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Abstract

Purpose To describe the surgical technique, to analyze
outcomes and to provide an overview of the current status
of laparoendoscopic single site (LESS) adrenalectomy.
Methods A comprehensive PubMed search was per-
formed for all relevant urological literature regarding LESS
and adrenal surgery. In addition, experience gained at the
authors’ own institutions was considered. Clinical
descriptive and comparative reports on LESS adrenal sur-
gery procedures were analysed.

Results LESS adrenal surgery has been effectively per-
formed for a number of indications. A wide variety of
approaches (transperitoneal versus retroperitoneal, multi-
channel trocar versus multiple ports, trans- or extraumbil-
ical) have been described. LESS adrenalectomy seems to
be safe, taking more time than the standard laparoscopic
counterpart but appears to offer the patient less postoper-
ative discomfort. Technical difficulties of the procedure
include the requirement of more time for adjustment of
articulating instruments, longer ‘one-handed’ manipulation
time, and a high peroperative tissue re-grasping rate.
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Conclusions The feasibility and safety of LESS adrenal-
ectomy has been demonstrated. Only long-term follow-up
outcomes will prove its benefits over conventional lapa-
roscopy and define the role and the oncological safety of
LESS adrenal surgery.
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Introduction

Since the first pioneering experiences [1], all extirpative
and reconstructive urological procedures has been descri-
bed and shown to be feasible and safely performed with
Laparoendoscopic single-site surgery (LESS). Over the last
few years there has been an increasing enthusiasm and
growing interest in this novel minimally invasive surgical
technique [2].

Laparoscopic access to the adrenal gland was described
about two decades ago [3] and has now virtually replaced
open surgery in the management of adrenal lesions; most
would agree that it currently represents the standard of care
for adrenalectomy in most cases [4]. That said, laparo-
scopic adrenalectomy is regarded as a challenging proce-
dure because of the anatomical topography of the gland
itself, making dissection somewhat inherently difficult [S].

In 2005, Hirano et al. [6] reported the first series of
‘single site’ retroperitoneal adrenalectomies using con-
ventional laparoscopic instruments without gas insufflation
by using a 4-cm rectoscope tube as an access device. In
2008, Castellucci et al. [7] conducted a single-site trans-
peritoneal adrenalectomy using three 5-mm trocars through
a 2-cm incision. The first successful single-multilumen port
transperitoneal-adrenalectomy was reported by Cindolo
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et al. [8] in 2009 for the excision of a 4-cm nonfunctional
left adrenal mass using a 3-cm incision. Over the last
2 years, several series of LESS adrenalectomy have been
reported, so that available evidence on this surgical pro-
cedure is larger.

Aim of this study is to describe the surgical techniques,
to analyze the outcomes and to provide an overview of the
current status of LESS adrenalectomy.

Methods

A comprehensive electronic literature search was con-
ducted in January 2011 using the Medline database—
through either PubMed or Ovid as a search engine—to
identify all publications relating to LESS adrenalectomy.
The search was conducted using a free-text protocol
that included the following terms: adrenalectomy; lapa-
roendoscopic single-site surgery (LESS); single-port
access (SPA) surgery; single-incision laparoscopic surgery
(SILS); single-port laparoscopy (SPL); single-incision
laparoscopy(SIL); single-trocar laparoscopic surgery. The
experience gained at authors’ own institutions was also
considered.

Indications
As a general principle, all eligible laparoscopic surgery

patients may be considered for LESS depending on sur-
geons’ own experience (Fig. 1).

Fig. 1 CT scan: coronal view showing 3.17 cm right adrenal mass
amenable for LESS adrenalectomy
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Laparoscopic adrenalectomy is nowadays considered
the reference standard surgical procedure for patients with
benign adrenal adenomas. Moreover it is increasingly
being used as treatment for pheochromocytomas and some
malignant cortical tumors preoperatively classified as
benign [9]. Nevertheless, debate over the use of laparo-
scopic surgery for pheochromocytoma continues due to
concern of possible hemodynamic instability as a result of
catecholamine release. For adrenocortical carcinoma, the
role of laparoscopy remains controversial and probably
limited to skilled surgeon for lesions less than 10 cm [10].

Available studies show that LESS adrenal surgery can
be effectively performed for variable indications (Table 1)
[11-17].

When starting out with LESS, patient selection criteria
are expected to be stringent. Disease features (i.e., locally
advanced disease requires more extensive dissection) as
well as the type of patient (i.e., body habitus, BMI,
comorbidity score, previous surgery, or radiation, personal
preferences for better cosmetic outcome) should consid-
ered. Early in one’s own experience with LESS adrenal-
ectomy, and to minimize the risks of complications and
conversion, one should select an ‘easy’ case. With growing
experience, indications can be expanded to include more
challenging cases (Table 2) [9-17]. In general, there
should be a low threshold for conversion to standard lap-
aroscopy, or even open surgery if necessary.

In the pioneering study by Jeong et al. [11] half of their
patients were found to have pheochromocytoma at histol-
ogy. Difficulties in dissection during LESS adrenalectomy
might lead to excessive catecholamine secretion and an
increased risk of a hypertensive crisis. In this report, the
authors highlighted how experienced anesthesiology teams,
appropriate perioperative medical management, and efforts
to minimize adrenal manipulation during surgery are of
utmost importance to minimize the risk of hypertensive
crises.

As previously reported even with conventional laparo-
scopic surgery [18], in case of patients with tumor greater

Table 1 Reported surgical indications for LESS adrenalectomy

Diagnosis Cumulative ~ References
number of
reported
cases
Functioning adenoma (Cushing’s 59 [11, 12, 14-17]
syndrome or Conn’s syndrome)
Pheochromocytoma 28 [11, 12, 14-17]

Non-functioning mass (adenomas; 15 [11-15, 17]

adrenal metastasis; others)

Case reports not computed. In case of series from the same group, the
most recent one was considered for computation
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Table 2 The case for LESS adrenalectomy: from early to expanded indications [9-17]

Factor Feature Early indication Advanced indication
Lesion Size <4 cm Up to 10 cm
Type Nonfunctioning and functioning Adrenal metastasis Pheochromocytoma
adrenal adenomas Adrenocortical carcinoma
Number Single Multiple (including bilateral)
Stage Localized disease
Patient BMI Non-obese Obese
Previous abdominal Surgery No Yes

than 4 cm, the limited working space does represent a
significant challenge, an issue that needs to be considered
carefully.

Initial experience with LESS partial adrenalectomy to
treat aldosterone-producing adenomas has been recently
described by Yuge et al. [19]. The first report of suc-
cessful simultaneous bilateral LESS, consisting of right
partial, and left total adrenalectomy for bilateral primary
aldosterone-producing adrenal adenomas has been also
reported [20].

Surgical technique
Access

As for conventional laparoscopic adrenalectomy, both the
transperitoneal and the retroperitoneal routes have been
described for LESS adrenalectomy with variable strategy
in terms of patient positioning, incision site and port
placement (Table 3) [11-17, 20-23].

The most common position for LESS access has been
the umbilicus, for obvious cosmetic benefits. Nozaki et al.
recently describe a detailed technique of intraumbilical
access to solve the problem associated with crossover
instrumentation during LESS adrenalectomy. This includes
a longitudinal incision of the umbilicus and a wider area of
subcutaneous tissue dissection to accommodate multiple
ports. The incision length remains within the depression of
the umbilicus, therefore, preserving normal umbilical
appearance.

Nevertheless, LESS adrenalectomy through an umbilical
access can be extremely challenging due to the angle of
approach and difficult organ retraction. Indeed, as the
position of the area of dissection becomes more cranial, the
difficulty of dissection with transumbilical LESS proce-
dures increases almost exponentially [24].

Because of anatomical topography of the adrenal gland,
the distance from the entry port to the target organ issue in
a transumbilical LESS approach is longer than, for exam-
ple, one can have in kidney procedures. Moreover, the

transumbilical approach becomes more tangential in
direction. And, given, the currently available instrumenta-
tion, this translates into significantly unfavorable ergo-
nomics and ultimately a more demanding procedure.
Indeed, as the position of the area of dissection becomes
more cranial, the difficulty of dissection with transumbili-
cal LESS procedures increases almost exponentially.

This issue raises the question of whether a subcostal or
retroperitoneal approach for LESS adrenalectomy provides
any benefits over a transumbilical approach.

Some have proposed a subcostal incision [8, 23], which
is still considered a LESS approach according to the cur-
rent terminology, even if it is cosmetically less appealing.

Experience with retroperitoneal urologic LESS remains
limited [25, 26]. The retroperitoneal approach has some
advantages including more direct access to the retroperi-
toneal organs, less need for visceral retraction, and elimi-
nation of the risk for intraperitoneal contamination with
tumor cells or infectious organisms [27]. Because the ret-
roperitoneal space is limited, articulating, and curved
instruments are not as useful as in transperitoneal proce-
dures. Similarly to what has been shown for conventional
laparoscopy [28], Shi et al. [21] suggested that morbidly
obese patients could benefit from LESS retroperitoneo-
scopic access. Nine of the patients in their series had a BMI
greater than 30 kg/m” and this did not cause any difficulties
during port set or dissection in any of them.

Agha et al. [16] reported a small series of eight patients
undergoing single-incision adrenalectomy, four of them
retroperitoneoscopically, four transperitoneally. Tumor
localization was an important factor for choice of access.
Patients undergoing left adrenalectomy were included in
the transperitoneal group, whereas tumors of the right
adrenal gland were operated retroperitoneoscopically.

Surgical technique and instrumentation
LESS adrenalectomy necessarily aims to duplicate a stan-
dard transperitoneal or retroperitoneoscopic adrenalectomy.

For this reason the surgeon faces the problem of fol-
lowing the same surgical steps but within the recognized
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Fig. 2 External view of the
surgical field during LESS right
adrenalectomy. a use of a
extraumbilical multichannel
port (Endocone®, Karl Storz,
Tuttlingen, Germany) and of an
extra 3.5 mm trocar for liver
retraction. b use of another
extraumbilical multichannel
port (Triport®, Olympus,
Tokyo, Japan)

ergonomic constraints and limitations related to LESS,
mainly arise from instrument clashing and lack of true
triangulation [2]. These major challenges can be addressed
in part by the use of articulating instruments. Nevertheless,
currently, laparoscopic articulating instruments can be
difficult to use, bulky, and ergonomically suboptimal.

Aauthors have adopted intraoperative strategies, such as
“crossover” [13] or “one” handed [14] manipulation,
which remain challenging and ergonomically poor. This
might contribute to an increase in tissue re-grasping due to
the inadequate or insufficient counter-traction and subop-
timal angle for a precise and safe dissection and it can
ultimately translate into prolonged operative time [19].

As mentioned above, in spite of a better cosmetic effect
and better working space, during transumbilical LESS
adrenalectomy the distance between the umbilicus and the
adrenal gland is longer, which usually makes the conven-
tional laparoscopic instrument unable to reach the upper pole
of the adrenal gland. Thus, an extra-long laparoscope and
laparoscopic instruments usually are required for effective
traction and dissection. Moreover, in transperitoneal LESS
adrenalectomy, liver, or spleen retraction usually are inevi-
table [15]. However, any additional instrument through the
same incision in LESS increases the fighting of instruments,
thus the difficulty performing LESS. In this respect, the use
of 2 or 3 mm needlescopic instruments can represent an
effective solution (Fig. 2) [12, 13].

Specific access devices used in single-port surgery allow
multiple instruments to be passed through them at the same
time. Several types of these ports currently are commercially
available and their use have been described for LESS adre-
nalectomy: TriPort® (Olympus, Tokyo, Japan) [8, 17, 21],
SILS Port® (Covidien, Gosport, UK) [12, 16], and OCTO-
port® (Dalim Surg, Seoul, South Korea) [20]. Others have
effectively used homemade single port devices [11, 15].

Disadvantages related to the loss of the triangulation
during LESS can be overcome by using special instru-
ments. Several reports have described the use of fixed-shaft
bent instruments to facilitate single-port surgery and

several actively articulating instruments also have been
developed [2]. Although the aforementioned instruments
are helpful for attempting to resolve the problems of tri-
angulation, the lack of sufficient strength to provide robust
retraction and dissection persist.

Outcomes
Case series

Over the last 2 years, several groups reported their early
outcomes of LESS adrenalectomy. These series are all
limited by the small sample size and mostly address the
feasibility of the procedure [13, 15-17, 29].

Comparative studies (Table 4)

Jeong et al. [11] reported the first a matched case—control
study to demonstrate the technical feasibility of LESS
compared with the conventional laparoscopic procedure in
the removal of a benign adenoma. Nine patients undergo-
ing LESS adrenalectomy were compared with 17 patients
undergoing conventional laparoscopic adrenalectomy. No
significant differences were found between the groups in
terms of mean operative time, blood loss, and postoperative
hospital stay. Postoperative pain, as measured by the
number of days of intravenous patient controlled anesthesia
use, was significantly lower in the LESS group (0.9 vs.
1.9 days, P = 0.047). Perioperative complications were
similar between the two groups.

Shi et al. [21] evaluated LESS retroperitoneoscopic
adrenalectomy in comparison with the current standard
operation procedure. Nineteen patients underwent LESS
and their outcomes were compared with a contemporary
1:2 matched-pair cohort of 38 patients who underwent
standard retroperitoneoscopic adrenalectomy. The two
groups were comparable in terms of the estimated
blood loss, postoperative hospital stay, and postoperative
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Table 4 LESS adrenalectomy: overview of the outcomes from available comparative studies

Author Study no. of cases (approach) Tumor Additional Conversions Mean Mean Mean Pain Complications (no.
design size ports, no. of (no. of cases) OT EBL LOH assessment of cases)
(cm)  cases (size) (min) (ml)  (h)
Jeong Matched 9 LESS 2.8 0 1 to Lap 169.2 1778 3.2 0.9° Bowel injury (1)
case— (transperitoneal)
control 17 1 4p 43 - 1toOpen 1445 2047 3.5 1.9° Transfusion (1)
Shi Matched 19 LESS 2.12 0 0 55% 30? 6" 5¢ Angina (1);
case— (retroperitoneoscopic) atelectasia (1)
control - 38 1 ap 3? - 0 41.5* 175 6" 12¢ Subcutaneous
emphysema (2);
shoulder pain (1)
Ishida Matched 10 LESS 2.8 5 (2 mm) 0 1252 124 - - None
case— (transperitoneal)
control 1q Lap 4.5 - 0 119.7 153 - - None
Walz Matched 47 LESS 2.3 - 4 to Lap 56 <10 24 53%" Relaxation
case— (retroperitoneoscopic) abdominal wall
control (2)
47 LESS 2.6 - 0 40 <10 3.1 26%° Relaxation
abdominal wall
2)

LESS Laparoendoscopic single site surgery, Lap standard laparoscopy, OT operative time, EBL estimated blood loss, LOH length of hospital stay

% Median values

® Mean Patient controlled anesthesia duration (days)
¢ Median Morphine equivalent (mg)

9 9% of patients not requiring analgesics

complications. The LESS group had a longer median
operative time (55 vs. 41.5 min; P = 0.0004), whereas the
in-hospital use of analgesics was significantly less (5 vs. 12
morphine equivalents; P = 0.03).

Ishida et al. [12] reported a study was comparing ten
consecutive transumbilical LESS adrenalectomies and ten
conventional laparoscopic adrenalectomies for benign
adrenal tumors. No significant differences in operative
time, estimated blood loss, or resumption of oral intake
were observed between two groups. In LESS group
only, time was needed for adjustment of roticulator
(14.5 £ 8.1 min). After subtracting the time needed for
adjustment, operative time between two groups was more
comparable (76.7 vs. 74.3 min, P = 0.880). One-handed
manipulation time in LESS group decreased in a time-
dependent manner (r = —0.806, P = 0.0049). Tissue
re-grasping during operation was more frequently observed
in LESS group (16.2 vs. 2.2 times, P = 0.001).

Walz et al. [14] reported the largest comparative mat-
ched-control study so far comparing their method of
endoscopic single-access adrenalectomy with the conven-
tional retroperitoneoscopic approach. Fifty single-access
retroperitoneoscopic adrenalectomies were performed in 47
selected patients. Patients treated by the traditional retro-
peritoneoscopic three-port approach served as control
group. No major complications occurred in both groups.

@ Springer

Operative time was longer for the LESS group (56 + 28 vs.
40 £ 12 min; P < 0.05). Postoperatively, pain medication
was less frequently administered in LESS patients (47 vs.
75%; P = 0.01). Mean hospital stay was also shorter for the
LESS group (2.4 £ 0.7 vs. 3.1 &£ 1.2 days; P < 0.01).

Current controversies

LESS adrenalectomy appears to an effective treatment
option in small adrenal masses requiring extirpation. Good
laparoscopic skills and careful patient selection are essen-
tial; additional small trocars should be considered to help
suturing and for liver retraction.

It remains to be said, however, that despite promising
early outcomes, the benefits of LESS are not clear at present,
apart from cosmesis [1]. Prospective randomized studies are
largely awaited to define the benefits of this technique for
patients as well as to elucidate the cost-effectiveness of the
approach. Refinement of instruments and application of
robotics are likely to improve intraoperative ergonomics,
allowing easier training and facilitating the current steep
learning curve [30]. Agha et al. [16] reported to have
embarked in LESS adrenal surgery after having performed
more than 300 conventional adrenalectomies and speculated
that this have lead to a short learning curve. Similarly, Walz
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et al. [14, 29] reported to have developed their LESS tech-
nique for adrenalectomy after having performed more than
800 adrenalectomies by the posterior retroperitoneoscopic
approach.

In reporting one of the largest series of LESS retroperito-
neoscopic adrenalectomy, Zhang et al. [17] observed that in
the initial ten cases median operative time was significantly
longer (62 vs. 50 min) and median blood loss was signifi-
cantly higher (75 vs. 10, each P < 0.001) than in the sub-
sequent 15. Thus, they found a significant association between
operative time and the number of procedures performed.

Future studies will define the oncological safety of the
LESS technique for adrenal surgery. However, as it appears
to duplicate the laparoscopic technique, it is likely that also
oncological outcomes will be unchanged. In the meantime,
ethical and consent related issues will continue to be need
to be addressed [2, 31, 32].

Conclusions

The feasibility and safety of LESS adrenalectomy has been
demonstrated by a number of surgeons. Further clinical
research is warranted to define the role of LESS in the field
of minimally invasive adrenal surgery and prove its effi-
cacy over conventional laparoscopic surgery.

Conflict of interest None.
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