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Abstract

Background Patients with lesions in the posterosuperior
(PS) segments of the liver have been considered poor
candidates for laparoscopic liver resection (LLR). This
study aims to compare short-term outcomes of LLR and
open liver resections (OLR) in the PS segments.

Methods This multicenter study consisted of all patients
who underwent LLR in the PS segments and all patients
who underwent OLR in the PS segments between October
2011 and July 2016. Laparoscopic cases were case-mat-
ched with those who had an identical open procedure
during the same period based on tumor location (same
segment) and the Brisbane classification of the resec-
tion. Demographics, comorbid factors, perioperative out-
comes, short-term outcomes, necessity of adjuvant
chemotherapy, and the interval between surgery and initi-
ation of adjuvant chemotherapy were compared between
the two groups. Data were retrieved from a prospectively
maintained electronic database.

Results Both groups were comparable for age, sex, ASA
score, maximum tumor diameter, and number of patients
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with additional liver resections outside the posterior seg-
ments. Operative time was similar in both groups (median
140 min; p = 0.92). Blood loss was less in the LLR-group
(median: 150 vs. 300 ml in OLR-group). Median hospital
stay was 6 days in both groups. There was no significant
difference in postoperative complications (OLR-group:
31.4% vs. LLR-group: 25.7%; p = 0.60). There was no
significant difference in RO resections (LLR: 97.2 vs. 100%
in OLR; p = 1.00). Tumor-free margins were less in the
LLR group (LLR: 5 vs. 9.5 mm in OLR; p = 0.012).
Patients undergoing LLR were treated with chemotherapy
sooner compared to those undergoing OLR (41 vs. 56 days,
p = 0.02).

Conclusion This study suggests that laparoscopic
parenchymal preserving liver resections in the PS segments
can be performed with comparable short-term outcomes as
similar OLR. The shorter interval to chemotherapy might
provide long-term oncologic benefits in patients who
underwent LLR.

Keywords Hepatobiliary surgery - Laparoscopy -
Posterosuperior segments

Laparoscopic liver surgery is currently gaining acceptance.
Since the first international consensus conference on
laparoscopic liver resection (LLR) in Louisville, Kentucky
in 2008, LLR has been increasingly employed as a feasible
and safe alternative to open liver resection (OLR) [1-8].
During the second international consensus conference held
in Morioka, it was stated that minor LLRs had become
standard practice. However, laparoscopic major hepatec-
tomies and resections in the posterosuperior (PS) segments
were still considered as innovative procedures reserved for
experienced surgeons facile with advanced laparoscopic
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hepatic resections [9]. Patients with lesions in the posterior
or superior part of the liver (Segments 7, 8, 4A, and the
superior part of segment 6) have been considered poor
candidates for LLR due to limited visualization, the risk of
major bleeding and difficulty in bleeding control [10, 11].
Therefore, open liver resection remains the gold standard
for lesions in these segments in many hepatobiliary units.
To date, few studies have compared open and laparo-
scopic liver resections in these difficult segments. This
case-matched multicenter study aims to compare short-
term outcomes of LLR with open liver resections in the PS
segments (segment 7, 8, and upper part of segment 6).

Materials and methods

This study consisted of all patients who underwent LLR in
the PS segments in a large Belgian supraregional hospital
and matched patients who underwent OLR in the PS seg-
ments in a large Canadian University hospital between
October 2011 and July 2016. The type of resection per-
formed according to the Brisbane classification and the
location of the lesion (segment) were used as matching
criteria to have comparable groups. A total of 107 patients
who underwent a liver resection in the right hemiliver or
segment 4A were evaluated. Right hemihepatectomies,
trisectionectomies, and resections in segment 5 (non-
anatomical resections or segmentectomies) or lower part of
segment 6 were excluded. The type of resection performed
according to the Brisbane classification and the location of
the lesion (segment) were used as matching criteria to have
comparable groups.

Demographics, comorbid factors, perioperative out-
comes, short-term outcomes, necessity of adjuvant
chemotherapy and the interval between surgery and initi-
ation of adjuvant chemotherapy were compared between
the two patient groups. The data were retrieved from an
institutional review board-approved (CE 16.288 for Cana-
dian Center; AZGS2016073 for Belgian Center), prospec-
tively maintained database in both centers.

Margin status was determined according to the width of
the resection margin, defined as the shortest distance from
the edge of the tumor to the line of transection. A positive
margin was defined as the presence of exposed tumor along
the line of transection or the presence of tumor cells at the
line of transection detected by histologic examination. If
there were multiple lesions, we relied on the smallest
margin to define the R status.

Anesthesia protocol

In both centers, a similar protocol for anesthesia was used.
Before patient induction, an epidural was inserted into the

10-11 thoracic epidural space. Both centers routinely
restricted fluids, reduced tidal volume, and administered a
sufficient amount of muscle relaxant to mildly reduce
central venous pressure (CVP) during parenchymal tran-
section. Hypovolemic phlebotomy was performed in
patients undergoing open or laparoscopic liver resection. A
volume of whole blood corresponding to approximately
0.7% of the patient’s weight was withdrawn before the start
of hepatic parenchymal division and stored in a standard
blood collection bag in order to lower CVP and prevent
back bleeding. The collected blood was reinfused into the
patient after parenchymal transection.

Liver resection—technical aspects
Open liver resections

All OLRs were performed by one of seven HPB surgeons.
A right-sided subcostal or median incision was used. The
liver was inspected, palpated, and evaluated segment-by-
segment with intraoperative ultrasound (IOUS) to exclude
contraindications to hepatic resection and to delineate the
target lesion. The number, size, and relationship to seg-
mental portal and hepatic veins of all lesions were evalu-
ated. A cholecystectomy was performed as needed. Pringle
maneuvre was only performed selectively. The liver was
mobilized as needed, to adequately expose the liver. For
anatomical segment 7 and 8 resections and for anatomical
posterior sectionectomies, a full mobilization of the right
hemiliver was performed. Margins of resection were
marked on the liver surface under guidance of IOUS. The
choice of parenchymal transection technique was based on
the individual surgeon’s preference. Integrated bipolar and
ultrasonic 5 mm scissors [THUNDERBEAT® (Olympus
Medical Systems Corp., Tokyo, Japan)] or a 5-mm bipolar
sealing device [Ligasure Dolphin tip (Covidien, Mansfield,
MA, USA)] or the bipolar ENSEAL® Tissue Sealer
[Ethicon Endo-Surgery Inc., Cincinnati, OH, USA)] were
used associated with Kelly clamp crushing technique.
Arterial and portal venous branches or large hepatic veins
were clipped or tied. When portal or hepatic branches were
too large to apply clips, they were stapled using a 45 mm
linear vascular stapler (TA stapler, Covidien, Mansfield,
MA, USA) and divided. After checking for hemostasis and
biliary leak, a silicone drain was placed in most patients.

Laparoscopic liver resections

All LLRs were performed by the same laparoscopic liver
surgeon. Operative details of laparoscopic liver resections
have been described previously [12]. All patients were
placed in semiprone position. The patient was placed on a
vacuum mattress in a left lateral position. Once the patient
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was draped, the table was turned by 30°-45° toward the
semiprone position. A 5 (or 6) trocar approach was used
and trocars were always placed in two rows. A laparo-
scopic IOUS was performed (Flex 700, BK-Medical, Flex
Focus 700, bk Ultrasound, Peabody, MA, USA.. A
cholecystectomy was only performed when cholelithiasis
was present or in patients who underwent a segment 6
resection or posterior sectionectomy. As in OLRs the right
hemiliver was mobilized to adequately expose the liver.
For anatomical segment 7 and 8 resections, anatomical
posterior sectionectomies, non-anatomical resections in
segment 7 or high up in segment 8 a full mobilization of
the right hemiliver was performed. When an anatomical
posterior sectionectomy had to be performed, the Glis-
sonean approach was used. The fissure between segments 5
and 6 (Rouviere’s sulcus) was opened and the pedicle to
the posterior sector was isolated and transected using a
linear vascular stapler (ECHELON FLEX powered vas-
cular stapler (PVS), Ethicon, Cincinnati, OH, USA)

(Fig. 1). In the first five patients, parenchymal transection
was performed with the 5 mm bipolar sealing device:
Ligasure Dolphin tip (Covidien, Mansfield, MA, USA). In
all other cases, parenchymal transection was performed
using the ENSEAL G2 articulating curved tissue sealer, a
new generation of articulating curved bipolar device
(ENSEAL® G2 Tissue Sealers by Ethicon Endo-Surgery
Inc., Cincinnati, OH, USA). For deep seated lesions, the
sealing device was used in combination with the cavitron
ultrasonic surgical aspirator (CUSA, Plainsboro, NJ, USA).
Arterial and portal venous branches or large hepatic veins
were clipped using 5 mm Hemolock clips (TFX Medical,
Durham, NC, USA) and divided using the bipolar tissue
sealer. When portal or hepatic branches were too large to
apply clips, they were divided using a 35 or 45 mm linear
vascular stapler. Once the surgical specimen was fully
detached, it was placed in a retrieval bag (Memo Bag,
Teleflex Medical, Park, Athlone, Ireland) and extracted
through a 5 cm Pfannenstiel incision in most cases or

Right hemiliver

Rouviere’s Sulcuse.# %,
Right posteriot sectofalbranch
— _:"41. L :\,,;

Fig. 1 Laparoscopic anatomical posterior sectionectomy—Glis-
sonean approach. A and B mobilizing right hemiliver (B = anatom-
ical landmarks). C Intraoperative ultrasound. D Hepatotomy above
and below sulcus of Rouviere. E Clamping of posterior sectoral
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pedicle with vascular clamp—ischemic demarcation between anterior
sector and posterior sector. F Stapling of right posterior sectoral
pedical using 35 mm ECHELON FLEX powered vascular stapler
before parenchymal transection
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through a previous existing midline incision. After check-
ing for hemostasis and biliary leak, a fibrinogen and
thrombin-coated collagen patch (TachoSil, Takeda Phar-
maceuticals International GmbH, Zurich, Switzerland) was
applied to the cut surface of the liver. A silicone drain was
placed in most patients.

Postoperative care

Postoperative management in both centers included
avoidance of wusing nasogastric tubes, early dietary
advancement, and early ambulation. Drains were removed
on day 2 postoperatively except when there was evidence
of bile leak. For postoperative pain management, all
patients received an epidural patient-controlled analgesia
device. Regular laboratory tests were performed on post-
operative days 1, 3, and 5.

Statistical analysis

Data are described using mean and standard deviation (SD)
in case of normally distributed data, and with median and
range when data are not normally distributed. Comparison
of continuous variables between groups is performed with
Unpaired Student’s T-test when data are normally dis-
tributed and Mann-Whitney U test when data are not nor-
mally distributed. Association between categorical
variables is evaluated with the (exact) chi-square test. All
analyses are performed with Statistica 64, StatSoft Inc.,
Tulsa, OK, USA and/or SAS 9.3, SAS Institute Inc., Cary,
NC, USA.

Results
Demographic data and indications for liver resection

Out of 107 patients, 35 LLRs could be matched with 35
OLRs based on the type of resection performed according
to the Brisbane classification and the location of the lesion
(segment). Indication of liver resection in the open group
was colorectal liver metastases in all cases. In the laparo-
scopic group 21 patients underwent a LLR for colorectal
liver metastases, 8 patients for hepatocellular carcinoma, 5
for other malignant tumors (in two cases for neuroen-
docrine liver metastases, in two cases for metachronous
solitary liver metastasis of a gastric adenocarcinoma and
one intrahepatic cholangiocarcinoma) and 1 patient for an
adenoma.

Types of resection according to Brisbane classification,
surgical outcomes, and intervals between surgery and
chemotherapy are shown in Table 1.

Besides matching criteria, the LLR and OLR groups
were comparable for age, sex, ASA score, maximum tumor
diameter, and number of patients with additional liver
resections outside the posterior segments. There was sig-
nificantly less blood loss in the laparoscopic group
(p = 0.028), although 2 patients in the laparoscopic group
required blood transfusion of 1 unit of packed cells versus
none in the open group. One laparoscopic procedure was
converted to open surgery due to uncertainty of the tumor-
free margin.

There were no significant differences in postoperative
complications between the two groups (Table 2). There
were two cases with a postoperative bile leak in both
groups. In 3 patients the bile leak was adequately drained
by the drain that was placed during the operation. In one
patient in the LLR group, a transpapillary stent was placed
due to the high output of the bile leak. In this patient, the
drain and transpapillary stent were removed after 42 days.
There were two other Clavien-Dindo grade III complica-
tions: one patient in the OLR group had a burst abdomen
requiring reintervention and in the LLR group one patient
who underwent an anatomical segment VIII resection
developed a subphrenic abscess requiring CT-guided per-
cutaneous drainage.

There was no significant difference in RO resections,
although one patient had an R1 resection in the LLR group
and tumor-free margins were less in the LLR group. There
was no difference in hospital stay.

In total 39 patients required adjuvant chemotherapy: 18
patients in the LLR group and 21 patients in the OLR
group. Patients undergoing LLR were treated with
chemotherapy sooner compared to those undergoing OLR
(p = 0.02).

Discussion

Historically, LLR has remained limited for resecting
lesions in the PS segments because of concerns regarding
limited visualization, the risks of bleeding, and difficulty in
bleeding control [10, 11]. LLRs in the PS segments were
identified as an independent risk factor for conversion in a
large series of laparoscopic liver resections [13].
Currently, there is a shift towards parenchymal-sparing
surgery with a decrease in major hepatectomy and an
increasing use of multiple simultaneous hepatic resections
[14, 15]. The use of a parenchymal-sparing approach has
been associated with decreased mortality, and parenchymal
preserving resections of colorectal liver metastases offer a
prolonged survival compared to major hepatectomies
[14, 15]. The possibility of subsequent resections during
long-term follow-up of cancer patients is maintained
without compromising the oncological outcome [16, 17].
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Table 1 Patient and clinicopathological characteristics

Overall (n = 70) Laparoscopic liver Open liver resection P value
resection (n = 35) (n = 35)
N % N % N %
Sex 0.22
Male 41 58.6 18 514 23 65.7
Female 29 414 17 48.6 12 343
Age median (range) 64 (21-84) 64 (21-84) 64 (49-84) 0.48
ASA score 0.52
Score I-1I 58 82.8 28 80.0 30 85.7
Score 11T 12 17.2 7 20.0 5 14.3
Type resection Brisbane 1.000
Posterior sectionectomy 14 20.0 7 20.0 7 20.0
Anatomical segmentectomy 34 48.6 17 48.6 17 48.6
Segment 6 7 10.0 3 8.6 3 8.6
Segment 7 13 18.6 7 20.0 7 20.0
Segment 8 14 20.0 7 20.0 7 20.0
Bisegmentectomy 8 11.4 4 114 4 11.4
Segment 5 + 6 4 5.7 2 5.7 2 5.7
Segment 7 + 8 4 5.7 2 5.7 2 5.7
Trisegmentectomy 4 5.7 2 5.7 2 5.7
Segment 5 + 6 + 7 4 5.7 2 5.7 2 5.7
Non-anatomical (metastasectomy) 10 14.3 5 14.3 5 14.3
Pringle maneuver 8 114 0 0.0 8 22.8 0.005
Tumor diameter (mm) median (range) 23.5 (0-86) 24 (8-86) 20 (0-40) 0.34
Additional liver resection 18 25.7 8 22.8 10 28.6 0.58
Cirrhosis 5 7.2 5 14.3 0 0.0 0.054
Blood loss (ml) median (range) 300 (30-1500) 150 (50-1500) 300 (30-1300) 0.028
Blood transfusion 2 2.8 2 5.7 0 0 0.49
Operative time (min) median (range) 140  (70-310) 140 (70-260) 140 (90-310) 0.92
Postoperative complication 20  28.6 9 25.7 11 314 0.60
Clavien I-11 17 243 7 20.0 10 28.6 0.56
Clavien IIa-IITb 3 43 2 5.7 1 2.8
RO resection 69  98.6 34 97.2 35 100.0 1.000
Tumor-free margin (mm) median (range) 8 (0-30) 5 (0-25) 9.5 (1-30) 0.012
Duration hospitalization postop (days) median (range) 6 (3-39) 6 (3-39) 6 4-21) 0.26
Interval surgery—adjuvant chemotherapy (days) median (range) 49 (7-112) 41 (18-77) 56 (7-112) 0.020

Repeat parenchymal preserving liver resections are
increasingly being offered to these patients as it can even
positively impact survival [18, 19]. Technical aspects of
the laparoscopic parenchymal-sparing approach in all liver
segments have been described by Gayet et al. [20]. How-
ever, in the recommendations for laparoscopic liver
resections published in 2015, there was a concern among
the jury during the Morioka consensus meeting that larger
procedures resecting more liver parenchyma are sometimes
favored if the procedure is done laparoscopically because a
smaller parenchyma-sparing operation may be more com-
plex laparoscopically [9]. In both centers involved in this
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study, non-anatomical resections, segmentectomies, sec-
tionectomies, and multiple resections are often used in
order to spare uninvolved surrounding parenchyma and to
avoid trisegmentectomies or hemihepatectomies.

The feasibility and safety of LLRs for lesions located in
the PS segments are still under debate and laparoscopic
parenchymal preserving liver resections in these segments
are still considered as innovative procedures reserved for
experienced surgeons facile with advanced laparoscopic
hepatic resections [9, 21]. However, it may be appropriate
to create two subcategories of laparoscopic major hepate-
ctomies to reflect differences in intraoperative and
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Table 2 Postoperative

Lo T f licati
complications ype O comprication

Open liver resection Laparoscopic liver resection

Urinary tract infection
Wound infection
Atelectasis/pneumonia
Hyperglycemia

Ileus

Arterial hypertension
Postoperative bile leak
Ventricullar fibrillation
Arterial hypertension
Deep venous thrombosis
Subphrenic abscess
Burst abdomen

0 3
1 0
2 0
1 0
1 0
1 1
2 2
1 0
0 2
1 0
0 1°
1° 0

# One patient in the laparoscopic group required placement of a transpapillary stent by ERCP

® Requiring CT-guided percutaneous drainage

¢ Requiring reintervention

postoperative outcomes between traditional major hepate-
ctomies (trisegmentectomy and hemihepatectomy) and
complex LLR in PS segments [22]. A prospective ran-
domized trial comparing open and laparoscopic parenchy-
mal preserving resections in these segments is difficult to
initiate due to the inherent technical difficulty of random-
izing these patients.

All patients in the laparoscopic group were positioned in
the semiprone position. The advantages of positioning the
patient in semiprone instead of supine position have been
well described by several groups including our own
experience [12, 23-25]. By placing the patient in the
semiprone position, a maximum amount of space is created
between the right subphrenic region, creating extra work-
ing space.

To the best of our knowledge, the current case-matched
study comparing open and laparoscopic liver resections in
the PS segments is one of the largest evaluating short-term
outcomes. When comparing LLR and OLR in the PS
segments, the level of operative difficulty in the two groups
should be taken into account. As shown by the validated
difficulty scoring system for laparoscopic liver resections,
the level of difficulty of a LLR is defined by several fac-
tors: tumor size, the extent of the liver resection, tumor
location, proximity of the lesion to major vessels and liver
function [26]. Tumor location and extent of resection are
seen as major factors related to the difficulty of LLR, since
laparoscopic resections in these PS segments require a
longer operative time than resections in the peripheral
segments [1, 21, 27]. Therefore, the type of resection
according to the Brisbane terminology and location of the
lesion were both used as matching criteria to have com-
parable groups. Furthermore, there was no significant

difference in ASA classification, tumor size, or in number
of patients with cirrhosis in the matched groups.

The use of Pringle maneuver or pedicle clamping is
sometimes used to evaluate the learning curve for laparo-
scopic liver resections [28-30]. In the laparoscopic group
of the current series, the Pringle maneuver was not used;
however, in 8 patients of the open group, a Pringle
maneuver was used.

The finding of decreased blood loss with the laparo-
scopic approach has been reported in previous studies
comparing laparoscopic and open resections in the
peripheral segments but not in the PS segments [31]. As
both centers use the technique of hypovolemic phlebotomy,
other factors might be responsible for the difference in
intraoperative blood loss. In LLRs, the laparoscope might
offer a better exposure with a magnified view, while the
pneumoperitoneum pressure reduces hepatic vein bleeding
from the cut surface [32, 33]. Furthermore, the caudal-
cranial transection of the hepatic parenchyma with mag-
nification in LLR might results in better identification of
intraparenchymal vascular structures compared to the open
anterior approach. Reverse Trendelenburg position in
LLRs further decreases the venous pressure and improves
exposure by shifting the stomach, transverse colon, and
omentum away from the liver hilum. By placing the patient
in a semiprone position, the right hepatic vein is also in a
higher position than the inferior vena cava. This also
reduces the risk of bleeding from the right hepatic vein in
LLR in the posterior segments [32].

In the present study, no significant difference in hospital
stay and postoperative morbidity was noted which is in line
with other case-match studies evaluating OLR and LLR
[34-38].

@ Springer



1484

Surg Endosc (2018) 32:1478-1485

In the current series, there was no significant difference
in RO resections but 1 patient in the LLR group had a
positive tumor margin (p = 1.00). This patient underwent a
laparoscopic liver resection for a colorectal liver metastasis
for a well-defined lesion located in proximity of the vena
cava. The specimen showed a well-defined tumor but with
submillimetric margin. In fact, a tumor-free margin of less
than 8 mm towards the vena cava was noted on preoper-
ative imaging. Due to proximity to the vena cava, the
CUSA device was used for resection. It is known that the
CUSA device aspirates cells and promotes necrosis (of
about 7 mm) at the cutting edge due to its thermal energy.
An experimental model demonstrated that the CUSA
device is the one providing the deeper parenchymal abla-
tion [39]. In this patient, no additional resection was per-
formed. Follow-up was the treatment of choice. Research
shows that R1 resections due to vessel detachment of
colorectal liver metastases achieve equivalent outcomes
compared to RO resections [40]. At 24 months post-sur-
gery, there is no recurrence of disease.

Another interesting finding in the current study is the
shorter interval between liver resection and chemotherapy
in the LLR group. A similar finding was reported in a
recent case-matched study of patients who underwent open
or minimal invasive liver resection for colorectal liver
metastases [41]. In univariable analysis, surgical approach,
postoperative complications, blood loss, length of stay, and
number of lesions were associated with timing to
chemotherapy, but in multivariable analysis, the surgical
approach was still associated with timing to chemotherapy
and postoperative complications resulted in a delay of
chemotherapy. This might provide long-term oncologic
benefits in patients who underwent LLR. A recent large
meta-analysis of large series of patient who underwent
laparoscopic or open resection of their colorectal cancer
clearly demonstrated that the laparoscopic approach was
associated with earlier initiation of adjuvant chemotherapy
[42]. In the current study, there were no differences in
postoperative complications. A longer waiting interval
between liver resection and adjuvant chemotherapy might
be explained by a faster functional recovery after LLR.

Limitations of the current study include the retrospective
nature and the fact that LLRs and OLRs were performed at
different centers. Furthermore, all OLRs were performed
by seven different, high-volume hepatobiliary surgeons
while all LLRs were performed by a single surgeon cre-
ating significant heterogeneity between techniques for
parenchymal transection. Moreover, differences between
Canadian and Belgian health care systems could have an
impact on interval between surgery and chemotherapy.

In conclusion, this study suggests that laparoscopic
parenchymal preserving liver resections in the PS segments
can be performed with comparable short-term outcomes as
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similar OLR. Furthermore, less blood loss and a shorter
interval to adjuvant chemotherapy were noted in the
laparoscopic group.
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