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Abstract: Pure laparoscopic liver resection (PLLR) has been reported

to be as safe and effective as open liver resection (OLR) for liver lesions,

and it is associated with less intraoperative blood loss, shorter hospital

stay, and lower complication rate. However, studies comparing PLLR

with OLR in elderly patients were limited. The aim of this study was to

analyze the short-term outcome of PLLR versus OLR for primary liver

carcinoma (PLC) in elderly patients.

Between January 2008 and October 2014, 30 consecutive elderly

patients (�70 years) who underwent PLLR for PLC were included into

analysis. Sixty patients who received OLR for PLC during the same

study period were also included as a case-matched control group.

Patients were well matched in terms of age, sex, comorbid illness,

Child Pugh class, American Society of Anesthesiologists grade, tumor

size, tumor location, and extent of hepatectomy.

No significant differences were observed with regard to patient

preoperative baseline status, median tumor size (Group PLLR 4.0 cm vs

Group OLR 5.0 cm, P¼ 0.125), tumor location, extent of hepatectomy,

and operation time (Group PLLR 133 minutes vs Group OLR 170

minutes, P¼ 0.073). Compared with OLR, the PLLR group displayed a

significantly less frequent Pringle maneuver application (10.0% vs

70.0%, P< 0.001), less blood loss (100 vs 300 mL; P< 0.001), shorter

hospital stay (5 vs 10 days; P< 0.001), and lower total hospitalization

cost ($9147.50 vs $10,867.10, P¼ 0.008). The postoperative compli-

cation rates were similar between groups (Group PLLR 10.0% vs Group

OLR 16.7%; P¼ 0.532). There was no hospital mortality in both groups.

PLLR for PLC is as safe and feasible as OLR, but with less blood

loss, shorter hospital stay, and lower hospitalization cost for selected

elderly patients.
, PhD, Hao Li, MD MD,
ng Dong, MD, PhD, FACS

HBV = hepatitis B virus, HCV = hepatitis C virus, ICU = intensive

care unit, LOS = length of hospital stay, OLR = open liver

resection, PLC = primary liver carcinoma, PLLR = pure

laparoscopic liver resection.

INTRODUCTION

Owing, in part, to the increasing overall life expectancy, the
populations of industrialized countries are steadily aging.1

Meanwhile, with the rising incidence of primary liver carci-
noma (PLC), the number of elderly patients who need liver
resection treatment is estimated to be increasing.2 Surgeons are
now confronted with an older patient population who has a
decreased organ function reserve and a longer list of medical
comorbidities. Considering the benefit-to-risk ratio for the
patients with advanced age, liver resection would be quite
risky.3,4 However, studies from different medical centers have
confirmed the safety and feasibility of open liver resection
(OLR) for elderly patients with an acceptably low complication
rate and satisfying oncological outcomes.5–7

On the contrary, advances in laparoscopic techniques and
instruments have rendered laparoscopic procedure more safe
and feasible in surgical opertation.8,9 Over last decades there
has been an increasing trend toward a minimally invasive
approach of liver resection with less blood loss, shorter hospital
stay, and without compromised complication rate or oncologi-
cal outcomes comparing with open surgery in younger patients
populations.10–12

Nonetheless, limited studies have compared the results of
pure laparoscopic liver resection (PLLR) versus OLR for PLC
in patients with advanced age, and it remains unclear if the
elderly patients could also benefit from the minimally invasive
approach of liver resection as the younger patients did.13 There-
fore, the objective of this retrospective case-matched study was
to compare the short-term results between PLLR and OLR for
PLC in elderly patients based on our experience.

MATERIALS AND METHODS

Patient Population
This is a retrospective analysis on a prospectively collected

database of all consecutive elderly patients (�70 years), who have
underwent PLLR for malignant PLC from January 2008 to
October 2014 at Chinese PLA General Hospital (Beijing, China).
Pure laparoscopic procedure was defined as the entire liver
resection being completed through laparoscopic ports, according
ment 2008.14 Patients with conversion,
cedures, or incomplete work-ups were
lysis, and data of patient demographics,
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preoperative liver function, tumor features, types of resection,
postoperative outcomes, and total cost were reviewed.

For comparison, the patients who received PLLR for PLC
were matched with control patients who underwent conven-
tional OLR during the same study period in a 1:2 ratio,
according to age, sex, comorbid illness, Child-Pugh class,
American Society of Anesthesiologists (ASA) grade, tumor
size, tumor location, and extent of hepatectomy. The Institu-
tional Review Board of Chinese PLA General Hospital
approved this study. As an observational study, this analysis
followed the guidance of STROBE statement.15

Preoperative Evaluation
A complete blood and liver function test as well as routine

cardiorespiratory evaluation through electrocardiogram and
spirometry were implemented for preoperative assessment.
For patients with cardiac comorbidities or high index of suspi-
cion of occult cardiopulmonary disease, an echocardiogram and
lung function test were also performed. Exclusion criteria for
liver resection were congestive heart failure, high-risk coronary
artery disease, recent stroke, and chronic obstructive pulmonary
disease that significantly limited moderate exertion. For cir-
rhosis patients, liver function was assessed by routine liver
biochemistry and indocyanine green clearance test. Only
patients with Child-Pugh class A and indocyanine green reten-
tion rate <14% at 15 minutes after injection were considered to
be offered liver resection. With respect to the tumor, resect-
ability was defined by the absence of extrahepatic metastasis
and tumor thrombus in the main portal vein and inferior vena
cava on triple-phase computed tomography or magnetic reson-
ance imaging. Laparoscopic approach would be considered
based on location of lesions, tumors’ proximity to major
vascular structures, and extent of resection. Lesions that located
in posterior segments (Couinaud segments 1, 7, and 8), and had
intimate contact with major hepatic vessel structures or that
required a locoregional lymph node dissection, were excluded
from laparoscopic surgery because it was difficult to obtain an
R0 liver resection for these patients.

Surgical Procedure
The extent of hepatectomy was recorded according to the

Brisbane 2000 terminology of liver anatomy and resections.16

Patients with small and peripherally located tumors would
receive wedge resection. Anatomical resection would be per-
formed if preoperative indocyanine green test showed that the
patient’s liver function could tolerate it. A 1-cm gross margin
was aimed for during the liver resection in both groups. Margin
status was defined as R0 for microscopically negative for tumor
invasiveness or as R1 for macroscopically negative but micro-
scopically positive for tumor invasiveness.

For the PLLR approach, detailed information about surgi-
cal technique routinely used in our department has been
described in previous reports.17–19 In brief, the patient was
usually placed in a 308 reverse Trendelenburg position with legs
spread apart (French position) and tilted 308 to the left or right
according to the lesion location. The primary surgeon stood
between the legs with one assistant on each side. The pneu-
moperitoneum was maintained at 12 mm Hg to minimize the
risk of gas embolism. Four to 5 working ports sized between 5
and 12 mm were used in a position similar to that used in the 4-

Wang et al
hole laparoscopic cholecystectomy, and appropriate adjust-
ments were made based on tumor location. After a standard
diagnostic and staging laparoscopy, intraoperative laparoscopic
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ultrasonography was performed in every patient to confirm
tumor numbers, lesion position in relation to main intrahepatic
vascular and safety resection margin. Liver parenchymal tran-
section was performed using a combination of harmonic scalpel,
ultrasonic dissector, and bipolar forceps. Small vessels were
coagulated directly, and large vessels (diameter �3 mm) were
occluded using titanium clip or Hem-o-lok clamping. Portal
pedicles and major hepatic veins were divided by application of
vascular stapling devices. During liver transection, the intrave-
nous fluid was carefully controlled. Central venous pressure was
maintained at a low level (<5 mm Hg), and Pringle maneuver
was used if necessary. The resected specimens were placed in a
plastic retrieval bag and removed through a 5-cm horizontal
suprapubic (Pfannenstiel) incision, which was immediately
closed with subcuticular suture. Abdominal drainage was
usually omitted.

For the OLR approach, the liver resections were performed
through a right subcostal incision, which in some cases was
extended to the midline. After exploration of the abdominal
cavity, intraoperative ultrasonography was performed routinely
to ascertain the tumor location and to exclude additional tumors
in the liver remnant. The portal triad was systematically dis-
sected to enable performance of the Pringle maneuver when
needed. Parenchymal transection was achieved with the har-
monic scalpel and high frequency electrocauterization. Control
of minor bleeding was obtained with monopolar electrocoagu-
lation. Clips or nonabsorbale sutures were used for the ligation
of major vessels.

All resections were performed with curative intent by the
same team of surgeons specialized in hepatobiliary surgery. All
intraoperative parameters, including type and duration of vas-
cular clamping, surgery duration, blood loss, and subsequent
blood transfusion, were recorded. Patients with any of the
medical risk factors would be transferred to the intensive care
unit (ICU) after operation and then transferred to the general
ward when the condition became stable.

Statistical Analysis
Descriptive statistics were expressed as median with range

for continuous variables and as number with percentage for
categorical data. Mann-Whitney U test was used for comparing
continuous variables. Pearson x2 test or Fisher exact test, if
appropriate, was used for comparing categorical variables. A
probability (P) value <0.05 was considered statistically sig-
nificant. Statistical analysis was performed using SPSS, version
20.0 for Windows (IBM Corporation, Armonk, NY).

RESULTS
From January 2008 to October 2014, there were 43 con-

secutive elderly patients (�70 years) planning to receive laparo-
scopic liver resection for liver malignancies at our department.
Among the 43 cases, 13 patients were excluded from this
analysis for colorectal cancer liver metastasis (n¼ 8), gastric
cancer liver metastasis (n¼ 1), open conversion (n¼ 2), and
incomplete clinical information (n¼ 2) (see Fig. 1). Of the 2
conversion patients, 1 had a large lesion (>05 cm) located at the
left lateral section and the tumor was severely adhesive to the
greater omentum, and the other required conversion because of
the middle hepatic vein bleeding during parenchymal tran-
section for a segment 5 tumor. Eventually, a total of 30 patients
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with PLLR for PLC were included in this study, and they were
well matched with 60 patients who received OLR for PLC
during the same study period. The preoperative patient
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characteristics were shown in Table 1. Comparing the 2 groups,
there were no difference with regard to age, sex, smoking or
alcohol history, body mass index, upper abdominal operation
history, comorbid illness, ASA grade, and alpha-fetoprotein

FIGURE 1. Flow chart showing the patient selection process.
level. Patients in both groups had comparable liver function in
terms of Child-Pugh classification, serum alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), prothrombin

TABLE 1. Comparison of Preoperative Characteristics of the 2 G

Variables PLLR Group (n¼ 30)

Age, y 71 (70–81)
Sex (M: F) 25:5
BMI 24.76 (18.69–30.12)
Alcohol 7 (23.3%)
Smoking 9 (30.0%)
Previous upper 2 (6.7%)
Abdominal surgery
Comorbidity 23 (76.7%)
Hypertension 16 (53.3%)
Diabetes mellitus 12 (40.0%)
Ischemic heart disease 1 (3.3%)
Hyperlipidemia 4 (13.3%)
COPD 3 (10.0%)
ASA grade
I 0 (0.0%)
II 18 (60.0%)
III 12 (40.0%)
HBV 11 (36.7%)
HCV 4 (13.3%)
Child-Pugh classification
A 30 (100.0%)
B 0 (0.0%)
Prothrombin time, s 13.70 (11.50–16.20)
INR 1.06 (0.87–1.35)
Serum ALT 21.60 (5.60–74.10)
Serum AST 21.00 (10.90–100.20)
Albumin, g/L 39.80 (32.80–49.30)
Total bilirubin, mmol/L 13.20 (6.90–29.20)
AFP 5.80 (1.26–14,911.00)
Cirrhosis 14 (46.7%)

Values are in median (range)/(percentage). AFP¼ alpha-fetoprotein, AS
COPD¼ chronic obstructive pulmonary disease, HBV¼ hepatitis B virus,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
time, international normalized ratio, albumin, and total bilirubin
level (see Table 1). Hepatitis B virus (HBV)/hepatitis C virus
(HCV) infection patients were similarly distributed in the 2
groups (Group PLLR 36.7% vs Group OLR 56.7% for HBV,

P¼ 0.117; Group PLLR 13.3% vs Group OLR 13.3% for HCV,
P¼ 1.000; see Table 1). According to the final pathology,
46.7% of patients in PLLR group had liver cirrhosis and the

roups

OLR Group (n¼ 60) P

73 (70–84) 0.322
45:15 0.431

24.60 (18.11–35.8) 0.915
19 (31.7%) 0.468
20 (33.3%) 0.814
6 (10.0%) 0.714

39 (65.0%) 0.337
29 (48.3%) 0.823
18 (30%) 0.354
7 (11.7%) 0.261
3 (5.0%) 0.216
2 (3.3%) 0.328

0.426
1 (1.7%)

43 (71.7%)
16 (26.7%)
34 (56.7%) 0.117
8 (13.3) 1.000

1.000
59 (98.3%)
1 (1.7%)

13.45 (12.30–16.60) 0.653
1.06 (0.94–1.40) 0.574

21.95 (7.70–71.70) 0.882
23.80 (12.10–156.00) 0.473
38.75 (31.80–48.30) 0.810
12.00 (3.50–81.30) 0.186

9.62 (1.22–20,000.00) 0.532
24 (40.0%) 0.652

A¼American Society of Anesthesiologists, BMI¼ body mass index,
HCV¼ hepatitis C virus, INR¼ international normalized ratio.
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TABLE 2. Comparison of Surgical Procedures and Results of the 2 Groups

Variables PLLR Group (n¼ 30) OLR Group (n¼ 60) P

Type of resection 0.745
Left lateral segmentectomy 12 (34.4%) 19 (31.7%)
Segmentectomy 2 (6.7%) 6 (10.0%)
Subsegmentectomy 16 (53.3%) 35 (58.3%)
S4 4 5
S5 6 6
S6 5 16
S7 1 7
Pringle maneuver 3 (3.0%) 42 (70.0%) <0.001
Time of clamping on portal inflow, min 0 (0–30) 13 (0–60) <0.001
Blood loss, mL 100 (50–700) 300 (50–1500) <0.001
No. of patients with blood transfusion 0 (0.0%) 4 (6.7%) 0.297
Blood transfusion, mL – 0 (0–1000) –
Operation time, min 133 (65–290) 170 (90–335) 0.073
Pathology 0.111
HCC 25 (83.3%) 57 (95.0%)
Cholangiocarcinoma 5 (16.7%) 3 (5.0%)
Histology 0.947
Well differentiated 7 (23.3%) 12 (20.0%)
Moderately differentiated 19 (63.3%) 39 (65.0%)
Poorly differentiated 4 (13.3%) 9 (15.0%)
Tumor size, cm 4.0 (1.5–10.0) 5.0 (2.0–10.0) 0.125
R0 resection margin 30 (100.0%) 60 (100.0%) 1.000
Tumor number 1.000
Solitary 27 (90.0%) 53 (88.3%)
Multiple 3 (10.0%) 7 (11.7%)

cin
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proportion in OLR group was 40.0% (P¼ 0.652; see Table 1).
The median lesion size was also comparable between the 2
groups (Group PLLR 4.0 cm vs Group OLR 5.0 cm, P¼ 0.125).
Solitary lesion was developed in 90.0% of the patients in PLLR
group and 88.3% of the patients in OLR group (P¼ 1.000). In
the final pathological findings, the 2 groups had similar tumor
type distribution (Group PLLR 83.3% vs Group OLR 95%
diagnosed as hepatocellular carcinoma, and Group PLLR
16.7% vs Group OLR 5.0% diagnosed as cholangiocarcinoma,
respectively; P¼ 0.111; see Table 2), and there was no differ-
ence in Edmondson grading of tumor between the 2 groups
(P¼ 0.947).20

The operative details were shown in Table 2. The liver
resection types of these 2 groups were similar (P¼ 0.745), and
no significant difference was observed in the operation time
(133 minutes for PLLR vs 170 minutes for OLR, respectively;
P¼ 0.073). The median blood loss in PLLR group was 100 mL
(range, 50–700 mL), whereas it was 300 mL (range, 50–
1500 mL) in the OLR group (P< 0.001). Four patients in
OLR group required blood transfusion while no patient in
PLLR group needed it (P¼ 0.297). There was a significant
difference in the use of Pringle maneuver between the 2 groups
(3 in the PLLR group vs 42 in the OLR group, P< 0.001), and
the median time of clamping on portal inflow was 0 and 13
minutes in PLLR group and OLR group, respectively
(P< 0.001). R0 resection was achieved in all patients.

Values are in median (range)/(percentage). HCC¼ hepatocellular car
Postoperative data were shown in Table 3. After operation,
3 patients of PLLR group were transferred into ICU, whereas 23
patients in OLR group were transferred (P¼ 0.006). The rates
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of postoperative recovery between the 2 groups were also
significantly different in terms of postoperative first pure liquid
diet (0.98 days [range, 0.44–3.69 days] in PLLR group vs 1.62
days [range, 0.55–6.58 days] in OLR group, P¼ 0.017), first
mobilization out of bed (1.74 days [range, 0.60–3.75 days] in
PLLR group vs 2.78 days [range, 0.61–9.87 days] in OLR
group, P< 0.001), and length of hospital stay (LOS) (5 days
[range, 3–16 days] in PLLR group vs 10 days [7–22 days] in
OLR group, P< 0.001). Serum ALT, AST levels, and white
blood cell counts peaked on postoperative day 1 and trended to
be normalized on postoperative day 3 in both groups (see
Fig. 2). But median serum ALT and AST levels were
significantly lower in the PLLR group than the OLR group
during the first 3 days after operation. Although serum total
bilirubin levels also elevated postoperatively, it remained
within the normal ranges in the 2 groups. The morbidity rate
was 10.0% (3 cases) in the PLLR group and 16.7% (10 cases) in
the OLR group (P¼ 0.532). Even though there were 2 cases
with Clavien-Dindo Type IVa complication in the OLR group
(one developed heart failure and the other developed renal
failure; with proper supportive treatment in the ICU, they finally
discharged on postoperative day 12 and postoperative day 22,
respectively),21 no difference was detected in the distribution of
the complication types (see Table 3). There was no hospital
mortality in both groups. As for the overall cost, a significant
difference existed, with a median expense of $9147.50 (range,

oma.
$3736.81–$26,808.14) versus $10,867.10 (range, $4854.89–
$20,366.78) in the PLLR and OLR groups, respectively
(P¼ 0.008).
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TABLE 3. Comparison of Postoperative Outcomes of the 2 Groups

Variables PLLR Group (n¼ 30) OLR Group (n¼ 60) P Values

No. of patients with ICU stay 3 (11.5%) 23 (38.3%) 0.006
ICU stay (days) 0 (0–1.13) 0 (0–3.94) 0.004
First pure liquid diet (days) 0.98 (0.44–3.69) 1.62 (0.55–6.58) 0.017
First mobilization out of bed 1.74 (0.60–3.75) 2.78 (0.61–9.87) <0.001
Length of hospital stay (days) 5 (3–16) 10 (7–22) <0.001
Postoperative complications 3 (10.0%) 10 (16.7%) 0.532

Pleural effusion 1 (3.3%) 2 (3.3%)
Wound infection 1 (3.3%) 2 (3.3%)
Chest infection 0 (0.0%) 1 (1.67%)
Bile leak 1 (3.3%) 1 (1.67%)
Ascites 0 (0.0%) 2 (3.3%)
Heart failure 0 (0.0%) 1 (1.67%)
Renal failure 0 (0.0%) 1 (1.67%)

Severity of complication (Clavien-Dindo)
I-II 1 (3.3%) 6 (10.0%) 0.417
IIIa 2 (6.7%) 2 (3.3%) 0.598
IIIb 0 (0.0%) 0 (0.0%) 1.000
IVa 0 (0.0%) 2 (3.3%) 0.551
Cost (dollars) 9147.50 (3736.81–26808.14) 10867.10 (4854.89–20366.78) 0.008

it.
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DISCUSSION
As our populations advance in age, people with primary

liver malignant neoplasm is expected to be largely increased,
leading to a growing need for surgical resection.1,2 Owing to
comorbidities, underlying liver diseases, and advanced age,
liver resection for elderly patients remains challenging.3,4

Nevertheless, previous reports have shown successful open
hepatic resections performed on elderly patients.6,22–24 With
the improvements of laparoscopic instruments and the accumu-
lation of surgery experience, laparoscopic liver resection as an

Values are in median (range) /(percentage).ICU¼ Intensive Care Un
alternative to open surgery is gaining increasing popularity
because of significantly lower blood loss, blood transfusion
requirements, and shorter LOS.25–27 Nonetheless, it remains

FIGURE 2. Postoperative changes in alanine aminotransferase, aspar
counts: (A) alanine aminotransferase level (U/L); (B) aspartate minotran
blood cell (109/L).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
uncertain if the benefit of laparoscopic approach could also be
attained in elderly patients. Our study was engaged to evaluate
the impact of the pure laparoscopic approach on short-term
perioperative outcomes in elderly patients with PLC. To our
best knowledge, our case-matched study is the largest collection
reported to date that compared the outcome of PLLR with the
conventional open approach in elderly patients with PLC.

Liver resection has been associated with increased blood
loss and blood product transfusion when compared with other
surgical procedures, leading to increased risk of short-term or

long-term morbidity and mortality.28,29 In accordance with
other reports,10,13,30 the blood loss in our study was significantly
decreased in PLLR group (Group PLLR 100 mL vs Group OLR

tate aminotransferase, total bilirubin levels, and white blood cell
sferase level (U/L); (C) total bilirubin level (mmol/L); and (D) white

www.md-journal.com | 5



paring with conventional OLR. Furthermore, larger sample and
300 mL, P< 0.001; see Table 2). No patient in the PLLR group
required blood transfusion, though no significant difference was
observed when compared with OLR group (Group PLLR 0 vs
Group OLR 4, P¼ 0.297; see Table 2). Several factors may
contribute to the decreased blood loss in the laparoscopic group.
First, major resection (�3 Couinaud segmnets) was rare (only 1
patient received left hemihepatectomy in the PLLR group),
which may have significant effects in reducing severe venous
bleeding risks. Second, the application of modern high-defi-
nition laparoscopy allows more meticulous hemostasis, which
offered the surgeon a very clear view with magnification. Third,
the raised intra-abdominal pressure from the pneumoperito-
neum may result in a relative reduction in venous pressure to
minimal oozing of blood during operation. Besides much
smaller surgical wall wounds in PLLR group may also decrease
the blood loss. Although the Pringle maneuver was an effective
approach to control blood loss during parenchymal transection,
it was used less frequently in PLLR group (Group PLLR 10% vs
Group OLR 70%, P< 0.001; see Table 2). As several reports
have demonstrated, total vascular inflow occlusion was associ-
ated with ischemia reperfusion injury, which led to impaired
postoperative liver recovery.31–33 In both PLLR and OLR
groups, careful administration of intravenous fluid and tight
maintenance of low central venous pressure were implemented
to reduce intraoperative blood loss.

As various reports have revealed reduced LOS following
laparoscopic procedure,34–36 we observed similar outcome in
our series (see Table 3). Patients underwent laparoscopic liver
resection showed better organ function reserve and faster post-
operative rehabilitation in terms of ICU stay, first pure liquid
diet, first mobilization out of bed, and laboratory test results (eg,
ALT and AST level) (see Table 3 and Fig. 2). The absence of
large abdominal incision, less muscle division, less operative
blood loss, infrequent utilization of Pringle maneuver, and
preservation of venous collateral circulation might contribute
to these superior results in PLLR group,8,28,29,37,38 but no
significant difference of postoperative complication rate existed
between these 2 groups (see Table 3). With regard to the total
expense of hospitalization, the median cost of PLLR group was
significantly lower than that of OLR group (see Table 3).
Although the sophisticated instruments (eg, stapler devices)
used in laparoscopic procedure are more costly, lower inva-
siveness and better organ function reservation of laparoscopic
liver resection might lead to reduction of the expense for ICU
and hospital stay delay, especially for elderly patients with
comorbid illness.30

Even though improved outcomes in PLLR group have
been observed in our analysis, it is worthwhile to highlight that
advanced age and the presence of comorbid illness are intrinsic
host factors that often limit the application of surgery treatment
for liver malignancies.13,39,40 The indications for laparoscopic
liver resection are essentially identical to those for conventional
open procedure requiring careful patient selection and complete
assessment of liver function.34 In our analysis, liver cirrhosis,
which was considered as a risk factor contributing to intrao-
perative bleeding, postoperative sepsis, and liver failure,22,41

was presented in almost half of the patients in PLLR group. But
none of the patients’ liver function were classified as Child-
Pugh B or C, and most patients received only minor liver
resections (<3 Couinaud segments) for the lesions located
peripherally according to the consensus.14

Wang et al
Despite the relatively limited sample size and the retro-
spective nature of the analysis with a prospective recording, we
opted for a case-matched, control study design to decrease

6 | www.md-journal.com
inherent bias, and to our best knowledge this study represents
the largest collection reported to date that analyzed the short-
term outcome of PLLR versus OLR for PLC in elderly patients.

In conclusion, we reported PLLR as an alternative
approach for elderly PLC patients, which allows less blood
loss, shorter hospital stay, and lower hospitalization cost com-

Medicine � Volume 94, Number 43, October 2015
prospective comparative studies are needed to confirm the
efficacy and superiority of PLLR for PLC in elderly patients.

REFERENCES

1. U.S. Bureau of the Census. Current Population Reports, Series P-25,

N. 952, Projections of the Population of the United States by Age,

Sex, and Race: 1983–2080 (2000). Washington, DC: U.S. Government

Printing Office; 2000. http://www.census.gov/prod/1/pop/p25-952.pdf.

2. Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet.

2012;379:1245–1255.

3. Petrowsky H, Clavien P-A. Should we deny surgery for malignant

hepato-pancreatico-biliary tumors to elderly patients? World J Surg.

2005;29:1093–1100.

4. Reddy SK, Barbas AS, Turley RS, et al. Major liver resection in

elderly patients: a multi-institutional analysis. J Am Coll Surg.

2011;212:787–795.

5. Nagano Y, Nojiri K, Matsuo K, et al. The impact of advanced age

on hepatic resection of colorectal liver metastases. J Am Coll Surg.

2005;201:511–516.

6. Adam R, Frilling A, Elias D, et al. Liver resection of colorectal

metastases in elderly patients. Br J Surg. 2010;97:366–376.

7. Di Benedetto F, Berretta M, D’Amico G, et al. Liver resection for

colorectal metastases in older adults: a paired matched analysis. J

Am Geriatr Soc. 2011;59:2282–2290.

8. Vibert E, Perniceni T, Levard H, et al. Laparoscopic liver resection.

Br J Surg. 2006;93:67–72.

9. Afaneh C, Kluger MD. Laparoscopic liver resection: lessons at the

end of the second decade. Semin Liver Dis. 2013;33:226–235.

10. Cheung TT, Poon RTP, Yuen WK, et al. Long-term survival analysis

of pure laparoscopic versus open hepatectomy for hepatocellular

carcinoma in patients with cirrhosis. Ann Surg. 2013;257:506–511.

11. Kanazawa A, Tsukamoto T, Shimizu S, et al. Laparoscopic liver

resection for treating recurrent hepatocellular carcinoma. J Hepato-

biliary Pancreat Sci. 2013;20:512–517.

12. Castaing D, Vibert E, Ricca L, et al. Oncologic results of

laparoscopic versus open hepatectomy for colorectal liver metastases

in two specialized centers. Ann Surg. 2009;250:849–855.

13. Chan ACY, Poon RTP, Cheung TT, et al. Laparoscopic versus open

liver resection for elderly patients with malignant liver tumors: a

single-center experience. J Gastroenterol Hepatol. 2014;29:1279–

1283.

14. Buell JF, Cherqui D, Geller DA, et al. The international position on

laparoscopic liver surgery. Ann Surg. 2009;250:825–830.

15. Vandenbroucke JP, Elm von E, Altman DG, et al. Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE):

explanation and elaboration. Int J Surg. ;12:1500–1524.

16. Pang YY. The Brisbane 2000 terminology of liver anatomy and

resections. HPB 2000; 2:333-39. HPB (Oxford). 2002;4:99.

17. Wang X, Li J, Wang H, et al. Validation of the laparoscopically

stapled approach as a standard technique for left lateral segment

liver resection. World J Surg. 2013;37:806–811.
18. Tan J, Tan Y, Zhu Y, et al. Perioperative analysis of laparoscopic

liver resection with different methods of hepatic inflow occlusion. J

Laparoendosc Adv Surg Tech A. 2012;22:343–348.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.

http://www.census.gov/prod/1/pop/p25-952.pdf


19. Ji W-B, Wang H-G, Zhao Z-M, et al. Robotic-assisted laparoscopic

anatomic hepatectomy in China. Ann Surg. 2011;253:342–348.

20. Edmondson HA, Steiner PE. Primary carcinoma of the liver: a study

of 100 cases among 48,900 necropsies. Cancer. 1954;7:462–503.

21. Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-Dindo

classification of surgical complications: five-year experience. Ann

Surg. 2009;250:187–196.

22. Nomi T, Fuks D, Kawaguchi Y, et al. Laparoscopic major

hepatectomy for colorectal liver metastases in elderly patients: a

single-center, case-matched study. Surg Endosc. 2014;23:.

23. Zacharias T, Jaeck D, Oussoultzoglou E, et al. First and repeat

resection of colorectal liver metastases in elderly patients. Ann Surg.

2004;240:858–865.

24. Mann CD, Neal CP, Pattenden CJ, et al. Major resection of hepatic

colorectal liver metastases in elderly patients — an aggressive

approach is justified. Eur J Surg Oncol. 2008;34:428–432.

25. Reddy SK, Tsung A, Geller DA. Laparoscopic liver resection. World

J Surg. 2011;35:1478–1486.

26. Nguyen KT, Gamblin TC, Geller DA. World review of laparoscopic

liver resection—2,804 patients. Ann Surg. 2009;250:831–841.

27. Schiffman SC, Kim KH, Tsung A, et al. Laparoscopic versus open

liver resection for metastatic colorectal cancer: a metaanalysis of

610 patients. Surgery. 2015;157:11–22.

28. Aramaki O, Takayama T, Higaki T, et al. Decreased blood loss

reduces postoperative complications in resection for hepatocellular

carcinoma. J Hepatobiliary Pancreat Sci. 2014;21:85–91.

29. Katz SC, Shia J, Liau KH, et al. Operative blood loss independently

predicts recurrence and survival after resection of hepatocellular

carcinoma. Ann Surg. 2009;9:17–23.

Medicine � Volume 94, Number 43, October 2015
30. Rowe AJ, Meneghetti AT, Schumacher PA, et al. Perioperative

analysis of laparoscopic versus open liver resection. Surg Endosc.

2009;23:198–203.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
31. O’Neill S, Leuschner S, McNally SJ, et al. Meta-analysis of

ischaemic preconditioning for liver resections. Br J Surg.

2013;100:689–700.

32. Sugiyama Y, Ishizaki Y, Imamura H, et al. Effects of intermittent

Pringle’s manoeuvre on cirrhotic compared with normal liver. Br J

Surg. 2010;97:062–69.

33. Orci LA, Toso C, Mentha G, et al. Systematic review and meta-

analysis of the effect of perioperative steroids on ischaemia-

reperfusion injury and surgical stress response in patients undergoing

liver resection. Br J Surg. 2013;100:00–9.

34. Inoue Y, Hayashi M, Tanaka R, et al. Short-term results of

laparoscopic versus open liver resection for liver metastasis from

colorectal cancer: a comparative study. Am Surg. 2013;79:95–501.

35. Feroci F, Baraghini M, Lenzi E, et al. Laparoscopic surgery

improves postoperative outcomes in high-risk patients with colorectal

cancer. Surg Endosc. 2013;27:1130–1137.

36. Memeo R, de’Angelis N, Compagnon P, et al. Laparoscopic vs. open

liver resection for hepatocellular carcinoma of cirrhotic liver: a case-

control study. World J Surg. 2014;38:2919–2926.

37. Laurent A, Cherqui D, Lesurtel M, et al. Laparoscopic liver

resection for subcapsular hepatocellular carcinoma complicating

chronic liver disease. Arch Surg. 2003;138:763–769.

38. Reddy SK, Tsung A, Geller DA. Laparoscopic liver resection. World

J Surg. 2011;35:1478–1486.

39. Shimada M, Takenaka K, Fujiwara Y, et al. Risk factors linked to

postoperative morbidity in patients with hepatocellular carcinoma. Br

J Surg. 1998;85:195–198.

40. Nanashima A, Abo T, Nonaka T, et al. Prognosis of patients with

hepatocellular carcinoma after hepatic resection: are elderly patients

Laparoscopic Liver Resection for Elderly Patients
suitable for surgery? J Surg Oncol. 2011;104:284–291.
41. Wu CC, Yeh DC, Lin MC, et al. Improving operative safety for

cirrhotic liver resection. Br J Surg. 2001;88:210–215.

www.md-journal.com | 7


	Pure Laparoscopic Versus Open Liver Resection for Primary Liver Carcinoma in Elderly™Patients
	INTRODUCTION
	MATERIALS AND METHODS
	Patient Population
	Preoperative Evaluation
	Surgical Procedure
	Statistical Analysis

	RESULTS
	DISCUSSION


