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Abstract Laparoscopic liver resections are frequently
performed for peripheral lesions located in the antero-in-
ferior segments. Resection of postero-superior segments is
more demanding and dangerous than other segmentec-
tomies, resulting in a longer operation time and increased
blood loss. To reduce technical challenges, some authors
advocated a modified surgical approach for these segments
with the patient placed in the left lateral decubitus with the
right arm suspended and suggested technical variations like
the use of an additional intercostal trocar, the placement of
one or two additional trans-thoracic trocars, a hand-assisted
approach or a hybrid method with a median laparotomy. In
the present series of 88 patients from four hepatobiliary
centers with high volume of activity in Italy, a standard
lithotomic position has been routinely used without the
need for left lateral decubitus or semi-prone position and
through abdominal wall without use of trans-thoracic tro-
cars. This approach allows a more comfortable use of the
Pringle maneuver that we used routinely in hepatic resec-
tion for PS segments; and, a very short time is needed for
conversion, whenever it is required. In our series, laparo-
scopic resection of liver tumors located in the postero-su-
perior segments of the liver with a total abdominal
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approach is technically feasible and safe with short-term
results similar to other laparoscopic liver resections.
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Introduction

Over the last decade, laparoscopic liver resections (LLR)
have been increasingly performed worldwide [1]. Results
from a systematic review indicated that LLR are associated
with reduced blood loss, less analgesics requirement and
shorter length of hospital stay, despite similar complication
rates and oncological outcomes as compared with open
hepatectomies [2, 3]. Moreover, in a recent retrospective
analysis of liver resections for benign tumors, also quality
of life in the first year after LLR was proved to be
improved compared with open surgery [4].

In the world review by Nguyen, minor hepatectomies,
including segmentectomies and wedge resections, were the
most commonly performed procedures (45 %) whereas
major hepatectomies accounted for only 16 % of the entire
group of laparoscopic hepatectomies [2]. These findings
were also confirmed by Aldrighetti in a large national
survey regarding minimally invasive liver resections and
collecting data from 39 centers in Italy: indeed, out of 1391
laparoscopic liver resections (excluding conversions) 1269
cases (86.9 %) of minor liver resections were recorded [5].

LLR included in the literature series are frequently
performed for the treatment of peripheral lesions located in
the so-called “laparoscopic segments”, i.e., the antero-in-
ferior segments (2, 3, 4b, 5 and 6) according to the
Louisville statements [1]. Other recommendations to
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schedule a patient to laparoscopic liver resection include
solitary, peripherally located lesions with size of less than
5 cm [1].

To our knowledge, no comparative studies assessing the
possible benefits of LLR compared to open surgery for
lesions located in the postero-superior (PS) segments (7, 8,
4a) have been reported so far [1, 6].

In particular, resection of segments 7 and 8 could be
more demanding and potentially more dangerous than
other segmentectomies, resulting in a longer operation time
and increased blood loss as found in the series of Ishizawa
[7]. Such “demanding” segmentectomies should be per-
formed only by surgeons with advanced experience both in
open and minimally invasive surgery [7].

To reduce technical challenges, some authors advocated
a modified surgical approach for these segments with the
patient placed in the left lateral decubitus with the right
arm suspended and suggested technical variations like the
use of an additional intercostal trocar [7], the placement of
one or two additional trans-thoracic trocars [8], a hand-
assisted approach [9] or a hybrid method with a median
laparotomy [10].

The aim of the present study was to analyze surgical
technique of resections performed for lesions located in PS
segments, focusing on safety and feasibility of these pro-
cedures in the standard lithotomic position and a totally
abdominal approach.

Materials and methods

From January 2005 to February 2014, a total of 88 con-
secutive patients underwent LLR for lesions located in
segments 7 and 8 at four hepatobiliary centers with high
volume of activity in Italy (Unit of Hepatobiliary Surgery
and Liver Transplant Center, “Cardarelli” Hospital Naples,
HPB Surgery and Liver Transplantation Unit University of
Modena and Reggio Emilia Modena, Multiorgan Trans-
plantation Program General Surgery and Transplantation
Unit San Camillo Hospital Rome and Hepatobiliary Sur-
gery, Department of Surgery San Raffaele Hospital Milan).

Patients with any of the following characteristics were
excluded from the analysis: major hepatectomies, multiple
lesions involving anterior or left segments. Data from these
patients were collected at each center in a prospective
database and are now retrospectively reviewed.

Surgical technique
Under general anesthesia, patients were placed in a supine
position with the first surgeon between patient’s legs (a left

lateral decubitus position of 15°-25° was employed) and
one assistant on each side. All the patients were placed in
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anti-Trendelenburg position. After the introduction of a
12-mm umbilical port using an open technique, continuous
carbon dioxide pneumoperitoneum was induced at a pres-
sure limit of 12 mmHg. A four-trocar configuration was
generally used: two 5- to 12-mm trocars were introduced in
the right and left flank (two transverse fingers above the
umbilical line) and another (5 mm) in the xiphoid region
(Fig. 1). In all the cases an intraoperative laparoscopic
ultrasonography was performed to confirm the number and
the extension of the lesions and their positions in relation to
the main intrahepatic structures.

The hepatic pedicle was systematically encircled with a
sling in case of requirement of Pringle maneuver.

Then, mobilization of the right liver was performed by
dividing the right lateral hepatic and the triangular liga-
ments. Dissection of the round ligament was generally
avoided to preserve its function of suspensory element.
Resection was carried out by means of bipolar forceps and
dissection devices, according to surgeons’ preference, fol-
lowing a resection plane that was previously demarked
thanks to the aid of the ultrasound guide. The liver par-
enchyma was thinned until collateral veins and main
pedicles were isolated and eventually divided by means of
vascular staplers or clips. Intermittent pedicle clamping
was performed, whenever required, via an accessory trocar
in the left flank on the anterior axillary line; a 10/15-min
clamping period, followed by 5 min of reperfusion, was

N
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Fig. 1 Trocar position for LLR of PS segments in lithotomic position
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used: presence of underlying liver parenchymal impair-
ment did not constitute a contraindication to Pringle
maneuver [11-13].

The specimens were placed in a plastic retrieval bag and
extracted via an accessory Pfannenstiel incision or through
a previous laparotomy line in the case of colorectal
metastases. The surgical field was irrigated and checked for
bleeding or bile leakage. A Jackson-Pratt-like drainage
was placed on the raw surface of the liver whenever
required. Occasionally a hemostatic matrix (Floseal©) was
used to control minor bleeding centrally on the resection
area. The use of laparoscopic stitches to control for deep
bleeding control was generally avoided.

Outcome analysis

Patients and disease characteristics were recorded. Out-
come was evaluated in terms of intraoperative outcomes
(blood loss, transfusion rate, conversion rate) and postop-
erative results. Complications were reviewed for 90 days
following surgery and graded retrospectively according to
Clavien-Dindo classification of surgical complications
[14]. Mortality was defined as any death occurring during
the 90 days following surgery or within the same
hospitalization.

Statistics

The average values are expressed as mean =+ standard
deviation from the mean or as median and range when
appropriate. Statistical analysis was performed using SPSS
software version 18.0 (SPSS Inc, Chicago, IL).

Results

Diagnosis breakdown is reported in Table 1. Among 88
patients in the study group, 46 had a hepatocellular carci-
noma (HCC): most of these lesions raised within under-
lying cirrhosis (Child—Pugh score A5 in all patients) with
no portal hypertension, no ascites and a platelet count
>100 x 10°/L.

Table 1 Procedure performed for postero-lateral segments

Twenty-five cases of colorectal metastases and 7 cases
of benign lesions were included.

Type of resections according to Brisbane nomenclature
[15] and involved segments are shown in Table 1.

Mean lesion diameter was 3.3 cm (SD 1.6 cm). Con-
version rate was 11.4 % (10/88) in all cases related to a
severe bleeding.

Mean operative time was 204.4 min (SD 65.8 min) with
a mean blood loss of 206.2 ml (SD 164.6 ml). No patient
required intraoperative transfusion of packed red cell.

The intermittent Pringle maneuver was used in all
patients with a mean length of 30.1 min (SD 15.5 min).
Recovery of bowel function was registered after a mean of
1 day following surgery, while oral food intake was
restored during the second postoperative day in all the
patients.

Mean length of postoperative hospital stay was 4 days
[registered (r.) 3—10].

The morbidity rate was 10.08 % (9/88 patients).
According to Clavien—-Dindo classification [14], 2 patients
had a grade I (2.2 %), 5 patients had a grade II (5.7 %) and
2 patients (2.2 %) a grade III complication (Table 2). In
particular, no patient developed postoperative ascites,
allowing to remove surgical drain a median of 3 days after
surgery. Mortality was nil.

Postoperative serum AST, ALT and total bilirubin levels
were normal after 5 and 30 days following surgery in all
the patients.

Discussion

The laparoscopic approach was proved to improve the
outcomes of patients undergoing hepatic surgery in terms
of reduced postoperative pain, less operative trauma, and
shorter hospital stay with faster functional recovery and
better quality of life, as compared to open surgery, despite
comparable oncological results [4, 16]. The mean length of
stay after laparoscopic surgery is 1-3 days compared with
9 days after open resection [2, 17]. Some reports suggest
that the lower complication rate and the shorter length of
stay after LLR might be related to a very selective

Procedures No. of patients HCC (n) Colorectal MTX (n) Benign lesions () Other (n)
Right posterior sectionectomy (6—7) 16 8 6 2 2
Segmentectomy of 7 14 8

Right anterior sectionectomy (5-8) 4 1 - -

Subsegmentectomy 7 31 18

Subsegmentectomy 8 23 11

Total 88 46 25 7 10
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Table 2 Surgical results

Mean lesion diameter (SD) (cm) 32+ 1.6
Mean tumor-free margin (SD) (mm) 99 +£59
Conversion 10/88 (11.4 %)
Mean operative time (SD) (min) 204.4 + 65.8
Mean blood loss (SD) (ml) 206.2 + 164.6
Mean time of pedicle clamping 30.1 £ 155

(9 patients) (SD) (min)
Median hospital length of stay (days) 4 (r.: 3-10)

Grade I: 2 (2.2 %)
Grade II: 5 (5.68 %)
Grade III: 2 (2.2 %)
Grade 1V: 0
Mortality 0

Postoperative morbidity (according
to Dindo—Clavien classification)

inclusion criterion for laparoscopic group, leading to the
recruitment of a population with favorable characteristics,
like the absence of previous liver surgery [2, 6].

The selection of “less challenging” patients, often
requiring small non-anatomical resections in peripheral
segments or left lateral sectionectomy as their first hepa-
tectomy is a feature of many series.

Moreover, historical indications for laparoscopic liver
resection were small, solitary, and easily accessible
peripheral (segments 2—6) lesions [1].

After the continuous and progressive training both in
general laparoscopic and open liver surgery, an evolution
from relatively modest peripheral wedge resections to left
lateral sectionectomies and then to formal right hepatec-
tomies was experienced; despite this, even most specialized
institutions still underline the difficulty of posterior seg-
mental resections: indeed, only a small number of patients
resected laparoscopically for lesions located in the seg-
ments 7 and 8 were reported [1, 2, 18, 19].

More recently, outcomes from small cohorts of patients
have been published, focusing on laparoscopic liver
resection for complex posterior and superior lesions in
segments 7 and 8: even in this setting technical feasibility
has been reported, despite notoriously poor operative
exposure and difficult bleeding control [20].

These formerly restricted areas have now been more
widely explored, thanks to technological improvement and
surgeons’ learning curve, while preserving oncological
principles and profile of safety and efficacy in high-volume
centers [21, 22].

Exposure of surgical field, liver mobilization and
working instruments manipulation may be particularly
challenging during segmentectomies and wedge resections
for lesions located in PS segments. Moreover, the tran-
section line is more frequently curved or angulated, making
liver parenchymal dissection more difficult.
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Additionally, the enforced angle of transection imposed
by the ribs frequently leads to an unnecessarily generous
anterior margin to achieve a radical (RO) resection: as a
consequence, some authors have abandoned a pure
laparoscopic approach due to the rate of conversion for
bleeding and the difficulties to achieve an RO margin [21].

On the contrary, when a pure laparoscopic approach is
pursued, the surgeon may be induced to perform a formal
right hepatectomy rather than a more demanding procedure
like right posterior sectionectomy or segmentectomies of 7
and 8. Nevertheless, recent trend toward parenchymal
sparing techniques in open liver surgery has pushed in the
direction of a more conservative attitude also in the
laparoscopic approach [23, 24].

In this series we observed a mean tumor-free margin of
about 10 mm with no cases of R1 resection.

In trained centers, LLR of PS segments was not asso-
ciated with increased morbidity when compared with LLR
of anterolateral segments and similar results were shown
also in terms of intraoperative and postoperative outcomes
[7, 20, 21, 25]. In a paper by Kazaryan, the only statisti-
cally significant difference found was regarding the mini-
mal distance from the resection line to the tumor (3 mm for
resections of PS segments vs. 8 mm in other segments,
p = 0.003) [25]. It should be taken into consideration that
these results are altered by a more extensive use of vascular
staplers when resection of PS segments is required: indeed,
parenchymal crushing by the cartridge reduces the depth of
resection margins [26]. More recently Postriganova et al.
have also reported the effect of dissection devices that can
narrow the resection margin due to thermal necrosis [27].
This seems to be an isolated report from the literature;
indeed this observation did not lead to a higher rate of
tumor-involved resection margins, to a higher rate of
recurrence within the liver, or to a poorer survival in
patients with resections of lesions located in PS segments
[27]. Our results are similar in terms of resection margins
with probably more narrow margins compared to other less
demanding laparoscopic segmentectomies but without R1
resections.

The most important issue approaching LLR is patient’s
position and trocars placement.

In the present series a standard lithotomic position has
been routinely used without the need for left lateral decu-
bitus or semi-prone position, and even trocars placement
was regularly performed through abdominal wall without
use of trans-thoracic trocars as proposed by Ikeda [28].

This approach allows a more comfortable use of the
Pringle maneuver that we used routinely in hepatic resec-
tion for PS segments; and a very short time is needed for
conversion, whenever it is required.

According to what was suggested by Cho [20], routine
pedicle clamping for LLR of poster-lateral segments was
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adopted in the present series, given its benefits in terms of
blood loss reduction during a liver resection for technical
demanding segments without any detrimental consequence
for liver function and long-term results [29].

Chiow et al. compared outcome of patients undergoing a
resection of a single lesion in segments 7 and/or 8 with an
intercostal trans-thoracic trocars (8 patients) with patients
scheduled for a standard pure laparoscopic approach (11
patients) [30]. They concluded that both techniques were
complementary: however, in the pure laparoscopic group
median lesion diameter was bigger (26 mm r.: 10-50 mm vs.
20 mm r.: 6-34) even without statistical difference as well as
the resection margins, (6 mm r.: 5-0.28 vs. 3.5 mm r.: 1-11)
suggesting a selection bias with patients with a major risk of
R1 resections performed by the intercostal approach [30].

In LLR of postero-lateral segments, as already reported
by some authors the conversion rate was higher compared
to procedures performed in other liver segments [7, 20].

In a series of LLR by Cho, four conversions were
described and three of these (10.7 % of the series, 75 % of
conversions) occurred in candidates to postero-lateral
segments resections [20].

In the series by Ishizawa, ten out of 62 laparoscopic
segmentectomies involved segments 7 and 8 with 10 % of
conversion rate for prolonged operative time. In the same
paper in seven segmentectomies for postero-lateral seg-
ments performed with the patient in lateral decubitus, a
pneumoperitoneum leak into the pleural space at the site of
intercostal trocar occurred and evacuation through an
18-gauge angiocatheter was necessary: anyway, placement
of a prophylactic chest tube was never required nor lung
injuries and postoperative pneumothorax occurred [7].

Similarly Lee [31] described no postoperative morbidity
related to bleeding, biliary leakage, pneumonia, and pneu-
mothorax in 5 patients with lesion located in segments 7 and
8 approached by trans-thoracic access though two additional
intercostal ports placed at the 7th and 9th intercostal spaces.

In this series, a conversion rate of 11.4 % with a mean
operative time of 204 min was observed.

The experience reported by Ishisawa is similar
(180-240 min for segment VII and 132-240 min for seg-
ment VIID) [7].

In the present series, we observed a mean blood loss of
206.2 ml (SD 164.6) comparable to those reported by most
of the authors.

Furthermore, in our series postoperative AST, ALT and
total bilirubin were back to normal levels 5 and 30 days
after surgery in all the patients with no evidence of post-
operative ascites.

The list of complications, according to Dindo—Clavien
classification, is reported in Table 2.

In Dokmak’s experience, the risk of biliary fistula after
an anatomical S8 resection is higher compared with a right

hepatectomy (20 vs. 6 %; p = 0.07) [32]. Although in the
Ishisawa experience there is no mention of bile leakage (in
present experience one case is reported) we think that
avoiding an intercostal trocar can somehow protect patients
from the risk of bilio-pleural fistula [7].

As far as the instrument of dissection concerns, the use
of the harmonic scalpel, (that we routinely use in laparo-
scopic liver surgery as well as most of centers performing
LLR) seems to be associated with an increased risk of
biliary fistula compared with the clamp crushing technique
that is unusable with a laparoscopic approach.

Kim [33] compared two groups of patients based on the
technique of resection in open surgery: harmonic scalpel
[53 % (n = 79)] versus clamp crushing [47 % (n = 70)].
The use of the harmonic scalpel was associated with a
significant increase in biliary fistulas [24 % (n = 19) vs.
7% (n=15); p=0.01] [33].

So, we consider that a trans-thoracic approach may lead
to a risk for bilio-pleuric fistula.

Dissection by means of Cavitron Ultrasonic Surgical
Aspirator (CUSA; Integra Lifesciences, Plainsboro, NJ,
USA) might reduce this incidence.

However, in a recent study comparing ultrasonic device
and a bipolar compression device the incidence of bile leak
after LLR was similar (0/19 vs. 1/35, p = 0.531) [34].

Some authors suggested the hand-assisted or hybrid
methods to better address technical challenges reported for
LLR of postero-lateral segments: in the series by Soyama,
an 8 cm upper midline laparotomy was performed, with
4/105 patients (4 %) (2 surgical site infection and 2 post-
operative ileus) suffering from morbidity related to the
laparotomy [10].

We do not feel to recommend this approach because
some of the advantages of LLR can be lost: laparotomy-
related complications and consequent increased requirement
for postoperative analgesics, and a higher risk of postoper-
ative intra-abdominal adhesions. Furthermore, it has been
repeatedly proved that laparoscopic approach results in less
disruption of the abdominal wall collateral circulation and
less fluid shifts from exposure of the peritoneal cavity with a
lower incidence of postoperative ascites in cirrhotic patients
compared to open surgery: this benefit could be lost due to
the need of midline laparotomy [35-39].

According to some other surgeons, we believe that the
hand-assisted method or hybrid techniques have a limited
role [25, 40] except in a very early phase of a training
program in LLR.

In conclusion, laparoscopic resection of liver tumors
located in the postero-lateral segments of the liver is
technically feasible and safe with short-term results similar
to other LLR. In our opinion a standard lithotomic position,
as usually adopted in LLR performed for lesions located in
“laparoscopic segments” allows the surgeon to be more
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confident with the surgical field and vision, minimizing the
risk of complication related to different approaches and
with the possibility of a more rapid and simple conversion
to open surgery whenever needed.
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