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Abstract

Background Endoscopic adrenalectomy is currently per-

formed using multiple ports placed either transabdominally

or retroperitoneally. We report our initial experience with

single-incision retroperitoneoscopic adrenalectomy

(SIRA).

Methods A prospective database of patients undergoing

adrenalectomy from December 2013 through March 2016

was analyzed. We adopted conventional retroperitoneo-

scopic adrenalectomy (CORA) in December 2013 and

transitioned to SIRA in March 2015. SIRA was performed

using three trocars placed through a single 2-cm incision

below the 12th rib. Clinical characteristics and outcomes

were compared between patients undergoing SIRA and

CORA.

Results One hundred and five adrenalectomies were per-

formed in 102 patients: 34 laparoscopic transperitoneal, 24

CORA, 37 SIRA and 7 open. The SIRA and CORA groups

were similar with respect to clinical characteristics (SIRA

vs. CORA: mean BMI 27.0 vs. 28.8 kg/m2, maximum BMI

38.9 vs. 44.3 kg/m2; mean nodule size 3.2 vs. 3.2 cm,

maximum nodule size 8.0 vs. 6.0 cm). One patient under-

going SIRA required placement of an additional 5-mm port

because of extensive adhesions. No patients who under-

went SIRA or CORA required conversion to open

adrenalectomy. There were no deaths, and blood loss

remained \10 mL for all cases. Operative length was

similar between SIRA and CORA (105 vs. 92 min,

P = 0.26). In multivariable linear regression analysis,

nodule size[ 5 cm (effect = 1.75, P\ 0.001) and

pheochromocytoma (effect = 1.30, P = 0.05) were sig-

nificant predictors of increased operative length for SIRA.

BMI and laterality (right vs. left) did not affect operative

length. Rates of postoperative temporary abdominal wall

relaxation, length of stay and postoperative pain medica-

tion use were similar between the two groups.

Conclusions SIRA is safe and feasible to implement as a

refinement of CORA and may be applied to technically

challenging cases involving obese patients or large nod-

ules. The use of three ports allows for two-handed dis-

section, which may shorten the learning curve for many

surgeons.

Keywords Adrenalectomy � Single-incision laparoscopic

surgery � Retroperitoneoscopic adrenalectomy

Endoscopic adrenalectomy is considered the standard of

care for resection of benign adrenal masses [1, 2]. This can

be performed through a transperitoneal or retroperitoneal

approach. Although the most common technique in the

USA remains laparoscopic transperitoneal adrenalectomy,

the retroperitoneoscopic approach has gained much popu-

larity over the past decade [3, 4]. A recent prospective,

randomized study reported shorter operative length, less

blood loss, reduced postoperative pain and faster recovery

for the retroperitoneal versus the transperitoneal approach

[5].

Currently, conventional retroperitoneoscopic adrenalec-

tomy (CORA) is most commonly performed using three

individual ports placed through three separate incisions [6].
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Single-access retroperitoneoscopic adrenalectomy (SARA)

was first described in 2009 as a refinement to CORA that

enabled adrenalectomy to be performed through a single

incision [7, 8]. In the original technique described, SARA

required single-handed dissection performed through two

5-mm ports. This may be technically challenging and has

not been widely adopted.

In the current study, we report our modified technique of

single-incision retroperitoneoscopic adrenalectomy

(SIRA). Our aim was to demonstrate the safety and feasi-

bility of SIRA and to evaluate its performance against the

well-established CORA technique.

Methods

Patients and study design

Following institutional review board approval, we evalu-

ated a prospectively maintained database of patients

undergoing adrenalectomy at University of California, Los

Angeles Medical Center (UCLA), from December 2013 to

March 2016. At UCLA, CORA was adopted in December

2013 and subsequently transitioned to SIRA in March

2015. Exclusion criteria for both CORA and SIRA inclu-

ded nodule size[8 cm and suspicion for malignancy based

on imaging characteristics. Patients not eligible for surgery

with CORA or SIRA underwent laparoscopic transperi-

toneal adrenalectomy if the nodule was [8 cm but

appeared benign on imaging or open adrenalectomy if there

was a high suspicion for malignancy.

Operative technique

SIRA was performed with the patient in prone position on

non-compressive bolsters to allow the abdominal contents

to fall forward and expand the retroperitoneal working

space [9] (Fig. 1). The retroperitoneal space was entered by

direct cutdown through a 2-cm skin incision made just

below the inferior border of the 12th rib. A mini-Gel-

POINT device (Applied Medical) equipped with three

5 mm ports was placed through the single incision. The

retroperitoneal space was insufflated up to 30 mm Hg. A

5 mm 30� camera and two additional instruments, a blunt

dissector and a LigaSure device, were inserted through the

GelPOINT device. Gerota’s fascia was entered bluntly, and

the superior pole of the kidney was identified. The medial

dissection was then performed to ligate the adrenal vein

with the LigaSure device. For right-sided adrenalectomy,

the medial border of the IVC was dissected to identify the

insertion of the adrenal vein. For left-sided adrenalectomy,

the inferior phrenic vein was used as a landmark to identify

the adrenal vein. Caution must be taken to securely and

safely ligate the adrenal vein, especially on the right side,

with consideration for use of hemoclips in certain cases.

The adrenal gland was then circumferentially dissected

with a rim of periadrenal fat. The specimen was removed in

an Endocatch bag and morcellated when necessary.

CORA was performed using two 5 mm ports and one

10-mm port placed through three separate incisions as

previously described [6]. Once retroperitoneal access was

achieved, the rest of the operation was performed in similar

fashion to the SIRA technique described above.

Predictors and outcome variables

We compared the patient characteristics and operative

outcomes of all patients undergoing SIRA and CORA

during the study period. Clinical characteristics included

age, gender, BMI, nodule size, laterality and indication for

adrenalectomy. Operative outcomes included length of

operation, estimated blood loss, length of stay, the use of

oral and intravenous postoperative narcotic pain medica-

tion and the rate of abdominal wall relaxation. Abdominal

wall relaxation is defined as a subjective sensation of

weakening of the ipsilateral abdominal wall associated

with a physical finding of abdominal wall bulging. This is

different from abdominal wall hernia in that no actual

fascial defect is present. Patients were examined at their

initial postoperative visit for abdominal wall relaxation and

asked whether they subjectively felt any abdominal wall

bulging following surgery. All patients with abdominal

wall relaxation had follow-up at 1–2 months following

surgery to determine whether it had resolved.

Statistical analysis

Patient demographic data and operative outcomes were

reported as means ± standard deviations or medi-

ans ± interquartile ranges for continuous variables, and

frequencies and percentages for categorical variables.

Student t test or Wilcoxon rank-sum was used to compare

continuous variables, and the Chi-square test was used to

compare categorical variables. Univariate and multivari-

able linear regressions were performed to evaluate the

association between clinical characteristics and operative

length. Specifically, the outcome variable operative length

was log-transformed (natural logarithm) in the linear

regression. The effect of a predictor variable was calcu-

lated as eb, where b is the regression coefficient estimated

from the linear regression model. This effect can be used to

approximate the ratio of operative length associated with

one unit increase in that predictor. Multivariable regression

analyses included adjustments for patient age and BMI,

nodule size and indication for surgery (including the

presence of pheochromocytoma). Nodule size was
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analyzed as a continuous variable and a dichotomous

variable using size cutoffs of 3, 4 and 5. P values of less

than 0.05 were defined as statistically significant.

Results

Patient characteristics

During the study period, 105 adrenalectomies were per-

formed in 102 patients. Of these, 24 patients underwent

CORA, 37 patients underwent SIRA, 34 patients under-

went laparoscopic transperitoneal adrenalectomy and 7

patients underwent open adrenalectomy. The mean age of

the study cohort was 54.5 ± 13.7 years, and 54.1% of the

patients were female. The mean BMI was 27 ± 5.6 kg/m2

(range 16.1–38.9 kg/m2). The indications for adrenalec-

tomy were aldosteronoma (43%), pheochromocytoma

(24%), non-functional adenoma (24%), hypercortisolism

(6%) and metastatic disease (3%). There was no difference

in baseline patient characteristics between the SIRA and

CORA groups (Table 1).

Operative outcomes

Operative outcomes including length of operation and

estimated blood loss were similar between the SIRA and

CORA groups (Table 2). The median operative length was

105 min for SIRA and 92 min for CORA (P = 0.26).

Blood loss remained\10 mL for patients in both groups,

and no patient required a blood transfusion. Length of stay

was also similar, with most patients requiring only an

overnight observation (SIRA vs. CORA: 1.1 ± 0.7 vs.

1.4 ± 1.1 days). Temporary abdominal wall relaxation

occurred in 10.8% (N = 4) of SIRA patients and 12.5%

(N = 3) of CORA patients, and all patients reported

Fig. 1 Single-incision

retroperitoneoscopic

adrenalectomy (SIRA)

technique. A Patient is placed in

a prone position. B A single

2-cm incision is made lateral to

paraspinal muscle and just

below the 12th rib and a direct

cut down incision is made to

enter the retroperitoneum.

C The mini-GelPOINT device

equipped with 3 individual

5-mm ports is placed through

the incision. D The 2-cm

incision is closed with

subcuticular suture. E Depiction

of the left-sided retroperitoneal

anatomy of the operative field.

F Depiction of the right-sided

retroperitoneal anatomy of the

operative field
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resolution of abdominal wall relaxation within 2 months of

surgery. The use of postoperative pain medication was also

similar between the two groups, with 58% of SIRA patients

and 65% of CORA patients requiring intravenous pain

medication in the first 24 h following surgery.

Conversion from SIRA to CORA was necessary in 1

patient who had a 3.5 cm left-sided pheochromocytoma

due to extensive adhesions from prior abdominal surgery

(including trauma laparotomy and gastric bypass). An

additional 5 mm port was placed laterally to aid the dis-

section. No conversion to open adrenalectomy was neces-

sary for either the SIRA or CORA group.

Predictors of operative length for SIRA

Clinical characteristics of patients undergoing SIRA were

analyzed to identify predictors of operative length

(Tables 3, 4). In multivariable regression, nodule size and

pheochromocytoma were independent predictors of longer

operative length. Nodule size[ 5 cm was associated with

a 75% increase in operative length (effect = 1.75,

P\ 0.01), and the presence of pheochromocytoma was

associated with a 30% increase in operative length

(effect = 1.30, P = 0.05). Older age was associated with

shorter operative length, with effect of 0.93 for each

10 year increase in patient age. BMI and laterality had no

impact on the operative length using the SIRA approach.

A trend toward shorter operative length was noted as we

gained more experience with the SIRA technique. The

average operative length for the first three quarters of SIRA

cases (N = 28) was 121 ± 48 min, compared with

93 ± 18 min for the last quarter of cases (P = 0.09). There

was no difference in clinical characteristics including the

mean nodule size (3.4 vs. 3.1 cm, P = 0.87) and the

presence of pheochromocytoma (25 vs. 22%, P = 0.86)

during these two time periods.

Discussion

Laparoscopic adrenalectomy performed through either a

transperitoneal or retroperitoneal approach has improved

patient outcomes compared to open adrenalectomy for

appropriately selected patients. Single-incision adrenalec-

tomy remains to be widely adopted, likely due to the

increased technical difficulty of this technique. To our

Table 1 Clinical characteristics

of patients undergoing SIRA

versus CORA

Patient variables SIRA (N = 37) CORA (N = 24)

Age (years), mean ± SD 54.5 ± 13.7 53.0 ± 11.2

Female (%) 54.1% 41.7%

BMI (kg/m2), mean ± SD (range) 27.0 ± 5.6 (16.1–38.9) 28.8 ± 6.0 (19.5–44.3)

Nodule size (cm), mean ± SD (range) 3.22 ± 1.82 (0.9–8.0) 3.19 ± 1.2 (0.9–6.0)

Laterality (% right) 40.5% 47.8%

Indication N (%)

Pheochromocytoma 9 (24%) 8 (34%)

Hyperaldosteronism 16 (43%) 6 (25%)

Hypercortisolism 2 (6%) 2 (8%)

Non-functional 9 (24%) 6 (25%)

Metastasis 1 (3%) 2 (8%)

SIRA single-incision retroperitoneoscopic adrenalectomy, CORA conventional retroperitoneoscopic

adrenalectomy

Table 2 Operative outcomes

for SIRA versus CORA
Operative outcomes SIRA (N = 37) CORA (N = 24) P value

Length of operation (min), median (IQR) 105 (91–128) 92 (76–108) 0.26

Estimated blood loss (mL), mean ± SD 5.2 ± 0.82 5.5 ± 1.41 0.33

Length of stay (days), mean ± SD 1.1 ± 0.7 1.4 ± 1.1 0.35

Abdominal wall relaxation (%)a mean ± SD 19% (n = 4) 14% (n = 3) 0.84

Narcotic use (%)

Oral 76% 78% 0.95

Intravenous 58% 65% 0.43

SIRA single-incision retroperitoneoscopic adrenalectomy, CORA conventional retroperitoneoscopic

adrenalectomy
a All patients reported resolution of the abdominal wall relaxation within 2 months of surgery

Surg Endosc (2017) 31:3014–3019 3017

123



knowledge, this is the first reported North American series

of single-incision retroperitoneoscopic adrenalectomy. In

our experience, SIRA was safe and feasible, and resulted in

similar patient outcomes to CORA. The benefits of SIRA

include the improved cosmesis and potentially decreased

incisional pain.

Previous studies have reported that single-access

retroperitoneal adrenalectomy can be safely performed for

appropriately selected patients by surgeons experienced in

adrenal surgery [8, 10–13]. Waltz et al. [8] demonstrated the

safety of SARA in patients with small nodules and a ‘‘minimal

amount of periadrenal fatty tissue’’ (no specific nodule size or

BMI cutoff was mentioned). Shi et al. [14] reported a series of

19 patientswith nodule size up to 4 cmwhounderwent SARA

with similar perioperative outcomes compared to case-mat-

ched CORA controls. A more recent study by Wang et al.

described 51 obese patients with BMI[ 30 kg/m2 and nodule

size up to 4 cm who safely underwent SARA [13].

In our current series, patients with BMI up to 40 kg/m2

and nodule size up to 8 cm safely underwent SIRA. SARAas

described byWaltz et al. was performed using single-handed

dissection through two 5 mm ports. Our modified technique

using the mini-GelPOINT device equipped with three indi-

vidual ports enabled two-handed dissection, a technique

similar to most other laparoscopic procedures. Unlike the

studies by Shi et al. and Wang et al., we routinely used

insufflation pressure up to 30 mmHg, which is helpful in

particular for obese patients. Careful positioning with large

abdominal bolsters is also necessary for obese patients to

create an adequate working space. In addition, dissection of

the retroperitoneum relies mainly on known landmarks

(paraspinous muscle, superior pole of the kidney, and IVC

for right-sided nodules and inferior phrenic vein for left-

sided nodules, respectively). The presence of significant

retroperitoneal fat is not prohibitive as long as the locations

of these key landmarks are kept in mind. These principles

may allow surgeons experienced in SIRA to expand their

criteria in regards to nodule size and patient body habitus.

Our findings suggest that early in the learning curve, the

best candidates for SIRA are patients with smaller nodules

(\5 cm) and for indications other than pheochromocytoma.

Larger nodules are more difficult to manipulate with the

limited degrees of freedom available when the two working

ports are placed very close together (essentially working in

parallel), as is the case in the SIRA technique. Our current

indications for performing SIRA include nodule size

smaller than 5 cm and BMI under 40 kg/m2. We perform

laparoscopic transabdominal adrenalectomy in most

patients with nodule size greater than 6 cm.

Pheochromocytomas deserve special consideration, as

they are often larger, more vascularized, and have greater

adhesions to the surrounding tissues than other adrenal

nodules. Control of the adrenal vein is critical in these

cases, especially on the right side where the adrenal vein is

generally short and wide, and drains directly into the IVC

Table 3 Predictors of operative

length in univariate analysis
Predictor Effectb 95 % CI P value

Age (per 10 years) 0.89 (0.82, 0.97) <0.01

Female 0.85 (0.67, 1.08) 0.17

BMI 1.01 (0.99, 1.03) 0.52

Side (left vs. right) 1.02 (0.80, 1.31) 0.86

Indication

Pheochromocytoma (yes vs. no) 1.29 (0.98, 1.69) 0.07

Aldosteronoma (yes vs. no) 0.79 (0.62, 1.00) 0.05

Nodule sizea

Size (cm)—continuous variable 1.10 (1.06, 1.15) <0.01

Size (cm) C 3 cm 1.23 (0.96, 1.56) 0.09

Size (cm) C 4 cm 1.20 (0.94, 1.54) 0.14

Size (cm) C 5 cm 1.73 (1.31, 2.28) <0.01

Bold values indicate p B 0.05
a Nodule size was measured based on preoperative imaging
b The effect is interpreted as an approximation to the ratio of operative length for one unit increase in the

predictor variable

Table 4 Predictors of operative length in multivariable analysis

Predictor Effecta 95 % CI P value

Size (cm) C 5 cm 1.75 (1.31, 2.34) <0.01

Age (per 10 years) 0.93 (0.86, 0.99) 0.04

Pheochromocytoma (yes vs. no) 1.30 (1.00, 1.71) 0.05

Aldosteronoma (yes vs. no) 1.06 (0.83, 1.35) 0.63

BMI 1.00 (0.98, 1.02) 0.82

Bold values indicate p B 0.05
a The effect is interpreted as an approximation to the ratio of

operative length for one unit increase in the predictor variable
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Bleeding from the adrenal vein in these cases may cause

major hemorrhage and require emergent conversion to

laparotomy. Extreme caution should be taken and the use

of hemoclips as an alternative to the LigaSure devise

should be considered. Care must also be taken when per-

forming SIRA to avoid undue pressure on the pheochro-

mocytoma from the limited angle of dissection, which may

risk rupturing the pheochromocytoma [15, 16]. An

advantage of retroperitoneoscopic adrenalectomy is the use

of high insufflation pressures, which decrease capsular

bleeding during dissection of a pheochromocytoma [16].

We did note the presence of a learning curve, with oper-

ative length decreasing after about 25 cases.

In our current series, operative outcomes including

length of operation and postoperative pain medication use

were similar between CORA and SIRA. Previously SARA

was reported to decrease the length of stay compared to

CORA (2.4 ± 0.7 vs. 3.1 ± 1.2 days, P\ 0.01) [8]. The

median reported length of stay following SARA or CORA

is as high as 5–6 days [13, 14]. In our series, the length of

stay for the CORA group was already minimal at

1.4 ± 1.1 days. As a result, no significant difference was

observed when compared to the SIRA group. The rate of

postoperative narcotic pain medication use for SIRA was

76%, higher than the rate of 45% previously reported for

SARA. This is likely explained by differences in nursing

protocols, use of non-narcotic pain medications and indi-

vidual patient factors including pain tolerance.

Advancements in technology and surgical equipment

have sparked growing enthusiasm for minimally invasive

surgery. Our current study demonstrated the safety and

feasibility of SIRA as a refinement to CORA. SIRA can be

performed in the majority of patients who are eligible for

CORA, even in technically challenging cases involving

obese patients or large nodules. The use of three ports

enables two-handed dissection, which may shorten the

learning curve for this technique.
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