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Abstract
Background: As a consequence of continuous technical developments in liver surgery, laparoscopic

liver resection (LLR) is increasingly performed worldwide.

Methods: Between January 2004 and December 2011, 265 LLR were performed in 242 patients for

various diseases. The experience of LLR is reported focusing on risk factors of conversion and their

management.

Results: The overall conversion rate was 17/265 (6.4%), equally distributed over the period of the study.

Statistically significant factors for conversion were found to be LLR of the postero-superior (P-S) seg-

ments (SI, SIVa; SVII; SVIII) (12.7% converted versus 2.5% non-converted groups, P = 0.01) and a major

compared with a minor hepatectomy (15.2% vs. 4.6%, P = 0.02 respectively). A R0 resection was

achieved in 93.2% of cases. According to Dindo's classification, complications were recorded as grade

I (n = 20); grade II (6); grade III (11) and grade IV(1) events (total morbidity rate of 14%). Univariate analysis

identified a major hepatectomy and resection involving P-S segments as prognostic factors for conver-

sion whereas multivariate analysis identified the latter as an independent risk factor [P = 0.003, odds ratio

(OR) = 5.9, 95% confidence interval (CI) = 1.8–18.8].

Conclusions: LLR can be safely performed with low overall morbidity. According to this experience and

irrespective of the learning curve, resections of P-S segments were identified as an independent risk

factor for conversion in LLR.
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Introduction

Since the first laparoscopic liver resection (LLR) was performed in
1992, there has been an exponential growth of reports, with more
than 4000 worldwide-published procedures to date.1–8 Meticulous
knowledge of surgical anatomy of the liver, improvements in
peri-operative care, development of newer instruments, enhanced
diagnostic imaging and advancement in laparoscopic skills are
considered the major advances that have been achieved in this
field. The indications for a laparoscopic hepatic resection are

usually the same as the standard approach, as stated by the Lou-
isville Statement Consensus Conference.9 Although LLR was ini-
tially indicated for benign lesions, port-site cancer seeding has not
been observed and the recurrence pattern has been shown to be
similar to those described for an open resection of colorectal liver
metastases (CRLM) and/or hepatocellular carcinoma (HCC),
with outcomes at least as good as those reported for open
surgery.10–15 In addition, a laparoscopic live donor hepatectomy
has been shown to be feasible especially in left lateral sectionec-
tomy procurement where it looks to be more appropriate com-
pared with laparoscopic-assisted techniques in right lobe living
liver donation.5,16–18 Laparoscopic liver surgery is still limited by
both the hepatic and laparoscopic experience of the surgeon. In*Both authors contributed equally to this article.
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fact, there is a general agreement that LLR should be initiated
in centres with expertise in both techniques.9,19 Although no intra-
operative mortality has been recorded, the greatest limitation to
the expansion of LLR remains the learning curve and, probably,
the fear of major intra-operative complications (i.e. massive
bleeding) that can put the patient in a life-threatening situation.2,9

The conversion rate is estimated at approximately 4%; however,
if needed, this event overrides some of the benefits of the
procedure.2

The purpose of this study was to identify predictive factors of
conversion to an open approach on 265 laparoscopic liver resec-
tions performed over a 8-year period, focusing on causes of con-
version, technical issues and outcomes. Assessment of morbidity,
peri-operative parameters and outcome analysis are fully
provided.

Methods

After approval of the local Independent Research Board, data were
collected from the institutional database of patients undergoing
liver surgery. Between January 2004 and December 2011, 265
(27.4%) out of 891 liver resections were performed by laparoscopy
at the Ghent University Hospital Medical School. According to
centre policy, hepatic resections requiring bile duct or vascular
reconstruction or focal lesions not amenable to a parenchymal-
sparing technique are not considered for a laparoscopic approach.
For benign lesions, indications for LLR were liver cell adenomas,
symptomatic focal nodular hyperplasia and haemangiomas. Vari-
ables considered for the analysis were: gender, age, indication,
tumour site and size, type of resection, histology, R0 margins
(minimum of 1 mm uninvolved tissue) versus R1 (0 mm margin),
operation time, blood loss, overall morbidity and length of post-
operative stay. Demographics and indications for LLR are
depicted in Table 1. An indication for surgical treatment was made
during a multidisciplinary conference which included hepato-
biliary surgeons, oncologists, gastroenterologists, radiologists,
radiotherapists and pathologists. Few patients were referred with a
resectable HCC and cirrhosis, with the majority having multifocal
disease and treated by loco-regional therapy or liver transplanta-
tion. Complications were scored according to Dindo’s classifica-
tion as follows: Grade I, complication without any deviation from
the normal post-operative course or the need for pharmacological
treatment or surgical, endoscopic and radiological interventions;
Grade II, complications requiring pharmacological treatment
with drugs other than such allowed for grade I complications; this
includes blood transfusions; Grade III, complications requiring
surgical, radiological or endoscopic treatment; Grade IV, life-
threatening complications requiring intensive care unit manage-
ment; and Grade V, death of a patient.20

Surgical technique
LLR was performed with the patient in the supine and 30° anti-
Trendelenburg position and with the surgeon standing between

the patient’s legs. An intermittent pneumatic compression device
was applied to the lower extremities to minimize the risk of a deep
venous thrombosis. For lesions situated in Segments V and VI, and
for a right hepatectomy, a wedge-shaped cushion was positioned
under the patient’s right flank with the table turned on its left side.
For resection of lesions located in postero-superior (P-S) seg-
ments (segments I, IVa, VII, VIII), the patient was turned 2/3 on
his left side with the right arm alongside the body if possible;
alternatively, with the right arm fixed above the head with special
care to avoid nerve lesions. Basically, 4 to 6 port sites (5 mm;
10 mm and two-four 12-mm ports) were inserted in the upper
abdominal quadrant: the 12-mm ports were placed to allow inser-
tion of a 30° optical device and the linear stapler; the 10-mm port
for the surgical aspirator or harmonic scissors, the 5-mm port was
used mainly to allow irrigation and aspiration during surgery, and
to hang the liver when necessary. Carbon dioxide pressure for
pneumoperitoneum was kept as low as possible, aiming for
10–12 mmHg during hepatic parenchymal transection. The mean
central venous pressure (CVP) was maintained at 4–6 mmHg,
whereas urinary output was maintained above 0.5 ml/kg/h21.
Assessment of the liver surface and surgical margins was under-
taken by intra-operative ultrasonography (Aloka SSD 4000;
Aloka, Tokyo, Japan). Parenchymal division was almost exclusively
performed using a surgical aspirator (CUSA, Excel Valleylab until
2009 and SonoSurg-Olympus to present date) and the harmonic
scalpel (Ultracision; Ethicon Endosurgery, Cleveland, OH, USA)
for the glissonian approach. The Pringle manoeuver was seldom
applied. Bipolar coagulation was used for minor bleeding or

Table 1 Patient demographics and indications for a laparoscopic
liver resection

Demographics N = 265

Age 55.7 � 16

Gender, male 98 (47.5%)

Indication for resection Colorectal metastases (49%)
Liver cell adenoma (17.5%)
Focal nodular hyperplasia (12.5%)
HCC (7%)
Other non-CRLM (4%)
Haemangioma (3.5%)
Living liver donation (1.5%)
Cystadenoma (1.5%)
Cholangiocarcinoma (1.1%)
Hydatid cyst (0.8%)
Others (1.6%)

Comorbidity

Cardiac 61 (23%)

Pulmonary 14 (5.3%)

Renal 3 (1.1%)

Diabetes 17 (6.4%)

Previous abdominal surgery 167 (63%)

Previous liver resection 23 (8.7%)

Two-stage hepatectomy 4 (1.5%)
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oozing. Larger vascular and biliary structures were controlled with
endoclips (Hem-o-lock clips; TFX Medical Ltd, Durham, NC,
USA) or vascular staplers (EndoGIA; Ethicon). Superficially
located lesions were resected using the corkscrew technique.22 The
technique for a left lateral sectionectomy has been described else-
where.23 Left or right hepatectomies were performed with upfront
unilateral inflow occlusion by opening of the hilar plate and by
division of the hepatic veins (HV) before starting parenchymal
division. Finally, the specimen was extracted using a plastic bag
through the Pfannestiel incision, with additional port site enlarge-
ment if required or by partial opening of a previous abdominal
scar.

Statistical analysis
Continuous data are reported as mean � SD (range) and were
compared using the two-side Student’s t-test for normally distrib-
uted parameters. Continuous data non-normally distributed are
reported as median with an interquartile range and were com-
pared using the Wilcoxon–Mann–Whitney test. Comparisons
between groups for categorical variables were performed using the
c2 test with Yates’ correction or Fisher’s exact test when appropri-
ate. To identify variables that were independent predictors of con-
version, a logistic regression analysis with backward stepwise
selection was constructed, employing those variables with a sig-
nificant level of P < 0.2. Statistical significance was set at P < 0.05.
Statistical analysis was performed by IBM©-SPSS© Statistics 19.0
(SPSS Inc., Chicago, IL, USA).

Results

The volume of laparoscopic procedures progressively increased
over the 8-year period from 18 (16.8%) in 2004 to 78 (52.3%) in
2011 (Fig. 1). During the same period, liver resection with open
access progressively decreased, and in 2011 the number of LLRs
exceeded the open procedures. The number of LLRs for malignant
diseases progressively increased from 1 in 2004 to 55 in 2011
whereas the number of LLRs for benign lesions remained stable
(Fig. 2). The type of resections is shown in Table 2. The main

indications for LLR in patients with benign tumours were repre-
sented by 47 liver cell adenomas, 33 focal nodular hyperplasia and
9 haemangiomas. In four cases, the laparoscopic approach was
utilized in a living liver donation: two right hepatectomies using the
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Figure 1 Evolution of a laparoscopic liver resection (LLR) during the

time (2004–2011)
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Figure 2 Evolution of a laparoscopic liver resection (LLR) according

to the indication

Table 2 Type of hepatectomy

Type of resection (N = 265)

Major hepatectomy 46 (17.4%)

Left Hepatectomy 21

Right Hepatectomy 18

Right extended hepatectomy 2

Mixed segments (>2)a 5

Minor hepatectomy 219 (82.6%)

Monosegmentectomy 62

Wedge resection 55

Left lateral segmentectomy 44

Bisegmentectomy 35

Mixed segments (�2)a 23

aMixed segments include resection of non-adjacent segments.

Table 3 Peri-operative data

Parameter N = 265

Mean anaesthesia time (SD) (range) (min) 345 � 119 (95–720)

Mean surgical time (min)(range) 254 � 111 (50–680)

Pringle manoeuver (n) 17 (6.4%)

Mean blood loss (SD) (range)(ml) 172 � 150 (10–1250)

Overall number of conversions (rate) 17 (6.4%)

Specimen extraction

Pfannestiel incision 118 (44.5%)

Trocar incision 131 (49.5%)

Previous incision 14 (5%)

New incision 2 (1%)

Mean post-operative stay (SD) (range) (days) 5.5 � 3.6 (1–38)
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hybrid technique, one left hepatectomy and one left lateral sec-
tionectomy (both fully harvested laparoscopically).17,23 Uncom-
mon indications recorded were Caroli’s disease mimicking a
peripheral cholangiocarcinoma and post-traumatic liver ischae-
mia (segments 2 and 3). Colorectal liver metastases (CRLM) were
the main indication for malignancy (n = 130), followed by HCC
with cirrhosis (n = 18) and breast metastases (n = 6). All cirrhotic
patients were Child–Pugh A score. Patients with malignancy
showed a higher rate of cardiac co-morbidity with respect to the
benign group (30.1% versus 13%, P = 0.004, respectively). Previous
abdominal surgery was recorded in 84% of patients with malig-
nancy compared with 37% in patients with benign lesions
(P < 0.001). LLR was performed as a repeat hepatectomy in 15
(11.6%) patients with CRLM and in five (5.4%) with benign
disease. A two-stage LLR was performed in four patients with
CRLM unfit for one-time resection. Each patient underwent liga-
tion and alcoholization of the right portal vein branch with con-
comitant wedge resection of up to three lesions among segments 2,
3 and 4. The rate of major hepatectomy was 17.4%: a right and left
hepatectomy were the more frequent major procedures carried
out. No chemotoxicity-related aborted resection was recorded in
patients receiving neoadjuvant chemotherapy. Perioperative data
are shown in Table 3.

Histology assessment
Multiple nodules were present in 82 (30.9%) patients, whereas
the overall mean size was 48.9 � 35.8 mm (range 4–200).
Benign nodules were significantly larger with respect to malignant
nodules (58.7 � 38 mm versus 43.3 � 33 mm, P < 0.001). The
maximum number of resected nodules was not related to the
extent of hepatectomy (7 in major and minor hepatectomies).
The overall median-free margin was 3 mm (1–8): a R0 resection
was achieved in 93.5% of cases with malignancies (Table 4).

Morbidity
Thirty-eight complications were recorded in 30 patients (11.3%).
No 3-month mortality was seen. Morbidity was very low and
equally distributed between the minor and major resections, and
between the anterior and lateral (A-L) and P-S segments. Com-
plications recorded included grade I (n = 20); grade II (6); grade

III (11); and grade IVa (1). Specific post-operative complications
were biliary fistulae (4; 1.5%), whereas a pneumothorax was
recorded in LLR of the P-S segments after intercostal positioning
of port sites (3; 1.1%, Table 5). In patients with CRLM, 1- to
3-year disease-free survival rates were 81% and 41%, respectively
(median follow-up of 24 months, 44% of total recurrence rate).

Conversion to a standard approach
Conversion was required in 17/265 (6.4%) patients (Table 6). A
hand-assisted procedure was performed in only one case. Bleeding
episodes were the main cause of conversion (3%). There were no
significant differences in the conversion rate when comparing
age, gender, learning curve (first 60 cases), previous abdominal
surgery, number of lesions, tumour size, diagnosis, repeat hepate-
ctomy, liver cirrhosis, neoadjuvant chemotherapy and a body
mass index of more than 28. Patients experiencing a failure of the

Table 4 Pathology report. Living liver grafts, Caroli and post-traumatic liver ischaemia excluded

Parameter Benign
(N = 89)

Malignant
(N = 170)

P

Mean size (mm) 58.7 � 38 (8–200) 43.3 � 33 (4–196) <0.001

Multiple lesions 24 (27%) 48 (28%) 0.44

Mean lesion number 1.34 � 0.7 (1–5) 1.64 � 1.2 (1–7) 0.029

Bilobar 8 (9%) 27 (16%) 0.12

Free resection margins NA 159 (93.5%) NA

Mean free margins (mm) NA 3 (1–8) NA

NA, not applicable.

Table 5 Overall morbidity according to Dindo's classification and
specific events

Morbidity Total Minor/major
resection

A-L/P-S
segments

Minor (grade 1) 20 14/6 9/11

Major (grade 2-4) 18 14/4 9/9

Pneumonia 5 (1.9%) 4/1 2/3

Ileus 4 (1.5%) 2/2 1/3

Biliary leak 4 (1.5%) 3/1 2/2

Ascites 4 (1.5%) 3/1 2/2

Urinary tract infection 3 (1.1%) 1/2 1/2

Pneumothorax 3 (1.1%) 3/0 0/3

Bleeding 3 (1.1%) 2/1 2/1

Pleural effusion 3 (1.1%) 1/2 2/1

Fluid collections 2 (0.7%) 2/0 1/1

Renal failure 2 (0.7%) 2/0 2/0

Lung embolism 1 (0.4%) 0/1 0/1

Wound haematoma 1 (0.4%) 1/0 1/0

Pancreatitis 1 (0.4%) 0/1 1/0

Cholangitis 1 (0.4%) 1/0 0/1

ARDS 1 (0.4%) 0/1 0/1

ARDS, ac ute respiratory distress syndrome.
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LLR approach had a significantly longer hospital stay, which was
not related to an increased complication rate (mean of 11.1 � 9.6
days versus 5.2 � 2.5 days; P < 0.001). Predictive factors for
conversion were found to be LLR of the P-S segments in the
converted compared with the non-converted group (12.7% versus

2.5%, P = 0.01, respectively) and major hepatectomy compared
with minor hepatectomy (15.2% versus 4.6%, P = 0.02). Multi-
variate analysis revealed resections involving P-S segments as an
independent variable of conversion [P = 0.003, odds ratio (OR) =
5.9, 95% confidence interval (CI) = 1.8–18.8] (Table 7).

Table 6 Reasons for conversion to an open approach

No. LLR Reason Type of hepatectomy Tumour position Diagnosis

#13 Bleeding Monosegmentectomy S5 FNH

#30 Bleeding Left Hepatectomy S3/S4 CRLM

#31 Bleeding Bisegmentectomy S5-S6 FNH

#45 Oncological Segmentectomy S7 CRLM

#60 Gas embolism Bisegmentectomy S6-7 CRLM

#65 Bleeding Wedge S4-8 CRLM

#101 Lack of progression Right Hepatectomy S5-6-8 CRLM

#103 Bleeding Segmentectomy S7 CRLM

#109 Anatomical Right Hepatectomy S5-7-8 CRLM

#133 Bowel perforation Wedge S6-S7 CRLM

#135 Stapler failure/bleeding Left Hepatectomy S2-3-4 HEMANGIOMA

#142 Oncological Wedge S2-3 HCC

#167 Bleeding Right Hepatectomy S5-6-7 CRLM

#161 Oncological Bisegmentectomy S2-5-6 CRLM

#171 Bleeding Right Hepatectomy S5-8 ADENOMA

#185 Bleeding Segmentectomy S8 CRLM

#212 Oncological Segmentectomy S1 CRLM

LLR, lap aroscopic liver resection.

Table 7 Logistic regression analysis of risk factors for conversion

Parameter Fully LLR (n = 248) Conversions (n = 17) HR 95% CI P

Age �60 years 125 (50.4%) 10 (58.8%) 1.48 0.36–6.0 0.58

Gender (male) 116 (46.8%) 10 (58.8%) 1.94 0.53–7.2 0.32

Previous operation 152 (61.3%) 15 (88.2%) 4.9 0.87–27 0.07

Major hepatectomy 39 (15.7%) 7 (41.2%) 3.34 0.94–11.9 0.02

Lesion number (>1) 75 (31.6%) 7 (41.2%) 1.26 0.40–3.9 0.69

Tumour size �50 mm 91 (38.2%) 5 (29.4%) 0.58 0.16–2.0 0.39

Diagnosis (malignant) 152 (61.3%) 11 (64.7%) 0.24 0.05–1.2 0.09

Neo-adjuvant chemotherapy 96 (38.7%) 8 (47.1%) 0.50 0.14–2.7 0.52

BMI (>28) 120 (48.4%) 9 (52.9%) 1.15 0.35–3.7 0.78

Repeat hepatectomy 21 (8.5%) 2 (11.8%) 1.25 0.23–6.7 0.79

Posterior–superior segments 89 (35.9%) 13 (76.5%) 5.87 1.45–19.8 0.01

Resection close to major HV 113 (45.7%) 7 (41.2%) 0.72 0.18–2.9 0.65

Learning curve (�60 LLR) 55 (22.2%) 4 (23.5%) 2.48 0.57–10.8 0.22

Multivariate analysis

Posterior–superior segments – – 5.9 1.8–18.8 0.003

HR, hazard ratio; CI, confidence interval; BMI, body mass index; HV, hepatic veins; LLR, laparoscopic liver resection.
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Discussion

Although the development of LLR has been limited over time,
LLR is a well-established worldwide procedure actually
reported more for malignancies rather than for benign
disease.2–7,9–13,16–19,22–24 The present series showed that LLR is safe
and feasible for different liver diseases involving minimal blood
loss, with very few complications and characterized by a short
hospital stay. Although conversion is not considered as a failure of
the laparoscopic approach, this event entails that some benefits of
the laparoscopic approach are lost.9 Indeed, a delay in conversion
in difficult cases or bleeding is related specifically to more com-
plications and a longer hospital stay.25 Overall reported conversion
rates are about 4% and bleeding is reported as the most common
cause for this (range 2%–5%), accounting for as many as 34% of
patients that required conversion.1,12,26 However, according to this
review, some of the 23 instances of revision were not documented,
leaving uncertainty about their cause. Undoubtedly, one of the
main disadvantages of LLR involves a significant learning curve,
which can account for initially higher conversion rates. According
to a statistical study, a minimum number of 60 cases of LLR is
needed to significantly reduce the risk of conversion.27

Multivariate analysis identified the P-S segments as a predictive
factor of conversion irrespective of the learning curve: 76.5%
compared with 35.9%, respectively, for converted compared with
non-converted patients (P = 0.01). According to our initial expe-
rience in the first 60 cases, very few lesions (22%) were located in
P-S segments, indicating the precautionary need for initial patient
selection. Moreover, the second risk factor for conversion that we
found resulted in laparoscopic major hepatectomy that always
includes a P-S segment (P = 0.02). These segments are probably
more difficult to access because the angle of the instruments is
limited by the costal margin, making bleeding control and tumour
margins more challenging.1 A second reason could be represented
by our policy of performing a parenchymal saving procedure in
any case. According to Cho et al., as much as 71% of lesions in P-S
segments required a major hepatectomy.28 In our experience, by
attempting a parenchymal-sparing approach, only one-third of
the P-S lesions were resected by a major hepatectomy, accounting
for a total rate of 17.4%, less than in other reported major expe-
riences.1,5,7,13,28,28 However, limited resections in P-S segments
could turn out to be more complex than a straightforward right
or left hepatectomy.1,28,29A robotic-assisted liver resection could
improve the approach to P-S segments eventually limiting the
conversion rate; however, no experiences are available to date.

Bleeding episodes were the main cause of conversion in our
series. To laparoscopically manage acute bleeding, the intermittent
Pringle manoeuver, compression with gauze, the use of clips or
staplers and, if necessary, the hand-assisted technique have been
proposed.26,30 In addition, close cooperation with the anaesthetist
is mandatory. The Trendelenburg position may reduce the risk of
gas embolism by increasing the CVP when a tear in the major
intrahepatic vessels occur.31 Maintenance of low CVP conditions

is easily achieved by positioning of the patient in anti-
Trendelenburg during surgery. Blood volume is simply pooled in
the lower limbs, readily achieving low CVP conditions. When
necessary, the blood volume can immediately be transferred by
changing to the Trendelenburg position. Others argue that having
some intravascular filling pressure is a safe condition to counter-
act a life-threatening situation such as acute bleeding from the
hepatic veins.32,33 Although the clinical consequences of a gas
embolism is not an issue, reduction of the intra-abdominal pres-
sure could be recommended as a strategy to prevent this.32,34,35

In the case of acute bleeding, it is advisable to laparoscopically
manage the critical moment by grasping the vein, and applying
sutures. This approach makes it possible to reduce bleeding while
converting. Once the decision to convert has been made, filling the
abdominal cavity with saline solution while opening the cavity
may be helpful. One of the techniques that could be used in acute
bleeding is hand-assisted laparoscopic surgery, which has been
reported in up to 18% of overall conversions.2 Although the hand-
assisted technique represents a useful approach in elective surgery,
increasing the tactile feedback and facilitating compression of the
bleeding segment was used only once.36 It is possible that this
procedure may help when in a hurry with the aim to control the
bleeding while deciding on how to go on with the resection (con-
version or not). High intra-abdominal pressure has been sug-
gested to increase the haemostatic effect of CO2 especially to
control oozing but has recently been discouraged owing to its
increased risk of gas embolism, with deleterious impairment of
kidney perfusion and also of liver regeneration as demonstrated in
two different experimental animal models.37,38 However, when
acute bleeding is difficult to manage by laparoscopy, conversion is
the only procedure that ensures the best results avoiding life-
threatening situations.

The decision to convert case 13 even after trying a hand-assisted
procedure was followed by a massive bleed leading to acute kidney
insufficiency. The liberal use of the harmonic scalpel instead of a
more accurate and meticulous dissection with the CUSA (cases
30, 31 and 103) predisposed to a lesion of the major hepatic veins
difficult to manage laparoscopically. Stapler misfire is an event
which may occur and has already been described elsewhere.5,39

Massive bleeding originated by stapler failure makes laparoscopic
management very difficult, especially if this occurs at the level of
major hepatic veins. Hilar bleeding could be treated with sutures
or by positioning additional clips.

Adequate intra-operative tumour assessment was provided by
laparoscopy, resulting, also in our experience, in a high percent-
age of free margins confirmed by the pathology report and no
port-site metastases at follow-up. Indeed, our results are in line
with similar published experiences. Most recent data have shown
that oncological outcomes of laparoscopic surgery in selected
patients produce equivalent results to open surgery.10–14,40,41

However, four patients (23.5%) required a conversion for onco-
logical reasons: three of them because of uncertainty about the
free-margins; the last because of a ‘missed’ lesion during the US
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evaluation. One of the main problems in LLR is the intra-
operative ultrasonography evaluation in assessing safe tumoural
margins while dividing the parenchymal and by the bad defini-
tion of a lesion previously treated by chemotherapy (missing
lesions). According to the concept of a parenchymal-sparing
resection in a patient with CRLM, we preferred to do a conver-
sion and thus avoid a larger resection. To solve the problems
related to a better definition of tumoural lesions, intra-operative
contrast-enhanced ultrasound could be useful in assessing not
only tumour margins but also in visualizing missing lesions.42

Although such software has shown that it is possible to make it
easier to define intra-operatively the position of the tumour
through the laparoscopic view, the absence of a real-time 3-D
identification forces us to use the major portal pedicles or hepatic
veins as the only landmarks. The use of optical and electromag-
netic sensors could allow a continuous tracking of the liver with
compensation of breathing artifacts.43 Laparoscopic surface scan-
ning is able to predict the location of intraparenchymal targets
with a more precise resection line distant from the major veins
leading to a more parenchymal-sparing resection and potentially
reducing the conversion rate for bleeding and oncological rea-
sons.44,45 Post-operative outcomes were very favourable with half
of the complications classified as grade 1 and only four biliary
leaks (1.5%). One early concern was whether LLR would result in
an increased incidence in bile leaks, particularly with the liberal
use of staplers to transect the parenchymal. We think that this
rather low incidence of biliary leaks recorded is probably as a
result of the accuracy of the liver dissection technique using the
CUSA associated with a limited use of linear staplers. When
approaching P-S segments, we believe that the higher positioning
of some trocars (i.e. between the last ribs) could be helpful when
dividing the liver parenchymal with the CUSA or the harmonic
scalpel, because this increases the viewing and working angle.
However, a pneumothorax can occur during surgery or in the
immediate post-operative period. To avoid a lung lesion, we rec-
ommend inserting the trocar at the end of the expiratory phase
and, if a tension pneumothorax appears, the anaesthesiologist
can, if necessary, increase the positive end-expiratory pressure
concomitantly to limit the haemodynamic effects of the insuf-
flated CO2

46.
In conclusion, LLR is safe and feasible for the resection of all

liver segments, with a favourable outcome and a low morbidity.
The need for conversion is not abolished by the learning curve and
remains a continuous challenge, especially when approaching P-S
segments. Indeed, even in expert hands the need for conversion
remains likely because as their experience grows surgeons are
pushing the limits towards more complex resections.28 Further
efforts should be addressed at reducing the conversion rate.
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