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Objective
To assess the feasibility and safety of laparoscopic liver resec-
tions.

Summary Background Data
The use of the laparoscopic approach for liver resections has
remained limited for technical reasons. Progress in laparo-
scopic procedures and the development of dedicated tech-
nology have made it possible to consider laparoscopic resec-
tion in selected patients.

Methods
A prospective study of laparoscopic liver resections was un-
dertaken in patients with preoperative diagnoses including
benign lesion, hepatocellular carcinoma with compensated
cirrhosis, and metastasis of noncolorectal origin. Hepatic in-
volvement had to be limited and located in the left or periph-
eral right segments (segments 2–6), and the tumor had to be
5 cm or smaller. Surgical technique included CO2 pneumo-
peritoneum and liver transection with a harmonic scalpel, with
or without portal triad clamping or hepatic vein control. Portal
pedicles and large hepatic veins were stapled. Resected

specimens were placed in a bag and removed through a sep-
arate incision, without fragmentation.

Results
From May 1996 to December 1999, 30 of 159 (19%) liver re-
sections were included. There were 18 benign lesions and 12
malignant tumors, including 8 hepatocellular carcinomas in
cirrhotic patients. Mean tumor size was 4.25 cm. There were
two conversions to laparotomy (6.6%). The resections in-
cluded 1 left hepatectomy, 8 bisegmentectomies (2 and 3), 9
segmentectomies, and 11 atypical resections. Mean blood
loss was 300 mL. Mean surgical time was 214 minutes. There
were no deaths. Complications occurred in six patients (20%).
Only one cirrhotic patient developed postoperative ascites.
No port-site metastases were observed in patients with malig-
nant disease.

Conclusion
Laparoscopic resections are feasible and safe in selected pa-
tients with left-sided and right-peripheral lesions requiring lim-
ited resection. Young patients with benign disease clearly
benefit from avoiding a major abdominal incision, and cirrhotic
patients may have a reduced complication rate.

For liver resections, unlike other areas of abdominal
surgery, the laparoscopic approach has not been widely
developed. The reasons are presumed technical difficulties
and the intraoperative hazards of bleeding and gas embo-
lism. Another concern is the potential risk of tumor seeding
in patients with malignant disease, who constitute the ma-

jority of candidates for liver resections. However, techno-
logic refinements in laparoscopic instruments, experience in
laparoscopic and hepatic surgery, and the application of the
principles of oncologic surgery have led some groups, in-
cluding ours, to explore the place of laparoscopic liver
resections. Initial laparoscopic procedures on the liver in-
cluded staging of tumors to select patients for open resec-
tion1,2 and treatment of nonparasitic cysts by unroofing.3

More recently, there have been reports of limited series of
laparoscopic liver resections.4–13

We initiated a prospective evaluation of laparoscopic
liver resections in selected patients, and we report the results
in our first 30 patients.
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METHODS

Inclusion Criteria

In January 1996, a prospective study of laparoscopic liver
resections was initiated. The laparoscopic approach was
considered based on the size and location of the lesion or
lesions and the preoperative diagnosis. Lesions that were 5
cm or less in diameter, had limited hepatic involvement, and
were located in the left or peripheral right segments of the
liver (Couinaud segments 2–6) were included. Preoperative
diagnoses included presumed benign lesion, hepatocellular
carcinoma (HCC) in cirrhotic patients, and noncolorectal
metastases.

The indications for resection were not modified by the
use of the laparoscopic approach. For resection of benign
lesions, these were the presence of symptoms, a diagnosis of
hepatic adenoma or cystadenoma, and an uncertain diagno-
sis on biopsy. The indications in HCC included Child class
A patients with superficial tumors. The indications for me-
tastases were the occurrence of a liver tumor during fol-
low-up of patients with noncolorectal cancer.

Exclusion criteria included previous upper abdominal
surgery, colorectal metastases, decompensated cirrhosis,
and cardiac or respiratory failure.

Before the final decision to use laparoscopic resection
was made, all cases were reviewed at a weekly conference
attended by all staff surgeons, anesthesiologists, radiolo-
gists, and pathologists. Patients were informed of the inno-
vative nature of the procedure and consent was obtained.

Surgical Technique

The procedures were performed by two surgeons, one an
expert in hepatic surgery and the other in laparoscopic
procedures. Liver resections were defined according to
Couinaud’s classification, using the following terminology:
left hepatectomy for resection of segments 2, 3, and 4;
bisegmentectomy 2 and 3 for left lateral resection; segmen-
tectomy for resection of one segment, according to its
theoretical borders and defined by its number; and atypical
resection for resection of less than one segment.

For resection of lesions in segments 2 through 5, the
patient was placed in the supine position, with lower limbs
apart. The surgeon was between the legs with one assistant
on each side. Port sites are shown in Figure 1. For lesions in
segment 6, the patient was placed in the left lateral decub-
itus position to expose the lateral and posterior aspect of the
right lobe, as described for right adrenal resections (Fig.
2).14 The surgeon was on the ventral side of the patient, with
one assistant on the right and another on the other side of the
table. Two monitors were used in most cases.

CO2 pneumoperitoneum was used. Abdominal pressure
was monitored and maintained at less than 15 mmHg. A 30°
laparoscope was used in all cases. The liver was explored
visually and by laparoscopic ultrasound. Once resection had
been decided on, a tape was placed around the porta hepatis

and passed through a 16F rubber drain for use as a tourni-
quet for the Pringle maneuver. This maneuver was used
systematically in cirrhotic patients, in resections of one
segment or more in other patients, and whenever bleeding
occurred during transection. Intermittent clamping was ap-
plied, with 15-minute clamping and 5-minute release peri-
ods. The lesser omentum was checked for the presence of a
left hepatic artery. If present, it was clamped with a bulldog
clamp. Hepatic transection was performed with a harmonic
scalpel, which was sufficient for vascular and biliary struc-
tures up to 3 mm. Bipolar electrocoagulation was also
available for minor bleeding. Larger structures were secured
with clips. Portal pedicles and major hepatic veins were
divided by application of a linear stapler (Fig. 3).

In left-sided resections, the round, falciform, and left
triangular ligaments and the lesser omentum were divided.
Dissection of the falciform ligament was continued to the
level of the inferior vena cava and the insertion of the
hepatic veins. After the 10th procedure, extrahepatic control
of the left and middle hepatic veins was used. The left lobe
was lifted and the peritoneum above segment 1 was opened
to expose the posterior insertion of the left hepatic vein. A
soft dissecting clamp was carefully passed around the left
and middle hepatic veins, which usually form a common
trunk. A tape was placed around the hepatic veins and
passed through a 16F rubber drain to clamp the middle and
left hepatic veins, when necessary.

In right-sided resections, the right triangular ligament
was divided, taking advantage of the lateral position of the
patient. The dissection did not attempt to expose the inferior

Figure 1. Typical port placement for resection of lesions located in
segments 2 through 5. The patient is in the supine position with lower
limbs apart, the surgeon between the legs.
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vena cava or the right hepatic vein because resections were
limited to peripheral lesions. The operating table was then
rotated to the right so that the right lobe lay on the dia-
phragm, and resection was performed.

The resected specimen was placed in a plastic bag and
externalized through a separate incision, either along a
previous appendectomy incision or a new suprapubic hori-
zontal incision. The incision was made long enough to allow
easy removal of the specimen in one piece, without frag-

mentation. This incision was immediately closed and the
abdomen reinflated. The surgical field was irrigated and
checked for bleeding or bile leak, and residual fluid was
removed by suction. Abdominal drainage was usually omit-
ted, and the pneumoperitoneum was vented.

Studied Criteria

The surgical procedure, postoperative course, and outpa-
tient follow-up at 1, 3, and 12 months for benign disease,
and beyond for malignant disease, were studied. The fol-
lowing data were collected prospectively: duration of sur-
gery and clamping, blood loss, perioperative transfusions,
surgical events, postoperative complications, hospital stay,
recurrence, and distant events.

RESULTS

From May 1996 to December 1999, 31 eligible patients
were informed of the possibility of a laparoscopic approach,
and only 1 refused it. The laparoscopic approach was at-
tempted in 30 of 159 liver resections (19%). There were 21
women and 9 men, with a mean age of 54 years (range
23–75). The lesions were located in the right liver in 13
patients and in theleft liver in 17 (Fig. 4). Mean tumor
size measured on the surgical specimen was 4.25 cm. The
lesions were benign in 18 patients and malignant in 12
(Table 1). Examples ofresected lesions are shown in
Figures 5 and 6. A margin of at least 1 cm beyond tumor
limits was obtained in all patients who underwent surgery
for malignancy.

Figure 2. Typical port placement for resection of le-
sions in segment 6. The patient is in the left lateral
decubitus position for right lobe mobilization and pos-
terior exposure. The table can be turned to the right to
tilt or flip the right lobe against the diaphragm and gain
anterior access.

Figure 3. Laparoscopic bisegmentectomy 2 and 3. The portal triad is
clamped. The middle and left hepatic veins are taped and can be readily
clamped if necessary. Liver transection is performed with a harmonic
scalpel. Larger structures are divided with a linear stapler.
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Indications

Of 12 patients with a presumed diagnosis of benign
hepatocellular tumor, 4 had symptoms related to mass; the
others underwent resection mainly with diagnostic intent.
Histologic diagnosis after resection was hepatocellular ad-
enoma in three and fibronodular hyperplasia (FNH) in nine.
Patients with FNH lacked characteristic imaging and biopsy
features, thus precluding preoperative diagnosis.

In two patients with a symptomatic cystic lesion, cysta-
denoma was suspected, leading to resection. Both cysts

contained fibrinous and necrotic material, but pathologic
study of the resected specimen showed epithelium without
mucous secretion, more suggestive of complicated solitary
cysts. One patient with polycystic liver disease had pain and
food intolerance as a result of cystic disease predominant in
the left lobe. Multiple bilateral cyst unroofing and biseg-
mentectomy 2 and 3 were performed. The patient with
hydatid cyst had abdominal pain and calcified solid tumor.
The patient with hemangioma had abdominal pain in the
area of an atypical lesion, and the patient with angiomyo-
lipoma had a history of melanoma and suspected metastasis.
In these latter three patients, final diagnosis was obtained
only after histologic study of the resected tumor.

Of the eight patients with HCC and cirrhosis, one had
undergone previous treatment with percutaneous ethanol
injection and one with chemoembolization. The other six
patients had superficial lesions considered unsuitable for
percutaneous treatment. They all were Child A, and six had
grade 1 or 2 esophageal varices. In one patient with an
unspecified tumor, histology showed it to be cholangiocar-
cinoma. Histologic study of the resected specimen con-
firmed a primary hepatic lymphoma in another patient. Two
patients with breast metastases had liver tumor occurring in
the follow-up of the primary lesion.

Intraoperative Results

The laparoscopic procedure was completed in 28 pa-
tients. Conversion to laparotomy occurred in patients 11 and
20. Patient 11 had mild hemorrhage in the area of the left
hepatic vein near the end of a procedure for FNH. A short
midline incision was performed, permitting safe completion
of the resection. In patient 20, the conversion occurred
before the resection started because exposure was consid-
ered insufficient for a safe procedure; an open resection was
performed. Both patients are included in the series, but
patient 20 was excluded from the analysis of surgical results
because laparoscopic resection had not started.

The types of laparoscopic liver resection are summarized
in Table 2. They included one major hepatectomy (three or
more segments); all other resections were limited to less
than three segments. Portal triad clamping was used in 20
patients and was intermittent in all of them. Its mean cu-
mulative duration was 50 minutes (range 10–117). The left
and middle hepatic veins were taped in five patients and
clamped in three for 5 to 15 minutes. Mean blood loss was
300 mL (median 100, range 0–1,500).

During transection, there were four episodes of mild
intraoperative bleeding, which did not differ from those
observed during open resection. Three were from a branch
of the left or middle hepatic vein, leading to conversion in
one patient. One episode of hemorrhage occurred from
insufficient stapling of a portal pedicle. During clamping
release, it was not immediately diagnosed. Additional con-
trol of this pedicle resolved the problem without conversion.
This patient had HCC and cirrhosis and received intraoper-

Figure 4. Locations of treated lesions according to Couinaud’s clas-
sification. Shaded areas are considered consistent with laparoscopic
resection. Numbers in white squares are the number of lesions in each
corresponding segment.

Table 1. HISTOLOGIC DIAGNOSIS IN 30
LAPAROSCOPIC LIVER RESECTIONS

n

Benign Lesions 18
Focal nodular
hyperplasia*

9

Hepatocellular adenoma 3
Complicated cyst† 2
Polycystic disease 1
Hydatid cyst 1
Hemangioma‡ 1
Angiomyolipoma 1

Malignant Tumors 12
Hepatocellular carcinoma 8
Breast metastases 2
Cholangiocarcinoma§ 1
Lymphoma 1

* Patients with atypical lesions and a suspected diagnosis of adenoma.
† Patients operated on with a suspected diagnosis of cystadenoma.
‡ Atypical symptomatic lesion.
§ Converted to laparotomy before resection.
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ative transfusions of four units of packed red cells. None of
the other patients received intraoperative transfusions.

There were no signs suggestive of gas embolism in any of
the patients. One diaphragm tear occurred during mobiliza-
tion of inflammatory adhesions of the right lobe in a patient
with HCC previously injected with ethanol. It was treated
by suture and pneumothorax exsufflation.

Mean surgical time was 2146 87 minutes (median 180,
range 60–360). Mean weight of the specimen was 1636
98 g (median 150, range 50–420).

Postoperative Results

There were no deaths. Postoperative complications con-
sisted of six complications (20%), five of which occurred in
patients with malignant disease. There were two pulmonary
complications, both in cirrhotic patients. One was due to
Legionellapneumonia and required a temporary tracheos-
tomy. The other patient, a heavy smoker, required 6 days of
mechanical ventilation. These two patients received three

and two units of packed red cells in the postoperative period
because of mild anemia but did not develop decompensation
of cirrhosis. Both recovered completely. Another cirrhotic
patient developed transient ascites. The five other cirrhotic
patients had a smooth postoperative course. In one patient,
pyoderma gangrenosum, a rare autoimmune necrotic skin
lesion requiring steroid therapy, occurred at port sites. Two
incisional hernias occurred on 12-mm port orifices in obese
patients, requiring minor secondary reoperation. There were
no cases of postoperative bleeding or bile leak.

Mean hospital stay of the whole series was 9.6 days
(median 7, range 3–40). It was 6 days (median 6, range
3–8) for uncomplicated cases and 5.2 days for benign cases
(median 5, range 3–8).

All patients with benign lesions were cured of lesions and
symptoms on follow-up. Two patients who underwent sur-
gery for HCC developed recurrence after laparoscopic re-
section. One patient had multiple bilateral nodules at 8
months and as of this writing was receiving palliative ther-
apy. The other developed a second solitary tumor in a

Figure 5. Examples of benign lesions. (A) Angiomyolipoma of segment 2; bisegmentectomy 2 and 3. (B)
Hepatocellular adenoma of the right lobe with extrahepatic development; atypical resection. (C) Polycystic
liver disease with left predominance; multiple unroofing and bisegmentectomy 2 and 3. (D) Focal nodular
hyperplasia of segment 6; segmentectomy 6.
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remote area of the liver 14 months after resection and as of
this writing was being considered for liver transplantation.
The other six patients were alive without recurrence. Of the
two patients with metastases of breast carcinoma, one had
an asymptomatic intrahepatic recurrence diagnosed at 6
months. The patient with lymphoma had no other location at
postoperative screening and was well at 9 months. After a
mean follow-up of 12 months, no port-site recurrence was

observed in any patient who underwent surgery for malig-
nant disease, and no tumor recurrence could be attributed to
the laparoscopic approach.

DISCUSSION

This series demonstrates the technical feasibility of lim-
ited laparoscopic liver resections in selected patients. The
procedures can be considered safe because there were no
deaths and no unusual complications, and only 10% of the
patients required transfusions during their hospital stay.

The patients underwent surgery collaboratively by an
expert in each subspecialty (hepatic surgery and laparo-
scopic surgery), and the complexity of resection gradually
increased. Careful patient selection is essential. The safe
segments for laparoscopic resection are the anterior and
lateral segments (segments 2 through 6). Tumors located in
the posterior and superior segments (segments 1, 7, and 8)
should not be considered at present because laparoscopic
exposure is difficult and there are connections with the
inferior vena cava and major hepatic veins.

Figure 6. Examples of hepatocellular carcinomas in cirrhotic patients. (A) Lesion of segment 6 recurring
after percutaneous ethanol injection in an atrophic right lobe with hypertrophy of segments 1, 2, and 3;
segmentectomy 6. (B) Lesion of segment 3; segmentectomy 3. (C) Lesions of segment 6; segmentectomy
6. (D) Lesion of segment 4 with initial presentation by spontaneous rupture treated with chemoembolization
and subsequent segmentectomy 4.

Table 2. TYPES OF LIVER RESECTIONS
PERFORMED

Resection n

Left hepatectomy 1
Bisegmentectomy 2 and 3 8
Segmentectomy 3 2
Segmentectomy 4 2
Segmentectomy 5 1
Segmentectomy 6 4
Atypical resection 11
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The lesion should be reasonably small, because large
tumors are more difficult to mobilize, have more dangerous
vascular connections, and have a higher risk of bleeding.
Although there was one full left hepatectomy (three seg-
ments), our patient selection led to limited resections in
other patients, including unisegmentectomies, bisegmentec-
tomies, and atypical resections. This is in accordance with
the literature.4–13

Our aim was to reproduce the technique used for open
liver resections. Portal triad clamping was applied in all
resections of one segment or more. Intermittent clamping
was used for several reasons. It is better tolerated than
continuous clamping in cases of underlying liver disease or
prolonged clamping.15–17 During open surgery, we use it
systematically in cirrhotic patients and when the anticipated
clamping time exceeds 40 minutes.18 During laparoscopy,
intermittent clamping was used in all patients, not only in
those with cirrhosis, because the duration of liver transec-
tion is usually longer, and suction for minor bleeding cannot
be used permanently. Intermittent clamping allows the sur-
geon to take time for meticulous transection, and it can be
applied for periods of more than 1 hour,15,16as in two of our
patients.

The harmonic scalpel proved useful during laparoscopic
resection because it can coagulate and divide the hepatic
parenchyma during the same application. However, it
should be given enough time to operate to achieve adequate
hemostasis. We experienced four bleeding episodes during
transection; they were not different from what can occur
during open surgery. No major hemorrhage occurred. Only
one patient received a transfusion during surgery; two re-
ceived two to three units after surgery. As in open surgery,
management of bleeding during transection requires tech-
nical experience; more importantly, adequate prophylactic
measures are the best guarantee. These include inflow oc-
clusion, but outflow control may also be required, as we
previously reported. We used control of the left and middle
hepatic veins in left-sided resections, as we do in open
surgery,18 and this permitted control of bleeding in some
instances. Control of the right hepatic vein was not at-
tempted because right-sided resections were only periph-
eral. One specific issue, however, is that when intermittent
clamping is used during laparoscopy, bleeding during clamp
release periods can be more easily overlooked. Continued
monitoring of the surgical field remains warranted during
unclamping periods.

The potential risk of gas embolism led some authors to
use gasless suspension laparoscopy.4,6,8 When CO2, which
is highly soluble, is used, this accident is rare.19,20It has not
been reported during laparoscopic liver resections or adre-
nalectomies, which also include dissection of the inferior
vena cava or its major branches. However, precautions such
as abdominal pressure monitoring and hepatic vein control
are warranted.

The duration of surgery in this series of mostly minor
resections was long, with a mean of 214 minutes. This has

been observed for other complex laparoscopic procedures
and is associated with a learning curve effect. The opera-
tions were particularly long in cirrhotic patients. To transect
the fibrotic liver requires time, and segmentectomies were
often performed. These procedures are often longer than
straight resections, even in open surgery. Despite the long
times, patient recovery was excellent: most patients, includ-
ing five with cirrhosis, were discharged from the hospital in
less than 1 week. There were no specific postoperative
complications such as liver failure, hemorrhage, or bile
leaks.

The two major complications were respiratory failures,
both occurring in cirrhotic patients. These complications
were due in one patient to infection withLegionellaand in
the other to delayed ventilator weaning. Although postop-
erative pulmonary function has been reported to be better
preserved after laparoscopy than after laparotomy,21,22 the
length of some laparoscopic procedures may have out-
weighed this advantage. The other complications were more
minor, but two patients had incisional hernia, emphasizing
the need for adequate fascia closure of port sites of more
than 10 mm, which may be difficult in obese patients.

Using the laparoscopic approach should not modify the
indications for liver resections. This is particularly true for
benign lesions. Cysts and hemangiomas are easily diag-
nosed and do not require resection, except for the rare
symptomatic or doubtful cases. Our attitude in patients with
benign hepatocellular tumors23,24 includes resections of he-
patic adenomas and conservative management of FNH if the
diagnosis is certain. In our experience, FNH can be diag-
nosed on noninvasive imaging in 80% of patients and by a
biopsy in 10%, with diagnostic resection required in only
10% (unpublished data). The use of laparoscopic liver re-
section did not change this approach and did not lead to the
resection of more cases of FNH. We proposed resection to
patients with symptoms, suspected adenoma, or HCC, or
when a histologic diagnosis could not be made on biopsies.

Most of the indications for liver resections are malignant
lesions, includingmetastatic disease, mostly of colorectal
origin, and HCC. There is a debate about the specific risks of
tumor seeding during laparoscopic surgery. Early attempts at
laparoscopic resection of cancers were associated with high
numbers of abdominal metastases, especially at port sites, but
also in the peritoneal cavity.25–28The potential mechanisms for
tumor seeding include direct contamination by technical errors
and the role of thepneumoperitoneum, through hyperpres-
sure, cell exfoliation, and cytokine activation.27 More recent
prospective studies ensuring proper oncologic surgery (“no-
touch” technique, specimen bag, and abdominal wall pro-
tection) do not seem to confirm this trend.29 Experimental
animal studies comparing tumor cell implantation in the
presence of CO2 pneumoperitoneum, gasless laparoscopy,
or laparotomy have reported conflicting results and usually
fail to reproduce the clinical situation.30 However, the fact
that immune response is better preserved after laparoscopy
than open surgery seems established.31 In this series, the
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laparoscopic approach was used to treat 12 patients with
malignant disease, including HCC and noncolorectal metas-
tases. There were neither detectable port-site or intraperito-
neal metastases, nor unusually early tumor recurrences.

The aim of laparoscopic resection in cirrhotic patients
was to reduce postoperative complications. Liver resections,
even the most minor ones, in cirrhotic patients carry a high
risk of complications. The main complication is decompen-
sation of cirrhosis, with the development of ascites, jaun-
dice, and encephalopathy.32–36 Only one of eight patients,
all of whom had at least one segment resected, developed
mild and transient ascites, and another one had transient
jaundice. These results were obtained in Child A patients
with superficial tumors, but interestingly six of the eight
patients had portal hypertension, as attested by the presence
of esophageal varices. Portal hypertension is a major risk
factor for the development of postoperative decompensation
after open resection. In the study by Bruix et al36 on Child
A cirrhotic patients undergoing open resection for limited
HCC, 59% of 29 had at least one sign of postoperative
decompensation. The main predictor of postoperative de-
compensation was the presence of portal hypertension, with
a 73% rate of ascites. This is also our experience with open
resection, which we hesitate to perform in patients with
esophageal varices. The laparoscopic approach might offer
an improvement, as has been suggested by several re-
ports.4,6,8,12 A possible reason is the preservation of the
abdominal wall, which avoids interruption of large collat-
eral veins and the exposure of abdominal viscera, with the
dual benefit of less need for fluid infusion and improved
reabsorption of ascites. These results require confirmation
in larger numbers of patients.

Noncolorectal metastases are not fully accepted as indi-
cations for liver resection because extrahepatic disease is
usually present, and the impact of resection on survival has
not been established.37,38 However, occasional long-term
survival is possible, and these patients should be managed
on an individual basis. In those patients, who usually did not
undergo prior laparotomy, staging as a first step of the
laparoscopy allows previously undetected intrahepatic or
extrahepatic disease to be identified, permitting selection of
candidates for resection by laparoscopy or laparotomy. In
contrast, resection of hepatic colorectal metastases clearly
improves patient survival and represents a major indication
for liver resection.39 Laparoscopic treatment of colorectal
cancer is controversial, and its evaluation in several
multicenter randomized trials is ongoing.30 Although we
deal here with metastatic disease, we decided to exclude
these patients until the role of laparoscopy in colorectal
cancer is elucidated.

The advantages of laparoscopic liver resections should be
those of all laparoscopic procedures, which obviously re-
duce the parietal damage in the abdomen. This may be
associated with reductions in postoperative pain and hospi-
tal stay, reduced peritoneal adhesions, and an earlier return
to previous activity. A cosmetic advantage is also clear

because of the absence of long abdominal incisions, and this
should be taken into account, especially in young women.
The global benefit seems clear in patients with benign
disease for all these reasons. These advantages also apply to
cancer patients, provided they do not interfere with the
primary goal of maximal tumor clearance and minimal
tumor recurrence. Other potential advantages in cancer pa-
tients include less postoperative immune dysfunction and
earlier access to adjuvant treatment by earlier recovery.
Finally, patients who may require repeat procedures, such as
repeat hepatectomy or subsequent transplantation, may ben-
efit from an easier reoperation.

In conclusion, this study provides information about the
possibilities, indications, and limits of laparoscopic liver
resections. Laparoscopic resections are feasible and safe in
patients with left-sided and right-peripheral lesions requir-
ing limited resection.
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Discussion

PROF. D. JAECK (Strasbourg, France): First, Daniel, I congratu-
late you because I enjoyed your nice presentation. You showed
that laparoscopic liver resection is feasible, and that in your hands
it is safe! However, I would like to discuss the indications of this
approach. It is clear that for benign lesions we are not allowed to
have morbidity or any mortality. So we want to be sure to have at
least the same results as in open surgery. For cancer, as you
discussed particularly in the conclusion, you did not prove that it
is as safe and as efficient as open surgery. So, which are the real
advantages? Cost? Probably not, because we need more sophisti-
cated instruments. Time? Certainly not, because you showed that
hospital stay and duration of the procedure are the same as for
open surgery. Blood loss is at least the same as with open surgery,
perhaps even more. Morbidity seems to be the same, and your
conclusion was that the potential benefit, if you do not consider the
benign disease, could be obtained in case of hepatocellular carci-
noma in cirrhotic patients. So I would like to ask if you could tell
us more precisely for which type of tumor (location, stage) and in
which kind (Child-Pugh stage) of cirrhotic patients you would
propose a laparoscopic resection.

PROF. D. CHERQUI (Créteil, France): Concerning benign lesions,
I do not see that the risk has been increased in this study compared
to open surgery. Indeed, there were no complications in patients
with benign disease in this study. We did not perform these
procedures until we were confident that we did not expose the
patients to a higher risk. The operations were performed collabo-
ratively by two surgeons, one expert in liver surgery and one
expert in laparoscopic surgery. The patients were selected because
they had a small and peripheral lesion. As soon as we felt that
either exposure or minor bleeding was a problem, we converted to
open surgery, and this occurred in two of the 30 cases.

Concerning patients with malignant lesions, who represent the
majority of indications of liver resections, there is a concern about
the possibility of tumor seeding. We chose to use laparoscopic
resections in patients with hepatocellular carcinoma and cirrhosis
with the aim of reducing morbidity, which is high in these patients.
There is evidence that part of the morbidity is related to the
abdominal wall incision, with division of collateral circulation. We
anticipated that there would be less postoperative ascites, and
indeed, although this is not controlled data, only one patient
developed ascites. Ascites is usually reported in 30% to 50% of the
cases, even after small resections by open surgery in cirrhotic
patients. We excluded patients with colorectal metastases from this
study because the use of laparoscopy is presently a controversial
issue in colorectal cancer, even for the resection of the primary
tumor. Patients with small colorectal metastases are operated on
for cure, so at the present time we are waiting for the results of
controlled studies in progress for laparoscopic resection of the
primary colorectal tumors. However, patients with primary colo-
rectal tumors may have peritoneal invasion, which has a higher
risk of dissemination, while liver metastases are very rarely asso-
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ciated with peritoneal invasion. For patients with breast metasta-
ses, we used laparoscopy because these patients often have very
small lesions that one cannot detect on preoperative imaging.
Initial laparoscopy permitted us to avoid unnecessary laparotomy
in such cases and to proceed with laparoscopic resection in other
cases.

PROF. A. JOHNSON (Sheffield, United Kingdom): This is an
interesting paper on technique, but the indications in about half the
cases might be questioned (e.g., FNH with good MRI scans and
secondary breast tumors). You state that the benefit is clear in
young people, but I still think you have to prove that for the
indications that would be generally agreed. The particular group in
which this technique might be helpful are cirrhotic patients, but as
you were only operating on grade A liver tissue, you would not
expect much postoperative ascites. I wonder if you measured the
metabolic response, because studies in gallbladder surgery show
that the pneumoperitoneum itself produces a tremendous increase
in antidiuretic and other hormones. The laparoscopic approach
could actually be increasing, rather than decreasing, the problem of
ascites. It is a very long operation, unnecessarily long for benign
disease, and if you add up the length of all your incisions there is
quite significant damage to the abdominal wall, 9 or 10 cm
perhaps. One question about technique: you said you put a sling
around the right hepatic and middle hepatic veins. If you did make
a hole there, there is a real risk of a gas embolus with the
pneumoperitoneum. Did you always do that, or was it only used on
certain occasions? Two final questions: did you do any compara-
tive costings, compared with the open procedure, and why did the
patients stay in for so long after the laparoscopic resection?

PROF. D. CHERQUI (Closing Discussion): Concerning the indica-
tions, I did not have time to show them to you here, but in our
institution, many patients with benign lesions found incidentally at
ultrasound are referred for diagnosis, and these include mainly
young women. We see about 60 new cases of focal nodular
hyperplasia (FNH) every year. Presently, noninvasive diagnosis is

obtained in 80% of these patients just by CT and MRI scans. In the
remaining 20%, diagnosis cannot be obtained by these means and
a biopsy is required. Our previously reported policy is to undertake
laparoscopic biopsy. The reason isthat we get a large specimen
for histologic diagnosis. In more than half of the cases, frozen-
section study gives us the diagnosis. If it says FNH, we do not
resect and the procedure is limited to laparoscopy, with the
patient out of hospital the day after. So it is only a very small
percentage of the patients with FNH that undergo resection,
including the rare patients with symptoms and those in whom
the pathologist cannot diagnose FNH. The latter are atypical
FNHs that can only be diagnosed on the full specimen, therefore
requiring resection for diagnosis.

For breast tumor metastases, there is no consensus so far as to
the benefit of liver resection. However, in selected patients, the
prognosis seems related to the liver lesions, and there are several
articles in the literature advocating liver resection of isolated and
limited breast metastases. Several cases are proposed every year.
Only a few are operated on, but occasional long-term survival is
observed. Indeed, we only operated on Child A patients because
this is, for us, the only indication. In Child B patients with small
hepatocellular carcinoma, we never consider resection and we
would rather do transplantation. In Child A patients, there are
several options. When the tumor is superficial, we believe that it is
not an indication for percutaneous treatment because this would
open the tumor in the peritoneum. So we propose resection of
superficial tumors and do it by laparoscopy when feasible. The
sling around the middle and left hepatic vein must be placed
cautiously, and we did not observe any case of gas embolus. It is
true that numerous port sites are required to perform this proce-
dure, plus an extraction incision. However, this is the case for most
complex laparoscopic procedures. I do not think that you can sum
up all small incisions and say it is equal to one large laparotomy
with fascia and muscle division. Finally, laparoscopic liver resec-
tion is certainly more expensive at the present time, but the
primary goal is to be less invasive, and hopefully costs will be
reduced in the future.
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