
Laparoscopic liver resection of benign liver tumors
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Abstract
Objective: The objective of this study was to assess the
feasibility, safety, and outcome of laparoscopic liver
resection for benign liver tumors in a multicenter setting.
Background: Despite restrictive, tailored indications for
resection in benign liver tumors, an increasing number
of articles have been published concerning laparoscopic
liver resection of these tumors.
Methods: A retrospective study was performed in 18
surgical centres in Europe regarding their experience
with laparoscopic resection of benign liver tumors. De-
tailed standardized questionnaires were used that fo-
cused on patient’s characteristics, clinical data, type and
characteristics of the tumor, technical details of the
operation, and early and late clinical outcome.
Results: From March 1992 to September 2000, 87 pa-
tients suffering from benign liver tumor were included in
this study: 48 patients with focal nodular hyperplasia
(55%), 17 patients with liver cell adenoma (21%), 13 pa-

tients with hemangioma (15%), 3 patients with hamar-
toma (3%), 3 patients with hydatid liver cysts (3%), 2
patients with adult polycystic liver disease (APLD) (2%),
and 1 patient with liver cystadenoma (1%). The mean size
of the tumor was 6 cm, and 95% of the tumors were
located in the left liver lobe or in the anterior segments of
the right liver. Liver procedures included 38 wedge re-
sections, 25 segmentectomies, 21 bisegmentectomies (in-
cluding 20 left lateral segmentectomies), and 3 major
hepatectomies. There were 9 conversions to an open ap-
proach (10%) due to bleeding in 45% of the patients. Five
patients (6%) received autologous blood transfusion.
There was no postoperative mortality, and the postop-
erative complication rate was low (5%). The mean post-
operative hospital stay was 5 days (range, 2–13 days). At
a mean follow-up of 13 months (median, 10 months;
range, 2–58months), all patients are alive without disease
recurrence, except for the 2 patients with APLD.
Conclusions: Laparoscopic resection of benign liver tu-
mors is feasible and safe for selected patients with small
tumors located in the left lateral segments or in the an-
terior segments of the right liver. Despite the use of aCorrespondence to: J. F. Gigot
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laparoscopic approach, selective indications for resection
of benign liver tumors should remain unchanged. When
performed by expert liver and laparoscopic surgeons in
selected patients and tumors, laparoscopic resection of
benign liver tumor is a promising technique.

Key words: Laparoscopy — Hepatectomy — Liver re-
section — Benign tumor — Liver tumor

With a more clear classification of hepatocellular tumors
[1], a better understanding of the natural history of these
tumors, and recent improvement of modern imaging
techniques, the indications for surgical resection of be-
nign liver tumors have been progressively restricted and
tailored according to each type of liver tumor. Due to
their indolent natural history, liver hemangiomas and
focal nodular hyperplasia (FNH) should not be treated
[2–7]. Surgical excision is restricted to truly symptomatic,
compressive, or enlarging tumors [8–12]. On the other
hand, a more aggressive surgical approach is justified for
liver cell adenoma (LCA) due to the potential for
bleeding and to the rare but well-documented malignant
transformation of LCA [11–18]. Finally, differentiation
of LCA with well-differentiated hepatocellular carci-
noma (HCC) is difficult on preoperative liver workup,
and conservative treatment of such lesions could thus
overlook malignancy [12, 18–20]. Determination of the
tumor type on radiological liver workup is thus essential.
By using combined imaging modalities, including mag-
netic resonance imaging (MRI), the diagnostic accuracy
of benign hepatocellular liver tumors ranges between
90% and 92% for liver hemangiomas [9, 12, 21] and be-
tween 70% and 90% for FNH [7, 12, 22, 23]. However,
despite extensive radiological workup, the exact nature
of the liver tumor remains undetermined in many pa-
tients. When considering surgical excisional therapy in
selected patients suffering from benign liver tumors, the
paramount objectives of surgical treatment should be the
absence of postoperative mortality and a low complica-
tion and transfusion rate [11, 12, 14, 18, 23].
Since the introduction of laparoscopic cholecystec-

tomy in 1987 [24, 25], minimally invasive surgery has
been progressively applied to various benign gastroin-
testinal conditions [26, 27] and to solid organs, such as
the spleen [28, 29], kidney [30, 31], pancreas [32], and
adrenal gland [33, 34]. The role of laparoscopic surgery
has already been emphasized for benign cystic liver
diseases, such as congenital liver cysts [35–37]. In 1992,
Gagner et al. [38] reported the first nonanatomical re-
section of a FNH. However, the first true anatomical
liver resection, namely a left lateral segmentectomy, was
reported in 1996 by Azagra et al. [39]. There has been an
increasing number of publications concerning the lapa-
roscopic management of benign liver tumors for surgical
biopsy [40], resection [41–47], or local ablation [48].
Except for two recent European published series [49–51]
most of these articles report a limited number of patients
with limited follow-up. The purpose of the current study
was therefore to analyze the feasibility, safety, and

outcome of patients undergoing laparoscopic resection
for benign liver tumors in a large multicenter setting.

Materials and methods

From March 1992 to September 2000, 87 patients suffering from be-
nign liver tumors were retrospectively enrolled in the current study,
from 18 European surgical centers. Eleven of these 18 centers (61%)
were academic hospitals. Patient data were collected by using stan-
dardized questionnaires. The mean age of the patients was 41 years
(median, 38 years, range, 17–75 years) and, 91% of the patients were
female. Thirty-two patients (37%) were younger than 35 years old. All
patients were classified ASA I or II according to the American Society
of Anesthesiologists physical status score [52]. Eighty-one patients
suffered from solid benign liver tumor, including 48 patients with FNH
(55%), 17 patients with LCA (20%), 13 patients with hemangioma
(15%), and 3 patients with hamartoma (3.5%). Six patients (7%) suf-
fered from cystic benign liver tumors, including 3 patients with hydatid
liver cysts, 2 patients with adult polycystic liver disease (APLD), and 1
patient with liver cystadenoma. Previous liver procedures included
open segmentectomy V for LCA and open fenestration procedure for
APLD in 1 patient each.

Preoperative liver workup included ultrasound in 85 patients
(98%), computed tomography (CT) in 74 patients (85%), MRI in 44
patients (51%), arteriography in 5 patients (6%), scintigraphy in 6
patients (7%), and tumor biopsy in 16 patients (18%) (laparoscopically,
10 patients; percutaneously, 6 patients). In this series, the overall ac-
curacy of tumor biopsy was 44%, with false-positive results in 5 pa-
tients (3 patients with FNH were thought to suffer from LCA, and 1
patient with FNH and 1 patient with LCA were thought to suffer from
hepatocellular carcinoma), false-negative results in 2 patients (diag-
nosis of steatosis), and unconclusive results in 2 patients (suffering
from a liver hamartoma and from a LCA).

In 10 patients (11.5%), liver tumors were incidentally detected
during another laparoscopic procedure (cholecystectomy, 7; Nissen
fundoplication, 2; appendectomy, 1). In the remaining patients, indi-
cations for surgery included symptomatic liver tumor in 43 patients
(49%) (pain, 38; mass, 7; elevated liver function tests, 2), complicated
liver tumor with hemorrhage in 2 patients (LCA and liver cystadenoma
in one case each), increasing tumor size in 1 patient, and detection
during oncologic follow-up in 2 patients (previously operated for
gastric cancer and ovarian cystadenocarcinoma, respectively). Finally,
29 of the 87 patients had liver tumors of undetermined nature despite
extensive liver workup, including ultrasound (US) in 29 patients
(100%), Doppler ultrasound in 5 patients (17%), CT in 25 patients
(86%), and MRI in 17 patients (59%).

In the group of patients with liver hemangioma (13 patients), in-
dications for surgery included incidental detection during laparoscopic
cholecystectomy in 1 patient (a 12-cm bulging hemangioma located in
segment III), increasing size of a bulging hemangioma in 2 patients (12
and 14 cm, respectively), painful hemangioma in 7 patients (mean size,
9 cm; median, 8 cm; range, 4–14 cm) (Fig. 1), and tumors of unde-
termined nature with atypical aspect in 3 patients (mean size, 5 cm;
median, 4 cm, range, 2–9 cm). In the latter group, US and CT were
performed in all patients, but MRI was not used.

In the combined group of patients with FNH (48 patients) and
liver hamartoma (3 patients), indications for surgery included inci-
dental discovery in 10 patients (mean size, 4 cm; median, 4 cm; range,
1–6 cm), suspicion of metastasis during carcinologic follow-up in 1
patient with previous laparoscopic gastrectomy for cancer, symptom-
atic tumors in 23 patients (pain, 21 patients; mass; 2 patients; in-
creasing size, 1 patient) (mean size, 5 cm; median 5 cm; range, 2–11
cm), and undetermined nature of the tumor with atypical appearance
in 17 patients (mean size, 5 cm; median, 4 cm; range, 3–8 cm). In the
latter group, preoperative liver workup included US in 17 patients, CT
in 14 patients, MRI in 13 patients, and laparoscopic biopsy in 3 pa-
tients—all with a false-negative result. Overall, 11 patients with FNH
underwent percutaneous (3 patients) or laparoscopic tumor biopsy (8
patients), with 6 true-positive results (55%) (including 3 patients with
symptomatic FNH), 4 false-positive results (3 for LCA and 1 for he-
patocellular carcinoma), and 1 unconclusive result.

In the group of patients with liver cell adenomas (17 patients),
indications for surgery included incidental detection during another
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laparoscopic procedure in 1 patient (a 4-cm superficial tumor located
in segment VI), suspicion of metastasis during carcinologic follow-up
in 1 patient previously operated on for ovarian cancer, symptomatic
tumors in 8 patients (pain, 6 patients; mass, 1 patient; elevated liver
function tests, 2 patients) (mean size, 7 cm; median, 7 cm, range, 3–15
cm) (Fig. 2), and complicated tumor with intratumoral hemorrhage in
1 patient (with an 8-cm bulging tumor located in segment III), and
undetermined nature of the liver tumor in 6 patients (mean size, 6 cm;
median, 7 cm; range, 3–10 cm). In the latter group, preoperative liver
workup included US and CT in all patients and MRI in 3 patients.
Tumor biopsy was performed in 4 patients (percutaneously and la-
paroscopically in 2 patients each), with one true-positive result (25%),
one false-positive result for HCC, and two false-negative results for
liver steatosis.

Excluding the 2 patients with APLD, the tumor was unique in 81
patients (95%) and multiple in 4 patients. Tumors were located in the
right lobe of the liver in 24 patients (28%), in the left lobe in 59 patients
(70%), and were bilobar in 2 patients (2%). The distribution of seg-
mental location of the tumor according to Couinaud classification [53]
is illustrated in Table 1 and Fig. 3. The tumor was bulging in 14
patients (16%), visible at the liver surface in 27 patients (31%), su-
perficial (<1 cm from the liver surface) in 21 patients (24%), and
deeply sited in 25 patients (29%). In the group of deep-sited tumors, 17
tumors (68%) were located in the left lateral segments of the liver. The
mean tumor size was 6 cm (median, 5 cm; range, 1–20 cm).

Laparoscopic liver resection was performed on patients in the su-
pine position. Pneumoperitoneum with carbon dioxide was used with
an abdominal pressure maintained at less than 15 mmHg. Pneumo-
peritoneum was performed in 81 patients (93%) with the Veress needle.
The abdominal lift technique was used in 5 patients. The mean number
of trocars was 5 (median, 4; range, 3–10). Tumor location was explored
by laparoscopic ultrasound in 40 patients (46%). Liver parenchymal
transection was performed using mainly ultrasonic dissector in 33 pa-

tients (38%), harmonic shears in 32 patients (37%), and crushing for-
ceps in 16 patients (18%). Intraparenchymal vascular control was
obtained by clips in 78 patients (90%), electrocautery in 5 patients (6%),
harmonic shears in 4 patients (4%), intraperitoneal ligation in 9 patients
(10%), and endostapler in 22 patients (25%), including 14 patients
(64%) operated for left lateral segmentectomy or major hepatectomy.
An atraumatic Lucane liver clamp was used in 2 patients (2%) [49, 51].
Hemostasis of the transsection line was obtained in 39 patients by
monopolar cautery (45%), by bipolar cautery in 17 patients (20%), by
the use of Argon Beam coagulator in 15 patients (17%), by hemostatic
swabs in 13 patients (15%), and by the use of fibrin glue in 43 patients
(49%). Control of biliary leak at the liver surface was assessed by in-
spection in all cases and by intraoperative cholangiography in 4 patients
(4.5%). Extraction of the surgical specimen was performed within an
endobag in 63 patients (72%), through an enlarged trocar site in 49
patients (57%), through a minilaparotomy in 28 patients (32%)
(Pfannenstiel incision, 14 patients; supraumbilical incision, 14 patients),
or by conversion to an open approach in 9 patients (10%). Six speci-
mens (one hemangioma, one FNH, one cystadenoma, and three LCA)
were crushed for extraction. For these 6 patients, the preoperative na-
ture of the tumor was known before the operation. Accurate patho-
logical diagnosis was not impaired by the crushing technique.
Peritoneal drainage was used in 72 patients (83%).

Criteria of evaluation included type and details of the operative
procedures, early postoperative course including complications,
transfusion and reoperation rate, postoperative hospital stay, and late
outcome of the patients. Postoperative mortality and complications
were assessed at a postoperative delay of 2 months. Eighty-two pa-
tients (94%) had radiological investigations at follow-up by US in 59
patients, CT in 20 patients and MRI in 8 patients in order to exclude
disease recurrence. Five patients refused postoperative radiological
investigations, including 1 patient with hemangioma, 3 patients with
FNH, and 1 patient with LCA.

Statistical analysis included chi-square tests or student’s t-test
when indicated. Survival curves were calculated according to the
Kaplan–Meyer method.

Results

According to the Goldsmith and Woodbrune classifi-
cation [54], liver resections included 1 right hepatic lo-
bectomy, 2 left hepatic lobectomies, 20 left lateral
segmentectomies, 1 bisegmentectomy V–VIII, 25 seg-
mentectomies, and 38 nonanatomical resections. Liver
resection was solitary in 84 patients and multiple in 3
patients, including left lateral segmentectomy with seg-
mentectomy VI and double wedge resection in 1 and 2
patients, respectively. Details of liver resection accord-
ing to the tumor type are illustrated in Table 2. Portal
triad clamping was used in 8 patients (9%) (unilateral in
2 patients and total in 6 patients) by using a laparo-
scopic clamp or a tourniquet. The mean duration of
total portal triad clamping was 59 min (median, 50 min;
range, 20–120 min). Total portal clamping was used for

Table 1. Segmental intrahepatic location of resected liver tumor according to Couinaud classification [53] and to the type of liver tumorsa

Liver segment Hemangioma (13 patients) FNH and hamartoma (51 patients) LCA (17 patients) Cystic tumor (6 patients)

I 1 — — —
II and III 10 30 9 3
IV 2 9 3 —
V — 2 3 1
VI 2 10 4 2
VII 1 1 — —
VIII 1 1 — 1

FNH, focal nodular hyperplasia; LCA, liver cell adenoma
a Multiple segments can be affected by the same tumor

Fig. 1. A 49-year-old woman suffered from a painful 14-cm well-di-
agnosed liver hemangioma located in segments II, III, and IV of the
liver requiring a laparoscopic left hepatic lobectomy. The postopera-
tive course was uneventful, and the patient was discharged 8 days after
the procedure without need for blood transfusion.
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right and left hepatic lobectomy in 1 patient each, for
left lateral segmentectomy in 1 patient, and for seg-
mentectomy in 3 patients (segmentectomy VI, 1 patient;
segmentectomy IV, 2 patients). Unilateral portal
clamping was used for 80 and 45 min, respectively, in 1
patient each. Peroperative complications included
bleeding in 7 patients (8%), which was responsible for
conversion in 4 (57%). There were no signs of gas em-
bolism. Conversion to an open approach was required
in 9 patients (10%) due to bleeding in 4 patients, close
vascular adhesion to the left hepatic vein in 1 patient
(Fig. 4), deep or posterior location of the tumor in 2
patients, instrumental dysfunction in 1 patient, and risk
of rupture of an hydatid liver cyst in 1 patient. Con-
verted procedures included one left hepatic lobectomy
for a 13-cm hemangioma, three left lateral segmentec-
tomies for FNH, one segmentectomy IV for FNH, two
wedge resections of segment VI and segment VII for
FNH, one wedge resection of segment III for LCA, and
one segmentectomy VI for an hydatid liver cyst. Details
of peroperative complications and reasons for conver-
sion are presented in Table 3.
Intra- and/or postoperative autologous blood

transfusion was required in five patients (6%), including
left lateral segmentectomy for FNH in one patient,
wedge resection for FNH in three patients (segments II,
IV, and VIII one patient each), and segmentectomy VI
for LCA in one patient. The mean transfusion volume in

these patients was 604 ml (median, 600 ml; range, 321–
900 ml).
There was no mortality in this series. Postoperative

complications occurred in four patients (5%), including
general complications in two patients (one pneumonia
after left hepatic lobectomy and one urinary infection
after a wedge resection of segment III) and local com-
plications in two patients, including residual cystic
stones in a patient operated for segmentectomy VI for
LCA associated with laparoscopic cholecystectomy and
common bile duct exploration. The other patient with
local complications presented self-limiting bleeding from
the transection line following left lateral segmentectomy
associated with segmentectomy VI for multiple LCA.
The patient with residual cystic stones was treated by
extracorporeal shock-wave litotripsy and endoscopic
sphincterotomy with stones extraction, for a retreatment
rate of 1%. The mean postoperative hospital stay
(POHS) was 5 days (median, 5 days; range, 2–13 days),
which was significantly affected by the extent of hepa-
tectomy and the need for conversion to an open ap-
proach. Indeed, the mean POHS was 4.7 days (median,
5 days; range, 2–11 days) when less than one liver seg-
ment was resected, whereas it was 6 days (median, 6
days; range, 3–13 days) when more than one liver seg-
ment was resected (p = 0.003). In patients successfully
treated laparoscopically, the mean POHS was 5 days
(median, 5 days; range, 2–11 days) whereas it was 8 days
(median, 7 days; range, 5–13 days) in converted patients
(p < 0.001).
The mean follow-up in the whole series was 13

months (median, 10 months; range, 2–72 months). All
patients are alive without symptoms and recurrence.
On postoperative liver workup, no recurrence was
found in these patients. The two patients suffering
from APLD presented persistent asymptomatic liver
cysts. In the group of patients resected for solid benign
liver tumors, the overall and disease-free survival at
2 years were both 100%. There were no late compli-
cations.

Discussion

There is no reason for the management of patients suf-
fering from benign liver tumors to be modified with the
introduction of minimally invasive surgery. Surgical
indications for removal of these tumors should remain
based on their natural history and on the ability of im-

Table 2. Liver resection procedures according to the type of liver tumor

Procedure
Hemangioma
(13 patients)

FNH and hamartoma
(51 patients)

LCA
(17 patients)

Cystic tumor
(6 patients)

Wedge resection 6 25 7 —
Segmentectomy 3 12 7 3
Bisegmentectomy S5 + S8 — — — 1
Left lateral segmentectomy 1 14 3a 2
Major hepatectomy 3 — — —

FNH, focal nodular hyperplasia; LCA, liver cell adenoma
a Associated to segmentectomy 6 in one patient

Fig. 2. Magnetic resonance imaging of a 17-year old female suffering
from right upper quadrant abdominal pain from a 6-cm bulging liver
cell ademona located in segment VI of the liver. The patient underwent
uneventful laparoscopic resection of segment VI and was discharged
from the hospital 4 days after the operation.
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aging techniques to ensure a precise diagnosis of the
tumor’s type. All types of benign liver tumors were en-
countered in this large clinical multicenter series. In
particular, there is a significant number of liver he-
mangiomas and FNH, for which restrictive indications
should indeed be applied. However, as observed in open
surgical series, this laparoscopic clinical series is clearly
suffering from bias of surgical population, with symp-
tomatic tumors or tumors of undetermined nature at
liver workup, due to their atypical appearance, being
overrepresented in comparison to observational medical
series [7, 18, 55]. In some surgical series [7, 18], the ac-
curacy of preoperative liver workup for FNH ranges
between 43% and 50%, a particularly low percentage
due to the significant incidence of atypical radiological
presentation in these surgical series. In the multicenter
setting of the current series, truly symptomatic or
complicated tumors and tumors of undetermined nature
were encountered in 52% and 33% of the patients, re-
spectively. For example, in patients with liver heman-
giomas, large and symptomatic cavernous hemangiomas
exceeding 10 cm represent half of the selected patients in
this series, requiring laparoscopic major hepatectomy
only in this group of patients. The diagnostic accuracy

for liver hemangiomas by imaging techniques, including
MRI, is approximately 90% in expert series [9, 12, 21]
but remains difficult for small lesions [56], as encoun-
tered in this series. There is also a high number of pa-
tients with FNH in this series. Again, the vast majority
of FNHs were resected due to symptomatic tumor, un-
determined nature of the tumor, or suspicion of metas-
tasis in a patient previously operated for cancer,
representing 86% of all selected FNH patients in this
series. On the other hand, all patients with incidental
detection of FNH during another laparoscopic proce-
dure had small, superficial lesions, easily and safely
amenable for associated liver resection. Even by com-
bining different imaging modalities and especially by
using MRI, a precise diagnosis of FNH can be achieved
in only 70% to 90% of cases in expert centers [7, 12, 22,
23]. However, many reports have emphasized the diffi-
cult differentiation between FNH and LCA and that
between LCA and HCC. In a multicenter setting such as
in this series, the results of imaging modalities are
probably less satisfactory. Despite extensive liver

Table 3. Details of patients suffering from intraoperative complications and/or conversions during laparoscopic resection of benign liver tumors

Type of liver
tumor

Surgeon
experience

Couinaud
segments

Aspect of
the tumor Size (cm)

Type of liver
resection

Intraoperative
complications

Cause of
conversion

FNH 7 8 Visible 5 Wedge Bleeding —
FNH 9 2 + 3 Visible 8 Wedge Bleeding (LHV) —
FNH 2 4 Superficial 6 Wedge Bleeding —
Hemangioma 4 2 + 3 + 4 Deep 13 Left hepatic lobectomy Bleeding (MHV) Bleeding (MHV)
FNH 2 6 Visible 5 Wedge None Instrumental dysfunction
FNH 2 4 Visible 4 S 4 None Posterior tumor location
FNH 3 2 Deep 7 LLS None Tumor close to LHV
FNH 2 2 + 3 Deep 11 LLS Bleeding (LHV) Bleeding (LHV)
FNH 12 7 Deep 4 Wedge None Deep-sited tumor
FNH 2 2 + 3 Deep 10 LLS Bleeding (LHV) Bleeding (LHV)
LCA 6 3 Visible 7 Wedge Bleeding (LHV) Bleeding (LHV)
Hydatid cyst 6 6 Superficial 6 S 6 None Risk of cyst rupture

FNH, focal nodular hyperplasia; LHV, left hepatic vein; LLS, left lateral segmentectomy;
MHV, middle hepatic vein; S, liver segmentectomy

Fig. 4. Computed tomography of a 37-year-old female suffering from
right upper quadrant abdominal pain from a 7-cm liver tumor deeply
sited in segment II of the liver requiring left lateral segmentectomy.
The procedure was converted to an open approach due to the close
contact of the tumor with the left hepatic vein. The postoperative
course was uneventful, and the patient was discharged on postopera-
tive day 7.

Fig. 3. Segmental intrahepatic location of resected liver tumor ac-
cording to Couinaud classification in the whole series. Multiple seg-
ments can be affected by the same tumor.
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workup, it is not uncommon that a difficult therapeutic
decision has to be made when the tumor’s nature is
undetermined. When the diagnosis remained dubious at
radiological workup, percutaneous guided tumor biopsy
has been suggested as an option to improve diagnostic
accuracy, despite the risk of inadequate sampling,
bleeding, and the difficulty of differentiating benign and
malignant tumors [11, 12, 19, 23, 60–62]. Cherqui et al.
[23] suggested that laparoscopically guided biopsy could
be an interesting option in selected cases. However, in
the current series, the overall diagnostic accuracy of
percutaneous and laparoscopic biopsy was 44% in the
whole series, 55% in patients suffering from FNH, and
25% in patients suffering from LCA. Finally, excluding
patients with truly symptomatic FNH, there were only 3
patients in this series (representing 6% of the FNH
group) who underwent unjustified laparoscopic resec-
tion, again emphasizing the need for not changing the
general practice of restricting surgical indications in
benign liver tumors, even with the development of
minimally invasive surgery.
When surgery is considered in the management of

patients with benign liver tumors, the paramount ob-
jectives should be the absence of operative mortality, a
low complication rate, the absence of heterologous
blood transfusion, and satisfactory late outcome. These
objectives were clearly achieved in this largest reported
series of laparoscopically resected benign liver tumors,
with no mortality and a 5% complication rate. All
transfused patients (6%) received autologous blood
transfusion, but it should be noted that the same re-
section procedures performed by an open approach
would probably not have required blood transfusion.
The need for blood transfusion in minor liver resections
on a noncirrhotic liver parenchyma is indeed minimal
when using an open approach [63–65]. This feature
confirmed that bleeding remains the most important
intraoperative problem during liver resection, as in open
surgery, but is obviously more difficult to control lapa-
roscopically, even for minor resections. Intraoperative
bleeding was thus the major reason for converting the
procedure to an open approach.
Adequate selection of patients and liver tumors is a

key factor of success for laparoscopic resectional sur-
gery. High-risk patients were not selected for laparo-
scopic resection of benign liver tumors in this series,
which probably partially explains the low postoperative
rate of general complications. On the other hand, not all
liver tumors are amenable to laparoscopic resection.
This series represents a selected group of patients, with
the vast majority of tumors being small, superficial,
peripheral lesions located in the left lateral segments
(segments II and III) or in the anterior segments of the
right part of the liver (namely the anterior part of seg-
ment IV, segment V, and segment VI). Large tumors,
tumors close to the hepatic veins or the cavohepatic
junction, and centrally or posteriorly located tumors in
the right part of the liver are not ideal candidates for
laparoscopic resection since mobilization of the liver,
peroperative control of major intrahepatic vessels, and
application of the total vascular isolation technique are
difficult to achieve laparoscopically. Laparoscopic sur-

gery should thus be proposed for selected tumor sizes
and locations respecting appropriate selection of indi-
cations for surgical removal. Practically, when taking
into account the restrictive philosophy of surgery in
benign liver tumors and the need for adequate selection
of patients, we believe that the performance of laparo-
scopic surgery in the management of benign hepatocel-
lular tumors should be limited to less than 10% of the
patients referred to expert HPB centers. On the other
hand, as demonstrated in this and other series [44–47,
49–51], only limited liver resections (namely nonana-
tomical resections and segmentectomies or réglée left
lateral segmentectomies) can be safely performed
through a laparoscopic approach. Such selection of liver
resections limited to one or two liver segments is en-
countered in most reported series. However, in this se-
lected group of patients, when the technique is
appropriately performed by an expert surgical team, the
technique appears to be safe, with a low morbidity and a
short postoperative hospital stay. However, it should be
remembered that open resectional liver surgery has
achieved a significant reduction in postoperative mor-
bidity, especially for minor liver resections [64, 65].
Additional comparative studies are needed to evaluate
the benefit of the laparoscopic approach in terms of
postoperative recovery. However, an improved postop-
erative recovery with the laparoscopic approach was
suggested by Rau et al. [66] in a retrospective matched
series of 34 patients. On the other hand, the legitimacy
of laparoscopic major hepatectomies remains question-
able [46, 67, 68]. Complete mobilization of the liver, safe
exposure of the suprahepatic junction, easy and safe
intraparenchymal control of major vascular trunks,
three-dimensional determination of the transection line’s
orientation, and control of severe bleeding are difficult
to replicate laparoscopically. To date, except for Hü-
scher’s group [68], which reported major laparoscopi-
cally assisted hepatectomies in 17 patients with benign
and malignant liver tumors, only a few major liver re-
sections have been reported [49, 50]. Hüsher et al. [68],
Fong et al. [69], and Cuschieri [70] suggested facilitating
these major resectional procedures by hand-assisted
procedures in order to improve liver exposure and vas-
cular control and to increase the safety of the procedure.
Until more scientifically relevant results are available
from expert centers, we believe that caution should be
used for the laparoscopic performance of major liver
resections in young patients suffering from benign liver
tumors.
Laparoscopic resectional procedures are time-con-

suming and technically demanding operations, with a
need for complex and expensive materials and instru-
mentations. High-flow CO2 insufflator, a high-quality
optical system, laparoscopic ultrasonography, Argon
Beam Coagulator, endostaplers with vascular cartridges,
and a harmonic dissector are the most common tools
necessary for laparoscopic liver resections. Despite del-
eterious effects of pneumoperitoneum associated with
the Pringle maneuver in animal models [71, 72], the use
of this combination was well tolerated in 6% of the pa-
tients in the current series, with an occlusion time varying
from 20 to 120 minutes. However, it should be noted that
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portal triad clamping was used in the current series for
liver resections, namely segmentectomies and left lateral
segmentectomy, for which it should not have been used
during an open approach. By comparison, portal triad
clamping was used in 67% of patients in the Cherqui et
al.[50] series of laparoscopic liver resection. For minor
liver resection of superficial or bulging liver tumors,
Descottes et al. [51] described an alternative to portal
triad clamping by the use of an atraumatic liver clamp,
the Lucane clamp a laparoscopic adaptation of the LIN
liver clamp [73] that can minimize bleeding during
transection and therefore lower the transfusion rate.
Finally, the laparoscopic approach carries an increased
potential risk of gas embolism compared to the open
approach [41, 74–76]. Despite the absence of such a
potentially life-threatening complication in the current
series, the use of gasless laparoscopy and cautious use of
the Argon Beam Coagulator to achieve hemostasis of the
transection line are recommended [41, 72, 74, 76–78].
In conclusion, data from the current series suggest

that laparoscopic resection of benign liver tumors is
feasible and safe in selected patients and liver tumors.
The data suggest that liver laparoscopic surgery is a
good alternative to open surgery in selected patients.
The procedure should be performed by surgical teams
experienced in hepatobiliary and laparoscopic surgery.
Moreover, comparative studies are still needed before
the laparoscopic approach for highly selected benign
liver tumors can be accepted as the ideal approach for
these patients.
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