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Abstract

Objective—The goal of this article is to review the published literature on laparo-endoscopic
single-site surgery (LESS) in gynecology and to present current advances in instruments for LESS
surgery.

Methods—A review of the current literature on the use of laparo-endoscopic single-site surgery
in gynecology was performed. In addition, a review of currently available techniques for
peritoneal access and specialized instruments was done.

Results—As LESS surgery is relatively novel, the current literature on use of this technique in
gynecology is somewhat limited. A total of 16 publications were available for the review of
literature (10 case series, 2 comparative studies, 3 case reports and 1 surgical technique
demonstration). In recent years, however, improvement in traditional laparoscopic techniques and
availability of more advanced instruments has made single-incision laparoscopy more feasible and
safer for the patient. There is increasing interest in the LESS surgery both as an alternative to
traditional laparoscopy and as an adjunct to robotic surgery when performing complicated
procedures through a single incision.
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Conclusion—LESS surgery provides another option in the arena of minimally invasive
gynecologic surgery. The ultimate role of this approach in gynecologic surgery remains to be
determined.

Introduction

With the success of laparoscopic surgery in the last decade in gynecology, most gynecologic
surgeons would agree that minimally invasive surgery for appropriately chosen patients
provides a clear advantage in terms of both patient outcomes and cost [1, 2]. One of the
more recent advances in the field of minimally invasive gynecology is the increasing
utilization of single-port laparoscopic surgery. This minimally invasive approach to surgery
requires only 1 entry point, typically in the umbilical region.

Single-port laparoscopic surgery has been described in the literature using a number of other
terms, including single-port access surgery (SPA), single-incision laparoscopic surgery
(SLS), embryonic natural-orifice trans-umbilical endoscopic surgery (E-NOTES), and
trans-umbilical endoscopic surgery (TUES). A recently convened consortium at the
Cleveland Clinic agreed to use the term laparo-endoscopic single-site surgery (LESS
surgery) to describe techniques in which a single incision is used to accomplish laparoscopic
surgery [3].

LESS surgery is another attempt at improving cosmetic results, decreasing hospital stay, and
facilitating faster recovery. Reduction in the number of ports would also mean reduction in
the port-associated complications like hernias, vascular as well as soft tissue traumatic
injuries during trocar insertion and nerve injuries. So far the comparative peri-operative
outcomes and short-term measures have established the safety of LESS surgery both in
gynecologic surgery [4] and other surgical specialties [5-8]. The goal of this article is to
review the published literature on LESS surgery in gynecology, discuss the current advances
in instrumentation for LESS surgery and discuss potential future roles of LESS surgery.

Development of LESS Surgery in Gynecology

The concept of single-port minimally invasive surgery in gynecology dates back to 1969,
when Wheeless [9] reported single-incision laparoscopy for female sterilization. In the
1970s, several gynecologists conducted laparoscopic tubal ligations through a single
umbilical incision [10].

The ability to perform complex procedures through a single incision has only recently been
realized. Among the former limitations included limited instrumentation, lighting, and
access ports. In recent years, however, improvement in traditional laparoscopic techniques
and availability of more advanced instruments has made single-incision laparoscopy more
feasible and safer for the patient. To date, LESS surgery has been described for
cholecystectomy [11-15], appendectomy [16—24], nephrectomy [5, 6, 25-27], colectomy
[28-30], adrenalectomy [31-33] and bariatric surgery [34]. LESS surgery has also been
described in gynecology; although experience with this approach is limited and the
accompanying literature is sparse (Table 1).
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Instruments for LESS Surgery

Abdominal Access

There are 3 approaches to completing laparoscopic surgery via a single incision. The first is
to employ an operative laparoscope; this approach has been widely used by gynecologists to
perform tubal ligations. An operative scope, which has a channel along the scope shaft
allows for the entry of bipolar cautery to carry out the coagulation of fallopian tubes. Second
is to make a single incision in the skin and multiple incisions in the fascia with small bridges
cut between the fascial incisions to allow for organ retrieval [8, 35]. With this approach,
multiple 5- to 10-mm trocars are inserted next to each other to access the abdominal cavity.
Third, and a more recent option, is to use specialized access ports with multiple channels for
access to the abdominal cavity. These commercially available specialized access ports are
discussed in the following paragraphs and are summarized in Table 2.

AirSeal—AirSeal ports (SurgiQuest, Orange, CA) (Fig. 1) use air pressure to create
pneumoperitoneum. The flow of air around the port at a pressure much higher than
pneumoperitoneum creates the “AirSeal.” The biggest advantage of this system is that it
eliminates smoke because of the constant circulation of air. The new AirSeal port’s oval
design is advantageous for single-port laparoscopy because it allows better access to
multiple instruments. The major disadvantages of the AirSeal system are the noise
associated with the AirSeal device and the absence of a fulcrum point since the device is
open at the instrument entry site.

Ethicon Endo-Surgery SSL Access System—Ethicon (Ethicon Endo-Surgery,
Cincinnati, OH) recently introduced its single port access system. The SSL Access System
consists of two 5mm seals and a larger 15mm seal in a low profile design that allows
surgeons to use a wide variety of instrumentation across several different procedures. The
device consists of a retractor and a seal cap. The two sizes of the retractors allow proper
placement depending on the depth of abdominal wall, the smaller 2 cm retractor for walls up
to 4 cm and larger 4 cm retractor for abdominal wall up to 7 cm. A single incision between
1.5-3.5cm is required for insertion of this port. Unique to the device is the 360-degree
rotation of the seal cap, which enables quick re-orientation of instruments during procedures
and reduces the need for instrument exchanges.

GelPort and GelPOINT Systems—The GelPort laparoscopic system (Applied Medical,
Rancho Santa Margarita, CA) (Fig. 1) consists of a wound retractor with a flexible inner ring
connected to an outer ring with a clear sheath. The inner ring is inserted with an open
technique; the retractor can be used in incisions from 1.5 to 7 cm. The outer ring has a
diameter of about 10 cm. A GelSeal cap fits over the outer ring. The GelPort system has
previously been used for hand-assisted laparoscopy. Passing multiple trocars of varying
lengths through the gel interface easily modifies the GelPort for single-port laparoscopy.
The advantages of the GelPort system for LESS surgery include the versatility of the
GelSeal cap, which allows placement of instruments of different shapes and sizes, and the
10-cm diameter of the outer ring, which reduces instrument crowding. Fader and Escobar
used the GelPort system for robotically assisted LESS surgery in gynecology [36]. They
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reported that the larger outside dimension of the GelSeal cap reduces the crowding of the
robotic arms (Fig 3). A recent retrospective review of the GelPort system in pelvic surgery
concluded that this system is favorable to single-port surgery as the device provides a
circumferential access and retraction [37].

The GelPOINT platform is a dedicated modification of the GelPort system available for
single-port laparoscopy in which along with the GelSeal cap 4 small cannulas are provided
by the manufacturer for easier insertion of laparoscopic instruments through the gel
interface. One of the disadvantages of the GelPort system is the large slit in the GelSeal
which can leak gas at times. The addition of GelSeal cap in the GelPOINT platform has
alleviated this problem.

SILS Port—Covidien (Mansfield, MA) offers 2 products for LESS surgery—the SILS port
(Fig. 1) and the SILS kit. The SILS port is a flexible laparoscopic port, which necessitates a
fascial incision of 1.8 — 3 cms and can accommodate up to 3 instruments through a single
incision. The SILS kit includes the SILS port and Roticulator instruments. The port is made
of elastic polymer and fits fascial incisions of about 2 cm. The advantages of the SILS port
include the availability of the dedicated SILS kit with multiple compatible instruments and
open Hassan entry into the peritoneal cavity. Another advantage of the SILS port is that
individual ports use a traditional laparoscopic seal, which helps minimize gas leak.

In the only series reported to date on LESS surgery in gynecologic oncology, Fader and
Escobar used the SILS port for most of their laparoscopic cases [38].

TriPort and QuadPort—TriPort and QuadPort (Advanced Surgical Concepts, Co
Wicklow, Ireland) are multichannel access ports.

TriPort (Fig. 1) has two 5 mm ports and one 12 mm port and can be used with fascial
incisions ranging from 12 to 25 mm. The port has an outer, proximal ring to which the 3
ports and an insufflation line are attached. A retracting sleeve runs through the outer ring
both upwards and downwards. The lower end of the sleeve is attached to a distal ring.

For insertion, a skin incision is made, and the distal ring is loaded into an introducer. The
introducer is used to bluntly pierce the abdominal wall and push the distal ring into the
abdominal cavity. Then the introducer is removed, the retracting sleeve is grasped at the
proximal end and the outer ring is passed downwards over it to create a tight seal with the
abdominal wall. The excess sleeve is then cut away.

This system has several advantages. First, multiple instruments can be placed and removed
without loss of pneumo-peritoneum. Second, the system fits a wide range of depths of
abdominal wall. Third, the angle of the different ports helps reduce instrument crowding.

The major disadvantages are the maximum depth of 10 cm, which limits use of the system in
obese patients, and the possibility of sleeve damage resulting in loss of pneumo-peritoneum.

QuadPort is similar to TriPort but provides 4 ports—one 5-mm port, one 15-mm port, and
two 10-mm ports. The device can be used with fascial incisions ranging from 25 to 65 mm.
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The QuadPort has an advantage over the TriPort when organ retrieval would necessitate a
fascial incision between 25 and 65 mm.

In our experience, both TriPort and QuadPort have fragile valves at each access site and
damage leads to potential of slow loss of pneumoperitoneum, especially in longer cases.
Lubrication of instruments is necessary to prevent the valve damage.

X-Cone and Endocone—X-Cone and Endocone (Karl Storz, Tuttlingen, Germany) are
the reusable single port access devices, which are 2-2.5 and 3.5 cm in diameter respectively.
The devices when used in tandem with specially designed curved instruments are developed
to enhance the triangulation in single port surgery (Fig 5). These devices are not yet FDA
approved for use in United States.

Operating Instruments

Traditional laparoscopy is constrained by the combination of long, rigid instruments and
fixed trocar sites with only 4 degrees of freedom, which limits surgeon dexterity. The newer
surgical instruments provide 7 degrees of freedom and may play an important role in
adoption of single-port surgery. The following are the most common specialized instruments
currently available in the market for facilitating LESS surgery.

RealHand Instruments—RealHand high-dexterity instruments (Novare Surgical,
Cupertino, CA) are 5-mm instruments in which the handle is connected to the tip by several
cables, which allow for 360-degree articulation that mimics the movement of the surgeon’s
hand and therefore provide 7 degrees of freedom of movement. The initial experience in
using these instruments in gynecology was reported by Rettenmaier et al. in the setting of
traditional 3-point laparoscopy [39]. One of the major potential advantages of these
instruments is the dexterity that they allow the surgeon. This allows the surgeon to overcome
limited triangulation. Currently, 11 different instrument tips are available under the
RealHand brand, including the ThermaSeal tip, which utilizes thermal energy to denature
protein structures and create high-integrity seals and clean divisions. Other tips available are
standard graspers, scissors, and needle holders with added range of movement (Fig. 2). The
potential disadvantages of these instruments include a steep learning curve and a relatively
high cost.

Autonomy Laparo-Angle Instruments—L.ike the RealHand instruments, Autonomy
Laparo-Angle instruments (Cambridge Endoscopic Devices, Framingham, MA) provide a
360-degree articulating head, which mimics the surgeon’s movements. Unlike the RealHand
instruments, the Autonomy Laparo-Angle instruments include a mechanism to rotate the
instrument head after locking at any angle and a finger socket to open and close the distal
jaws (Fig. 2). There is a proximal bending section, which translates the movements of the
surgeon’s wrist to the tip of the instrument. There is also an “angle” locking mechanism to
lock the distal tip in any angle to facilitate a better working angle on the outside. The current
line of Autonomy instruments includes a needle holder, Metzenbaum scissors, dissecting
hook, Maryland dissector, and graspers.
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SILS Kit with Roticulator Instruments—The SILS kit for LESS surgery (Covidien,
Mansfield, MA) is made to accompany the SILS port, which was described above. The SILS
kit includes Roticulator instruments. These instruments have distal ends with limited range
of movement: 0-80 degrees. As the distal end is pushed out from its outer sheath, the
extended bent portion’s angle increases. The handle also allows the surgeon to rotate the
distal instrument 360 degrees, similar to what is possible with traditional laparoscopic
instruments (Fig. 2). The instrument tips include dissectors, scissors, and graspers. Several
of the roticulator instruments have monopolar cautery attachments. The major advantages of
these instruments include their availability as a SILS kit, which minimizes compatibility
issues, and the fact that these instruments are cheaper than RealHand or Laparo-Angle
instruments. The disadvantages include the limited movement of the instrument tip, which
does not allow translation of the surgeons’ hand movements, as is possible with RealHand or
Laparo-Angle instruments.

Traditional 5-mm and 10-mm cameras can be used for LESS surgery. However, the use of
traditional laparoscopy cameras increases the instrument crowding. There are three ways to
reduce the crowding and hence providing a stable image during the procedure. First and one
of the cheaper alternatives is to use the bariatric length, rigid 5-mm scopes to off-set the
instrument length during the surgery and hence reduce the crowding. Second, is to use
laparoscopic camera—scope combination with an in-line light cord and a low-profile camera
head to reduce the tangling of light source coming in at a 90 degree angle in a traditional
laparoscopic camera. Third, is to use the specialized laparoscopic camera for single port
surgery with a deflectable tip. The Olympus deflectable-tip EndoEYE video laparoscope
(Olympus America, Center Valley, PA) (Fig. 3) was approved by the Food and Drug
Administration in 2005 and has been commercially available since then, long before single-
port surgery became mainstream. This laparoscope has an outer diameter of 5-mm for
standard video resolution camera and 10 mm for the high definition video resolution camera.
The distal tip is flexible and hosts the camera allowing enhanced angulation range. The
major advantage of use of the deflectable-tip EndoEYE in single-port surgery is that less
movement is necessary at the port site to move the camera, which reduces collision with
other instruments in the limited space. The major disadvantages of this scope are
incompatibility with other video platforms necessitating an entire new setup and hence
relatively high cost.

Stryker (Stryker Corporation, Kalamazoo, MI) also markets the “IDEAL EYES HD”
articulating laparoscope with an inline design providing about 100 degrees of flexion in all
directions.

LESS Surgery in Gynecology

As LESS surgery is relatively novel, the current literature on use of this technique in

gynecology is somewhat limited (Table 1). Wheeless, after reporting the first single-incision
laparoscopic tubal ligation in 1969 [9], later published, together with Thompson, a series of
3600 women who underwent sterilization with this technique [40]. In 1992, Pelosi et al. [41]
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reported the first successful supra-cervical hysterectomy performed through a single
incision. Four patients underwent the procedure.

In 2001, Kosumi et al [42] used an operative laparoscope to perform ovarian cystectomy
through a single incision. In 2005, Ghezzi et al. [43] reported a novel single-port technique
for the treatment of tubal pregnancy. Using an operative laparoscope and a percutaneous
midline suture inserted with a straight needle, the surgeon pulled the affected fallopian tube
towards the midline. Bipolar cautery was then used in combination with laparoscopic
scissors to dissect the tube. Using a laparoscopic retrieval bag, the tube was then removed
through the umbilical incision. A total of 10 ectopic pregnancies, with a median gestational
age of 7 weeks and 2 days (range, 5.6-10.2 days), were treated with this technique. The
median time reported for the procedure was 27 minutes (range, 15-37 minutes), and no
failures or complications were reported.

In 2009, Lim et al. [44] reported a series of 12 patients who underwent single-port
laparoscopic surgery for benign adnexal masses. In these patients, the single-port access was
created using an innovative method of combining a wound retractor with a surgical glove, a
slight modification of a technique previously described for finger-assisted laparoscopic
surgery [45]. The median size of the adnexal masses was 4 cm (range, 3-9 cm). These were
all performed through a 2-cm fascial incision. The mean operative time was 73 minutes
(range, 25-110 minutes), and no complications were reported. The median hospital stay
after surgery was 2 days (range, 2-3 days).

Also in 2009, Kim et al. [46] published a series of 24 patients who underwent adnexal
surgery performed through a single port. The authors successfully completed the adnexal
surgery in 22 patients; 1 patient required placement of an additional trocar for adhesiolysis
and another patient required staging laparotomy for a borderline malignancy after successful
completion of single port adnexal surgery. The access port used was a combination of a
wound retractor and a surgical glove as described by Lim et al.[44]. The median size of the
adnexal mass was 5 cm (range, 3—-12 ¢cm). The median operative time was 70 minutes
(range, 40-128 min). Median time for preparation for single-port access was 6 minutes
(range, 5-15 minutes). Estimated blood loss was 10 mL (range, 10-100 mL). There were no
intraoperative complications. The median postoperative hospital stay was 1 day (range, 1-3
days).

Langebrekke et al [47] in 2009 reported the first total laparoscopic hysterectomy through a
single incision. TriPort access device with EndoEye camera were used for the procedure.
Fagotti et al [48] reported the used a similar setup for ovarian cyst enucleation in 3 patients.
Lee et al. [49] recently reported a series of 24 patients who underwent laparoscopic-assisted
vaginal hysterectomy. The combination of wound retractor and a surgical glove was used for
abdominal access. Distal articulating instruments were used for performing the surgery. The
authors also did a sub-analysis to compare the first 10 cases with the last 14 cases and found
a trend towards decreasing operative time and significantly less blood loss and shorter
hospital stay with increasing surgeon experience. There were 3 conversions to open
laparotomy because of adhesions.
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The use of trans-cervical morcellation was recently reported in the setting of conventional
laparoscopic supra-cervical hysterectomy by Rosenblatt et al [50]. Yoon et al [51] have
recently described the use of this novel method of morcellation using a single-port access in
7 patients. Mean operating time was 157 minutes (range, 140-233 minutes). After
transecting the uterine corpus, cervical os was dilated to number 15 hegars dilator and
morcellator was introduced. The mean morcellation time reported was 35 minutes (range,
140-233 minutes). Mean EBL reported was 200 ml (range, 100-300 ml) and no intra-
operative or post-operative complications were noted.

Kim et al [4] recently published a comparative study comparing LESS with conventional
laparoscopy in cases of laparoscopic assist vaginal hysterectomy. The VAS-based pain
scores at 24 h (LESS, 2.5 £ 0.7; conventional, 3.5 + 0.8; p=0.01) and 36 h after surgery
(LESS, 1.7 + 1.2; conventional, 2.9 + 1.1; p=0.01) were lower in the LESS group. Other
intra-operative and peri-operative outcomes were similar in two groups. Also in 2010,
Escobar et al [52] successfully reported removal of benign adnexal masses in 9 patients
using SILS port.

Mereu et al [53] reported their experience of single-port access surgeries in 16 patients
undergoing procedures for benign adnexal pathologies. 9 salpingo-ophorectomies, 5 ovarian
cyst enucleation and 2 salpingectomies were performed. This group used specialized curved
instruments in combinations with X-cone S-portal (Karl Storz, Tuttlingen, Germany) and
reported a much lower mean operating time of 42 min (range, 20-72 min) in their cohort.

Yim et al [7] reported a comparative study of single-port access total hysterectomy (SPA-
TLH) versus conventional total hysterectomy (TLH). The single-port access used was the
combination of a wound retractor and surgical glove. The SPA-TLH group had less intra-
operative blood loss, shorter hospital stay and earlier diet intake. No difference in peri-
operative complications was noted. The authors successfully repaired the vaginal cuff
laparoscopically in 38 of 52 cases in the SPA-TLH group.

Song et al [54] reported their technique of laparoscopic-assisted vaginal hysterectomy for
large uterus weighing more than 500 grams. 13 of the 15 patients enrolled successfully
underwent the single-port procedure. 2 patients required additional ports. The median
operation time, weight of the uterus, and estimated blood loss were 125 minutes (80 to 236
minutes), 690 g (503 to 1260 g), and 500 mL (150 to 1000 mL), respectively. No peri-
operative complications were reported.

Fader and Escobar [38] were the first to publish on single-port surgery in patients with
gynecologic malignancies. Thirteen patients underwent single-port surgery; 9 cases were
done laparoscopically and 4 cases were done using the Da Vinci robotic system through a
single incision. The median patient age was 47 years (range, 34-60 years), and the median
body mass index was 28 (range, 20-37). All the procedures were performed successfully
without the need for conversion to laparotomy and there were no reported post-operative
complications. The median operating time was 65 minutes (range, 35-178 minutes). The
mean hospital stay was 0.7 days (standard deviation, 0.5 days). Eleven of the 13 patients
reported a pain score of 0-1 in the immediate postoperative period and follow-up, 8 (62%)
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patients received ketorolac only after surgery, and no narcotics were used in the outpatient
setting. Two (15%) patients reported pain scores of 3—4 in the postoperative period and
required intravenous narcotics and oral narcotics after discharge from the hospital.

Technical Challenges of LESS Surgery

Despite the development of novel instruments and access ports, there remain several
technical challenges in operating through a single port. The following are some of the most
common technical challenges that may be encountered in single-port surgery.

Instrument Crowding

Crowding of the instruments inserted through a single port is a major problem in LESS
surgery. Range of movement is limited because of the close proximity of the instruments.
There are several ways of overcoming this problem. First, surgeons can cross the
instruments. However, this may lead to counterintuitive movements as the surgeon controls
the instrument on the opposite side of the field. The second option is to use the Da Vinci
robot with swapping of the laterality of the arms. However, this might not be a viable
solution to simple cases as it adds to both operating time and cost. Another option is to use
the GelPOINT access device with a larger outer cap to increase the instrument distance.

Loss of Triangulation

Triangulation is a necessity in traditional laparoscopy. With rigid instruments and ports that
provide minimal flexibility, the safest and easiest way to perform laparoscopy is through
triangulation of instruments. But with single incision accommodating both the camera and
the instruments there is a loss of triangulation. With currently available instruments, which
include both rigid instruments and the instruments with a articulating tip, there is minimal
room for triangulation. The development of proximally deviating curved coaxial instruments
with double bending will give the surgeon the impression of using triangulation without
crossing hands while ensuring minimal interference at the instrument introduction site. The
first generation of curved instruments is the X-Cone access port and S-Portal curved
instruments (Karl Storz, Tuttlingen, Germany) (Fig. 5). These instruments, however, are not
yet available in the US. Pre-bent instruments (Olympus, Hamburg, Germany) have also been
shown to out perform the flexible/articulating instruments in the laboratory setting [55] and
may reduce instrument crowding in addition to providing enhanced triangulation.

Learning Curve

The learning curve for laparoscopic gynecologic procedures [56-59] and robotic
gynecologic procedures [60] has already been described. The move from laparoscopic to
robotic surgery had several advantages. There is evidence that novice surgeons acquire
robotic surgery skills faster than traditional laparoscopy skills [61]. Better visualization and
the enhanced dexterity of the robotic arms made the adoption of robotic surgery easier for
surgeons but still involved a steep learning curve. Single port surgery, on the other hand,
might not be as easy to learn given the high level of skill and technical ability required to
overcome many of the aforementioned obstacles. This may lead to a difficult and long
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learning curve, and it is imperative that surgeons who attempt this novel surgical approach
be at least highly proficient in traditional laparoscopy.

Need for Long-term Follow-up and Prospective Data on LESS Surgery

No prospective data are available on long-term complications with LESS surgery. Currently,
there are no studies of patient preference comparing a single 2- to 3-cm scar from a single
trocar to multiple small 5-mm scars from traditional laparoscopy or robotic surgery. Finally,
data on the safety of single-port laparoscopic procedures in gynecologic cancer patients is
also very limited.

Conclusion

According to the results of a recent Cochrane review, the laparoscopic approach for
hysterectomy has been shown to be superior to laparotomy in terms of speedier return to
normal activities, lower intra-operative blood loss, a smaller drop in hemoglobin level, a
shorter hospital stay, and fewer wound or abdominal wall infections [2]. In addition,
laparoscopic surgery for hysterectomy has been found to be cost-effective as the shorter
hospital stay and lower morbidity offset the initial cost of the procedure [62]. LESS surgery
—with the entire surgery performed through a 2-cm incision hidden in the umbilicus—has
clear cosmetic benefits, but the advantages over traditional 3-port laparoscopy will have to
be investigated with larger sample sizes. The available comparative studies between LESS
and traditional laparoscopic assisted vaginal hysterectomies by Kim et al [4] and Yim et al
[7] does provide evidence suggesting reduced post operative pain in LESS group and
comparable outcomes to traditional laparoscopy. The recently reported study by Song et al
[54] in successfully completing laparoscopically assisted vaginal hysterectomies in large
uteri (>500 grams) certainly challenges the boundaries of single-port laparoscopic surgery.
Unfortunately, the data available at this time on single-port laparoscopy are too limited to
permit drawing any conclusions about long-term outcomes and benefits.

Future of LESS surgery

There are several key areas in LESS surgery that require further investigation. One of the
most exciting areas is the use of the Da Vinci robot to perform surgery through a single
incision. An initial report by Fader et al [38] shows a promising new approach in which the
limitations of single-port access might be overcome by the enhanced instrumental dexterity
of the robot. There is also potential for development of smaller robotic arms, specifically
geared towards entry through dedicated 2- to 3-cm ports, to improve range of motion.

Another potential area of development is the trans-abdominal magnetic anchoring system
(MAGS), which controls intra-abdominal laparoscopic camera and working instruments first
described by Park et al [63]. The system uses magnetic anchors outside of abdominal wall to
provide unrestricted intra-abdominal movements of the instruments and providing better
working angles, which are comparable to traditional laparoscopy. The system has been
evaluated in porcine models with two successful nephrectomies and trans-vaginal
cholecystectomies [64, 65]. Although under development there are a few case reports using
MAGS camera system in LESS surgery in humans, the largest series by Dominguez et al
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[66] describes the use of neodymium magnetic forceps in 40 patients undergoing single port
cholecystectomy.

Another area of interest as LESS surgery gains popularity is resident and fellow training
[49]. Minimally invasive cases are now divided among 3 different modalities—traditional
laparoscopy, robotic surgery, and now LESS surgery. Teaching surgeons-in-training 3
different ways of performing the same surgical procedure within the same training period
may present a challenge. A more structured curriculum will be needed for implementation of
more advanced minimally invasive surgical techniques during resident and fellowship
training.
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Fig. 3.
Olympus deflectable-tip EndoEYE video laparoscope (Olympus America, Center Valley,

PA).
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Fig. 4.
Single-port access created using Gelpoint device.
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X-Cone access port and S-Portal curved instruments (Karl Storz, Tuttlingen, Germany), the
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Table 2
Comparison of various ports

Category Device/ Advantages Disadvantages
Method

Access Port | Multiple fascial - Cheaper - Difficulty manipulating instruments
incisions with low . . i
profile conventional - Quick entry - Loss of pneumoperitoneum while
ports manipulating instruments.
Wound retractor and - Cheaper - Cumbersome setup

surgical glove

Pliable material of glove allows
for greater manipulation of
instruments

- Potential loss of pneumo-peritoneum
with glove leak

- Removal and replacement for organ
retrieval could be time consuming.

SILS port

Easy placement

Pliable material allows easier
instrument manipulation

Auvailability of dedicated SILS
kit

- Requires port removal for organ
retrieval

- Limited number and size of
instruments, which can pass through.

Gelpoint/Gelport

Large outside diameter reduces
instrument crowding

Can be used in obese patients
with abdominal wall up to 10 cm

Can be used in robotic LESS
cases

- Stiff material restricts instrument
movements

Airseal

Provides a smoke free operative
view

- Expensive setup
- Noise

- Loss of fulcrum
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