara-
tive studies with conventional laparoscopic adrenalectomy. 
Some authors have considered patients with BMI > 30 kg/
m2, tumor size > 5 cm, and those with previous history of 
abdominal surgery as good candidates for robotic surgery [6, 
12]. Others have demonstrated that a laparoscopic approach 
is safe, even with tumors > 8 cm [13]. However, large series 
evaluating intraoperative and postoperative complications 
after robotic adrenalectomy are currently not available.

Since 2001, we have evaluated the use of the robotic plat-
form to perform laparoscopic surgical procedures on adrenal 
glands at the University of Lorraine [8, 12]. Consequently, 
data from a large number of consecutive patients that under-
went robotic-assisted adrenalectomy were available for anal-
ysis. The aim of this study was to determine incidence and 
predictive factors for intraoperative (conversion and capsular 
rupture) and postoperative complications (morbidity) after 
unilateral robotic-assisted adrenalectomy.

Methods

Patients

All consecutive patients who underwent a robotic unilat-
eral transabdominal adrenalectomy for any indication from 
November 2001 to September 2016 at University of Lorraine 
(Brabois Hospital) were entered into a prospective database 
and were included in this study. Patients were analyzed ret-
rospectively. Patients who underwent conventional laparo-
scopic adrenalectomy, bilateral or subtotal robotic adrenal-
ectomy, open adrenalectomy, and those with concomitant 
procedures at the time of adrenalectomy were excluded from 
analysis. The database and study design were approved by 
the institutional review board of Nancy Brabois Hospital. 
This cohort is registered under a specific CNIL French 
national number (Commission Nationale de l’Informatique 
et des Libertés) (CNIL No. 2015–34). Data from the first 
100 patients included in this study were previously published 
[12]. This cohort study was registered at clinicaltrials.gov 
as NCT03410394.

Medical management

All patients were managed at the University of Lorraine and 
underwent a complete preoperative checkup with discussion 
of each case during multidisciplinary meetings including 
endocrine medical and surgical specialists (weekly multi-
disciplinary endocrine conference). Consequently, the deci-
sion to operate was not surgeon dependent only. Surgical 

indications followed international standard set of criteria for 
deciding whether or not to operate [1, 2, 5]. When a surgical 
indication was decided, patients were preferentially operated 
on using the robotic system irrespective of surgical indica-
tions. In our group, conventional laparoscopic approach for 
adrenalectomy was only used when the robotic platform was 
not available. Suspicion or actual visualization of invasive 
malignancy was considered a contraindication to robotic sur-
gery. Patients with primary hyperaldosteronism were given 
potassium and antihypertensive medications preoperatively 
when needed. Some patients with pheochromocytoma were 
treated preoperatively by alpha and calcium channel block-
ade. Patients with hypercortisolism were supplemented 
postoperatively to prevent postoperative adrenal insuffi-
ciency. Nasogastric tube was used during the procedure and 
removed at the end of adrenalectomy. Patients were started 
on a clear liquid diet after surgery and advanced to regular 
as tolerated. Normal diet and mobilization were initiated the 
day of surgery.

Surgical procedure

Transabdominal lateral adrenalectomy was carried out with 
the patient in the lateral decubitus position. No antibiotic 
prophylaxis was given according to the current French 
guidelines for antibiotic prophylaxis [14]. Patients routinely 
received prophylaxis for deep vein thrombosis. The tech-
nique of robotic unilateral transabdominal adrenalectomy 
was described previously [15]. We used two main operating 
trocars (8 mm) and one optic trocar (12 mm) for robotic 
control. The fourth robotic arm was not used to minimize 
costs. One additional operating trocar was used routinely 
for the first assistant (5 mm). A second additional operat-
ing trocar was used when needed during the dissection to 
improve surgical field exposure (5 or 10 mm). When neces-
sary, conversion to laparotomy was performed via an ipsi-
lateral subcostal incision without patient repositioning. All 
surgical procedures were performed by one of the five differ-
ent surgeons: three senior surgeons defined as surgeons per-
forming more than six adrenalectomies per year (individual 
experience > 30 adrenalectomies) and two junior surgeons 
defined as surgeons supervised by a senior surgeon (indi-
vidual experience < 30 adrenalectomies). Surgeon’s first 
assistant skills varied from 1 (junior resident) to 4 (gradu-
ated junior surgeon) [8]. Patients were ranked in two groups 
according to the date of surgery (from 2001 to 2010 vs. from 
2011 to 2016) because half of the patients were enrolled 
prior to 2011.

Clinical outcomes

A postoperative complication was defined as an unexpected 
or undesired postoperative course. All medical or surgical 
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complications were collected and stratified according the 
Clavien–Dindo classification, including complications that 
did not lead to re-hospitalizations [16]. Variables analyzed 
were demographic data, body mass index (BMI), American 
Society of Anesthesiologists (ASA) grade, morphologic and 
hormonal characteristics of adrenal tumor, surgical indica-
tions, history of previous ipsilateral upper mesocolic or 
retroperitoneal surgical procedure, adrenal tumor diameter 
on pathology, intraoperative variables, postoperative param-
eters and outcomes, and histological diagnosis. In patients 
with Cushing disease, we included patients who underwent 
a unilateral adrenalectomy only. Operative time was defined 
as duration in minutes from skin incision to skin closure, 
including robotic cart docking [8, 12].

Statistical analyses

Results were reported as mean + standard deviation (quan-
titative data) or as percentages (qualitative data). Univari-
ate analyses and multivariable logistic regression analyses 
were performed to identify independent predictive factors 
for intraoperative (conversion, capsular rupture) and post-
operative complications. Odds ratios were calculated using 
logistic regression. Fisher’s exact test was used to compare 
differences in discrete or categorical variables, and the Stu-
dent’s t test was used for continuous variables. Statistical 

analyses were performed using R software version 3.2.5. 
A difference was considered statistically significant when 
p < 0.05.

Results

From November 2001 to September 2016, 303 consecutive 
patients underwent a robotic transabdominal unilateral total 
adrenalectomy. Flow chart of patients undergoing robotic 
surgery at University of Lorraine during the same period 
is shown in Fig. 1. Overall, adrenal surgical procedures 
accounted for 27% of all robotic surgical procedures per-
formed during the same period at this institution. During the 
same period, 19 patients underwent a conventional laparo-
scopic unilateral adrenalectomy and were excluded. Simi-
larly, 68 patients underwent an open adrenalectomy and were 
excluded. Mean age was 53.2 ± 13.6 (range 17–84) years. 
Mean BMI was 27.5 ± 5.3 (range 14–44.5) kg/m2 and 53.5% 
of patients were women (n = 162). ASA scores were as fol-
lows: grade I in 19 patients (6.3%), grade II in 192 patients 
(63.4%), grade III in 89 patients (29.4%), and grade IV in 3 
patients (0.9%). Nine patients (3.0%) had a previous history 
of ipsilateral upper mesocolic or retroperitoneal surgical pro-
cedure: cholecystectomy in four patients, hiatal hernia repair 

Fig. 1   Flowchart of patients



805Surgical Endoscopy (2019) 33:802–810	

1 3

in two patients, pancreatic necrosectomy in one patient, and 
laparotomy for perforated ulcer in one patient.

Mean tumor diameter was 3.6 ± 2.2 (range 0.3–14.5) cm 
and most of the resected adrenal glands (176 patients) were 
on the left side (58.1%). When comparing the first and last 
100 of patients, we observed that mean tumor size increased 
significantly from 2.9 + 1.9 to 4.2 + 2.4 cm (p < 0.001). Mean 
adrenal weight was 45.7 ± 56.5 (range 6–550) g. Clinical 
and pathological data are reported in Table 1. Mean opera-
tive time was 88.9 ± 26 (range 34–310) min. Mean operating 
time decreased significantly from 99 + 36 min in the first 
100 cases to 77 + 40 min in the final 100 cases (p < 0.001). 
A significant correlation was observed between tumor diam-
eter and operative time (p < 0.001; r = 0.07). This correlation 
showed that for every 1 mm increase in tumor diameter, it 
took on average an extra 6.2 min to perform the case (total 
operating time) (Fig. 2). No significant correlation was 
observed between patient’s BMI and total operative time 
(p = 0.737).

Intraoperatively, capsular rupture was observed in nine 
patients (3.0%) and six of them (67%) were within the first 
100 patients. Corresponding pathologies were mainly Conn’s 
adenoma on the left side (four patients) and pheochromocy-
toma (three patients) (Table 2). Intraoperative surgical dif-
ficulties without the need for conversion were observed in 
38 patients (12.5%) and corresponding causes were diffuse 
bleeding (8 patients), local adhesions (6 patients), small vas-
cular injury (6 patients), technical problems with the robotic 
system (5 patients), splenic small injury without splenec-
tomy (5 patients), need for an additional trocar (2 patients), 
pneumoperitoneum leakage (2 patients), diaphragmatic 
injury (2 patients), intraoperative hemodynamic instability 

during pheochromocytoma resection (1 patient), and diffi-
cult surgical exposure (1 patient). Nine (3.0%) patients were 
converted (8 to laparotomy and 1 to laparoscopy) and main 
causes for conversion were intraoperative bleeding and need 
for adhesiolysis (Table 3).

Postoperative complications were observed in 28 patients 
(9.2%). Medical complications occurred in 7 patients (2.3%), 
and surgical complications in 21 patients (6.9%) (Table 4). 
A reoperation for severe complications (Clavien > 3b) was 
needed in 3 patients (1%). Two patients had organ injuries: 
one patient with splenic injury managed using hemostatic 
gauze application and one patient with colonic necrosis who 
underwent a colectomy. The last patient had a strangulated 
incisional hernia (trocar) with the need for an urgent reoper-
ation after adrenalectomy. There was no postoperative death. 
Mean hospital stay (including the day of arrival before sur-
gery) was 5.5 ± 1.9 days (range 2–30) in all patients.

In univariate analysis, we observed that the need for 
conversion was associated with larger tumor size (diam-
eter > 5 cm) and longer mean operative time (Table 5). Sim-
ilarly, we observed that capsular ruptures were more fre-
quently observed in patients with a previous history of upper 
mesocolic or retroperitoneal surgical procedure (Table 6). 
Lastly, we observed that postoperative complications 
occurred more frequently in patients older than 65 years of 
age, or those who underwent conversion (Table 7).

In multivariable logistic regression analysis, this study 
showed that tumor diameter > 5 cm was the only predic-
tive factor for the need for conversion (OR 7.47, 95% CI 
1.81–30.75; p = 0.005); while history of upper gastrointes-
tinal surgery was the only remaining predictive factor for 
capsular rupture (OR 13.6, 95% CI 2.33–80.03; p = 0.004). 
The need for conversion (OR 8.35, 95% CI 1.99–35.05; 
p = 0.003) and patient age (OR 1.039, 95% CI 1.006–1.072; 

Table 1   Clinical data and pathology in all patients (n = 303)

a Weiss score 2 (2 patients), Weiss score 3 (3 patients), Weiss score 4 
(1 patient), and Weiss score 5 (2 patients)

Pathology Patients (n) Side (left/right)

Conn’s adenoma 86 (28.4%) 57/29
Pheochromocytoma 84 (27.7%) 38/46
Non-functional adenoma 55 (18.2%) 27/28
Cushing’s adenoma 32 (10.6%) 16/16
Cushing’s disease 11 (3.6%) 5/6
Metastasis 10 (3.3%) 7/3
Adrenocortical carcinomaa 8 (2.3%) 3/5
Hematoma 5 (2%) 0/5
Adrenal cyst 3 (0.9%) 2/1
Myelolipoma 3 (0.9%) 1/2
Schwannoma 3 (0.9%) 2/1
Androgen-producing adenoma 1 (0.3%) 1/0
Leiomyosarcoma 1 (0.3%) 1/0
Lymphoma 1 (0.3%) 1/0

Fig. 2   Correlation between tumor diameter and total operating time
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p = 0.019) remained independent predictive factors for over-
all postoperative complications (Clavien grade 1–4), as well 
surgery-specific complications (OR 17.3, 95% CI 2.5–119.2; 
p = 0.004) and (OR 1.089, 95% CI 1.023–1.159; p = 0.007), 
respectively. However, no significant factor was associated 
with postoperative medical complications.

Discussion

Laparoscopic adrenalectomy is regarded as the preferred 
surgical approach for the management of most adrenal sur-
gical disorders [1–3, 5]. However, adoption of robotic tech-
nology has positioned robotic adrenalectomy as an option 
in some medical centers. Robotic adrenalectomy is not a 
new surgical procedure but consists of placing a computer 
interface between patient and surgeon in order to optimize 
the feasibility and quality of conventional laparoscopic adre-
nalectomy [6, 7, 11, 12, 15, 17]. Assessment of new surgi-
cal practices is complex and challenged by factors depend-
ing on operator, team, learning curves, quality variations, 
and perception of clinical utility [18, 19]. In this matter, 
international recommendations for the assessment of surgi-
cal innovations encourage the use of prospective databases 
first. Randomized trials are implemented later to investigate 

Table 2   Details for patients 
with intraoperative capsular 
effraction

Rank Gender (F/M) Age (years) BMI (kg/m2) Side (L/R) Size (cm) Pathology

9 F 31 42.6 R 1.0 Cushing’s disease
25 M 67 27.8 L 0.9 Conn’s adenoma
27 M 59 30.1 L 3.0 Pheochromocytoma
38 F 24 18.9 R 7.5 Pheochromocytoma
90 M 68 22.1 L 2.5 Conn’s adenoma
100 M 41 24.6 L 2.0 Conn’s adenoma
145 F 61 28.2 R 5.0 Pheochromocytoma
157 M 41 22.6 R 3.0 Cushing’s adenoma
195 M 53 34.6 L 1.1 Conn’s adenoma

Table 3   Details for converted patients

a Conversion to conventional laparoscopy

Rank Gender (F/M) Age (years) BMI (kg/m2) Side (L/R) Size (cm) Pathology Reason

3a F 34 24.7 L 4.0 Cushing’s adenoma Technical
11 F 31 42.6 R 1.0 Cushing’s disease Bleeding
29 M 52 30.7 L 2.0 Non-functional incidentaloma Bleeding
30 M 66 21.0 L 6.0 Pheochromocytoma Bleeding
64 M 79 28.6 R 7.0 Pheochromocytoma Adhesion
150 M 80 23.4 L 10.0 Pheochromocytoma Adhesion
163 F 56 30 L 5.5 Schwannoma Adhesion
207 F 54 24.5 L 6.0 Leiomyosarcoma Adhesion
276 M 62 22.3 R 9.5 Pheochromocytoma Adhesion

Table 4   Postoperative complications according to Clavien–Dindo 
classification

a With no need for reoperation

Number 
of patients 
(%)

Complications (Clavien–Dindo) 28 (9.2%)
 Grade I 13
 Grade II 11
 Grade III 3
 Grade IV 1
 Grade V 0

Surgical complications 21 (6.9%)
 Incisional hernia 8
 Parietal abscess 5
 Renal infarctiona 1
 Hematoma 2
 Paresthesia 1
 Chronic pain 4

Medical complications 7 (2.3%)
 Urinary infection 2
 Pulmonary infection 3
 Postoperative hypotension 1
 Facial oedema 1
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efficacy, but adequate pre-trial data are essential to allow 
power calculations, clarify indications, and develop qual-
ity measures [19]. This monocentric series of 303 consecu-
tives patients who underwent robotic-assisted unilateral 
adrenalectomy is the largest to date and provides data about 
intraoperative complications (capsular rupture, conversion) 
and risk factors for postoperative complications. In order to 
avoid potential bias, all patients with bilateral or subtotal 
robotic adrenalectomy as well as patients with concomitant 
procedures at the time of adrenalectomy were excluded from 
analysis.

Although previous series are scarce, this study con-
firmed that the use of the robotic system does not preclude 
the incidence of capsular rupture [11, 20]. The observed 
rate of capsular rupture was around 3% and was similar to 
previous large series evaluating conventional laparoscopic 

adrenalectomy [1, 2, 21]. We found that surgeons early in 
their robotic learning curve, left Conn’s adenoma (small 
tumor on the left side) and large tumor were frequently 
observed factors in patients with capsular rupture. We have 
shown that history of previous ipsilateral upper mesocolic or 
retroperitoneal surgical procedure is an independent predic-
tor for this intraoperative complication, in contrast to data 
suggesting no increase in complications of laparoscopy for 
patients with prior abdominal surgery [22]. Limiting the risk 
of capsular rupture is essential in cases of both benign and 
malignant lesions, especially adrenocortical carcinoma [5, 
23, 24]. Although no capsular rupture and no conversion 
was observed among the eight patients with adrenocortical 

Table 5   Criteria associated with the need for conversion (univariable 
analysis)

Num-
ber of 
patients

Number of events 
(%)

Conversion

Odds ratio p value

BMI (kg/m2)
 ≥ 30 81 2 (2.5%) 1.29 (0.24–12.93) 1
 < 30 222 7 (3.2%)

Duration of surgery
 ≥ 120 51 8 (15.7%) 45.82 (5.90–

2054.76)
0.001

 < 120 252 1 (4.0%)
Side
 Left 176 5 (2.8%) 1.76 (0.37–9.05) 0.499
 Right 127 4 (3.1%)

Pheochromocytoma
 Yes 83 4 (4.8%) 2.17 (0.42–10.37) 0.264
 No 220 5 (2.3%)

Hypercortisolism
 Yes 43 2 (4.7%) 1.76 (0.17–9.68) 0.620
 No 260 7 (2.7%)

Age (years)
 ≥ 65 62 2 (3.2%) 0.90 (0.17–9.08) 1
 < 65 241 7 (2.9%)

ASA score
 I–II 211 5 (2.4%) 1.87 (0.36–8.91) 0.462
 III–IV 92 4 (4.3%)

Tumor diameter (cm)
 ≥ 5 67 6 (9.0%) 7.57 (1.56–48.05) 0.0459
 < 5 236 3 (1.3%)

Before or after 2010
 Before 142 4 (2.8%) 1.43 (0.30–7.36) 0.739
 After 161 5 (3.1%)

History of upper mesocolic or retroperitoneal surgery
 Yes 9 0 1.23 (0.027–9.82) 1
 No 294 9 (3.1%)

Table 6   Criteria associated with intraoperative capsular effraction 
(univariable analysis)

Num-
ber of 
patients

Number of events 
(%)

Capsular effraction

Odds ratio p value

BMI (kg/m2)
 ≥ 30 81 3 (3.7%) 1.44 (0.23–6.93) 0.701
 < 30 222 6 (2.7%)

Duration of surgery
 ≥ 120 51 3 (5.9%) 2.55 (0.40–12.45) 0.180
 < 120 252 6 (2.4%)

Conversion
 Yes 9 1 (11.1%) 4.43 (0.090–40.97) 0.240
 No 294 8 (2.7%)

Side
 Left 176 5 (2.8%) 1.11 (0.22–5.28) 1
 Right 127 4 (3.1%)

Pheochromocytoma
 Yes 83 3 (3.6%) 1.34 (0.21–6.44) 0.709
 No 220 6 (2.7%)

Hypercortisolism
 Yes 43 2 (4.7%) 1.48 (0.15–8.16) 0.644
 No 260 7 (2.7%)

Age (years)
 ≥ 65 62 2 (3.2%) 1.11 (0.11–6.05) 1
 < 65 241 7 (2.9%)

ASA score
 I–II 211 7 (3.3%) 0.65 (0.065–3.50) 0.728
 III–IV 92 2 (2.2%)

Tumor diameter (cm)
 ≥ 5 67 2 (3.0%) 1.00 (0.10–5.46) 1
 < 5 236 7 (3.0%)

Before or after 2010
 Before 142 6 (4.2%) 2.32 (0.48–14.59) 0.314
 After 161 3 (1.9%)

History of upper mesocolic or retroperitoneal surgery
 Yes 9 2 (22.2%) 8.94 (0.80–57.29) 0.037
 No 294 7 (2.4%)
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carcinoma, we acknowledge that this study was not designed 
to address this specific issue and did not allow to compare 
with conventional laparoscopy. A robotic-assisted approach 
can be used in patients with preoperative determined tumors 
< 10 cm without evidence of local invasion or enlarged 
lymph nodes, as shown in a recent multicenter study [21].

Here, we have confirmed that robotic-assisted lateral 
transabdominal adrenalectomy procedures were completed 
with no mortality, and low rates of conversion to open sur-
gery and postoperative morbidity, emphasizing the safety 
and efficacy of this approach [11]. However, we described 47 
intraoperative incidents corresponding to 38 intraoperative 

surgical difficulties without the need for conversion (12.5%) 
and 9 conversions (3.0%). Bleeding and the need for adhe-
siolysis were two main indications for conversion during 
robotic-assisted adrenalectomy, similar to those reported 
during conventional laparoscopic adrenalectomy [1–3]. 
Notably, the lesion diameter was identified as an independ-
ent predictor of outcome. There was a significant positive 
correlation observed between tumor diameter and operative 
time. Furthermore, this study showed for the first time that 
larger tumors (diameter > 5 cm) are an independent predic-
tor for conversion during robotic-assisted adrenalectomy. 
As reported with conventional laparoscopic adrenalectomy, 
converted patients in this study had longer mean operative 
time and higher rate of postoperative complications [1–3]. 
Additionally, we believe that these data about capsular rup-
ture and conversion support the fact that patients with adre-
nal lesions larger than 5 cm should be managed in an expert 
center with or without the use of a robotic platform.

In terms of morbidity, this study showed that postopera-
tive complications rate was about 10%. This was similar to 
recent large studies (> 300 patients) evaluating conventional 
laparoscopic adrenalectomy (from 4.6 to 11.5%) [1–3, 5, 
25]. Consequently, this study data do not support previ-
ous meta-analyses concluding that robotic group patients 
may be associated with lower postoperative complication 
rate [7, 11]. Furthermore, this study showed that patient’s 
age > 65 years and the need for conversion remained two 
independent predictors for postoperative complications 
after robotic adrenalectomy. Four independent predictors 
for intraoperative and postoperative complications were 
identified in this study (history of previous ipsilateral surgi-
cal procedure, tumor size, patient’s age, and conversion): 
we believe that these criteria should be controlled in future 
studies to avoid potential bias.

This study showed that mean tumor size significantly 
increased while mean operative time decreased during 
this study period. This observation could be explained by 
patient’s selection during early experience, learning curve, 
and increased regional referral pattern over time. The role 
of robotic adrenalectomy in obese patients is controversial 
[6, 9]. In this study, 82 patients (28%) had a BMI > 30 kg/
m2 and obesity was not significantly correlated with opera-
tive time or perioperative complications. While this could 
be considered an advantage of the robotic approach, it 
is important to note that a recent large series evaluating 
conventional laparoscopic adrenalectomy reported similar 
patterns [2]. Lastly, mean total operative time observed in 
the last 100 of patients (77 min) does not support previous 
series concluding that robotic adrenalectomy had a signifi-
cantly longer operative time [11, 17]. Difficult dissections 
during left robotic adrenalectomy have also been reported 
but was not supported by this study data [26]. Overall, we 
believe that this study is unique in that it includes surgeons 

Table 7   Criteria associated with postoperative complications (uni-
variable analysis)

Num-
ber of 
patients

Number of events 
(%)

Postoperative complica-
tions

Odds ratio p value

BMI (kg/m2)
 ≥ 30 81 8 (9.9%) 1.11 (0.40–2.76) 0.824
 < 30 222 20 (9.0%)

Duration of surgery
 ≥ 120 51 7 (13.7%) 1.39 (0.44–3.81) 0.439
 < 120 252 21 (8.3%)

Side
 Left 176 17 (9.7%) 1.22 (0.51–2.88) 0.689
 Right 127 11 (8.7%)

Pheochromocytoma
 Yes 83 9 (10.8%) 1.29 (0.49–3.14) 0.657
 No 220 19 (8.6%)

Hypercortisolism
 Yes 43 3 (7.0%) 0.44 (0.049–1.87) 0.395
 No 260 25 (9.6%)

Age (years)
 ≥ 65 62 12 (19.4%) 2.83 (1.13–6.87) 0.014
 < 65 241 16 (6.6%)

ASA score
 I–II 211 15 (7.1%) 2.14 (0.89–5.08) 0.082
 III–IV 92 13 (14.1%)

Tumor diameter (cm)
 ≥ 5 67 9 (13.4%) 1.46 (0.53–3.68) 0.472
 < 5 236 19 (8.1%)

Before or after 2010
 Before 142 12 (8.5%) 1.15 (0.49–2.71) 0.843
 After 161 16 (9.9%)

History of upper mesocolic or retroperitoneal surgery
 Yes 9 2 (22.2%) 1.23 (0.027–9.82) 0.587
 No 294 26 (8.8%)

Need for conversion
 Yes 9 4 (44.4%) 43.54 (6.67–

285.68)
0.001

 No 294 24 (8.2%)
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both early and late in their robotic experience and learning 
curves, eliminating potential biases. Also, this large study 
includes more than 300 consecutive patients, calling into 
question some previous studies with much smaller sample 
size, including the only available randomized trial, which 
reported a conversion rate of 40% [27].

This study had several limitations. This was a retrospec-
tive review of a non-randomized series of patients, and a 
large, prospective randomized trial is necessary to defini-
tively compare robotic and laparoscopic outcomes. Sur-
geons are forced by the nature of their discipline to remain 
aware of all new developments because the very history 
of their profession consists of a succession of innovations 
that have survived the test of time and scientific evalua-
tion [28]. Secondly, the higher cost of robotic surgery is a 
documented drawback of the procedure [11]. The cost of 
the robotic platform was not addressed here, but we previ-
ously calculated that robotic adrenalectomy was 2.3 times 
more expensive in Europe than conventional laparoscopic 
adrenalectomy [8]. A study from the US showed that 
robotic adrenalectomy added about $900 extra cost com-
pared to laparoscopic adrenalectomy [17]. Third, included 
patients may have been selected and this selection could 
have biased this study’s conclusions.

In conclusion, this single-institution study identified inde-
pendent predictive factors for capsular rupture, conversion, 
and postoperative complications after unilateral robotic-
assisted adrenalectomy. These factors should be taken into 
account when evaluating robotic-assisted transabdominal 
lateral adrenalectomy.
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