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Abstract

Background: Laparoscopy is slowly becoming an
established technique for liver resection. This procedure
still is limited to centers with experience in both hepatic
and laparoscopic surgery. Preliminary reports include
mainly minor resections for benign liver conditions and
show some advantage in terms of postoperative recov-
ery. The authors report their experience with laparo-
scopic liver resection, the evolution of the technique,
and the results.

Methods: From 1999 to 2006, 70 laparoscopic liver
resections were performed using a procedure similar to
resection by laparotomy.

Results: There were 38 malignant tumors (54%) and 32
benign lesions (46%). The malignant tumors were
mainly hepatocellular carcinomas (19 of 24 patients had
cirrhosis). The tumor mean size was 3.8 = 1.9 cm
(range, 2.2-8 cm). There were 19 major hepatectomies,
34 uni- or bisegmentomies, and 17 atypical resections.
The operative time was 227 £ 109 min. Conversion to
laparotomy was required for seven patients (10%),
mainly for continuous bleeding during transection. Nine
patients (13%) required blood transfusion. One patient
had both brisk bleeding and gas embolism from a tear in
the section line of the right hepatic vein requiring lap-
aroscopic suture. Blood loss and transfusion require-
ments were significantly lower in recent than in early
cases and in resections with prior vascular control than
in those without such control. Postoperative complica-
tions were experienced by 11 patients (16%), including
one bleed from the hepatic stump requiring hemostasis
and two subphrenic collections requiring percutaneous
drainage. One cirrhotic patient died of liver failure after
resection of a partially ruptured tumor. No ascites was
observed in other cirrhotic patients. The mean hospital
stay was 5.9 days.
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Conclusion: The study results confirm that laparoscopic
liver resection, including major hepatectomies, can be
safely performed by laparoscopy.
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For technical and carcinologic reasons, the laparoscopic
approach was late to develop in solid organ surgery such
as that performed on the spleen [12, 15], the pancreas
[13], the adrenals [14, 33], and especially the liver.
Mobilization and exposure of the liver still are difficult
in the absence of specific nontraumatic instruments for
safe handling of such a fragile and heavy organ. The
“hidden” vascular anatomy of the liver exposes it to the
risk of massive bleeding, which can be difficult to control
by laparoscopy. Uncontrolled air embolism has long
been feared because of the high-pressure pneumoperi-
toneum [18, 30]. Dissemination of malignant tumors
during the procedure also is expected [17, 32], as in the
early experience of colon and gallbladder laparoscopic
surgery.

In addition, most experienced liver surgeons have
little experience in laparoscopy and therefore are not
keen to advocate laparoscopic liver resections.
Improvement in surgeons’ laparoscopic skills and their
growing experience in laparoscopic handling of the liver
with laparoscopic instruments have allowed better
exposure and mobilization of the liver. At the same time,
the development of new coagulation/section technolo-
gies have facilitated parenchymal transection. Both
experimental studies and clinical reports have shown
that carbon dioxide (CO,) embolism is a rare and well-
tolerated event during laparoscopic liver resections [9,
28].

Although most reported laparoscopic liver resections
still are minor hepatectomies for benign liver tumors
[29], an increasing number of large series involving
laparoscopic liver resections for benign and malignant
tumors are being published [5, 22, 34]. Case-control
studies have suggested that laparoscopy is even slightly
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better than laparotomy for left lateral lobectomies [24]
and minor liver resections [26]. Finally, the results from
a few series of laparoscopic resections of both hepato-
cellular carcinoma [3, 5, 23] and colorectal liver metas-
tases [25] have suggested that tumor dissemination has
not been enhanced by laparoscopy.

Currently, laparoscopic access is becoming a recog-
nized technique for liver resection. However this ad-
vanced procedure still is limited to centers with
experience in both hepatic and laparoscopic surgery. We
report our experience with laparoscopic liver resection
and compare earlier experiences with recent results and
anatomic resections using prior vascular control with
other resections.

Patients and methods

From February 1999 to January 2006, we performed 70 liver resections
by laparoscopy. Patients referred for benign or malignant liver lesions
were routinely considered for laparoscopic hepatectomy. The indica-
tion for resection was not modified by the use of the laparoscopic
approach, especially for benign lesions, which were resected only in the
presence of symptoms or uncertain diagnosis on biopsy. The indica-
tions for laparoscopic segmental and atypical resections were tumors
smaller than 4 cm located in the inferior or anterior segments of the
liver (segments III, IV, V, and VI) or in left segment I. The indications
for major hepatectomies (more than 3 segments) were either larger
tumors or localized Caroli’s or polycystic diseases. Tumors invading or
adjacent to the portal pedicle or hepatic veins were not considered
suitable for laparoscopy. Patients were informed concerning the
innovative nature of the procedure, and prior consent was obtained.

Liver resections were defined according to Couinaud’s classifica-
tion. Prior vascular control (of the portal vessels and hepatic vein) and
ligation of the portal pedicle were carried out before the parenchymal
transection whenever possible. This procedure was typically sought for
right hepatectomy (segments V, VI, VII, and VIII), left hepatectomy
(segments II, 111, and 1V), and left lateral lobectomy (segments II and
IIT). These resections were defined as anatomic with prior vascular
control (APVC). Other resections including segmental (one or two
segments) and atypical liver resections were performed without prior
vascular control.

Surgical procedure

Pneumoperitoneum was performed using the open laparoscopy tech-
nique, and the abdominal pressure was maintained at less than 11
mmHg. The patients were in supine position. Trocar placement was
based on the patient’s morphology and the type of resection. Four or
five trocars were generally used. A central trocar was placed on the
midline above the umbilicus for the laparoscope. In all cases, 0° la-
paroscopes were used. Two 10-mm working ports were placed on ei-
ther side of the median trocar, and two 5-mm trocars were placed
laterally for exposure. Intraoperative ultrasound was routinely per-
formed. The part of liver to be removed then was mobilized.

For APVC resections (right hepatectomy, left hepatectomy, and
left lateral lobectomy), the portal pedicles were first dissected. The
portal branch, the arterial branch, and the biliary canal were separated
extraparenchymally and secured with clips or a linear stapler. The
concerned hepatic vein then was dissected and taped before the tran-
section. For the last seven patients, the hepatic vein was sectioned
using a linear roticulating stapler (Endo GIA roticulator; Tyco
Healthcare, Elancourt, France) before transection was started.

For segmental and atypical resections, there was no prior vascular
control. The transection line was marked on the capsule using dia-
thermy. The parenchymal transection was performed using an ultra-
sonic dissector (Dissectron; Satelec Medical, Merignac, France) for the
first 10 patients (14%), harmonic shears (Ultracision; Ethicon, Issy les
Moulineaux, France) for the following 31 patients (44%), and lapa-
roscopic Ultrashears (Ligasure; Tyco Healthcare) for the last 29 pa-
tients (42%). A Pringle maneuver was never used.

Table 1. Histologic diagnosis in 70 laparoscopic liver resections

n (%)

Malignant lesions
Hepatocellular carcinoma
Intrahepatic cholangiocarcinoma 3
Colorectal metastases 9
Breast cancer metastases 2
Benign lesions 32
Focal nodular hyperplasia 8
Adenoma 6
6
4
3
2
1
1
1

38 (54)
24

(46)

Caroli’s disease

Polycystic disease
Hemangioma

Hydatid cyst

Ciliated hepatic foregut cyst
Angiomyolipoma
Complicated biliary cyst

The resected liver was placed in a plastic bag and extracted
without any fragmentation through a suprapubic horizontal incision.
The hepatic stump was scrutinized for any bleeding while the level of
pneumoperitoneum pressure was lowered. None of the patients had
any abdominal drainage. Intraoperative complications, postoperative
course, and outpatient follow-up evaluation were studied. The col-
lected data included duration of surgery, blood loss, perioperative
transfusions, conversion to laparotomy, postoperative complications,
and hospital stay.

The results of our early experience (40 resections from 1999 to
2003) were compared with recent results (30 resections from 2004 to
2006). In addition, APVC resections were compared with resections
that had no prior vascular control (segmental and atypical resections)
in terms of blood loss, transfusions, conversion to laparotomy, oper-
ative time, and postoperative complications. Statistical analysis was
performed with JMP 6.0 software (SAS Institute Inc., Cary, NC, USA)
using Student’s 7-test and Fisher’s exact test. All p values less than 0.05
were considered statistically significant.

Results

Between February 1999 and January 2006, 70 (15%) of
467 liver resections were performed by laparoscopy.
This percentage increased continuously over the years,
reaching 25% in 2005. The 70 resections involved 37
women and 33 men with a mean age of 56 + 13 years
(range, 29-78 years). According to the American Society
of Anesthesiologists (ASA) physical status score, 11
patients (16%) were classified as ASA 3, 36 (51%) as
ASA 2, and 23 (33%) as ASA 1. The liver parenchyma
was normal in 33 patients and pathologic in 37 patients
(18 fibrosis or chemotherapy modification cases and 19
cirrhosis cases).

Of the 70 patients, 38 had malignant tumors (54%)
and 32 had benign lesions (Table 1). The malignant
tumors were mainly hepatocellular carcinomas (19 of 24
patients with cirrhosis). The mean size of the resected
tumor was 3.8 £ 1.9 cm (range, 2.2-8 cm). The mean
surgical margin for the malignant tumors was 11 mm
(range, 1-32 mm). Preoperative portal vein embolization
was performed for two patients before a right hepatec-
tomy in a cirrhotic liver.

The types of liver resection are detailed in Table 2.
In 33 cases, the resection was anatomic with vascular
control before liver division. Extraparenchymal portal
control and section were possible in all 33 patients. The
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Table 3. Postoperative results

No. of procedures n (%) n (%)
APVC resections 33 (47) Mortality 1
Right hepatectomy 12 (17) Specific morbidity 3(4.3)
Segments V, VI, VII, VIII Reoperation for hemorrhage 1
Left hepatectomy 5(7) Ascites 0
Segments 11, 111, IV Blood collection 1
Left lateral lobectomy 16 (23) Biliary collection 1
Segments II and 111 General morbidity 8 (11.4)
Resections without prior vascular control 37 (53) Cardiac failure 1
Trisegmentectomy 2 Respiratory failure 3
Segments V, VI, VII 1 Trocar-site bleeding 1
Segments IVb, V, VI 1 Urinary infection 3
Bisegmentectomy 34 Hospital stay (days)
Segments V and VI 2 Mean + SD 59 + 5.6
Segments V and VIII 1
Segmentectomy 15 (22) SD, standard deviation
Segment | 1
gegmen; g} ‘; the hepatic stump, on which radiofrequency was sub-
sZﬁﬁzﬁt v 6 sequently perfgrmed. o .
Segment VI 1 Postoperative complications were experienced by 11
Atypical resection 17 (24) patients (16%) (Table 3). Bleeding from the liver stump

APVC, anatomic with prior vascular control

concerned hepatic vein was controlled in all left hepa-
tectomies, in all but one right hepatectomy because of
difficulties mobilizing the right liver (92%), and in all
except two left lobectomies (87.5%) due to the volume of
the tumor in the one case and minor bleeding from an
injured diaphragmatic vein in the other. The right he-
patic vein also was sectioned before liver transection in
seven recent cases. No complications arose during vas-
cular control.

The mean operative time was 227 + 109 min. The
mean operative blood loss was 397 + 356 ml (range,
100-2,300 ml). Bleeding occurred because of parenchy-
mal transection in all cases except one, in which abun-
dant bleeding came from a tear in the section line of the
right hepatic vein at the end of a right hepatectomy. This
was treated laparoscopically using sutures. Nine patients
(13%) required blood transfusion (2.8 + 1.3 packed red
cell units). The patient who experienced the tear of the
right hepatic vein had gas embolism, as detected by
transesophageal ultrasonography, which resulted in a
transient fall in arterial blood pressure. There were no
other cases of detectable gas embolism.

Conversion to laparotomy was required for seven
patients (10%). Only two cases of conversion occurred in
the last 3 years of the study. Conversion was caused by
continuous diffused bleeding during the parenchymal
transection (3 patients), exposure difficulties (2 patients:
1 segmentectomy V and 1 bisegmentectomy V-VI),
unsatisfactory progression during parenchymal section
(1 patient: trisegmentectomy V-VI-VII), and an ana-
tomic variant of portal branches (1 patient: right hepa-
tectomy). In none of these cases was the conversion
decided in an emergency or because of life-threatening
bleeding or major vessel injury.

Laparoscopic radiofrequency also was used for four
patients. In three cases, radiofrequency was performed
to treat a second tumor, in one case for an insufficient
free margin. In this patient, the tumor was seen close to

required reoperation by laparoscopy for one patient on
the first postoperative day of a segmentectomy IV. He-
mostasis was achieved using bipolar coagulation and
secured by a suture. One blood and one biliary collec-
tion were treated by percutaneous drainage. One cir-
rhotic patient (child C) who underwent surgery for a
partially ruptured tumor of the left lobe died of liver
failure. No ascites and no transient liver failure occurred
in the remaining 18 cirrhotic patients.

The mean hospital stay was 5.9 + 5.6 days. During
the period of the survey, none of the patients treated for
a malignant tumor had any peritoneal carcinomatosis or
port-site recurrence.

The results for the first 40 laparoscopic resections
performed during the learning period (from 1999 to
2003) were compared with those for 30 resections per-
formed from 2004 onward. Although the patients’
characteristics were similar, blood loss, operative time,
and hospital stay were significantly less in the second
group (Table 4). The conversion rate also was lower in
the second period (7% vs 12.5%), although the difference
was not statistically significant.

The results for 33 APVC laparoscopic liver resec-
tions were compared with those for 37 resections per-
formed without prior vascular control (Table 5).
Although major resections were more frequent in the
first group, blood loss and transfusion requirements
were significantly less for the patients with prior vascu-
lar control. The conversion rate also was lower (3% vs
16%) in the APVC group, although this difference did
not reach statistical significance. The operative time was
similar in the two groups.

Discussion

Our results confirm that liver resection can be performed
safely by laparoscopy in selected cases. Although the
percentage of liver resections performed by laparoscopy
remained low in the current study, it has greatly in-
creased since the beginning of our experience in 1999.
Indeed, for the last 2 years, 80% of left lateral lobecto-
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Table 4. Comparison of laparoscopic hepatectomy between early experience (~2003) and the established technique period (2004~)

Early experience

Established technique period

(n = 40) (n = 30) p Value

Patient characteristics
Mean age 579 = 14 534 £ 10 NS
ASA classification : n (%) NS
ASA 1 15 (37) 8 (27)
ASA 11 19 (48) 17 (56)
ASA 111 6 (15) 517
Resection types
Major resections: n (%) 10 (25) 9 (30) NS
APVC resections: n (%) 17 (40) 17 (57) NS
Results
Operative time (min) 270 + 143 171 £ 95 <0.001
Blood loss (ml) 513 + 577 219 + 254 0.003
Transfusion: n (%) 8 (20) 1(3) 0.039
Conversion rate: n (%) 5(12.5) 2(7) 0.039
Hospital stay (days) 6.6 £7 44 £ 3 0.045
NS, not significant; ASA, American Society of Anesthesiologists physical status score; APVC, anatomic with prior vascular control
Table 5. Comparison of anatomic with prior vascular control (APVC) resections with segmental and atypical resections

APVC resections Segmental & atypical

(n = 33) resections (n = 37) p Value
Major resections: n (%) 17 (52) 2(5 <0.001
Operative time (min) 247 £+ 106 213 £ 112 0.875 (NS)
Blood loss (ml) 203 + 306 545 + 458 <0.001
Transfusion: n (%) 1(3) 8 (22) 0.021
Conversion rate: n (%) 1(3) 6 (16) 0.072 (NS)

NS, not significant

mies were performed by laparoscopy. A great number of
left and right hepatectomies are currently being per-
formed this way. In the current series, as in others [2, 4,
29], the rate of resected benign lesions still is high. This
is not because of a change in the therapeutic policy for
benign liver tumors, but because most benign lesions
were resected by laparoscopy due to the fact that they
generally arise in normal livers [8]. The indications for
laparoscopy in the case of malignant tumors were more
restrictive at the beginning of our experience because
they often occur in livers injured with chemotherapy,
cirrhosis, or fibrosis. Until recently, our team considered
the following to be a contraindication to laparoscopy:
large and subcapsular tumors, tumors arising in the
immediate vicinity of major vessels, tumors invading
adjacent organs, and tumors located in the posterior
segments of the right liver.

The conversion rate in this study was relatively low
[4, 5, 16, 34], and became very low during the last 2 years
(7%), particularly in major liver resections. This is
mainly because of greater confidence in the technique as
well as better management of every step of the proce-
dure. The fact that the procedure performed by lapa-
roscopy is strictly similar to that performed by
laparotomy in our department is of particular signifi-
cance [11]. Conversion to laparotomy was never carried
out in an emergency for acute massive bleeding.

The only major intraoperative complication (bleed-
ing from the section line of the right hepatic vein) was
handled by laparoscopy. Interestingly, this complication
was related to inadequate use of a stapler. No other

complications occurred during dissection of major he-
patic veins. Magnification associated with laparoscopy
may render dissection of major hepatic veins safer by
laparoscopy than by laparotomy. We found the lapa-
roscopic approach for the left border of the right hepatic
vein and for the inferior angle between the left hepatic
vein and the inferior vena cava to be quite convenient
and safe. This accurate dissection is facilitated by the
stability of the image because of a voice-controlled ro-
botic camera holder we systematically use for laparo-
scopic liver surgery [27]. Extraparenchymal dissection
and division of arterial and portal branches and bile
ducts was always possible in right and left hepatectomies
and in left lateral lobectomies. The use of large resorb-
able clips was of great interest for the division of portal
pedicles because the use of a stapler often is prevented
by the lack of space.

Bleeding was generally limited except in nine patients
(13%), for whom a transfusion was required. The inci-
dence of this occurrence was slightly higher than in re-
cent series of liver resections [31, 34, 35]. Bleeding and
transfusion requirements were greater in patients with-
out previous control of portal and hepatic pedicles. It
occurred mainly in patients with resections of segment V
or V=VI. In these cases, the two transection planes cross
at right angles. Bleeding usually started at the junction
between these two planes and at the plane extending
from the gallbladder fossa to the right border of the
liver. More trocars should be used to have the operating
instrument always in the line of the liver transection
plane.



It has been shown that the clamping of the hepatic
pedicle is well tolerated in hepatic resections by lapa-
roscopy [4, 6, 7, 20]. This was not used in our experience.
Segmental resections in the right liver may be a good
indication for portal triad clamping. However in our
experience, the duration of parenchymal transection in
laparoscopic segmental resections in the right liver is
considerable and may exceed the time allowed for a safe
clamping.

It is generally suggested that small liver resections are
more amenable to laparoscopy than larger ones. This
may be true for minor resections on the anterior border
of the liver or on its surface. However, our results suggest
that true anatomic segmental resections are more diffi-
cult than major resections. In the current series, bleeding
was more profuse, and both the transfusion requirement
and conversion were more frequent in segmental resec-
tions. It should be underscored that there was no resec-
tion of segments 7 or 8 in the current series, although this
has been described by others [34]. We consider that such
segmental resections should not be undertaken unless
major resections are perfectly handled.

Exposure and mobilization of the right liver remain
problematic. The correct positioning of the patient on
the operating table with thick cushions behind the right
shoulder and buttock is essential. This allows the right
liver to fall toward the left hypochodrium, exposing the
right triangular ligament. Also, the 5-mm trocar placed
in the right subcostal space should be positioned very
laterally. Mobilization and exposure remain difficult due
to the lack of smooth and safe liver retractors. Great
care should be taken to avoid injury of the liver or tu-
mor throughout the whole procedure. Some surgeons
advocate the hand-assisted technique to facilitate liver
exposure and parenchymal transection [1, 10], especially
in the case of cirrhotic liver [21] or tumor located in the
posterior segments of the right liver [19]. In addition, it
provides the surgeon the tactile sensation lacking during
laparoscopy. However, we find that it decreases the vi-
sion of the operative field and thus do not use this
technique.

Liver resection by laparoscopy is not an easy pro-
cedure. It requires knowledge and technical skill in both
liver surgery and laparoscopy. In the current series, we
greatly benefited from extensive experience in both.
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