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Objective To evaluate the benefits of laparoscopic versus open resection of

liver tumours.

Design Case control study.

Setting Tertiary teaching hospital, Hong Kong.

Patients Data from 25 patients who underwent laparoscopic resections
for liver tumours from 2003 to 2006 were compared to a
retrospective series of 25 patients who underwent open

hepatectomy in a pair-matched design.

Main outcome measures Duration of operation, operative morbidity and mortality, blood
loss, tumour resection margin, analgesics usage, days to return to
an oral diet, duration of postoperative hospital stay, and survival

of patients with malignancy.

Results The demographic data and the tumour characteristics were
comparable in the two patient groups, as were mortality (0%
in both groups) and morbidity rates (4% in both groups).
Two (8%) of the patients having laparoscopic resections were
converted to open surgery. There was no statistically significant
difference between the two groups in terms of operating time
or resection margins. However, the laparoscopically treated
patients experienced significantly less blood loss (median, 100
vs 250 mL), had shorter hospital stays (median, 4 vs 7 days),
were prescribed less analgesia (median morphine dosage, 0.16
vs 0.83 mg per kg body weight), and resumed oral diet earlier
(median, 1 vs 2 days). For patients with malignant tumours, there
was no significant difference between the two groups in terms
of actuarial and disease-free survival.

Conclusion Compared to open hepatectomy, in selected patients laparo-
scopic liver resection delivers the benefits of decreased blood
loss, shorter hospital stay, lesser requirement for analgesics, and
an earlierreturn to an oral diet, without evidence of compromised

oncological clearance.

Introduction

Liver surgeons have been slow to adopt the laparoscopic technique for liver resections.
Understandably, they are concerned about the control of bleeding, difficulty in retraction
and exposure, and the risk of air embolism. For malignant tumours, many expressed
concerns about compromising oncological clearance and tumour seeding in the
peritoneal cavity."? Despite these difficulties, instruments have improved and surgical
techniques have been refined to ensure that laparoscopic liver resection is not only
feasible and safe, but also beneficial in terms of blood loss, length of hospital stay, and
severity of wound pain."? More than a thousand laparoscopic liver resections have been
performed worldwide since 1992, after Gagner et al'? performed the first non-anatomical
resection of a liver tumour. Although most of these involved resections of only one or
two liver segments,*” major hepatectomies have also been achieved laparoscopically.®"
Laparoscopic liver resections are now accepted as safe and feasible for selected patients,
but their benefits are not clearly demonstrated. Against this background, we used a pair-
matched design to compare the results of laparoscopic hepatectomy with those of the
open approach.
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FIG 1. Port sites for laparoscopic left lateral sectionectomy

Methods

Patients

In 2003 we initiated a programme of laparoscopic
liver resection, offering this approach to patients
with no contra-indications for laparoscopy and a
tumour of less than 5 cm in a peripheral segment of
the liver, that is in segments 2, 3, 4b, 5, or 6, so long
as it was not associated with major vascular or bile
duct invasion. Patients were also required to provide
informed consent for the procedure. We performed
either left lateral sectionectomy (bisegmentectomy
2 and 3) or non-anatomical resections, aiming at a
minimum resection margin of 1 cm for all malignant
tumours.

From January 2003 to December 2006 we
performed 256 liver resections at the Prince of Wales
Hospital in Hong Kong. Twenty-five (9.8%) of these
were carried out with the laparoscopic technique,
and the clinical data were prospectively collected and
compared with data from 25 patients who underwent
open hepatectomy during the same period. We
selected these controls from our computer database
and matched them with the laparoscopic resection
group for tumour size, tumour site, and type of
resection. The same three surgeons performed
both techniques. The decision for laparoscopic or
open hepatectomy was made before the operation
or any diagnostic laparoscopy. Besides, there were
no exclusions from either laparoscopic or open
resection, based on routine laparoscopic ultrasound.
Our statistical analysis included t tests for normally
distributed data (resection margin) and Mann-
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Whitney tests for other non-parametric variables.
Categorical variables were analysed by Chi squared
tests, and actuarial and disease-free survival were
compared by log rank tests. Any P value of less than
0.05 was taken to indicate statistical significance.

Operative techniques

When performing the laparoscopic resection we
adopted a totally laparoscopic technique without
using a handport. For most cases we used three to
five laparoscopic ports (5 to 12 mm in diameter),
placed according to the tumour location. For left
lateral sectionectomy, usually four laparoscopic
ports were sufficient (Fig 1). A 10-mm subumbilical
port was used for the laparoscope and camera.
Working ports included one that extended 12 mm
over the epigastrium, and two that extended 5 mm
over the subcostal region in the left mid-clavicular
and anterior axillary lines, respectively. Laparoscopic
ultrasound (Aloka, Tokyo, Japan) was routinely
performed to delineate the target lesion and to
exclude preoperatively undetected lesions. Vascular
inflow or outflow occlusion was not used during
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parenchymal transection. In the earlier cases we
transected the liver with a cavitron ultrasonic surgical
aspirator (CUSA) [ValleyLab, Boulder, US] and a
Tissuelink device (TissueLink Medical Inc, Dover,
US), but in latter cases we used the TissuelLink device
in conjunction with LigaSure (Valleylab, Boulder,
US). Radiofrequency ablation (RFA) [Cool-tip; Tyco
Healthcare, Boulder, US] was also used in one case. In
all patients, endovascular staplers (Tyco Healthcare,
Norwalk, US) were used to divide the larger vascular
pedicles, while bleeding from smaller vessels was
controlled with metal clips. To avoid the risk of air
embolism, we did not use argon beam coagulation for
haemostasis. In all cases, we used tissue glue (Tisseel;
Baxter, Vienna, Austria) to reinforce haemostasis and
prevent bile leakage, but the use of drains at the end
of the procedure was left to the discretion of the
operating surgeon. All specimens were retrieved in
plastic bags through an extended port site, usually at
the umbilicus.

We performed open hepatectomies via right
subcostal incisions with or without upward midline
extensions. In all cases, intra-operative ultrasound was
used to facilitate the marking of a transection line and
to exclude previously undetected lesions. We only
performed the intermittent Pringle manoeuvre in one
patient; in most cases we used CUSA and a TissueLink
deviceforlivertransection, while diathermy plus CUSA
was used in one. In some instances, endovascular
staplers were used to transect major vascular pedicles.
Inall but one patient, tissue glue was used to reinforce
haemostasis after completion of the transection.
Implementing intra-abdominal drainage was left to
the operating surgeon’s discretion.

Postoperative care

Regardless of the technique used, all patients were
admitted to the intensive care unit immediately
after the operation, and discharged to the general
ward once their condition was regarded as stable.
Postoperative analgesia was mostly given as an
opioid on-demand or by patient-controlled doses.
No epidural analgesia was used in either group.
When patients’” pain had diminished, milder
analgesics (such as paracetamol or dologesic)
were prescribed as required. All patients were
encouraged to mobilise early and resume feeding
as soon as tolerated. They were discharged home,
once the surgeon in-charge considered them fit.
Criteria used for discharge included: resumption of
adequate oral intake, full mobilisation, and stable
liver function tests. Patients with benign diseases
were followed up once or twice in the out-patient
clinic, and those with malignant diseases at T month
after the operation, then every 3 months in the first
year and then every 6 months thereafter. Tumour
markers and liver function tests were checked
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before each follow-up. Ultrasound or computed
tomographic scan was performed every 6 months in
the first year and annually thereafter, and whenever
tumour marker results or clinical suspicion indicated
the possibility of tumour recurrence.

Results

The two patient groups were comparable in terms
of age, sex, concurrent medical illness, American
Society of Anesthesiologists score, Child’s grading,
and history of previous abdominal surgery. Two
patients in the laparoscopic group and four in the
open group had recurrent hepatocellular carcinoma;
all six have previously undergone open hepatectomy
or RFA. The Table indicates no statistically significant
difference between the two groups in this aspect.
The percentage of patients with hepatitis B virus
infection was 56% in the laparoscopic group and 64%
in the open group.

The Table also shows the characteristics of the
tumours by patient group. There was no statistically
significant difference between number of tumours,
tumour sites and size, resection types, and incidence
of concomitant cholecystectomy. In the laparoscopic
group, two patients had two separate tumours that
underwent separate resections, and one patient had
three small tumours in the same segment that were
excised in asingle resection. In the open group, three
patients had two separate tumours each, only one of
whom had two separate resections.

The histological findings from the tumours and
non-tumour liver tissues are summarised in the Table.
The two groups were very similar in terms of tumour
distribution, histological diagnoses, percentages
that were malignant, tumour resection margins, and
the incidence of background cirrhosis. Moreover,
in terms of operative outcome, in the laparoscopic
group the operations on two (8%) of the patients
were converted to the open technique, for bleeding
in one case and lack of progress in the other. Overall,
there was no operative mortality in both groups.
One of the laparoscopic group patients developed
a wound haematoma, and one in the open group
developed postoperative ascites. Whilst there was no
statistically significant difference between groups in
terms of total operating time, in the open group more
additional procedures (nine cholecystectomies) were
performed than in the laparoscopic group (three
cholecystectomies), though this difference too was
not statistically significant (Table).

Although one patient in the laparoscopic group
received one unit of blood transfusion as opposed to
none in the open group, on average estimated blood
loss in the laparoscopic group was significantly less
(median, 100 vs 250 mL). The laparoscopic group
also stayed in hospital for a significantly shorter time



TABLE. Patient and tumour characteristics, and pathological findings and operative outcomes

% Laparoscopic versus open hepatectomy

Characteristic/outcome Laparoscopic Open (n=25) P value
(n=25)
Patient characteristics
Mean age (range) [years] 58 (25-75) 53 (38-70) 0.892
Sex (M:F) 14:11 19:6 0.232
Concurrent =2 medical problems 7 8 1.00
Previous abdominal surgery 9 12 0.390
Recurrent HCC" with previous hepatectomy or open radiofrequency 2 4 0.384
ablation
American Society of Anesthesiologists 0.991
| 6 5
Il 14 16
11l 5 4
Child’s grading 1.00
A 24 24
B 1 1
C 0 0
Tumour characteristics
No. of tumours 0.549
1 22 22
2 2 3
3 1 0
Tumour site 0.597
Segment 2-3 18 14
Segment 4b 7 7
Segment 5-6 4 6
Segment 7-8 0 1
Median tumour size (range) [cm] 2.3 (0.4-9) 2.7 (0.8-13) 0.236
No. of resections
1 23 24 0.552
2 2 1
3 0 0
Type of resection 0.908
Left lateral sectionectomy 11 11
Non-anatomical resection 16 15
Concomitant cholecystectomy 3 9 0.098
Finding/outcome
Histological diagnosis of tumour’ 0.165
HCC 16 16
CRM 3 5
FNH 4 0
IHCC 0 1
Others 2 haemangioma 1 undifferentiated carcinoma, 2
haemangioma
Malignant tumours 19 (76%) 23 (92%) 0.123
Median resection margin (range) [cm] 1.41 (0-3) 1.36 (0.1-3) 0.803
Co-existing cirrhosis 13 (52%) 8 (32%) 0.152
Median operating time (range) [min] 220 (100-420) 195 (135-285) 0.118
Median blood loss (range) [mL] 100 (20-1500) 250 (50-900) 0.012
Mortality 0 (0%) 0 (0%) 1.00
Morbidity 1 (4%) 1 (4%) 1.00
Median postoperative length of stay (range) [days] 4 (2-8) 7 (3-15) <0.001
Median time to resume diet (range) [days] 1(1-3) 2 (1-3) 0.003
Median narcotic dosage (range) [mg morphine per kg body weight] 0.16 (0-1.49) 0.83 (0.05-2.51) <0.001

HCC denotes hepatocellular carcinoma, CRM colorectal liver metastasis, FNH focal nodular hyperplasia, and IHCC intra-hepatic cholangiocarcinoma
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FIG 2. Actuarial and disease-free survival for patients with malignancy
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(median, 4 vs 7 days), received less narcotic analgesia
(median, 0.16 vs 0.83 mg morphine per kg body
weight), and resumed an oral diet earlier (median 1
vs 2 days).

Further analysis of the patients with malignant
diseases (19 in the laparoscopic and 23 in the open
groups) revealed that the patients in the open group
were followed up significantly longer (median,
range: 21, 4-43.2 months vs 11, 1-38.5 months). In
the laparoscopic group, five patients suffered a
recurrence, two of whom died. In the open group,
eight patients had recurrences, two of whom died.
These patients had recurrences in other parts of the
liver with or without lung metastasis. We observed
no port-site metastasis or peritoneal recurrence.
The actuarial and disease-free survival of the two
groups were not significantly different (Fig 2). The
median disease-free survival was 24 months for the
laparoscopic group and 32 months for the open

group.

Discussion

Although some surgeons were skeptical about
laparoscopic hepatectomy, it is now generally
agreed to be a feasible option for left lateral section

Hong Kong Med J Vol 13 No 6 & December 2007 & www.hkmj.org

(segments 2 and 3) and non-anatomical resection of
small tumours (<5 cm) in segments 4b, 5, and 6."*”
We adopted this guideline in selecting patients for
laparoscopicliver resection, with the exception of one
patient who had an exceptionally large pedunculated
tumour (9 cm) that had arisen from the peripheral
part of the left lateral section.

Of the laparoscopic instruments available,
handports have been used by some surgeons to
facilitate exposure, provide tactile palpation and
allow immediate haemostasis if massive bleeding
occurs.” However, the wound required for a
handport seems to defeat the purpose of minimising
the access trauma. Also the handport itself may
block the field of dissection. As the majority of our
specimens were small, they could be easily retrieved
through extended port sites. Moreover, unlike other
surgeons”'? we did not use the Pringle manoeuvre in
ourresections. This was because we were mindful that
its routine application might cause ischaemicinsult to
the liver remnant, thus contributing to postoperative
liver failure, particularly in cirrhotic patients. With the
use of a meticulous technique to control blood loss,
we found inflow vascular occlusion unnecessary.

For laparoscopic hepatectomies, we initially
used CUSA in combination with the TissuelLink de-



vice.” However, the laparoscopic CUSA probe slowed
the progress of transection, and we soon switched to
using LigaSure in combination with the TissueLink.™
In one instance, we also tried radiofrequency-assisted
liver resection, which turned out to be our only case
with a grossly involved resection margin, and thus we
applied RFA to the resection margin in the remnant
liver. In line with other authors,” we also found
endovascular staplers useful in controlling bleeding
from the major vascular pedicle in the course of left
lateral sectionectomy. These staplers also made the
operation safer and faster.

Several other studies have compared
laparoscopic and open liver resection.'®* As in our
series, all of them revealed similar morbidity and
mortality for the two approaches. Two studies have
shown that laparoscopic resection takes longer,'®"
but four others revealed no statistically significant
difference in operation durations.””'8202" |ndividual
studies have also shown that laparoscopic resection
is associated with decreased blood loss,””? and less
need for analgesia,”'® earlier resumption of an oral
diet,””?" and a shorter hospital stay.""®* Two studies
addressed the issue of resection margins; both
showed no difference between the laparoscopic and
open groups.” Only one other study assessed the
survival and disease-free survival of the two groups,
and showed no statistically significant difference
between the two groups.”

In our study, patient and tumour characteristics
as well as pathological findings were adequately
matched in the two groups. Further, as the same
three surgeons operated on both groups during
the same period, we eliminated biases related to
individual surgeons and time of recruitment. With an
acceptable conversion rate to an open procedure of
8%, the laparoscopic group yielded a low morbidity
(4%) and zero mortality, as ensued in the open group.
Importantly, the laparoscopic group had significantly
less blood loss without significantly longer operating
times. The exact reason for less blood loss associated
with laparoscopic procedure is uncertain, but may be
due to slower and more meticulous dissection under
magnified view, decreased bleeding from hepatic
vein tributaries due to pneumoperitoneum, less
blood loss from the abdominal wound, and finally
the more frequent use of vascular staplers. The other
major benefits of the laparoscopic technique were
less wound trauma and less recourse to postoperative
analgesia, a shorter time needed to resume an oral
diet and hastened discharge from hospital. The small
wounds in the laparoscopic group (Fig 3) were not
only cosmetically more desirable than those in the
open group, but also resulted in less intra-abdominal
adhesions, which could facilitate subsequent
operations should the need arise.

The main drawbacks of our study were the
relatively short overall follow-up period, and the

@ Laparoscopic versus open hepatectomy

FIG 3. Scars after surgery for (a) open left lateral
sectionectomy and (b) laparoscopic left lateral sectionectomy

longer follow-up period in the open resection group.
The latter imbalance arose because we performed
more laparoscopic resections in the later half of the
study period. Nevertheless, there was no statistically
significant difference between the actuarial and
disease-free survivals in the two groups.

Conclusion

We conclude that in selected patients, laparoscopic
resection of liver tumours is not only feasible and
safe, but also achieves less blood loss, less pain,
earlier resumption of an oral diet, a shorter hospital
stay, and a better cosmetic appearance. Contrary to
the concerns of some surgeons, the laparoscopic
approach does not compromise the resection
margin. However, longer follow-up is required to
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determine whether laparoscopic resection will affect
long-term survival. From the findings of this study,
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