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Abstract

Background Minimally invasive liver resection (MILR)

for colorectal liver metastases (CRLM) is gaining wide-

spread acceptance. However, data are still lacking on the

feasibility, long- and short-term outcomes of laparoscopic

major hepatectomy (i.e., three or more liver segments).

Methods Between October 2002 and December 2008,

prospectively collected data of 117 patients who underwent

major liver resection [97 open (OMLR) and 20 laparo-

scopic (LMLR) procedures] for CRLM were analyzed.

Twenty patients in the LMLR group were matched with 20

patients of the OMLR based on 13 parameters. We com-

pared the long- and short-term outcomes between these two

groups.

Results Median duration of surgery was 257.5 (range

75–360) min in LMLR versus 232.5 (range 120–400) min

in OMLR (P = 0.228). Median blood loss during surgery

was 550 ml in each group (range 100–4,000 vs.

100–2,500 ml, P = 0.884). There was no statistically sig-

nificant difference in the rate of postoperative complica-

tions (both severity and location). Median magnitude of

tumor-free resection margin was 7.5 versus 5.5 mm in the

laparoscopy versus open group, respectively (P = 0.651).

Median disease-free survival (DFS) of the entire study

population was 18.4 months [95% confidence interval (CI)

11.9–50.0 months]. Median overall survival (OS) was

50.7 months (95% CI 36.2 months to undetermined). The

estimated DFS and OS rates at 1, 2, and 5 years were

comparable in the two groups (P = 0.637 and 0.872,

respectively).

Conclusion Laparoscopic MLR for selected CRLM is

feasible and might result in comparable oncologic out-

comes as in open liver resection.
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Along with the use of more effective chemotherapy regi-

mens, advances in surgical techniques have prolonged the

survival of patients with colorectal liver metastases

(CRLM). At present, liver resection is considered the stan-

dard treatment for patients with CRLM and can be performed

with low morbidity and minimal mortality rates [1–4]. Since

the introduction of minimally invasive techniques, hepa-

tobiliary surgeons from selected expert centers have reported

laparoscopic liver resection to be safe and feasible for CRLM

[5–7]. Advantages of minimally invasive liver surgery

(MILS) over open surgery are reduced tissue damage, sur-

gical trauma, and immunosuppression. Various studies

showed the beneficial influence of MILS on the short-term

outcome after surgery for CRLM [8–12]. However, studies

evaluating the feasibility, long- and short-term outcomes of

laparoscopic major liver resection (i.e., resection of three or

more liver segments) are limited [8–11].

The aim of the present study is to evaluate the clinical

and oncologic outcome of patients who underwent lapa-

roscopic major liver resection (LMLR) for CRLM.

Patients and methods

Patient population

Between October 2002 and December 2008, we prospec-

tively collected data of 117 patients who underwent major
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liver resection for CRLM. Open major liver resection

(OMLR) was performed in 97 patients, while 20 patients

underwent LMLR. All patients in the LMLR group were

matched with 20 patients in the OMLR group based on 13

parameters: Fong’s Clinical Risk Score (CRS) [1], age, sex,

ASA score, location of the liver metastasis (right/left liver),

previous liver resection, previous local ablative therapy

(LAT), simultaneous colorectal resection, simultaneous

local ablative therapy, pre- and postoperative chemother-

apy, pre- and postoperative biological therapy. There were

no significant differences in patient characteristics between

the two groups (Table 1).

Follow-up

Follow-up of patients was ended in September 2011, with

median follow-up time after liver surgery of 43.4 months

(range 5.5–102 months). After hospital discharge, follow-

up information was obtained by way of reviewing patients’

hospital charts that were prospectively recorded in our

institution’s electronic database. Patients were assessed for

disease recurrence using clinical examination and the fol-

lowing investigations: biochemistry including serum car-

cinoembryonic antigen level, contrast-enhanced computed

tomography (CT) and/or magnetic resonance imaging

(MRI) of the abdomen and thorax performed every

3–4 months. Over the last 2 years we performed combined

(PET/CT) whole-body positron emission tomography scan

with 18-fluoro-2-deoxyglucose instead of conventional CT

or MRI scan.

Surgical procedure

One hepatobiliary surgeon (B.T.) performed all laparo-

scopic major liver resections, while two surgeons (R.A.,

B.T.) were responsible for open liver resections. All pro-

cedures were assisted with intraoperative ultrasonography.

Pringle maneuver was used in four patients in each group.

Simultaneous colorectal resection was performed in three

patients of each group.

All MILR procedures were performed totally laparo-

scopically, without hand assistance. Anatomical right or left

hepatectomy was accomplished using the intrahepatic

Glissonian approach, in which the biliary anatomy was

verified using intraoperative cholangiography before portal

pedicle transection, as described earlier [13]. A six-trocar

approach was used combined with a 30� 5-mm laparoscope.

A 12-mm trocar was placed at the umbilicus and in the right

flank. A 5-mm trocar was positioned in the left flank, the

right and left hypochondria, and under the xiphoid process.

In all LMLR procedures the precise position of the trocars

was determined by the patient’s abdominal constitution. To

prevent occurrence of clinically significant gas embolism,

intra-abdominal pressure (CO2 pneumoperitoneum) was

kept as low as possible, aiming for 6–8 mmHg during liver

parenchymal transection. Major vessels were controlled

with endoscopic vascular devices or endoclips. Hepatic

parenchymal transection was accomplished using bipolar

diathermy, a tissue sealing device, and ultrasonic aspirator.

The resection specimen was extracted in an endobag

through a suprapubic (Pfannenstiel) incision, measuring

maximum 10 cm in length, which was also used for the

colonic/rectal anastomosis.

Outcome measures

The perioperative outcome was evaluated in terms of

duration of surgery, intraoperative blood loss, postopera-

tive complications, postoperative mortality, and length of

hospital stay (LOS). Severity of complications was classi-

fied according to therapy-oriented severity grading system

(TOSGS) score [14]. Complications were allocated to

surgical-site (SSC) and non-surgical-site complications

(NSSC). The oncological outcome was evaluated through

Table 1 Demographics of matched patients with colorectal liver

metastases

LMLR

(n = 20)

OMLR

(n = 20)

P value

Age (median; years) 57.6 66.0 0.646

Sex 0.751

Men 10 8

Women 10 12

ASA score 0.080

1 1 0

2 14 19

3 5 1

CRS 0.751

High (C3) 12 10

Low (B2) 8 10

Location

Right liver 16 16 1.000

Left liver 9 10 1.000

Previous LR 1 1 1.000

Previous LAT 1 1 1.000

Add CR resection 3 3 1.000

LAT 5 3 0.695

Preop. chemotherapy 15 15 1.000

Preop. biological 4 2 0.661

Postop. chemotherapy 12 16 0.167

Postop. biological 0 0 1.000

ASA American Society of Anesthesiologists, Add CR additional

colorectal, CRS clinical risk score, LAT local ablative therapy, LR
liver resection, LMLR laparoscopic major liver resection, OMLR open

major liver resection, Postop postoperative, Preop preoperative
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assessment of completeness of tumor removal (pR), mag-

nitude of pathological resection margin (pRM), and overall

(OS) and disease-free (DFS) survival rates.

Statistical analysis

Statistical analysis was carried out using JMP software

version 9.0.0. Comparisons of continuous variables were

performed using the Mann–Whitney U test. For categorical

variables, comparisons were made using Fisher’s exact test.

Survival rates were analyzed using the Kaplan–Meier

method (log-rank test). P values smaller than 0.05 were

considered statistically significant.

Results

Clinical outcome

In both LMLR and OMLR groups the median number of

tumors was two, and the number of resected liver segments

was four. Anatomical resections were performed in 17

patients of the LMLR versus 13 of the OLMR group.

Anatomical bisegmentectomies were combined with non-

anatomical segmental hepatectomies in three of the LMLR

versus seven of the OMLR group. Simultaneous LAT of

CRLM was performed in five patients via laparoscopy

versus three patients via open surgery (Table 2). No sta-

tistically significant differences were observed in periop-

erative outcome measures between the two groups

(Table 3). Median operating time was 238 (range

75–400) min and blood loss 550 ml (range 100–4,000 ml).

No postoperative mortality occurred. Seven patients

developed postoperative complications in each group.

Neither the severity nor the location of complications was

different between the two groups. Although statistically not

different, most severe complications (TOSGS C3) were

observed in patients who underwent simultaneous resection

of their primary colorectal cancer, i.e., 1/3 in the OMLR

and 3/3 in the LMLR group. The median postoperative

LOS was 8 days (range 5–51 days).

In all patients, pain medication consisted of patient-

controlled intravenous analgesia using opioids by means of

an infusion pump during the first 3 days after surgery.

Intravenous paracetamol was used on a systematic basis

Table 2 Characteristics of surgical technique in matched patients

with colorectal liver metastases

LMLR

(n = 20)

OMLR

(n = 20)

P value

Number of tumorsa 2 (1–6) 2 (1–14) 0.856

Max. tumor diametera (mm) 40 (4–70) 32 (10–125) 0.343

Number of liver segments

resecteda
4 (3–4) 4 (3–5) 0.676

Anatomic resection

Right hepatectomy

(Sg 5, 6, 7, 8)

13 7 0.113

Left hepatectomy

(Sg 2, 3, 4)

4 6 0.716

Nonanatomic resection 3 7 0.273

(segments) (2, 3, 5) (1, 3, 7)

(2, 5, 8) (1, 6, 7)

(6, 7, 8) (2, 3, 5, 6)

(2, 5, 6, 7)

(3, 6, 7)

(4, 5, 8)

(6, 7, 8)

Simultaneous LAT 5 3 0.695

LAT local ablative therapy, LMLR laparoscopic major liver resection,

OMLR open major liver resection, Sg segment
a Continuous variables given as median (range)

Table 3 Clinical and oncologic outcome of matched patients with

colorectal liver metastases

LMLR

(n = 20)

OMLR

(n = 20)

P value

Duration of surgery

(min)a
257.5

(75–360)

232.5

(120–400)

0.228

Blood loss (ml)a 550

(100–4,000)

550

(100–2,500)

0.884

Postoperative

complications

7 7 1.000

Bleeding 1 1

Liver insufficiency 1

Deep venous catheter

sepsis

1 1

Pulmonary infection 1 1

Cardiac arrythmia 1

Urinary infection 1 2

Evisceration 1

Colonic fistula 1 1

Postoperative mortality 0 0

TOSGS 0.270

B2 3 6

C3 4 1

SSC 4 2 0.408

NSSC 3 5 0.695

LOS (days)a 8 (5–51) 8 (5–19) 0.848

pR1 1 1 1.000

pRM (mm)a 7.5 (0–20) 5.5 (0–30) 0.651

LMLR laparoscopic major liver resection, LOS length of hospital stay,

NSSC non-surgical-site complication, OMLR open major liver

resection, pRM pathological resection margin, pR1 positive surgical

resection margin, SSC surgical-site complication, TOSGS therapy-

oriented severity grading system
a Continuous variables given as median [range]
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immediately after surgery until no pain medication was

needed. Oral liquid or food intake was started when

patients felt ready for it. Patients’ pain score was not reg-

istered systematically in the current study.

Oncologic outcome

The median of the magnitude of tumor-free resection

margin (pRM) was 7.5 mm in the LMLR group versus

5.5 mm in the OMLR group (P = 0.651). Surgical resec-

tion margins of the resection specimen showed tumor

involvement in one patient of each group (pR1) (Table 3).

Median DFS of the entire study population was

18.4 months [95% confidence interval (CI) 11.9–50.0

months]. Median OS was 50.7 months (95% CI

36.2 months to undetermined). The estimated DFS and OS

rates in the LMLR group at 1, 2, and 5 years were 60, 49,

and 43 and 90, 80, and 48% respectively. Survival rates did

not differ significantly between patients in the OMLR

versus LMLR group (P C 0.637) (Figs. 1, 2).

Discussion

The oncologic outcome of patients with CRLM continues

to ameliorate as more effective chemotherapy regimens are

combined with enhanced surgical techniques. Currently,

the preferred treatment of CRLM is open surgical resec-

tion. However, laparoscopic surgeons from specialized

centers have treated selected patients via minimally inva-

sive techniques. The safety, feasibility, and efficacy of

laparoscopically performed major (three or more segments)

hepatic resections for CRLM are not clear. Hemorrhage

from portal or hepatic veins is the major concern deter-

mining the postoperative outcome and is the main reason

for conversion to open surgery. Although reported for the

first time in 1998, introduction of LMLR has progressed

slowly worldwide due to the technically demanding aspect

of the procedure and surgeons’ concern about its oncologic

aspects [15].

The present study focusing on LMLR in matched

patients with CRLM suggests that minimally invasive or

laparoscopic major hepatectomy may be a valuable alter-

native treatment for selected patients. Indeed, both short-

and long-term outcomes were similar in the matched

patient groups undergoing LMLR versus OMLR. Postop-

erative complication rate, intraoperative blood loss, dura-

tion of surgery, and LOS were comparable in the two

groups. Severe postoperative complications (TOSGS grade

C3) occurred mainly in patients who underwent simulta-

neous hepatic and colorectal resection, but the current

study population is rather small to draw final conclusions

with respect to this observation. One would have expected

shorter LOS after laparoscopy as compared with open

surgery, though in the present study the LOS is mainly

determined by the extent of the surgical procedure (major

hepatic resection ?/- colorectal resection), the absence of

any standardized enhanced recovery protocol after surgery,

and the patients’ lack of willingness to be discharged from

hospital early after a high-risk surgical procedure.

In the current study, completeness of tumor resection

(pR and pRM) as well as patient survival seemed to be

comparable in the two groups. On histopathological

examination the surgical resection margin was not tumor

free in one patient from both groups. These two patients

had undergone liver resection (one laparoscopic right

hepatectomy, one open left hepatectomy) for three metas-

tases that showed major clinical response after neoadjuvant

systemic chemotherapy and bevacizumab. Therefore, to

obtain complete tumor-free resection margins in patients

presenting major tumor shrinkage after systemic chemo-

therapy, larger macroscopic margins might be necessary

whenever possible.

No data are available on the oncologic outcome of only

major LLR for CRLM, whereas four retrospective studies
Fig. 2 Overall survival after open (black) versus laparoscopic

(dotted) major liver resection for colorectal metastases

Fig. 1 Disease-free survival after open (black) versus laparoscopic

(dotted) major liver resection for colorectal metastases
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analyzed the outcome of CRLM after minor and major

LLR together. Of these, the numbers of patients who

underwent LMLR in the two single-center studies were 0

and 8 [10, 11]. The two-center study contained 26 and the

five-center study 32 patients who underwent LMLR [8, 9].

None of these authors performed separate analysis of this

subgroup. As a result, there are no truly comparable studies

in the literature. In the present study, we analyzed the

immediate postoperative and long-term oncologic out-

comes of patients with CRLM who underwent LMLR.

These analyses showed that it is possible to perform major

hepatectomy laparoscopically with the benefits of mini-

mally invasive surgery and without losing the therapeutic

efficacy of hepatic resection for CRLM. Taking into

account the difference in the study populations, the 5-year

OS and DFS in our series are comparable to those descri-

bed in the other series [8–11].

Shortcomings of all reported studies so far, including the

current one, are the small numbers of patients and their

nonrandomized design. Our study is the first to compare the

short- and long-term outcomes of matched patient groups

undergoing either open or minimally invasive major hep-

atectomy for CRLM. To date, prospective randomized

controlled trials comparing short- and long-term outcomes

between laparoscopic and open liver resection do not exist.

The reason for this may be the difficulty in enrolling

patients into such a trial, because most patients will pre-

sumably refuse a potential open procedure as minimally

invasive surgery gains increasingly broad acceptance and

patients are aware of the immediate postoperative benefits

(e.g., less pain) of laparoscopic surgery. Another explana-

tion is the necessity of stratifying the study population for

all potentially prognostic factors to evaluate the effect of

laparoscopic liver resection on the outcome.

Major LLR may be efficacious in selected patients with

CRLM. To make this possible, two points have to be taken

into account. First, sufficient experience with minimally

invasive liver surgery is needed because of the technically

demanding nature of LMLR. Second, adequate patient

selection is crucial. Therefore, the criteria for LLR have to

be determined beforehand, and prior to any therapy every

patient has to be discussed in a multidisciplinary way.

Conclusions

Laparoscopic major liver resection is safe and feasible in

patients with colorectal liver metastases. Short- and long-

term outcomes are comparable to those of open major liver

resection, while patients benefit from the minimally inva-

sive nature of laparoscopy. Multidisciplinary adequate

patient selection and sufficient experience with minimally

invasive surgery are mandatory. However, to confirm these

results, a well-designed randomized controlled trial with

larger study population has to be performed.

Disclosure Authors H. Topal, J. Tiek, R. Aerts, and B. Topal have
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