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Summary

Purpose: Over the last decade, laparoscopic liver surgery
has significantly evolved. The aim of this study was to an-
alyse the outcomes of Laparoscopic Left Lateral Hepatec-
tomy (LLLH) for colorectal cancer (CRC) metastases in a
tertiary referral hepato-pancreato-biliary centre.
Methods: A consecutive series of patients undergoing
LLLH between January 2009 and April 2013 were analysed
using prospectively collected data in a tertiary referral HPB
centre. In particular, the study focused on patients who had
LLLH for colorectal liver metastasis (CRLM). The follow-
ing features were analysed: operative time, intraoperative
blood loss, number and size of tumours, resection margins,
complication rates, follow up period and recurrence rates.
Results: A total of 17 patients were finally included. There
were no bile leaks or collections and no postoperative bleed-
ing. The median hospital stay was 4 days (range 2-10). The
median size of the metastatic lesions was 28.1 mm (range

Introduction

There is widespread adoption and increasing
experience with the minimally invasive approach
for liver resection including major hepatectomies
[1]. LLLH was first described in 1996 and now is a
well standardized technique in laparoscopic liver
surgery. It has been proposed as the “gold stand-
ard” unless contraindicated [2] and thus the num-
ber of LLLH has increased to more than 20% of
the total number of laparoscopic liver resections
done worldwide during recent years [3]. There

8-50). The resection was RO in all except 2 patients (11%)
where the margin was less than 1 mm. The mean resection
margin was 14.6 mm (range 1-50). Eight patients (47%)
did not develop any recurrence till latest follow up. Seven
patients (41%) developed recurrence in the liver or lungs.
The median time to recurrence was 11 months (range 2-12).
There was only one death in the follow up period (22-77
months). Sixteen patients (94%) were alive at the latest fol-
low up.

Conclusion: LLLH for CRLM is safe and can be performed
with low complication rates, adequate resection margins,
short hospital stay, and oncologic outcomes similar to those
of open surgery.

Key words: colorectal metastases, hepatectomy, laparo-
scopic, recurrence, survival

has been a wide range of indications, including
benign and malignant lesions, such as adenomas,
cysts, angiomas, solid-cystic tumours, focal nodu-
lar hyperplasia, hepatocellular carcinoma (HCC),
metastatic lesions from colorectal metastasis or
other primary tumours and living related donor
hepatectomies in transplantation [4-9]. LLLH has
been validated extensively, standardised and has
been proven as a safe and feasible technique for
surgeons trained in laparoscopic hepatectomy
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[10].

The aims of the present report were to pres-
ent the experience of a tertiary referral center and
to compare results with data from the literature,
focusing particularly in LLLH for colorectal me-
tastases, as this special subgroup has not been in-
dividually assessed in the literature.

Methods

A cohort of patients undergoing LLLH between
January 2009 and April 2013 were analysed based on
prospectively collected data. A total of 24 patients un-
derwent the aforementioned procedure, 17 of them with
presumed CRLM. The remaining 7 had other diseases,
such as adenoma, focal nodular hyperplasia, HCC and
haemangioma. The latter were excluded from the study
as the study focused specifically in LLLH for CRLM.

Pneumoperitoneum was created by standard Has-
son’s technique and titrated to a pressure of 12 mm Hg.
A 10-12mm port was inserted through the umbilicus
whereas 3 or 4 5 mm & 10 mm ports were inserted
to achieve triangulation around the falciform ligament.
Inflow occlusion was not applied in any case. Dissec-
tion started by dividing the left triangular ligament.
The hepatogastric ligament was then divided. Paren-
chymal transection was performed using harmonic
scalpel (Harmonic Ace®, Ethicon LLC, USA) just to the
left of the falciform ligament. The left lateral pedicle
was identified and divided using a vascular stapler. Pa-
renchymal transection was continued up to the hepat-
ic vein which was divided with a vascular stapler. The
specimen was retrieved in a bag and extracted through
a small Pfannenstiel incision.

Recorded data included age, body mass index
(BMI), site of primary tumour, surgical management
of primary tumour (open vs laparoscopic), duration of
hepatectomy, blood transfusion and administration of
chemotherapy prior to hepatectomy.

Results

Out of 17 patients that underwent LLLH, 9
were males and 8 females. Mean age was 62 years
(range 52-75) and average BMI was 27.3 (range
19.6-38.3). As far as the site of primary tumour is
concerned, 8 patients had rectal cancer, 4 had sig-
moid cancer, 2 had a tumour in splenic flexure and
3 had right colon cancer. Laparoscopic procedures
for resection of the primary tumour included 1
right hemicolectomy, 1 left hemicolectomy and 1
sigmoid colectomy. Open procedures included 1
emergency sigmoid colectomy, 1 emergency right
hemicolectomy, 1 elective right, 1 elective left
hemicolectomy and 1 elective sigmoid colecto-
my. There were two abdominoperineal excisions,
1 Hartmann’s procedure, and 1 Hartmann’s proce-

dure combined with cystectomy and ileal conduit
creation. Anterior resection was performed in
all other cases. One patient had the primary still
in situ at the time of LLLH. Table 1 presents in
details patients’ characteristics. Two patients re-
ceived preoperative long course chemoradiation
based on capecitabine plus oxaliplatin for locally
advanced rectal cancers. Three patients, who had
no preoperative chemotherapy, received chemo-
therapy after liver resection. In patients who had
chemotherapy before liver resection, regimens
varied as follows: capecitabine plus oxaliplatin,
gemcitabine plus oxaliplatin plus bevacizumab,
irinotecan plus 5-FU, and oxaliplatin plus 5-FU.

The median operative time was 195 min
(range 133-330). Only 2 patients (11%) needed
transfusions of 1 and 2 units of packed red blood
cells (pRBC), respectively. The average size of the
metastatic lesions was 28.1 mm (range 8-56). Due
to restrictive inclusion criteria (excluding patients
with multiple metastases), in 15 cases there was
just 1 nodule, whereas 2 lesions were present in
the remaining 2 patients. In both cases of 2 met-
astatic lesions, RO resection was achieved. Only 2
patients (119%) had an R1 resection (residual mar-
gin < 1 mm). The mean resection margin was 14.6
mm (range 1-50).

Histologic examination revealed a metastatic
melanoma in one patient who had a facial mel-

Table 1. Patient characteristics

(1;2:) Sex (klzl/\frfz) Site of the primary tumour
73 M 27.1 Sigmoid
70 F 26.1 Right colon

(+ facial melanoma)
64 M 22.6 Rectosigmoid
66 M 29.6 Rectum
70 M 22.1 Rectum
58 M 31 Rectum
57 F 19.6 Right colon
61 F 22.5 Right colon
52 M 279 Rectosigmoid
60 F 22.8 Sigmoid
62 F 24.2 Rectum
58 F 38.3 Splenic flexure
75 M 30 Sigmoid
54 M 33.6 Rectum
69 M 289 Splenic flexure
34 F 27 Rectum
71 F 31.97 Right colon

M: male, F: female, BMI: body mass index, yrs: years
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anoma excised 11 years prior to liver resection,
whereas in another patient it showed that the
liver lesion actually was a haemangioma. In the
remaining 15 patients (88%), histologic examina-
tion showed moderately differentiated adenocar-
cinoma. There was neither bile leak or abdomi-
nal collection nor any postoperative bleeding.
One patient developed post-operative deep vein
thrombosis and received treatment with warfarin,
whereas another patient developed a minor chest
infection (without need for ventilatory support).
Both of them were grade 2 complications accord-
ing to Clavien-Dindo classification [11]. The medi-
an hospital stay was 4 days (range 2-10).

Median follow up was 34 months (range
12-69). There was only one death in the follow
up period. The patient died of myocardial infarc-
tion 56 months after liver resection and till the
time of death there was no evidence of disease
recurrence either in the liver or at a distant site.
The remaining 16 patients (94%) were all alive
at the latest follow up. Eight patients (47%) did
not develop any recurrence till the latest follow
up. Seven patients (41%) developed recurrence in
the liver or lungs. The median time to recurrence
was 11 months (range 2-12). Three patients (17%)
had lung and liver recurrences. One of them de-
veloped a further liver lesion at segment 8 and
also had increase in size of a previously detected
lung lesion and received further chemotherapy.
The second patient developed a segment 4b le-
sion and was also found to have a lung lesion, un-
derwent second liver resection but unfortunately
progression of lung lesions was detected in follow
up. The third patient had resection of the lung le-
sions followed by chemotherapy and had subse-
quently multiple wedge liver resections, which on
histologic examination showed absence of viable
tumour cells. Three patients (17%) had liver re-
currence. In particular, the first patient had recur-
rence in segment 7 and remained disease-free af-
ter second resection. The second patient had a R1
resection and developed recurrences in segments
4 and 8. This patient had resection of these lesions
together with distal gastrectomy and was free of
disease on follow up. The third patient with liver
recurrence had subsequent multiple wedge resec-
tions.

Discussion

LLLH has been extensively studied in the lit-
erature and has been accepted as the gold stand-
ard for lesions involving segments 2 & 3 [12]. It

JBUON 2015; 20(4): 1050

remains amongst the most common laparoscop-
ic liver resection procedures performed, ranging
from 20.9 to 39.3% of the procedures [5,7,13,14].
Recently LLLH has been accomplished using sin-
gle port [15-17]. Robot-assisted laparoscopic liver
surgery is generating interest in the field of mini-
mally invasive left lateral hepatectomies. Though
robotic liver surgery has shown to be safe and fea-
sible [18], a recent comparative study has shown
patients undergoing robotic left lateral hepatecto-
mies had more admissions to the ICU, increased
rate of minor complications, and longer hospital-
ization compared to those who underwent LLLH.
Robotic left lateral hepatectomies costs were sig-
nificantly higher, particularly when including in-
direct costs [19].

Current literature regarding LLLH includes
procedures that cover the entire range from be-
nign lesions to liver metastasis and HCC in cir-
rhotic livers [9,20-31]. A comparison of results
of LLLR in benign vs malignant lesions is inap-
propriate for obvious reasons. Similarly, compar-
ison of HCC resection vs colorectal metastasis is
unfeasible due to the difference in baseline liver
function and haemodynamic and bleeding char-
acteristics. As far as operative and postoperative
complications are concerned, significant heter-
ogeneity is observed among studies, due to the
mixture of benign and malignant lesions, laparo-
scopic non-anatomic resections combined with
left lateral resections and/or other major hepatec-
tomies [14,27,29,30,32-35]. Operative times, in-
traoperative blood loss and technical aspects are
difficult to compare because of this wide variety
among surgical procedures and/or indications.

In a multicentre study describing laparoscop-
ic procedures, resection of HCC was associated
with a higher incidence of perioperative bleeding,
transfusions, postoperative complications, need
for portal triad clamping, and conversion to an
open approach [5]. The median operative duration
in the present study was 208 min which is in line
with the mean value of 180 min (range 75-220)
that has been reported in the literature. The use
of number of transfused pRBC has been described
as a surrogate of blood loss. In the present study
there were no major bleeds, with only 2 patients
requiring up to 2 pRBC. In particular, early stud-
ies (before 2005) report approximately 200 ml of
mean blood loss, whereas more recent studies
usually report lesser amounts (approximately 50
ml). This might reflect improvement in the surgi-
cal technique, mainly mediated by the application
of stapling devices [9,20-22,24,25,36-40].
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The average lesion size of 28.1 mm in the
present study might be regarded as a selection
bias in favour of small single lesions, facilitating
laparoscopic resection of the left lateral section.
In a large multicentre European study, the mean
size of the resected tumour was 3.3 cm (range
1-6)[5]. The reported mean resection margin of
14.6 mm is not particularly higher than margins
of 5-11 mm reported in the literature [22,39]. In
the presented series there was no conversion to
open surgery and all procedures were completed
entirely laparoscopically. The highest conversion
rate reported in the literature has been 18% [38],
whereas in most of studies, the conversion rate
varied between 2.7 and 10% [25,30].

The general trend in the literature towards a
low complication rate is confirmed in the present
study as well. Overall complication rates report-
ed in the literature range between 6.6 and 8.1%
[22,39]. Almost all studies reported no major bile
leaks, postoperative bleeding or collections re-
quiring any interventions. Zhao et al. reported 1
minor bile leak out of 48 patients (2%) [40].

Widely accepted advantages of laparoscopic
procedures include less pain as measured with
visual scales or indirectly indicated by use of an-
algesia, faster recovery and shorter hospital stay.
In the present study, the median hospital stay was
4 days, which is in agreement with the reported
range of 2-6 days [9,20-24,36,38-41].

In a median follow up of 22 months 41% of
the patients developed recurrence in the liver or
lungs. The reported recurrence rate following re-

References

1. Nomi T, Fuks D, Govindasamy M, Mal F, Nakajima
Y, Gayet B. Risk factors for complications after lapa-
roscopic major hepatectomy. Br J Surg 2014;102:254-
260.

2. Azagra JS, Goergen M, Gilbart E, Jacobs D. Laparo-
scopic anatomical (hepatic) left lateral segmentecto-
my-technical aspects. Surg Endosc 1996;10:758-761.

3.  Nguyen KT, Gamblin TC, Geller DA. World review of
laparoscopic liver resection-2,804 patients. Ann Surg
2009;250:831-841.

4. Descottes B, Lachachi F, Durand-Fontanier S, Sodji M,
Pech de Laclause B, Valleix D. Laparoscopic treatment
of solid and cystic tumors of the liver. Study of 33
cases. Ann Chir 2000;125:941-947.

5. Gigot JF, Glineur D, Santiago Azagra J et al. Laparo-

section of liver metastasis with curative intent is
up to 60% [42]. Twenty to 30% of patients with
liver metastasis can safely undergo second re-
section with outcomes comparable to those un-
dergoing primary liver resection [42]. Indeed,
this study presented 5 patients who developed
recurrence and underwent successful resection
of recurrent liver tumours and were disease-free
at the latest follow up. There was only one death
at 56 months but was unrelated to colorectal me-
tastasis and was following an acute admission in
a district hospital. Fifty-three percent of patients
were disease-free at the latest follow up. At a me-
dian follow up of 34 months, more than 90% of
the patients were alive, and this is in line with
the reported overall survival following resection
of colorectal metastasis at 1 and 2 years of 90 and
74%, respectively [43].

LLLH is a standardized procedure from a tech-
nical point of view, with low morbidity and mor-
tality. Colorectal metastasis is the most frequent
indication for liver surgery in western countries.
LLLH is a minor resection, not affecting signifi-
cantly residual liver volume and function, thus
hepatotoxicity of chemotherapy is not expected to
have a detrimental effect on remnant liver func-
tion. Therefore, it is presumed that in the near
future LLLH will be the most frequent surgical
operation for liver nodules involving segments 2
and 3. Moreover, as surgical procedures for CRLM
increase, LLLH will probably become the most
frequent indication for laparoscopic liver resec-
tion limited to segments 2 and 3 as well.

scopic liver resection for malignant liver tumors: pre-
liminary results of a multicenter European study. Ann
Surg 2002;236:90-97.

6. Descottes B, Glineur D, Lachachi F et al. Laparoscopic
liver resection of benign liver tumors. Surg Endosc
2003;17:23-30.

7.  O’Rourke N, Shaw I, Nathanson L, Martin I, Fielding
G. Laparoscopic resection of hepatic colorectal metas-
tases. HPB (Oxford) 2004;6:230-235.

8. (Cadiere GB, Torres R, Dapri G, Capelluto E, Himpens
J. Multimedia article: laparoscopic left lateral hepatic
lobectomy for metastatic colorectal tumor. Surg En-
dosc 2005;19:152.

9. Belli G, Fantini C, D’Agostino A, Belli A, Cioffi L, Rus-
solillo N. Laparoscopic left lateral hepatic lobectomy:

JBUON 2015; 20(4):1051



1052

Laparoscopic left lateral hepatectomy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

a safer and faster technique. ] Hepatobiliary Pancreat
Surg 2006;13:149-154.

Hasegawa Y, Nitta H, Sasaki A et al. Laparoscopic left
lateral sectionectomy as a training procedure for sur-
geons learning laparoscopic hepatectomy. ] Hepatobil
Pancreat Sci 2013;20:525-530.

Dindo D, Demartines N, Clavien PA. Classification of
surgical complications: a new proposal with evalua-
tion in a cohort of 6336 patients and results of a sur-
vey. Ann Surg 2004;240:205-213.

Buell JF, Cherqui D, Geller DA et al. The international
position on laparoscopic liver surgery: The Louisville
Statement, 2008. Ann Surg 2009;250:825-830.

Laurence JM, Lam VW, Langcake ME, Hollands M],
Crawford MD, Pleass HC. Laparoscopic hepatectomy,
a systematic review. ANZ ] Surg 2007;77:948-953.

Nguyen KT, Laurent A, Dagher I et al. Minimally inva-
sive liver resection for metastatic colorectal cancer: a
multi-institutional, international report of safety, fea-
sibility, and early outcomes. Ann Surg 2009;250:842-
848.

Aldrighetti L, Guzzetti E, Ferla G. Laparoscopic he-
patic left lateral sectionectomy using the LaparoEn-
doscopic Single Site approach: evolution of minimal-
ly invasive liver surgery. ] Hepatobil Pancreat Sci
2011;18:103-105.

Patel AG, Belgaumkar AP, James ], Singh UP, Carswell
KA, Murgatroyd B. Video. Single-incision laparoscop-
ic left lateral segmentectomy of colorectal liver me-
tastasis. Surg Endosc 2011;25:649-650.

Aldrighetti L, Ratti F, Catena M et al. Laparoendoscop-
ic single site (LESS) surgery for left-lateral hepatic
sectionectomy as an alternative to traditional lapa-
roscopy: case-matched analysis from a single center.
Surg Endosc 2012;26:2016-2022.

Choi GH, Choi SH, Kim SH et al. Robotic liver resec-
tion: technique and results of 30 consecutive proce-
dures. Surg Endosc 2012;26:2247-2258.

Packiam V, Bartlett DL, Tohme S et al. Minimally
invasive liver resection: robotic versus laparoscop-
ic left lateral sectionectomy. ] Gastrointest Surg
2012;16:2233-2238.

Lesurtel M, Cherqui D, Laurent A, Tayar C, Fagniez
PL. Laparoscopic versus open left lateral hepat-
ic lobectomy: a case-control study. ] Am Coll Surg
2003;196:236-242.

Linden BC, Humar A, Sielaff TD. Laparoscopic stapled
left lateral segment liver resection--technique and re-
sults. ] Gastrointest Surg 2003;7:777-782.

Abu Hilal M, Pearce NW. Laparoscopic left lateral liv-
er sectionectomy: a safe, efficient, reproducible tech-
nique. Dig Surg 2008;25:305-308.

Aldrighetti L, Pulitano C, Catena M et al. A pro-
spective evaluation of laparoscopic versus open left
lateral hepatic sectionectomy. ] Gastrointest Surg
2008;12:457-462.

Wang L, Fan J, Qin LX et al. Primary experience of the
anatomical laparoscopic left lateral hepatic lobecto-
my procedure for benign and malignant liver tumors.
Zhonghua Wai Ke Za Zhi 2008;46:1621-1623.

JBUON 2015; 20(4): 1052

25.

206.

27.

28.

29.

30.

31.

32.

33.

34,

35.

306.

37.

38.

39.

40.

41.

Carswell KA, Sagias FG, Murgatroyd B, Rela M, Hea-
ton N, Patel AG. Laparoscopic versus open left lateral
segmentectomy. BMC Surg 2009;9:14.

Robles Campos R, Marin Hernandez C, Lopez Conesa
A, Abellan B, Pastor Perez P, Parrilla Paricio P. Lapa-
roscopic resection of the left segments of the liver:
the “ideal technique” in experienced centres?. Cir Esp
2009;85:214-221.

Zhang L, Chen Y], Shang CZ, Zhang HW, Huang Z]. To-
tal laparoscopic liver resection in 78 patients. World J
Gastroenterol 2009;15:5727-5731.

Herrero Fonollosa E, Cugat Andorra E, Garcia-Domin-
go MI et al. Laparoscopic left lateral sectionectomy.
Presentation of our technique. Cir Esp 2011;89:650-
656.

Park JS, Han HS, Hwang DW et al. Current status of
laparoscopic liver resection in Korea. ] Korean Med
Sci 2012;27:767-771.

Soejima Y, Ikegami T, Ijichi H et al. Technical evo-
lution of laparoscopic hepatic resection: a single
institutional experience. Fukuoka Igaku Zasshi
2012;103:226-232.

Belli G, Gayet B, Han HS et al. Laparoscopic left hemi-
hepatectomy: a consideration for acceptance as stand-
ard of care. Surg Endosc 2013;27:2721-2726.

Alkari B, Owera A, Ammori BJ. Laparoscopic liver re-
section: preliminary results from a UK centre. Surg
Endosc 2008;22:2201-2207.

Popescu I, Vasile S, Sgarbura O, Hrehoret D, Tomules-
cu V. Laparoscopic left lateral segmentectomy of the
liver: indications, technique, results. Chirurgia (Bu-
cur) 2008;103:17-22.

Pilgrim CH, To H, Usatoff V, Evans PM. Laparoscopic
hepatectomy is a safe procedure for cancer patients.
HPB (Oxford) 2009;11:247-251.

Sasaki A, Nitta H, Otsuka K, Takahara T, Nishizuka S,
Wakabayashi G. Ten-year experience of totally laparo-
scopic liver resection in a single institution. Br J Surg
2009;96:274-279.

Chang S, Laurent A, Tayar C, Karoui M, Cherqui D.
Laparoscopy as a routine approach for left lateral sec-
tionectomy. Br J Surg 2007;94:58-63.

Abu Hilal M, McPhail MJ, Zeidan B et al. Laparoscopic
versus open left lateral hepatic sectionectomy: A com-
parative study. Eur J Surg Oncol 2008;34:1285-1288.

Khan AZ, Prasad KR, Lodge JP, Toogood GJ. Laparo-
scopic left lateral sectionectomy: surgical technique
and our results from Leeds. ] Laparoendosc Adv Surg
Tech A 2009;19:29-32.

Troisi RI, Van Huysse ], Berrevoet F et al. Evolution
of laparoscopic left lateral sectionectomy without the
Pringle maneuver: through resection of benign and
malignant tumors to living liver donation. Surg En-
dosc 2011;25:79-87.

Zhao GD, Hu MG, Liu R. A modeling method for
laparoscopic left lateral segment liver resection: re-
port of 71 cases. Nan Fang Yi Ke Da Xue Xue Bao
2011;31:737-740.

Fahy BN, Fischer CP. Synchronous resection of
colorectal primary and hepatic metastasis. ] Gastroin-



Laparoscopic left lateral hepatectomy 1053

test Oncol 2012;3:48-58. come. Gastroenterol Res Pract 2012;2012:568214.

42. Jonsson K, Grondahl G, Salo M, Tingstedt B, Anders- 43. Adam R, De Gramont A, Figueras ] et al. The onco-
son R. Repeated Liver Resection for Colorectal Liver surgery approach to managing liver metastases from
Metastases: A Comparison with Primary Liver Resec- colorectal cancer: a multidisciplinary international
tions concerning Perioperative and Long-Term Out- consensus. Oncologist 2012;17:1225-1239.

JBUON 2015; 20(4):1053



