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Abstract

Background Laparoendoscopic single-site (LESS) sur-
gery is an emerging laparoscopic procedure previously
used for cholecystectomy and appendectomy. However,
few studies have examined LESS liver resection, and its
benefits require investigation. This study aimed to evaluate
the feasibility and safety of LESS liver resection.
Methods From December 2009 to October 2010, 12
patients were selected for LESS liver resection with insti-
tutional review board approval. The LESS technique was
performed using a transumbilical TriPort or three 5-mm
trocars with a 5-mm linear or flexible laparoscope. Con-
ventional or articulating laparoscopic instruments were
used to mobilize and transect the lesions.

Results The LESS liver resection procedure was success-
fully completed for 10 patients (83.3%), with the remaining 2
patients (16.7%) undergoing conversion to conventional
multiport laparoscopy. The procedures consisted of left lateral
segment resection (n = 4) and partial resection (n = 8) in
addition to concomitant cholecystectomy (n = 3). The mean
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operative time was 80.4 min (range, 35-160 min), and the
mean estimated blood loss was 45 ml (range, 20-800 min).
No postoperative complications were noted except for biliary
leakage (200 ml/day)in one patient. The mean hospital stay
was 4.3 days (range, 2-8 days). No patient required postop-
erative analgesia, and the pain visual analog score 48 h after
surgery was 0.53 (range, 0-2). Pathology identified 10 benign
and 2 malignant liver tumors with a clear margin.
Conclusions Our preliminary data show that LESS liver
resection is safe and feasible for selected patients, with
potential benefits that include a fast recovery, light pain,
and cosmetically acceptable scarring. However, this pro-
cedure requires advanced instruments and complicated
laparoscopic techniques, with a risk of intraoperative
bleeding and postoperative bile leakage.

Keywords Laparoendoscopic single-site surgery -
Liver resection - Minimally invasive surgery -
Single-incision laparoscopic surgery -

Single-port access surgery

Laparoscopy is a widely recognized and increasingly used
minimally invasive approach that has been extensively
applied in general surgery, urology, gynecology, and
endocrine surgery. Laparoscopy benefits from minimal
invasiveness, rapid recovery, and cosmetically improved
incisions, which derive mainly from the minimization of
trauma by this surgical approach.

Currently, most laparoscopic procedures use three to six
trocars. The use of fewer trocars is expected to benefit
patients because reduced invasiveness results in lower pain
levels, a faster recovery, and more favorable cosmetic
incisions and likely reduces the underlying procedural risks
caused by multiple punctures.
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Natural orifice transluminal endoscopic surgery
(NOTEYS) is a newly emerging advanced minimally inva-
sive approach that requires no abdominal incision [1].
However, due to technical and technological limitations,
NOTES still is largely limited to the laboratory and pre-
clinical areas. To date, the use of NOTES for hollow organ
dissection, additional abdominal trocars, and inconvenient
endoscopic manipulation remains debatable [1, 2].

Laparoendoscopic single-site  (LESS) surgery, also
called single-incision laparoscopy, single-port laparoscopy,
and single-site laparoscopy, is another emerging and highly
advanced procedure that is minimally invasive. With LESS
surgery, all laparoscopic working ports for entrance to the
abdominal wall must be through a single site. This prin-
ciple is its main advantage. Laparoscopic surgeons find it
easier to adopt LESS than to adopt NOTES because LESS
surgery is more similar to conventional laparoscopy.
Therefore, LESS surgery is quickly developing due to
accumulated experience and improved instrumentation.
Increasingly, LESS surgery for appendectomy [3, 4], cho-
lecystectomy [5], oophorectomy [6, 7], adrenalectomy [8],
and gastric band placement [9] is being reported.

The actual benefits of LESS surgery remain unclear.
However, some studies [2-9] suggest that LESS results in
less pain, a more acceptable incision, and greater patient
satisfaction. Hodgett et al. [4] compared LESS with con-
ventional laparoscopy for cholecystectomy, showing a
comparable operative time, complication rate, and length
of hospital stay between the two procedures. However,
patients who underwent LESS had greater satisfaction with
the procedure due to a reduction in operative pain and a
favorable incision. In addition, LESS nephrectomy resulted
in less blood loss and a smaller cosmetic incision than
conventional laparoscopic nephrectomy [2].

However, the use of LESS surgery for complex lapa-
roscopic procedures has been reported only for individual
cases or small series [10-14]. Recently, two case reports of
LESS liver resection (n = 1 each) [15, 16] and another
serial report (n = 5) [17] were published. Therefore, lar-
ger-scale studies are required to confirm the feasibility of
LESS liver resection.

In this study, we performed LESS liver resection in a
prospective single-arm study to establish its safety and
feasibility. In addition, we aimed to identify challenges and
suggest solutions for LESS liver resection procedures.

Materials and methods

Patients

From December 2009 to October 2010, 12 patients with a
diagnosis of liver tumors underwent selective LESS liver

resection at the Chinese PLA General Hospital, Aerospace
Central Hospital, and First Affiliated Hospital of Chinese
PLA General Hospital. All the patients participating in this
study gave informed consent before surgery. The inclusion
criteria specified patients undergoing elective resection of
malignant tumor smaller than 2.5 cm in diameter located in
segments 3, 4b, and 5; patients with benign tumors smaller
than 10 cm in diameter located in segments 2-5; and
patients shorter than 180 cm who were not morbidly obese
and had no history of upper abdominal surgery. The can-
didate patients for left lateral segment resection (LLSR)
were excluded if a larger transaction section between
segments 2, 3, and 4 was expected to be required.

Surgical procedures

Patients were placed in the lithotomy (“French”) position
under intravenous general anesthesia with either a lar-
yngeal mask airway (n = 3) or endotracheal intubation
(n =9). A TriPort (Advanced Surgical Concepts, Wick-
low, Ireland) was placed at the umbilicus in seven patients
to establish the abdominal access port (Fig. 1A). Three
adjacent 5-mm trocars were used in the remaining five
patients, for whom three 5-mm incisions were made below
the umbilicus at an interval of 5 to 10 mm and in an
inverted triangle (Fig. 1B). Then, 5-mm 30° linear lapa-
roscopes were used in 10 patients. In the remaining two
patients, a 0° laparoscope and another 30° laparoscope with
a flexible end (Olympus America, Center Valley, PA,
USA) were used.

In addition to conventional laparoscopic instruments,
this study used articulating instruments (Cambridge Endo,
Framingham, MA, USA), linear staplers, a ultrasonic
scalpel (Ethicon Endo-Surgery, Cincinnati, OH, USA), a
bipolar electrocauterizer, bioabsorbable vascular clamps,
and an argon beam coagulator.

The laparoscope was inserted through the median access
port or trocar according to routine procedure and adjusted
to the other two working ports or trocars as necessary.
Laparoscopic manipulation was performed by a one-han-
ded or cross-handed maneuver under a distant vision. To
minimize instrument collisions, the retrieval instrument
was placed first, followed by manipulative instruments. An
articulated linear stapler was used to fracture liver tissues
through an ideal angle.

For patients undergoing LLSR, the round ligament,
falciform ligament, left coronary ligament, and left trian-
gular ligament were transected in an orderly manner using
a ultrasonic scalpel to mobilize the left lateral lobe.
A 5-mm grasper was inserted through the right port or
trocar to retract the lobe to the left side while the arch of
the retractor was placed toward the right. The liver was
transected along the falciform ligament. The vascular
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Fig. 1 Umbilical port placement: A TriPort. B Three 5-mm trocars

pedicles of segments 2 and 3 were bluntly dissected and
ligated with a linear stapler (Fig. 2A). Subsequently, the
left hepatic vein was bluntly dissected and ligated with
another linear stapler.

After the left lateral lobe had been completely removed,
a bipolar electrocauterizer or argon beam coagulator was
used for hemostasis of the liver wound. Additionally, for
partial resection, the surrounding liver parenchyma was
transected in a left-right-down order through the proposed
division line using a ultrasonic scalpel (Fig. 2B, C). For
patient 6, two linear staplers were used to resection the
tumor locally rather than ultrasonic scalpel. For patients
with gallbladder disorders, cholecystectomy was per-
formed concomitantly.

For the patients who had use of the TriPort, the lapa-
roscope and grasper were inserted through two 5-mm ports,
and a retrieval bag was placed through the 10-mm port.
The specimen was wrapped in the retrieval bag and
extracted from the umbilical incision. After removal of the
TriPort, the specimen was broken up and removed as small
pieces. If drainage was required (n = 2), a 10-mm trocar
and a 5-mm trocar were introduced into the peritoneal

@ Springer

Fig. 2 Laparoendoscopic

single-site
A Ligating vascular pedicles of segments 2 and 3 using a linear
stapler (patient 1). B Transecting a hepatocellular carcinoma located
at segments 4 and 5 (patient 5). C Removing a lesion of focal nodular
hyperplasia at segment 4b in a left—right-down order (patient 7)

liver resection procedure.

cavity, and the fascial defect was closed around the trocars.
An additional 5-mm dissector was inserted through a sep-
arate fascial incision rather than through a trocar. The drain
was delivered though the 10-mm trocar.
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Fig. 3 Umbilical incision appearance at discharge with use of the
TriPort (A) or three 5-mm trocars (B)

After completion of the drainage placement, the 10-mm
trocar, dissector, laparoscope, and 5-mm trocar were
withdrawn sequentially. When three adjacent 5-mm trocars
were used, two adjacent incisions were merged to accom-
modate a 10-mm trocar. The retrieval bag and laparoscope
were introduced through the remaining 5-mm trocar. An
additional 5-mm dissector was inserted directly through a
separate fascial incision without the need for a trocar. The
specimen was extracted as a whole (for malignant tumors)
or in small pieces (for benign tumors). No drain was placed
in patients undergoing the three-trocar procedure (n = 5).
Umbilical incisions were closed using subcutaneous
sutures and not extended for specimen extraction (Fig. 3).

Results

The study enrolled 12 patients (7 men and 5 women) with a
mean age of 41.3 £ 11.3 years (range, 25-64 years), a
mean height of 170.8 4+ 6.1 cm (range, 160—178 cm), and
a body mass index of 26.3 4 2.7 kg/m®> (range,

21.8-30.4 kg/m?). The liver function of all the patients
rated as Child-Pugh class A.

Benign tumors were preoperatively diagnosed in 10
patients, whereas malignant tumors were diagnosed in two
patients. All lesions were located in segments 2-5 and had
a mean size of 4.4 £ 2.6 cm (range, 1.1-9.6 cm). Addi-
tionally, three patients had concomitant gallbladder disor-
ders (Table 1).

For 10 patients (83.3%), LESS liver resection was suc-
cessfully completed, and the remaining 2 patients (16.7%)
underwent conversion to conventional laparoscopy. Con-
ventional techniques were adopted either due to compro-
mised laparoscopic manipulation (n = 1) or because the
restricted-vision 0° laparoscope was unable to ensure
operative safety (n = 1).

The procedures consisted of LLSR (n = 4), partial
hepatectomy (n = 8), and concomitant laparoscopic cho-
lecystectomy (n = 3). The mean operative time was
80.4 £ 38.3 min (range, 35-160 min), and the mean blood
loss was 45 ml (range, 20-800 ml). Massive hemorrhage
(800 ml) during the operation occurred for one patient. A
postoperative complication occurred for one patient, who
experienced a daily 200-ml bile leakage that resolved with
prolonged drainage.

Notably, no narcotic analgesia was given to patients
after surgery because up to 48 h after surgery, the mean
pain visual analog scale still was 0.53 + 0.80 (range, 0-2).
The postoperative hospital stay was 4.3 £ 1.6 days (range,
2-8 days). Pathology performed for preoperative evalua-
tion identified hepatocellular carcinoma (n = 2) with a
clear margin, hemangioma (n = 6) with one patient having
a multifocal lesion, focal nodular hyperplasia (n = 3), and
hepatoadenoma (n = 1). The incision length was less than
2.5 cm. During a mean 5.2-month follow-up period, no
tumor recurrence or short- or long-term wound-site com-
plications were identified (Table 2).

Discussion

Since the 1990s, laparoscopic liver resection has become a
popular and widely accepted procedure [18-22]. Multiple
controlled studies have shown its procedural benefits and
comparable effectiveness [20, 21]. The most frequently
performed and accepted procedures for laparoscopic liver
resection are laparoscopic LLSR and partial resection due
to their effectiveness and safety [18-22].

Recently, LESS surgery has been shown to have addi-
tional benefits of reduced pain, a more cosmetic incision,
and a rapid recovery [2—14]. However, few studies have
investigated LESS liver resection [15—-17], which implies
that the safety and feasibility of LESS liver resection
requires evaluation.
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Table 1 Demographics and perioperative characteristics of patients (n = 12)

No. Sex Age Height BMI Diagnosis Segment location ~ Dimension (cm) Previous abdominal
(years) (cm) (kg/mz) of lesion surgery

1 F 46 162 232 MFH + CCT 3 1.5 x 1.5 x 15,11 x 10 x 8 None

2 M 64 177 255 SLH + PLG 2/3 9.8 x 6 x 6 None

3 F 28 167 25.6 SLH 2/3 8§ x7x8 Appendectomy
4 F 27 165 24.5 FNH 2/3 7x6x6 None

5 M 45 172 304 HCC 4/5 12 x1x1 None

6 M 41 176 26.5 SLH 3 6x55x%x5 None

7 M 36 178 21.78 FNH 4b 35x35x%x2 Appendectomy
8 M 38 172 274 FNH 5/8 3x3x3 None

9 F 48 160 29.6 HA 3 35 x35x%x35 None

10 M 46 174 27.8 HCC 5 2x2x%x2 None

11 M 51 177 28.9 SLH 3 4x5x%x5 None

12 F 25 170 23.7 SLH + PLG 3 3x3x2 None

BMI body mass index, MFH multifocal hemangioma, CCT cholecystolithiasis, SLH single liver hemangioma, PLG polypoid lesion of the
gallbladder, FNH focal nodular hyperplasia, HCC hepatocellular carcinoma, HA hepatoadenoma

Table 2 Surgical outcomes and postoperative progress (n = 12)

No. Placement Procedure  Conversion Operation Blood Drain Postoperative VAS Oral intake Hospital Follow-up
of trocar time (min) loss (ml) complication time (days) stay (days) period (mos)
1 TriPort LLS + LC No 90 + 25 100 No None 0 1 4 9
2 TriPort LLS + LC No 130 + 30 800 Yes  Bile leak 2 2 8 2
3 TriPort LLS No 110 100 No None 0 2 5 3
4 TriPort LLS Yes? 100 50 No None 2 2 6 1
5 3 x 5-mm trocars PR No 45 20 No None 0 0 2 8
6  TriPort PR No 110 50 Yes None 0 1 3 4
7 TriPort PR No 35 20 No None 0 0 5 3
8 3 X 5-mm trocars PR Yes® 50 50 No None 1 0 4 4
9 3 x 5-mm trocars PR No 45 20 No None 0 0 3 5
10 3 x 5-mm trocars PR No 60 40 No None 0 1 4 2
11 TriPort PR No 60 30 No None 1 1 4 3
12 3 x 5-mm trocars PR + LC No 40 + 35 20 No None 0 0 3 1

VAS pain visual analog scale, LLSR left lateral segment resection, LC laparoscopic cholecystectomy, PR partial resection

# Poor visual field with a 0° laparoscopy

" Compromised laparoscopic manipulation

Single-port access LLSR recently has been performed
on the liver of a patient with metastatic colon cancer. An
additional trocar was required to assist manipulation, with
subsequent extension (3.5 cm) for removal of the specimen
[15]. Similarly, LLSR has been performed successfully
through a single port without an additional trocar or an
extended incision (8 cm) [16].

In addition, an initial five-case series of LESS liver
resection has been reported. The patients were managed
using GelPort due to the absence of a supplemental port
[17]. In all five cases, liver resection was performed suc-
cessfully without any intra- or postoperative complications
and with a reduction in blood loss and operative time.

@ Springer

However, a 50-mm incision compromised the cosmetic
outcome. Such a large incision is in stark contrast with the
incision size required for LESS. Moreover, it is not known
whether LESS surgery is suitable for patients with a history
of abdominal surgery.

The LESS approach is not without its drawbacks. It
results in crowded instruments, problems with in-line
viewing, loss of triangulation, and a limited range of
motion, especially during complex procedures [18-22].
Overcoming these drawbacks is essential for LESS surgery
to become feasible. The technical difficulties of LESS liver
resection lie in a requirement of massive liver dissection,
frequent alternation and adjustment of instruments,
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compromised wound hemostasis, a shifted division line,
restriction by the length of the laparoscopic instrument
(especially the linear stapler), and an inappropriate place-
ment of the drain.

In our study, partial resection, a simpler procedure, was
successfully completed without complications for seven
(87.5%) of eight patients within a short period of
60.0 &+ 23.6 min. However, we observed that LLSR
required more complicated manipulations than partial
resection, which resulted in a longer operative time in cases
1 to 4 (mean, 121.3 £ 26.6 min). Massive intraoperative
bleeding complicated with bile leakage occurred for patient
2 after the first stapling. Such an intraoperative event failed
to be appropriately resolved using LESS, indicating that it
causes postoperative bile leakage (Fig. 4).

For patient 4, LESS was converted to conventional
laparoscopic surgery due to an inconvenient manipulation
with the 0° laparoscope. The remaining two cases of LLSR
did not have additional complications, although the fre-
quent alternation and adjustment of instruments was both
laborious and time consuming. The placement of drainage
using the single-access site gave rise to a similar incon-
venience, especially when the TriPort was used. Our results
indicate that some underlying technical obstacles still need
to be solved.

To overcome the obstacles encountered in LESS liver
resection, we adopted the following methods based on
previous experience with LESS cholecystectomy and fen-
estration of liver and spleen cysts. Only small tumors
(<3 cm) located in proximity to the liver surface of seg-
ments 2—4 were indicated for partial resection. For LLSR,
the transection surface between segments 2/3 and 4b was
minimized. Furthermore, massive liver dissection and
transection were avoided. The TriPort also was used to

Fig. 4 Massive hepatic arterial bleeding secondary to transection of
the vascular pedicles of segments 2 and 3 in patient 5

facilitate further manipulation, which reduced collisions
due to crowded instruments.

In addition, 30° rather than 0° laparoscopy is recom-
mended because a flexible-tip laparoscope can produce a
better visual field than that advocated for simple proce-
dures [3]. However, these laparoscopes are delicate and
subject to mechanical damages in the process of complex
movements in a tight space. Additionally, some specialized
instruments such as low-profile trocars, articulating
instruments, short-handled instruments of various lengths,
and coaxial light-tipped laparoscopes could also improve
operative ergonomics [23]. Suspension of ligaments also
should be used as intrinsic retractors to allow a smooth
sequential dissection.

Liver dissection should focus on manipulation that
minimizes damage to the patient. We also recommend that
the patient not be taller than 180 cm or morbidly obese
because in such cases conventional laparoscopic instru-
ments, such as the linear stapler, are of an insufficient
length to reach the posterior space of the liver when
inserted from the umbilical site.

Patience plays a critical role in the success of LESS liver
resection. In addition, LESS procedures reportedly have
been improved by magnetic navigation laparoscopes [5],
magnetic retractors [24-26], a laparoscopic adjustable
suture and retractor [4], prebent laparoscopic instruments
[23], and a 2-mm needlescopic trocar and micro instru-
ments [26-28]. We propose that 2-mm needlescopic
instruments would improve LESS liver resection. These
instruments can be inserted into the peritoneal cavity
without any skin incision, and they facilitate liver retrac-
tion, ensuring procedural safety. Robot-assisted LESS is
reported to be a promising method, but further investiga-
tion is required to confirm its applicability [7, 29].

The variety of trocar placements available might extend
the applicability of LESS. In 1 of 12 patients (patient 8),
LESS surgery was converted to conventional laparoscopy
because manipulation of the tumor was compromised due
to its proximity to the diaphragmatic dome. We suggest
that a right superior quadrant surgical site might avoid this
complication. The use of the left superior quadrant trocar
has been reported for LESS splenectomy [30].

Our results confirmed the safety of LESS liver resection,
which had minimal complications resulting in adverse
events. The patients had a fast recovery. The gastric tube
was removed from eight patients immediately after surgery
without any subsequent discomfort. Five patients (41.7%)
started oral intake 6 h after surgery, and the patients
resumed oral intake at a mean of 0.83 days. The mean
hospital stay was only 4.3 days, which was extremely short
for liver resection. Skin incisions had an improved cos-
metic effect (Fig. 3) because they were smaller than 2.5 cm
and could easily be disguised by umbilical skin folds.
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Mental stress was reduced due to the cosmetic nature of the
incision and pain reduction.

We suggest that LESS liver resection can produce the
same surgical outcome as conventional laparoscopic liver
resection. Its only disadvantages in this study were the
longer operative time and the slightly greater risk of pro-
cedural complications.

The applicability of LESS surgery is disputed in the
literature [2, 13, 31-33]. Whether the well-recognized
cosmetic outcome and reduced pain with LESS outweighs
its poorer cost effectiveness, intricate maneuvers, pro-
longed duration, and increased procedural risk requires
confirmation through randomized controlled trials.

Laparoscopic radiofrequency ablation is another excel-
lent option for malignant tumors smaller than 3 cm because
it results in a favorable and comparably long-term patient
survival compared with surgical resection [34, 35]. An
overlap in the functionality of LESS and laparoscopic
radiofrequency might exist. However, LESS surgery still is
the preferred option for lesions in proximity to the gall-
bladder, for hepatic hilar, and for histologic biopsies. In
case of malignant tumors, the principle of en bloc resection
still applies to prevent iatrogenic dissemination and
metastasis.

Extension of the trocar incision still can compromise the
advantages of LESS surgery [2, 8]. Therefore, LESS is
relatively contraindicated for malignant tumors larger than
3 cm in diameter [16]. The shortest incision needs to be
clearly defined for LESS procedures.

In conclusion, for selected patients, LESS liver resection
is feasible and safe. Compared with multiport laparoscopy,
LESS has a faster recovery, less pain, and more cosmeti-
cally acceptable scarring. However, this procedure requires
advanced laparoscopic techniques and instruments, which
increases the risks of intraoperative bleeding and postop-
erative bile leakage. These risks should be reduced through
improvements in instrumentation and technological inno-
vation, which have the potential to improve the applica-
bility of LESS liver resection.
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