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Abstract

Background To present the data of laparoscopy in liver

surgery and to assess the real indications and outcomes of

this kind of approach.

Methods From February 2000 to March 2008, a pro-

spective study was performed on 182 patients from 15

Spanish surgical centres.

Results A total of 308 lesions was collected. The mean

age was 57 years old, and 61.5% were female. Among

patients with cystic lesions we found: 45 simple cysts, 19

policystic diseases, 12 hydatidic cysts and 2 cystoadeno-

mas. Among solid lesions (n = 104), we found 34 patients

with benign pathology (12 focal nodular hyperplasia, 10

adenomas, 7 haemangyomas and 5 other lesions) and 70

with malignant pathology (38 metastases, 29 hepatocel-

lular carcinomas, 2 cholangiocarcinomas and 1 lym-

phoma). The global rate of conversion was 8.8%. The

global morbidity rate was 14.8%, and 5 of them required

re-intervention.

Conclusions Nowadays there are strong criteria for

patients being submitted to laparoscopy procedures based

both on type and location features. The postoperative

morbidity rate is low, also for hepatocellular carcinoma in

cirrhotic liver. In case of malignant pathology, we think the
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use of ultrasonography is mandatory to obtain a free mar-

gin, which implies a long-term survival rate.

Keywords Laparoscopy � Liver surgery �
Multicenter register

Introduction

Minimally invasive surgery has become the first choice for

most solid organ resections (spleen [1], kidney [2], adrenal

glands [3], pancreas [4] and, more recently, there have

been some indications for liver resection [5, 6]). Since the

first laparoscopic liver resection [5] in 1992, and the first

anatomical liver resection reported by Azagra et al. [7] in

1996, many reports have been published in the literature

about this approach. At present, liver resection poses a

great challenge for the development of laparoscopy, in

terms of both technology and surgical skills. Even though

liver surgery is a direct procedure that does not require

reconstruction or anastomosis, a significant bleeding risk

and other difficulties exist in performing this kind of sur-

gery by the laparoscopy approach. Major technical aspects

are related to hepatic mobilization, vascular pedicles con-

trol and tumour location by palpation or ultrasonography.

For these reasons, all authors agree that this surgical pro-

cedure must be performed by surgeons experienced in both

hepatic and laparoscopic surgery. In spite of the well-

known advantages of the laparoscopy approach, from our

point of view recognising the fact that the indications for

resections should be the same as for open surgery is

mandatory.

In the literature, most reports of laparoscopic liver sur-

gery concern benign lesions [8–10]. The laparoscopic

approach can also be useful in malignant hepatic lesions

such as metastases and liver carcinoma in cirrhotic patients

with enough hepatic reserve (Child-Pugh score A). In our

opinion there are two things to consider in patients with

malignant lesions: on the one hand, achieving the desired

objective in oncology, directly related with long-term dis-

ease-free survival, and on the other hand, the potential of

tumour cell exfoliation and port-site metastases during

laparoscopic procedures.

Recently, larger studies with a greater number of

patients have shown that the laparoscopic approach had

similar survival and recurrence rates for primary and sec-

ondary liver tumours [11–15] as in open procedures.

The purpose of this study was to report a large series of

laparoscopic liver surgeries performed in a multicentre

setting, reflecting an important number of patients and a

wide range of disease conditions. The large number of

patients facilitated the study of real indications, surgical

techniques and outcomes in laparoscopic liver surgery. It

also enabled us to compare our results with those of

European, American and Asian studies. Here, we describe

the patients’ features, disease conditions and early post-

operative morbidity.

Methods

From February 2000 to March 2008, we registered 182

patients undergoing liver resection for benign and malig-

nant lesions. Fifteen Spanish hospitals took part in this

Laparoscopic Liver Surgery Register and sent their data

using a form. The data studied were: the presence or not of

cirrhosis, histological type of liver lesions, details of the

operative procedure (type of resection, time of the surgical

resection, different technologies used for the procedure,

vascular control, intraoperative complications, use or not of

laparoscopic ultrasonography, conversion rate, cause of

conversion, use or not of drainage, preoperative and post-

operative haemoglobin, and need for transfusion), early

postoperative course, including postoperative complica-

tions, beginning of oral feeding, analgesia required and

length of hospital stay.

Results

During the 8 years of the recruitment, we received 182

patients in the Laparoscopy Liver Surgery Register. The

mean age of the patients was 57 ± 15 years, and 61.5% of

the patients were female. In these 182 patients, 308 lesions

were found and treated. According to Couinaud’s classi-

fication, there were 78 lesions in segments VII/VIII, 101 in

the right peripheral segments (V–VI), and 129 lesions in

the left segments (II–III–IV). Thus, 74.6% of the resec-

tions were in the peripheral segments (II–III–IV–V–VI).
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One hundred fifty-one (151) patients had a single tumour,

and 31 patients had multiple tumours. Laparoscopic liver

resection can be categorised into a pure or totally lapa-

roscopic procedure, laparoscopy-assisted or hybrid proce-

dure, and hand-assisted procedure. Of 182 liver surgeries

reported, 176 patients underwent a totally laparoscopic

procedure, and 6 patients underwent a hand-assisted pro-

cedure. There was 1 case of conversion from pure lapa-

roscopic procedure to hand-assisted procedure because of

technical difficulties in the resection. Pneumoperitoneum

was performed using an open technique or a Veress nee-

dle, depending on the different working groups; carbon

dioxide was used in all cases to maintain abdominal

pressure. The port placement followed a concave curve

with respect to the lesion’s location. The optical degree

was 0� or 30�, depending on the groups. Seventy-eight

patients (43%) had cystic lesions, and 104 patients (57%)

had solid lesions (Table 1). The cystic lesions included

simple cysts in 45 patients, polycystic disease in 19

patients, hydatidic cysts in 12 patients, and 2 patients had

cystoadenomas. The mean cyst size was 12.75 cm (range

3–25 cm). The type of liver resection (Table 2) in these

cases was: 36 unroofings, 7 limited resections, 1 section-

ectomy and 1 right hepatectomy for the 45 simple cysts;

17 unroofings and 2 limited resections for the 19 cases of

polycystic disease; 12 cystopericystectomies for the 12

hydatidic cysts; and 1 unroofing and 1 limited resection

for the 2 cystoadenomas (one patient had an initial

diagnosis of simple cyst, but due to doubts and the

intraoperative pathologic results, the patient was operated

upon a second time to complete the surgery, and a limited

resection was performed).

For solid lesions, there were 104 patients with 119

lesions. The classifications according to the type of histo-

logical diagnosis were 34 cases of benign lesions [nodular

focal hyperplasia (12), adenoma (10), haemangioma (7),

angiomiolypoma (1), sclerosing cholangytis (1) and

unspecific lesions (3)]. In 70 cases, there were malignant

solid lesions, and of these, 38 cases were metastases

Table 1 Histological diagnosis in 182 laparoscopic liver resections

Type of lesion n (%)

Cystic lesions 78 (43%)

Simple cystic 45

Policystic disease 19

Hydatidic cyst 12

Cystoadenoma 2

Solid lesions 104 (57%)

Benign lesions 34

Focal nodular hyperplasia 12

Adenoma 10

Haemangioma 7

Othersa 5

Malignant lesions 70

Metastasesb 38

Hepatocellular carcinoma 29

Cholangiocarcinoma 2

Lymphoma 1

a 1 Angiomiolypoma, 1 sclerosant colangytis, 3 unspecific lesions
b 28 colorectal cancer metastases, 4 breast metastases, 2 lung

metastases, 2 pancreatic metastases, 1 gastric metastasis, 1 melanoma

metastasis

Table 2 Type of laparoscopic resection in 182 patients with liver

lesions

Type of resection n

Cystic lesions 78 (43%), 189 lesions

Simple cystic 36 unroofings

7 limited resections

1 sectionectomy

1 right-hepatectomy

Policystic disease 17 unroofings

2 limited resections

Hydatidic cyst 12 cystopericystectomy

Cystoadenoma 1 unroofing

1 limited resection

Solid lesions 104 (57%), 119 lesions

Benign lesions 34

Focal nodular hyperplasia 10 limited resection

2 bisectionectomies

Adenoma 7 limited resection

1 sectionectomy

2 bisectionectomies

Haemangioma 4 limited resection

3 bisectionectomies

Othersa 4 limited resection

1 bisectionectomy

Malignant lesions 70

Metastasesb 13 limited resection

9 sectionectomies

16 bisectionectomies

Hepatocellular carcinoma 17 limited resection

3 sectionectomies

8 bisectionectomies

1 left-hepatectomy

Cholangiocarcinoma 1 sectionectomy

1 limited resection

Lymphoma 1 limited resection

a 1 Angiomyolipoma, 1 sclerosant colangytis, 3 unspecific lesions
b 28 colorectal cancer metastases, 4 breast metastases, 2 lung

metastases, 2 pancreatic metastases, 1 gastric metastasis, 1 melanoma

metastasis
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[colorectal cancer metastases (28), breast cancer metastases

(4), lung cancer metastases (2), pancreas cancer metastases

(2), gastric cancer metastasis (1) and melanoma cancer

metastasis (1)]. Other malignant lesions were hepatocellular

carcinoma (29), cholangiocarcinoma (2) and primary liver

lymphoma (1). The mean size of solid lesions was 4 cm

(range 1–20). The types of resection in these solid lesions

consisted of limited resections (56), bisectionectomy (32),

sectionectomy (15) and left hepatectomy (1). Among 29

patients with hepatocelluar carcinoma, 25 had cirrhosis, all

of them Child-Pugh A, as a criterion for the laparoscopic

liver resection. There were 4 cases of hepatocellular carci-

noma in a non-pathological liver parenchyma.

The mean number of ports used was 4 (range 3–6). The

tumour location was explored visually in all patients and

also by laparoscopic ultrasonography in 96 patients

(52.7%). In case of malignant lesions, laparoscopic ultra-

sonography was used in 57 patients (84.3%). Vascular

control was obtained by the Pringle manoeuvre in 40

patients (22%); the mean time of vascular occlusion was

42 min (range 5–135 min). This manoeuvre was used in 19

limited resections, 15 bisectionectomies (13 II–III bisec-

tionectomies, 1 V–II bisectionectomy and 1 VI–VII bise-

cionectomy), 4 sectionectomies, 1 right hepatectomy and 1

left hepatectomy. Haemostasis of the transected liver sur-

face was achieved using monopolar cautery, harmonic

shears, argon beam coagulator, and sutures. Haemostatic

swabs were used in 25 patients and fibrin glue in 45

patients. The extraction of the surgical specimen was

always performed using an endo-bag, to avoid crushing the

specimen in order to allow subsequent pathological study

of margins. The extraction was performed through an

enlarged port site in 107 patients (58.8%), through an

accessory incision in 53 patients (29.1%), 7 (3.8%) patients

through the hand-assistant incision (1 patient was a con-

version from a totally laparoscopic procedure) and in 15

(8.2%) patients through a laparotomy (they were the con-

version cases). Peritoneal drainage was used in 125 patients

(68.7%).

The conversion rate was 8.8% (16 patients): 7 patients

due to uncontrollable bleeding, 8 due to poor laparoscopic

vision or technical difficulties and 1 due to an uncertainty

in the diagnosis. Three patients experienced bleeding due

to parenchyma transection. There was also 1 case of

bleeding from the gallbladder bed, 1 case of portal vein

bleeding and another 2 cases of bleeding caused by a left

hepatic vein lesion. Ten patients (5.5%) received blood

transfusions. The mean haemoglobin concentration preop-

eratively was 13.4 mg/dl and postoperatively was 11.8 mg/

dl. There was 1 case of gas embolism in a patient with a

hepatic carcinoma in segment II who underwent a bisec-

tionectomy. The diagnosis was made by the anaesthetist,

who noted haemodynamic instability. It was transitory and

rapidly corrected. The argon beam coagulator was not used

in this patient. One left hepatic vein lesion occurred and

caused a conversion. The patient recovered satisfactorily,

without either complications or sequels during the post-

operative period.

The median operation time was 150 min (range

20–390 min). Oral nutrition started an average of 26 h after

surgery. One hundred forty-six (146) patients (80%) started

oral intake less than 24 h after surgery. The median duration

of analgesia was 3 days (range 1–15 days). The median

length of hospital stay was 6 days (range 1–20 days).

Twenty-seven patients (14.8%) had postoperative com-

plications (Table 3). These were divided into minor com-

plications: wound infections (2), phlebitis (2), paralytic

Table 3 Rate of conversion, postoperative complications and reop-

eration rate in 182 laparoscopic liver resections

Conversions 16 (8.8%) 7 uncontrollable bleeding

3 transection parenchymal

bleeding

1 gallbladder bed bleeding

1 portal vein bleeding

2 left hepatic vein lesion

8 bad laparoscopic visions

or technical difficulties

1 diagnosis doubt

Postoperative

complications

27 (14.8%) 13 minor complications

2 wound infections

2 phlebytis

2 hepatic decompensation

2 cardiac decompensation

2 urinary infection

1 paralytic ileum

1 auricular fibrillation

1 allergic drug reaction

14 major complications

1 wound eviscerationa

1 epiplon ischaemiaa

1 haemoperitoneuma

1 pneumoniae

1 right hemotorax

2 TEPb

3 abdominal abscessc

4 biliar leaka,d

Rate of redo 5 (2.7%)

Mortality 0

a Patients who underwent a reintervention
b One patient had a gas embolism during the surgical procedure
c Percutaneus drainage
d Percutaneus drainage ? ERCP
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ileus (1), urinary tract infection (2), ascites decompensation

(2), cardiac decompensation (2), auricular fibrillation (1),

and allergic drug reaction (1); and major complications:

wound evisceration (1), omental ischemia (1), hemoperi-

toneum (1), pneumonia (1), pulmonary thromoboembolism

(2, 1 being gas embolism during surgery), abdominal

abscess (3), biliary leak (4) and right pneumothorax (1).

Five patients (2.7%) required a reoperative procedure by

laparotomy due to wound evisceration (1), biliary leak (1),

omental ischaemia (1), hemoperitoneum (1) and a mistaken

diagnosis, which was a cystoadenoma. The 3 abdominal

abscesses were treated by percutaneous drainage; 3 cases

of biliary leak were also treated with percutaneous drainage

followed by an endoscopic retrograde cholangiography.

There was no mortality in this series. The anatomopatho-

logical study of malignant lesions showed a correct margin

in all liver specimens; none of them had margins in contact

with the lesion. One patient with a previous surgical

diagnosis of simple cyst had a cystoadenoma and under-

went a new surgical procedure, limited resection by

laparotomy.

Discussion

The introduction of the laparoscopic approach in hepatic

resection has been slower than in other fields of surgery

because of technical difficulties and a high bleeding risk.

Although many reports in the literature have shown that

this kind of procedure is safe and feasible, the indications

are still restricted.

In this study, we present a multicentre nationwide reg-

ister of the laparoscopic treatment of liver lesions. This

kind of register provides certain advantages, such as a large

number of patients, a wide range of disease types and

complexity, and the possibility of comparing this series

with other national or international series. However, some

shortcomings may arise, for example: the learning curve of

each centre, problems in data collection and hospitals that

decide not to participate. These aspects could affect the

validity of the data, or raise the question of whether or not

they are representative. To avoid such situations, we

designed a data collection form that was accepted by the

national section for liver disease. Also, prior to starting the

register, we assured participation of the country’s leading

and most representative centres.

We want to emphasise that about 25% of the lesions

treated were located in non-favourable segments (VII and

VIII). The majority of them were benign lesions, such as

simple cysts, polycystic disease and hydatidyc cysts. In

spite of that, if we observe the complications and conver-

sion rate between these two groups (lesions located in

favourable segments and ones located in non-favourable

segments), a lower complication rate in the non-favourable

segments is found (7.5 vs. 17.8%), and similar conversion

rates (7.5 vs. 9.3%). We accept that these two groups have

different features, but the results may suggest that in

selected patients with lesions in posterior segments (VII

and VIII), the use of the laparoscopic approach can be as

safe as in favourable segments (II, III, IV, V, VI).

Benign lesions were more common than malignant (112

vs. 70) in our series, but there were also more solid lesions

than cysts (104 vs. 78). The indications for resection for

these benign lesions were the same as in open surgery:

positive symptoms, involvement of other structures due to

its location or bleeding risk. We report 2 patients with

cystoadenoma who underwent a limited resection. In one

case, an unroofing was initially performed, but after

receiving the definitive pathology data, a resection was

performed. That shows the possibility that a cystic lesion

could be a cystoadenoma. However, this aspect does not

represent a contraindication for the laparoscopic approach.

It would be interesting to have the pathology results

available during the procedure in order to enable changes

in the surgical strategy if necessary.

In our opinion, the indications for solid malignant

lesions constitute an important issue, which is still the

subject of controversy. Despite the functional postoperative

advantages, two important aspects may affect the role of

laparoscopy in solid lesions: margin-free lesions and ana-

tomical resection, involving sectionectomies and major

resections. In terms of oncologic aspects, the follow-up and

subsequently the overall survival rate were not an objective

for the present work. However, no cases of margin affected

after surgery were reported.

On the one hand, a margin-free lesion influences the

survival rate and should become the goal of any laparo-

scopic procedure for the resection of liver malignancies.

The same rules should be applied as in open therapy,

including the ‘‘no touch’’ tumour technique, radical Ro

resection and a free surgical margin. In the laparoscopic

approach, there is no digital palpation, which makes it

more difficult to assure a safety margin in the resection.

This aspect is clearly related to the routine use of ultraso-

nography, which provides a precise determination of the

lesion’s limits. In the present work 84.3% of the malignant

lesions were also studied by intraoperative ultrasonogra-

phy. We believe that the intraoperative use of ultrasonog-

raphy is necessary, not only for the margin-free lesion, but

also in order to discard new lesions.

On the other hand, the laparoscopic approach to solid

lesions is only widely accepted when they are located in the

left lateral or right peripheral segments. Since Azagra made

the first anatomical resection [7], this procedure has

become standardised and is currently the first choice for

lesions located in segments II and III. Large tumours sited
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deeply or posteriorly in the right hepatic lobe, or lesions

close to the portal bifurcation or the suprahepatic junction

should be considered for laparoscopic resection, even

though it implies increased complexity. However, some

recent articles have reported on major hepatic resections

(left hepatectomy or right hepatectomy) [16–20]. Such

major hepatic resections require high surgical expertise and

advanced technology. In our multicentre register, out of

182 liver surgeries we only reported two major hepatec-

tomies (one left and one right). Although we do not con-

sider a major liver resection to be a contraindication for

laparoscopy, we prefer to do it only in selected patients.

For us, the paramount criterion for this kind of procedure is

the maintenance of a safe margin. Intraoperative ultraso-

nography can be very helpful. We also consider that this

type of resection still requires development in some tech-

nical aspects, such as vascular control, patient position, etc.

We view hepatocellular carcinoma to be a special case.

Some studies have reported the advantages of the laparo-

scopic approach in this kind of tumour [21–23]. The less

exposure of abdominal organs, remarkable reduction of

abdominal wall trauma by laparoscopy itself and the lesser

degree of hepatic mobilization performed using this

approach seem to benefit vein drainage, causing less

hepatic decompensation in the postoperative period. In our

series, of 28 patients with resection of hepatocellular car-

cinoma, we have only reported 2 hepatic decompensations.

Furthermore, recently it has been reported that laparoscopic

liver resection in patients who could be potential transplant

candidates facilitates posterior liver transplantation proce-

dures as compared with open liver resection [24].

In spite of the difficulties of using this approach in this

kind of surgery, when a surgical team experienced in both

liver and laparoscopic surgery performs it, using state-of-

the-art technology provided by specialised units, it appears

to be safe and is associated with an acceptable morbidity

rate, as others have reported [25]. Our series had good

results compared with other series (Table 4). This is an

important issue due to the fact that the data of the present

work are from many centres in different phases of the

laparoscopic learning curve. It is noted that the conversion

and morbidity rates in Sasaki et al.’s series are the lowest,

achieving very good operative results as a single institu-

tion. Furthermore, the risk of gas embolism when using this

approach can be avoided with gasless laparoscopy and

caution in the use of the argon beam coagulator [26].

In conclusion, laparoscopic resection of liver malig-

nancies is feasible, with an acceptable complication rate.

We think that multicentre series that gather the limited

number of patients who are candidates for this technique

for each centre will provide real data in terms of indica-

tions, type of resections, morbidity and mortality rates.

Acknowledgments We express our thanks to the different Chiefs of

Surgical Units of the centres who participated in the Spanish Register.

We want to give special mention to: Constancio Marco MD, Fernando
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